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at high temperatures up to 100°. These will be found useful
in practice, and much superior to those hitherto constructed
of gutta-percha or other insulators, and which were of com-
paratively slight use in accurate work, owing to absorption,
change of resistance with temperature, and inconstancy
when kept for any considerable time. The determina-
tion of a unit of capacity has occupied Dr. Matthiessen,
Mr. Hockin, Mr. Foster, and Mr. Jenkin, during the past
two years. Very considerable difficulties have been en-
countered, some of which are not yet wholly overcome. The
methods by which both the electro-static and electro-
magnetic units can be determined, and multiples or sub-
multiples prepared, are sufficiently simple in theory ; but
they assume that the condensers or Leyden jars compared
have really a definite capacity, and that, with a given
electro-motive force between the induction surfaces, a de-
finite quantity of electricity will be contained in the jar or
condenser. This is very far from true with those of ordi-
nary form. Whether the dielectric separating the plates be
glass, mica,'gutta-percha, paraffin,'ebonite, or any other known
solid insulator, an absorption of electricity takes place; the
longer the plates are charged, the more electricity the con-
denser will contain ; and, conversely, it will continue to
discharge itself for a very long period after the inner and
outer armatures have been joined. With some of the best
insulators the effect will continue for hours, if not for days.
Condensers made with these solid dielectrics have therefore
no definite capacity, and such capacity as they have will
differ according to the time during which they have been
charged, and probably will also vary with extreme varia-
tion in the electro-motive forces employed, although this
latter variation is not to be detected when the differences of
potential are such as between one Daniell's cell and two
hundred. Only one dielectric—air—is free from this em-
barrassing peculiarity, called * absorption polarisation,” or
‘“residual charge.” The object of the committee has there-
fore been to construct condensers in which air alone sepa-
rated the induction-plates; but new difficulties arose in car-
ryiog this idea into practice. Some support for such plate
was necessary, and then leakage occurred from one
plate to another over the surface of any small in-
sulating supports employed, such as glass balls or vul-
canite stems. It was possible, by great care in drying
the air, occasionally to make condensers of this type,
which would remain insulated for a short time; but long
experience has shown that artificially dried atmospheres
cannot be conveniently maintained in any instrument which
is not hermetically sealed. Dust also accumulated between
the plates of the trial condensers, and this altered their
capacity, and increased the leakage from plate to plate,
Even a single filament of dust, by springing up and down
between the two electrified surfaces, would occasionally
bring them to the same potential, and with great rapadity
neutralise the charge; moreover, a condenser of this type
could not be taken to pieces and cleaned, for no mechanical
contrivances could ensure that the parts after cleaning would
return to their original positions so exactly as to constitute
a condenser of the same capacity. It is, therefore, clear that
an air-condenser cannot be easily constructed. It is hoped,
by the use of two plates soldered to metal rods and supported
on insulated stems inside a soldered metal case, that these
objections may be partly avoided ; but, meanwhile, practical
men have introduced condensers of a more convenient form,
overlooking the disadvantages they all have of indefinite
capacity. These condensers consist of sheets of tinfoil,
separated by talc, or preparations of gutta-percha, or
paraffin and paper; three plans adopted by Mr. Latimer
Clark, Mr. Willoughby Smith, and Mr. Varley respectively.
Condensers of this type have been made approximately
equal to a knot of some submarine cable, and the rough
units thus introduced are gradually creeping into use, al-
though all electricians have been anxious that the com-
mittee should issue a more scientific standard. Under these
circumstances, Mr. Jenkin has adjusted a talc condenser
approximately equal to 10 —14 absolute electro-magnetic
units. The capacity of that condenser is assumed as that
which it possesses after electrification for one minute,
and is measured by the discharge through a galva-
nometer in the manner usually practisad when testing
the charge of a submarine cable. The formula for obtaining
measurements in absolute units from the throw of the needle
is very simple, requiring only an observation of the time of
oscillation, of a resistance in absolute measure, and of a de-
flection of the galvanometer needle. All of these observa-

the experiments have been wholly in Sir William Thomson’s
hands. He reports that he has at last succeeded in con-
structing a series of electrometers capable of measuring dif-
ferences of potential ranging from 35 of a Daniell's cell
up to 100,000 cells, and that these measurements can all be
reduced to absolute units by comparison with one instru-
ment of the series. This class of instruments has been
created by Sir William Thomson, who year by year has
produced electrometers each surpassing its predecessor in
accuracy and delicacy, until the instruments now supplied
surpass every expectation of practical electricians, and
furnish a new engine for electrical research. The chief diffi-
culties encountered have been the insulation of the Leyden
jar, which has formed an essential part of all the contrivances,
its maintenance at a constant potential, and the reduction
to absolute measurement. In the present instruments,
absolutely perfect insulation is mo longer required, for,
by a device for converting mechanical force into sta-
tical electricity, the jar can be replenished by a few
turns of a handle, and then, by a gauge electrometer, the
same constant charge can be ensured. The difficulty of
the reduction to the absolute units is in the comparison of
the extremely small forces produced by electro-static
attraction with the force of gravitation and in the accurate
measurement of the extremely small distances which
separate the attracting surfaces. These difficulties appear
to have been overcome, as Sir William Thomson reports
that he will shortly be in a position to construct and issue
a simple pattern of an absolute electrometer, or gauge of
potential, which will serve as a standard for general use.
The replenisher, which is founded on the principle of the
electrophorus, may very possibly supersede the old form of
electrical machine entirely ; it has some analogy with the
electro-magnetic machines lately invented by Mr. C. W.
Siemens, by which intense dynamic effects are evolved from
the smallest initial trace of magnetism by the conversion of
mechanical force into electric currents, and was suggested
by that invention. A modification of the same contrivance
will allow the comparison of extremely minute quantities of
electricity, such as indeed might be contained on a pin's
head. By a series of rapid inductions, a charge is accu-
mulated on the electrode of an electrometer which may be
exactly equal in potential to that of the pin’s head, but
may infinitely exceed it in quantity ; the effect of this
charge in the electrometer can then be observed without
difficulty, and any increase or diminution in the quantity
of electricity on the pin’s head can be instantly detected
and the rate of loss or increase observed. The potentials
to which various small bodies are charged can also be
observed by the same method, the advantage of which
consists in the fact that the original charge on the
body tested is wholly undisturbed by the test, whereas by
any of the older tests the charge was altered by being
touched by a proof plane or by the electrode of the electro-
meter. A similar plan has already been proposed by Sir
William Thomson with a water-dripping arrangement, but
the mechanical contrivance i3 in all ways preferable. Pass-
ing to the unit of current, the committee regret that no
experiments have yet been made with the large absolute
electro-dynamometer constructed from the funds granted
by the Royal Society. Much difficulty has been experienced
in finding a sufficiently solid foundation in London, and
probably the instrument must be moved into the country
for accurate use. A portable electro-dynamometer has been
constructed which will be suitable for distribution as a
standard instrument. It can be compared with the large
absolute instrument, and can also be compared directly with
the most sensitive astatic galvanometers yet made, as has
been already proved by experiments. Sir William Thomson
has also constructed an electro-dynamometer for absolute
measure ; his results will check those obtained in London,
and the portable standard will also be tested by being sent
backward and forward between Glasgow and London, to be
compared alternately with the absolute instruments. The
determination of v, the ratio between the electro-static and
electro-magnetic units, is also an object pursued by the
committee, and preliminary experiments have been made.
Sir William Thomson has obtained numbers for this con-
stant by the use of the absolute electro-dynamometer and
the absolute electrometer before mentioned. The number
he has obtained differs so considerably from that hitherto
received, that he prefers to extend his experiments before
publication. The like remark applies to the measurement
of the clectromotive force of a Daniell’s cell made by the
beolute electrometer. It will be seen from the report that

tions can readily be made, so that their lated error
cannot exceed 1 per cent., and for the present purpose this
accuracy is sufficient. While, therefore, the new provisional
unit of capacity has no claim to a high scientific accuracy,
it will supply a practical want, and introduce a unit based
on the principle adopted by the committee. The practical
application of the standard of capacity is important. It
will allow the capacity of submarine cables to be universally
expressed in comparable figures, and may lead to improve-
ment by the diminution of the specific inductive capacity
of the insulator, precisely as the introduction of units of re-
sistance has assisted the improvement in insulation and con-
ductivity. The electro-magnetic capacity standard will
also, by comparison with the electro-static standard about to
be made, furnish one mode of determining the constant,
called v in previous reports, a number of much importance
in the theory of electricity. The next unit, or standard,
for consideration is that of the different potentials, or
electro-motive force in absolute measure, concerning which

the grants have stimulated further expenditure on the part
of more than one member ; and thanks are also due to the
Electric and International Telegraph Company for the
liberality with which they have lent large batteries, thereby
saving much expense. The committee are willing to be re-
appointed, and require no grant for the ensuing year.

ORNAMENTAL RAILWAY BRIDGES.
To THE EpITOR OF ENGINEERING.

Str,—There are fow sub{eeta that appear to deserve a more
liberal share of professional notice and study than those which
relate to what I may cull the architectural effect of engineering
works, and more particularly to railway bridges and viaducts.

The engineer of the Highland Railway has lately been show-
ing a little of what should be done in this way, evenina g ly
inhabited country like the Highlands of Scotland, and it is to be

hoped that so good an example may not be lost upon the pro-
fession at large.

If some of Mr. Mitchell’s bridges, of which illustrations have
recently appeared in ENGINEERING, were placed side by side
with many of the structures which disfigure and disgrace the
metropolis, the contrast Letween what has been thought good
enough for London and what has been done in the north would
be surprising and instructive. On a former occasion I tried to
point out that, in a great measure, the parish authorities, and
not the engineers, are to blame in this matter; and I forther
ventured to express a conviction that if the former gentlemen
would only abandon their absurd and mischievous predilection
for * straight-girder bridges,” and bestow their patronage instead
on suitably constructed stone or brick arch bridges, engineers
would have a much better opportunity of displaying some archi-
tectural taste in such works.

A striking illustration of what may be done in adapting the
arch to the requirements of railway bri over the streets of
a town or city may be found in the French section of the Paris
Exhibition. A model is there shown of a bridge, which was
erected by M. Vaudray to ascertain whether a stone arch of
124 ft. span, with only 6 ft. 11in. rise, would be sufficient for
ordi street traffic. The tests which this bridge sustained
demonstrate that it is quite sufficient to carry any railway traffic
that could be brought upon it; and although this'is not, perhaps,
the exact fact which this arch was built to determine, it is,
nevertheless, a most important one, and strikingly confirms what
I have previously attgmpted to show might be done in railway-
arch bridges over streets, &e.

The first step in such an important reform as the substitution
of arch for girder bridges in every case possible in the metropolis,
where railway extensions are making such strides, wouﬁio be
taken if our parish friends burnt forthwith their pet clause
about ‘ ornamented straight-girder bridges,” and substitute ons
requiring an ornamental flat stone or brick arch of the proper
headway, having the soffit lined with a white qlnzed surface, or
such other requirements for appearance and light as might be
thought desirable.

There are, however, cases where, either from the &nmrsity
of ** parish” nature or from other circumstances, a girder brid
must be the form adopted, and your remarks about malleable
cast iron on page 298 of this volume of ENGINEERING remind
me that I have a few words to say about the use of some such
l;nageml as this in the ornamentation of wrought-iron girder

ridges.

The first consideration which ts itself in designing an
ornamental wrought-iron girder 1s, the difficulty in disposing of
the material composing the girder itself, so as to obtain, without
other aids, an ornamental structure ; in other words, it seems to
be almost impossible to ornament satisfactorily an ordinary
wrought-iron girder without, in the first place, covering it over
and hidiog it altogether behind an ornamental screen or some
such-like false exterior. This not unusual method of treatin
the girder is so entirely opposed to every essential principle of
true design, that some feasible way of making the girder itself
an ornamental feature in the design is most desirable, and it has
occurred to me that a judicious use of malleable cast iron wonld
accomplish such a result.

The destructive results which arise from wrought-iron work
being inaccessible to constant examination and painting, when
found necessary, are too well known to require notice here; and
it is obvious that a girder which is covered with a false face
cannot have these advantages, like one that is not so covered, nor,
for the same reason, can a ‘“box" girder be kept in such goo(i
condition as an ordinary single-web girder. A ‘“box” girder,
however, presents a better surface (having smaller projections at
the flanges) for the “ false face” treatment, and some very fair
;Pecimens of such girders may be seen on the city branch of the

orth London Railway.

The ordinary single-we(l;“ﬁirder, unburdened and free from false
coverings and screens, would appear, then, to be the most desir-
able kind of girder to use for such cases as occur in general rail-
way practice ; and, of course, the question follows, how can sucha
girder be changed from its native unsightliness and converted
into an ornamental feature of the design, while it retains all its
capacity for work ?

he outline of the girder is unpromising in itself, to begi
with. We have the web, with top and bottom flanges projecting
a foot or more, and, at certain intervals, upright stiffening plates,
with the same, or nearly the same, projection as the flanges.

_The flanges are so narrow or thin that nothing can be done

without some kind of screen beiug attached to their edges; such
screens, however, may be made to answer useful purposes with-
out covering more than an inch or two of the real girder (viz.,
the edge of its flange). The tog screen will be useful, and is
often required as a screen, and the lower one will make a suit-
able connexion between the ends of the cross girders, which are
snlﬁoeed to be hung from the main girders.
. The last features that have to be brought into & more promis-
ing shape are the upright stiffening plates, and it is here that I
think malleable cast iron might be specially valuable, The thin
boiler-plate uprights must be abolished altogether, as being
totally inconsistent with any attempt at ornament, and the
stiffening effected by means of suitable brackets or  knees,”
which, with screens, conld be cast with any amount of orna-
ment in malleable cast iron.

Although this is but a hasty sketch of the manner in which I
believe a perfectly sound and, at the same time, handsome
wrought-iron girder might be obtained, I have gone into the
subject for m{ own information much more fully than I can
attempt to do here, and I am quite satisfied, from what I have
seen, that malleable cast iron of such a description as that
manufactured by Messrs. McHaffie and Co., of Glasgow, will be
found admirably adapted for the tgurposes I have indicated, and
willalso prove a great help to the engineer who wishes to pro-
duce honest, workmanlike, ‘and, at the same time, ornamental
girders, without using any false construction which he knows
will ultimately lead to their destruction.

I trust these few rouﬁh notes on this very important subject
may lead to its being a little more eonside:ﬁ

I am your obedieat Servant,
Westm nstar, October 8, 1367. o
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TWIN.SCREW YACHT WOLVERINE.

THE pleasure navy of England may bo regarded not only
as a nursery for our sailors, but also as the means of allowing
the trial, on a small scale, of many practical and valuable
experiments in the build and equipment of vessels; and wo
are glad to observe that a considerable number of steam
yachts arc now attached to our principal yacht clubs.

This weck we present our readers with a two-pago en-
ving of the twin-screw steam yacht Wolverine, which has
tely been built by Messrs. Lowis and Stockwell, of London,

and was built

for Major Brandram. She is from the dosi%;n:, bu
, Assoc. Ihst.

under the superintendence, of Mr. J. F. De
C.E,, and is of the following dimensions :

Length between ndiculars ... ... 70ft.
”gth over all pcrpc . . . S8lft.
Breadth of beam ... e e 12 ft.
Depth from top of keel ... v 7ft.6in.
Draught of water (aft) ... . b6ft.8in.

Tonnage, 60 tons, yacht measure.

The Wolverine is built expressly to take the ground in
tidal harbours, &c.: she has, therefore, very little rise of floor,
and is furnished with bilge-pieces formed of bulb iron, and
rivetted to the plating by two angle-irons placed back to back.
These bilge-picces have the effect of both decreasing the
rolling of tho vessel, and also supporting her when on the

und.

The deck fittings are of teak, got up ¢ bright” and varnished.
The Wolverine is furnished with three pole-masts, which are
made to lower, and are fitted into “ tabernacles” of remark-
ably ncat design ; these tabernacles are of cast iron, and have
long slots or mortices cast in them, in which the heels of the
masts work upon through pins, as shown in the engraving.
The mast-b«‘ﬂ) are also tenoned to fit the slots in the taber-
nacles, and in order that the heels should not be weakened by
the wood being cut away, the tenons have straps or shoes
of wrought iron passing cntirely over them. This arrange-
ment permits of the tabernacles being of the same diameters
as the masts themselves ; and as the “round” is carried down
to the deck, there are no unsightly boxes to be observed round
the masts when in place, as is the case with ordinary mast-
lowering gear.

The steering apparatus is also a very ingenious contrivance,
and is known as ** Skinner's patent.” It consists of a hollow
column or eylinder placed directly over the rudder-head, this
column containing an internal cylinder which is securely
fixed to the rudder-head in a vertical position, and has two
spiral grooves cut through it opposite to each other. A
wrought-iron screw is hung from the outer column, and
passes down the centre of the internal or grooved cylinder ;
on this screw is a nut having two arms forged on it, which
project through the spiral grooves of the internal cylinder,
mto two vertical guides cast on the interior of the outer
column. It will be readily understood that if the screw is
made to revolve, it will of course move the nut either up or
down in its guides on the outer column; and as the arms of
the nut work through the spiral grooves of the internal
eylinder, the latter will necessarily turn to an amount equal
to the pitch of the spiral ve, this being fixed to the
rudder-hend connmnunicates the desired motion. The top of
the screw is furnished with a mitre-wheel, which gears into
another on the hand-wheel spindle. This arrangement does
away with all chains or other encumbrance, and leaves a per-
fectly clear deck all round the steering wheel.

The engines of the Wolverine are by Messrs. J. Penn and
Son, of Greenwich, and are precisely similar in design to the
smaller engines for steam launches supplied by that firm to
H.M. Government, and of which a description was given in
the number of ENaixERRING for July 13, 1868, the only dif.
ference being in the dimensions of the Wolverine's engines,
which have four cylinders, ench of 84 in. diameter and 9 in.
stroke. The ¢ngines run at 200 revolutions per minute. The
screw propellers are of gun-metal, and are three-bladed ; their
diameteris 4 ft. 3 in. ; piteh, 6 ft. 5in.; and length, 6in. The
boiler is on the locomotive principle, and 8 ft. 6 in. long. The
barrel of the boiler is 3 ft. 9 in. diameter, and contains fifty-
four brass tubes 5 ft. 8in. long, and 2} in. diameter. The size
of the tircbox is 3 ft. 7 in. by 2 ft. 10 in., and the diameter of the
chimney 14 in. These engines are capable of work.inf up to 100
horse power. The total weight of engines, propcl ers, shaft-
ing. boiler. and water is only 74 tons. The engines are very
highly finished, and in consequence of their compact arrange-
ment occupy very little room. When tried, the Wolverine
was found to have attained a mean speed of about 13 miles
per hour, which is a most remarkable result when the size of
the yacht and the light draught of water, for the propellers,
is taken into consideration.

RUSSIAN SLEEPING-CARRIAGE.

WE give, on page 366, cn, i of a fine sleeping-car-
riage constructed for the Nicolai Railway (Russia) from the
designs of Meesrs. Winans. Our illustrations represent a
part side clevation and part longituc' inal section of the carriage,
as well as a sectional flnn, and these views will explain its
arrangement very clearly. The main body of the carriage is
rather more than 55 ft. long over all, and it is supplemented
by an upper story 17 ft. 6 in. in length inside, situated over
the two central compartments.  The frame of the carriage is
partly of wood and partly of iron, and the side frames or
soles are strongly trussed, as shown in the side elevation. The
carriage is carricd on two four-wheeled bogies on the Ameri-
can plan, the centres of the bogie pins being 40 ft. 8 in. apart.
The bogie wheels are 3 ft. in dinmeter, and the two axles of
each l:'ogic are 4 ft. 2in. apart from centre to centre.

As will be secen from the sectional plan, the lower story of
the body is divided into gix com; ents, five of these being
of equal size and similar to each other, and the sixth bein
Inﬂ, and containing the staircase by which access is gaine
to t HPP" story. e upper story consists of one compart-
ment only. The largest compartment in the lower story
oecuﬁ)iu a nearly central position, there being three of the
smaller compartments between it and the one end of the

carriage, and two between it and the other end. The carriage
is cntered at the ends, where there are o{)en platforms, and
from these platforms passages, 2 ft. wide, lead to the various
compartments, as shown in tho sectional plan. The lower
story of the carriage is 9 ft. 9 in. wide outside, and 8 ft. 1in.
high inside at the centre, except under the upper story,
where the height is reduced to 6 ft. 3in. The height of the
upper story inside is 6ft. 8in., and the height of its top
above the rail level is 17 ft.

The small compartments of the lower story are 7 ft. long,
with a clear width inside of about 6ft. 9in. The seats n
these compartments, when used as seats, are capable of ac-
commodating three passengers each, making six passcngers
to each compartment ; but when the seats are converted into
beds, each compartment affords accommodation for four pas-
sengers only. ?l’he manner in which the seats arc converted
into beds is shown in the compartment at the right hand of
the engraving. From this it will be seen that the back of
cach secat is hinged at_the top, and can be turned up into a
horizontal position. This having been done, the seat itself is
also turned up, so that the legs, by which the front of it was
supported, form brackets, which the now horizontal
bucE) The arrangement can be readily traced out by com-
paring the two oomglartmcnts on the right of the engraving,
the scats in one of these compartments being shown down,
and in the other converted into beds.

By turning up the scats in the manner wo have described,
two {)«ls, raised considerably from the floor, can be formed in
each of the smaller compartments, and two other beds can
also be made up on_the floor beneath the seats. The smaller
compartments are shut off from the passages by sliding doors,
and ecach is lighted by a single window only. Thero are,
however, other windows in the passages, and thesc also
furnish lights to the various compartments when the doors of
the latter are open. At each end of the carringe a water-
closet is provided, and the nrmng,cmonls are throughout
such as to provide for the comfort of the passengers.

When, as in Russia, a railway journey lasts sometimes four
or five days, sleeping-carriages of some kind become almost a
necessity, and the carriage we illustrate affords a
cxample of how this necessity may be provided for. In
America too, sleeping-cars are becoming common for long
journcys, and they are also used in France, whilst it is very
probable that they will eventually be provided on some of the
main lines in this country. A night trip from London to
Scotland, although but a short journcy when compared with
the railway passages which may be made in Kussia and
America, i3 yet quite long enough to enable a passenger to
appreciate the luxury of a well-fitted up sleeping-ca e,
and we have no doubt that if such carriages were provided for
a moderate extra charge, travellers would be found to readily
avail themselves of them. In conclusion we should stato that
the engravings of the slee; ing-curr'm%s for the Nicholai Rali-
way have been prepared from a very highly finished coloured
drawing, with which we have been favoured by Mr. William
Winans. The carriage was, we believe, constructed at the
head works of the

way company at Alexandroffsky.
St. Petersburg.
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TOOLS AND TOOL-HOLDERS.

THE expense of making and maintaining in order cutting
tools forms a considerable item in the cost of working any engi-
neering establishment, and, this being the case, it is important
that such tools should be constructed in the most efficient and
economical form. The ordinary diamond-pointed tool, formed
out of abar of square steel, is open to several objections. Itisex-
pensive to forge, especially if made in the hooked shape, as shown
in Fig. 1 of the engravings on the next page, and its grinding
to a correct form requires the expenditure of considerable time
and attention, As the top surface of the cutting portion is
ground away, moreover, the tool requires packing up under the
stem to bring the cutting part in a line with the lathe centres;
and the tool will not cut cylindrical and flat surfaces without its
position in the slide-rest being changed. The diamond-pointed
tool also produces a series of ridges and furrows, as shown in
Fig. 18, when fed with a coarse feed over the work.

'0 avoid some of these inconveniences, rounded steel cutters,
held by slide-rests specially formed for the purpose, have been
used to some extent successfully for turning small rollers for
cotton machinery, and triangular cutters have also been tried
with partial success. The round cutters above mentioned are
carried in rests which project under the roller which is being
turned, and which are provided with a hole in which the cutter
is placed. Owinf to the small size of the rollers, the rests come
nearly up to the level of the lathe centres, and the cutters thus
project but little above them ; in the case of heavy work, how-
ever, the projection of such cutters above the top of the rest
would be considerable, and they would therefore spring, and be
too unsteady to be practically useful.

To get over this difficulty, and to render the advantages which
round cutters undoubtedly p ilable for heavy work,
Mr. W. Ford Smith, of Manchester, has designed the tools and
tool-holders which form the subject of the present notice. Ac-
cordini to Mr. Smith’s plan, the cutting tool, which is distinct
from the holder, is formed of a short piece of solid round steel

und to the proper angle and fixed at the proper inclination
n the tool-holder, whilst the tool-holder, which is shown by
Figs. 4 and 5, is of such a shape as to be applicable to all the
pnnc'zml descriptions of work. Six different sizes are made, to
suit the different sizes and classes of wosk, and for machines

ing from large to small sizes.

0 cutters, A A, are of the very best quality of steel, and are
made from round bars cut into lengths with a cold set; each
length is lon enonﬁh to form two cutters, and is slotted throughk
the centre while cold at the proper angle, as shown in Fig. 6,

b{ a machiue amntﬁvd for the purpose. The ends of a number
of the cutters are then heated in a small furnace, and hardened
in cold water. The tool-holders, B B, are made of a strong and
tougmnality of steel, and, aftor being forged nearly to the
requi shape, are stamped while red-hot by a steam
hammer in dies of the proper form. The u and lower
sides of the shank are planed lel, to ensure its always bed-
ding fairly and firmly in the tool-boxes of the machines in which

it is to be used ; and the holder is then drilled for receiving the
cutter, the hole being bored always at one standard angle, so
as to ﬁive the correct angle of clearance to the cutter in every
case, by means of a permanent inclined saddle upon the boring-
table, in which the holder is fixed.

The cutter is held in the tool-bolder by a steel set-screw, C,
shown in Fig. 10, the end of the screw being in the
centre; and the portion of the cutter that it Lears against is not
hardened, so that the cutter is indented by the set-screw. The
bite obtained by this means, together with the friction of the
catter in the tool-holder, is sufficient to allow of a heavy cut
being taken without forcing the cutter back in the holder. In
order to prevent the cutter from becoming jarnmed in its hole in
the tool-holder by the slight burr raised upon it by the end of the
set-screw, a clearance groove is slotted out down the side of the
hole where the set-screw enters. The set-screw is placed square
with the cutter, and at an angle of 80° from tEe face of the
tool-holder, 80 a8 to keep it well clear of the work. If an un-
usually heavy cut has to be taken, a tool-holder is employed with
a set-screw at the bottom, which is screwed up till it hears
against the lower extremity of the cutter, as shown in Fig. 9.

In the construction of these tools the angle that is found best
for the clearance parts of the tools, Figs. 2 and 3, is adhered to
as a standard in all cases, both for cutting cylindrical, taper, or
fat surfaces in lathes, and for surfacing, down-cutting, or
angling in planing-machines; as any deviation from the best
angle gives inferior results in cutting. Mr. Smith bas found
that an angle of 1 in 8 measured from the surface planed by
the tool, as shown in Figs.2 and 3, gwes the best results, This
inclination was sccordingly adopted in the tool-holder first made,
for cutting surfaces at right angles to the shank of the tool-
holder, as shown in Fig. 3; and another holder was also made
with the same angle of clearance on one of its sides, as shown
in Fig. 2, instead of at the end, for cutting surfaces parallel to
the side of the tool-holder. Both of these, however,” were
superseded by the improved tool-holder shown in Figs. 7 and 8’
combining the two previous attempts in a single tool-holde"
adapted to both p having the angle of clearance both a
the end and also at the side of the holder. The cutter is placed
at the corner of the holder, so that the ground surface of the
‘cutter is not square with either the side or the end of the holder,
but midway between these two positions, at an angle of 45, as
shown in Fig. 7. It will be seen from the comparative di: y
Fig. 16, that the form of the new cutter closely corresponds
with the most approved form of the cutting part in the best
ordinary tools, the only difference being that the round cutter is
made separate from the holder instead of being forged solid in
one piece with it.

In Fig. 7 is shown at D a plan of the tool-holder fixed on &
slide-rest, with the tool in the act of turning the surface of 'a
collar on a shaft, and thus cutting a flat surface. At E is
shown the same holder still fixed in the same position on the
slide rest, but the tool is turning the cylindrical portion of the
same shaft. The arrows show the direction of feed of the tool,
;:t right angles to the shaft at D, and parallel with the shaft at

In turning cylindrical surfaces with the round cutting too
it is of course requisite that the cutting point of the tool sho
be exactly on a level with the lathe centres, and for this purpose
a sheet-iron gauge of the simple form shown in Fig. 14, is sup-
plied to each lathe. As the tool is adjustable in the holder by
the set-screw, it can be kept constantly at the proper height for
catting without the noeeamt{ for inserting any packing under
the tool-holder. The tool-holders are made in pairs, right-
handed and left-handed, as shown in Figs. 12 and 13. Fig. 11
shows one fixed in the tool-box of a planing-machine; Fig. 13
shows it planing down the flat vertical surface of the inside of a
lathe bed; and Fig. 12 shows a left-handed tool-holder down-
cutting the outer angle of a iathe bed.

1t is very important that cutting tools should have the correct
form given to them, and to avoid all risk of inaccuracy in grind-
ing the round cutters are shaped by the use of the principle of
mechanical grinding introducsd by Mr. Whitworth. Figs. 19 to
22 show the grindstone designed for this purpose by Mr. Smith,
the tools being held against the face of the stone in a slide-rest, I
adjusted at the correct inclination, The rest is traversed back-
wards and forwards by the band-wheel, G, across the face of
the stone during the grinding ; and by the second hand-wheel, H,
the tool is held up against the stone with the required pressure.
By this means the grinding of the tools at the correct angle for
cutting is always ensured. The two angles that Mr. Smith has
found to answer best for the cutting edges of the tools are shown
in Fig, 15, which represents one of the angle iaugu that is em-
ployed for testing the accuracy of the tools. These two standard
angles—50° for wrought iron, and 60° for cast iron and brass—
are always adhered to for all the cutting tools ; and the tools are
tried by this gauge in grinding, the siide-rest being set at the
required inclination to the of the grindstone. At Mr.
Smith’s works in Manchester, where these tools are in general
use, it is found that on an average fifteen of the round steel
cutters are blunted in one day’s work by each machine; and
they take about a quarter of an hour for regrinding them, or
an average of one minute each.

The maximum de‘Pth of cut which any of the round cutters
will take i8 one-balf its diameter; and the largest size of the
round cutters being 1} in. diameter, if a cut of more than § in.
depth is required, a cutter is employed made of an oval section of
steel, 1} in. dee b{ #in. thick. is oval cutter is capable of
taking a cut of 1in. vertical depth in planing a horizontal
surface; and in order that the cutter may not be forced back in
the holder by the severe ure of so deep a cut, the holder is
in this case made with a solid bottom behind the cutter ; as the
cutter becomes worn down, a few blanks from a punching-machine
are placed under its end to fill up the bottom of the socket in
the holder.

The quality of the work produced by the round steel eutters
is found to be much superior to that obtained with the ordin
diamond-pointed tools, under the same circumstances as rey;
depth of cut and amount of feed, the superiority of the round
cutters in this res; arising from the difference of their action,
as illustrated in the diagrams, Figs. 17 and 18. Since the
smoothness of the finished surface increases in proportion as
the thickness of the shaving diminishes, the diamond-pointed
tool in taking a heavy cut leaves the surface as rough at the
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TOOLS AND TOOL-HOLDERS,

AS DESIGNED AND CONSTRUCTED BY MESSRS. SMITH AND COVENTRY, ENGINEERS, MANCHESTER.

bottom of the cut as at the top, since the shaving removed is of
uniform thickness through its entire depth, as shown by the
shaded portion, K, in Fig. 18. But with the round cutter the
shaving is only thick at the top, as shown by the shaded portion,
J, in Fig. 17, and the thickness gradually tapers away to almost
nothing at the bottom, where the shaving becomes nearly a
tangent to the circular cutting edge of the tool.

hen Mr. Smith read a paper—to which we are indebted for
the facts contained in the present notice—on these tools and tool-
holders before a meeting of the Institution of Mechanical Engi-
neers in November last year, the difference in the quality of the
work produced by the round cutter as compared with the diamond-
pointed tool was shown ? a specimen of work exhibited to the
meeting. An ordinary diamond-pointed tool with a slightly
rounded point was first started, and allowed to plane a width of
§ in. over the surface of the wrought-iron plate exhibited. One
of the round cutters, § in. diameter, was then started to plane
where the first left off, and after _thing about 1 in. width was
stopped in the middle of a cut. The feed was exactly the same
in both cases, and the tools cut dry, without soap and water.
The round cutter left a very fair finish for a rough dry caut,
which contrasted favourably with the finish left by the ordinary

diamond-pointed tool; the minute ridges also left Letween the

successive cuts of the round tool were ly semgtiblo, being

::;y about one-fifth of the height of the ridges left by the
inary tool, as shown in the diagrams, Figs. 17 and 18.

This experiment served also to determine approximately the
amount of power required to drive the round catters, which is
stated to be only about three-fourths of that n to drive
the ordinary tools for doing the same work. The ordiniry dia-
mond-pointed tool employed in the experiment was shaped to
the most approved form for cutting wrought iron; and the
depth of cut Eeing Ysths in. with u feed of 24 inch, it was
found that a weight of 741b. was reqluired, ulling direct umn
the driving-strap, to enable the tool to take the cut.
planing the md& of §in., the round cutter, § in. diameter, was
substituted, going on from where the other had left off, and
working under precisely the same circumstances ; and the weight
required upon the str:g was only 56 Ib.. or about three-fourths
of that required with the ordinary tool

With re to the saving effected in current expenses by the
use of the improved tool-holders and round cutters, it has been
found at Mr. Smith’s works that one smith and striker who had
been almost wholly employed in repairing and making the

ordinary solid forged tools are now dispensed with ; and instead
of two grindstones being always fully occupied in grindin%tho
tools, the whole grinding of the cutters is8 now done y &
single stone, requiring only one man to attend to it. We believe
that these compound tools and tool-holders are destined to come
into extensive use. -

LARGE RAILWAY CONTRACT IN AMERICA.—It is stated
that Honourable Oakes Ames, of this State, has contracted to
build nearl{ the whole of the remaiuning portion of the Union
Pacific Railway—some 6000 miles, passing through the Rocky
Mountain region—receiving therefor over $17,000,000. This 1s
believed to be the largest single contract ever entered into by one
man. Mr. Ames, though a large railway-owner, has never been
known as personally interested in railway construction, and is
therefore somewhat new to the business. He is, however, from his
high character, remarkable business ability, great success, and
large means, well adapted to lead in this great enterprise; and
if any one can make a success of it, he is just the man. We
have since learned that he has associated with him several large
capitalists, uniting great wealth and plenty of railway ex-
perience.—American Railway Times.
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IMPERFECT RAILWAYS.

Qu1TE one-half of the average resistances to trac-
tion on level railways is known to be due to imper-
fections in the condition of the permanent way. If
all railways were level one-half only of the present
locomotive power would be required, and one-hall
only of the present working expenses incurred upon
a perfect as compared with an imperfect way. The
case is altcred upon gradients, as they oppose the full
additional resistance due to gravity in going up, and
with the siugle exception of a saving in fuel, they
return nothing in coming down. IE as is atlmost
certain to be the case, the working speed is yreater
in coming down than in going up, the wear and tear
are also greater, and upon long gradients in a double
line the rails in the descending line are found to be
more worn than those in the ascending line. We
should say “down” and “up” lines, except that these
terms have an arbitrary and unnatural sense as ex-
pressing the direction of the traffic to or from London.

Upon a perlect railway, formed of mathematical
planes, and having mathematically cylindrical wheels
rolling upon them, the tractive resistance would be
constant at all speeds, and it would not exceed 5 lb.
or 61b. per ton, and it would be quite practicable to
run trains at 150 to 200 miles an hour with engines of
the present weight and power. The constancy of the
resistance with varying speeds was shown, a century
ago, by the French experimenters, Vince and Cou-
lomb, and it was again proved by George Stephenson
and Richard Roberts, and this, at one time, in the
face of much doubt on the part of eminent English
engineers. Had we such things as perfect railways,
we fear, indeed, that our present gradients would not
be tolerated. A .gradient of 1 in 100 adds 22.41b. to
the other resistances of the train. If these are
already 22.4lb. per ton, the total resistance is doubled ;
but if, upon a perfect railway, they were but 6 Ib. per
ton, it would require an engine of nearly five times
-the strength to work up 1 in 100 that would be re-

uired upon a level. On an inferior horse roadway,
the resistance upon a level is doubled only upon
gradients of from 1 in 30 to 1 in 40, and the makers
of traction engines consider even 1in 12 to 1in 16
very fair ascents.

1n speaking of * perfect railways,” lines are to be
understood whose surface and gauge are as even as
those of Mr, Whitworth’s true planes and cylinders,
for absolute microscopic accuracy is much™ further
than need be considered.

George Stephenson believed that he could make his
railways “perfect.” Indeed he told Mr. Alderson

his examination by that barrister, upon the

any railway that would bear a train at four miles an
hour would bear it also at twelve. * Is not that,” he
was asked, “upon the hypothesis that the railroad is
erfect P It is; and f mean to make it perfect.”
t was this strong faith in the near constancy of the
resistances at all speeds, and in the perfectability of
the permanent way, that made George Stephenson, all
his life, so strong an advocate of very flat gradients.
He had not contemplated such high tractive resist-
ances as are presented in ordinary workirag now-a-days,
resistauces so higlh that they are only doubled upon
gﬁadients of from 1 in 100 to 1 in 120. His idea was
that the tractive resistances should be so light that
they would be doubled upon gradients of even 1 in
250 or 1 in 300, and it is but just to own that his
ideas of the mechanical capabilities of railways were
more philosophical than the rough and ready and
 anything will do”” notions into lvlﬁ)ich we have sub-
sided, and which enable us to look upon even 1 in 40
with perfect complaisance, and which have rather made
engineers ambitious to see how steep rather than how
flat gradients they can lay out and work successfu‘lll{.

It would be an experiment of great national value
if, say, even a mile of approximately perfect way could
be dput down on a level portion of some existing line,
and careful tests of the resistances ‘“‘on” and *off”
the mile made and reported. It would be necessary
to work the trains at the same uniform speed over
this mile as on the adjoining portions, and this could
be done by a careful driver having a chrono-counter
connected with the driving wheels of his engine, or
one of Mr. Ramsbottom’s beautiful speed-indicators.
We will not say what a mile of such line would be in
structure, but 1t would, if * perfect,” be truly straight
(or truly curved, where curves could not be avoided),
truly planed, and of exactly uniform gauge, and, what
is exactly important, exactly uniform strength. We
will not say how the essential element of slight elas-
ticity would be secured, but there are many ways.

It is certain that only steel rails, steel fished, would
afford the necessary harduness, smoothness, and uni-
formity of strength for a * perfect railway.” At
present iron rails deflect sensibly under the wheels,
sag' #gth in. between 3 ft. bearings under a 6 ton
wheel, corresponding to a gradient of 1 in 360 from
the mid span up to each chair; and as the ascent is
not in a straight line, but follows a parabolic curve, the
real tangent to this curve next the sleeper is inclined
1 in 180, and the wheels must take this upward direc-
tion perhaps twenty or even thirty times a second to fall
with increased force just as often upon the succeeding
spans between the sleepers. 1f a single sleeper fuils
in its bearing, the deflection is much increased. There
is plenty of time, even at the highest speeds, for the
effect of gravity. A body will fall #;in. in the #;th
part of a second, and §in. in the g#ud part, which is
more than equal to the time occupied, at forty miles an
hour, in passing over 18in. of rail, or the half span
between two sleepers. The often quoted analogy of
skating quickly over thin ice does not apply here, as
the water under the ice has to be displaced, before it
can yield, and this takes time. Steel rails of the same
section as iron rails deflect hardly more than one-half
as much under the same load, and may therefore be
expeé:ted to greatly lessen the resistances at high
speeds.

THE GLASGOW UNIVERSITY.

THERE is in this great country of engineers but one
authorised and acknowledged high school of engineer-
ing science, and that is the University of Glasgow. In
making this statement, we do not overlook the different
courses of lectures on engineering subjects which are
occasionally delivered at other public colleges or uni-
versities, and for an example of which we may at once
refer to the advertising columns of this paper, where
there is announced the series of lectures to be held by
Professor Fleeming Jenkin, at the London University
College. These series of lectures, however valuable and
interesting their teachings may be, do not pretend to
afford anything like a complete scientific or professional
education, while the teachings of the engineering pro-
fessors of the Glasgow University give, or profess to
give, a complete training and professional education in
the theory of enginecring science, just as much as
the other professors of the same umiversity complete
the professional education of the students in their
respective branches. In this respect, the e ineerinﬁ
faculty of the Glasgow University is nominally place
upon the same level as the engineering colleges of
France or Germany, say with the Ecole Centrale, of
Paris, or the Polytechnic School of Carlsruhe, Zurich,
or Hanover. L

The Glasgow University is just now in a state of

80, d
Liverpoo% and Manchester bill in 1825. He said that | transition, which is likely to make a new era in toe

history of the establishment. The old building oc-
cupieg by this seat of learning is about to be destroyed,
and replaced by a railway-station, and another building,
much getter adapted to the purposes for which it is
required, will be shortly erected upon a suitable site.
Funds have been provided with the usual liberality
which characterises * self-made” men in this country,
who appreciate the benefits of a suitable education from
feeling the want of it. This, with a further assistance
to be given by Government, holds out a good prospect
of the new University of Glas}glow becoming a model
establishment, and one to which engineers in particular
will have to look as a standard for imitation in other
parts of this country. Whileentertaining and expressing
such a hope, we cannot deny that the Glasgow Uni-
versity, or, at least, its engineering section, will re-
quire some considerable reform before it can come up
to the justifiable demands of the profession and of the
public of the present day. In its present state its ar-
rangements are incomplete, and, therefore, necessarily
defective, 1If the fame and celebrity of professors
could do it, the names of Sir William Thompson and
of Professor William John Macquorn Rankine would
certainly be more than sufficient to establish its
position; but we are sorry to say that the ma-
jority of engineering students in Glasgow do not
frequent the lectures of the former, and do not
ungerstand those of the latter. This, as Professor
Rankine very often remarks with regard to his books,
which are said to be above the capability of the pro-
fessional public, is not the fault of the professor, but
of the public ; but it is in so far a fault of the Glasgow
University that the training in mathematics, which
must of necessity precede the study of nf)plied
mechanics, is not su&ciently extended to enable the
students to follow the learned demonstrations of
Professor Rankine. It can therefore surprise nobody
that Professor Rankine, whose works are amongst
the most popular in Germany, and are preferred by
German students to the books of many of their own
professors on account of the decidedly practical
tendency which prevails in them, finds it so extremely
difficult to give to his own pupils that same amount
of information for which the engineers of other
countries are indebted to him, and which is acknow-
ledged by the great celebrity of the professor’s name
in the scientific world. Supposing, however, that a
student should have followed the lectures of natural
philosophy and of mathematics, and should have
ultimately understood the lectures in the civil engi-
neering class of Professor Rankine, all this would
not even then complete his theoretical education as a
modern engineer. The Continental nations have con-
verted the urt of linear drawing into a science, called
descriptive geometry. This science reduces the entire
practice of engineering drawing, perspective, and
other representations of figures by space, to an exact
and complete system, generalisin the laws and
rules, and making their application in practice
more a question of kunowledge than of skill.
There is, moreover, such a science as practical geo- -
metry, which everywhere, except in England, forms
art of the education of a civil engineer. This,
in unscientific hands, is reduced to the craft or
practice of surveying and levelling. We need not ex-
plain now how useful such knowledge is to the practi-
cal engineer, and how quick it can be learned, if
systematically brought before the student, while the
usual form of apprenticeship in this department is ex-
tremely slow, and almost in all cases incomplete, from
want of variation. There are, besides these, lectures
on chemistry, mineralogy, and botany delivered at
every engiveering college on the Continent. These,
of course, the Glasgow University has as well; but
there they are not considered to form an essential part
of engineering education, and are eneralls}[v neglected
by the students in that branch. When M. Messmer,
the prescnt manager of the Graffenstaden Works, in
France, commenced his lectures on mechanics at the
celebrated school at Carlsruhe, in which he was the
first professor of mechanical science, he combined with
his lecture-room a workshop for his students. This
workshop served no commercial purpose, and no-
thing produced in it was ever sold. ~ The students
were employed there in applying practically wh‘at they
had learned before in a more abstract form. The pro-
blem may have been to produce an inch cube or some-
thing similar, and all the refinement of scientific know-
ledge would have been broughj; to bear upon this one
feat, each student of course be em})loyed in making
his own cubic inch, and being theretore obliged to go
through all the processes himself. To any one at all
acquainted with the amount of work and attention it
ires to produce a correct cubic inch of iron, or

re ¢
brzss, or woad, or whichever material may have been
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chosen by the student, it will be obvious at once what
an amount of precise and practical knowledge a
scientifically trained young man must have accumulated
by the time he had completed a tolerably accurate
cubic inch, or a cylinder of a given size, or any other
similar object. The workshop of the mechanical class
at Carlsrube remained in existence under M. Mess-
mer’s successor, Professor Redtenbacher, and it has
been imitated in many other first-class engineering
colleges on the Continent. Those schools which can-
not afford to maintain workshops of their own send
their students to the existing factories in the ncigh-
bourhood in order to make sketches, observations, and
reports, which are afterwards critically examined by
the professors.

The Ecole des Ponts et Chaussécs at Paris, the most
celebrated civil engineering school in the world, divides
its courses into lectures and practical exerciscs. The
students are, for this latter purpose, distributed in
groups throughout the public guildings and works in
course of execution at Paris and elsewhere in France.
There they are engaged—with more advantage to
themsclves than to the engincers in charge of the
works—in nominally assisting, but virtually studying
the practice for which they are preparing, and, after
each such campaign, they return to their college in
order to present there the results of their observations
and industry in the form of notes, sketches, aud com-
plete drawings. At Zurich, Hanover, and at Vienna
the private manufacturers afford similar facilitics to the
students of mechanies in their own works, and experi-
ence has proved that such a practice once properly
organised does not cause any sensible disturbance in
the works, and is attended by no difficulties of any kind.

There is no more suitable place for successfully imi-
tating the last-named arrangement than the town and
neighbourhood of Glasgow. The town itself, and the
trustees of the Clyde, have almost incessant work
before them, and under execution in the different
public buildings, docks, and other works to be made
and kept in repair. Two important railways have their
central workshops in Glasgow, and the number of ship-
building yards and engineering establishments Iis
equalled by few localities of the same area. Blast
furnaces and ironworks—although instructive prin-
cipally through their deficiencies in scientific arrange-
ment—are close at hand, and a vast number of chemi-
cal works can supply practical illustrations to the
theoretical teaching of the college. There can be no
doubt that the engineers and manufacturers of Glas-
gow, the men who have contributed at the rate of
thousands of pounds each to the funds of the university,
will gladly open the doors of their works to the
students of its engineering division, if they are once
brought to understand the question. The reorganisa-
tion, however, and introduction of a system of training
which will include so complete and tﬁm’ough an engl-
neering education will rest with the University 1lself.
That such education is at present wanted in this
country there can be no doubt ; that it is practicable is
shown by the example of the Continent; and that it is
beneficial has been proved with sufficient tangibility
by the present Paris Exhibition. TLct us hope, there-
fore, that the new University buildings of Glasgow will
not be merely a new house for au old-fashioned and
unsuitable institute, but that the new structure will
form a modern engineering college equal, if not supe-
rior, to the best professional school in existence else-
where.

RAILWAY ECONOMY.

Mgr. Swmires, in his admirable Life of George
Stephenson, tells us how slow were the ditectors of
the Stockton and Darlington line to be convinced of
the superior economy of wrought-ivon as compared
with cast-iron rails. Stephenson bad a patent for a
cast-iron rail. ““But when requested to give his
“ opinion on the subject, he frankly said to the direc-
“tors, < Well, gentlemen, to tell you the truth, although
“<jt would put 500/ in my pocket to specify my own
«<patent rails, I cannot do so after the experience I
“ ‘rlavc had. If you take my advice, you will not lay
“¢down a single cast-iron rail” < Why? asked the
“directors. ‘Because they will not stand the weight ;
“¢ there is no wear in them, and you will be at noen
“<of expense for repairs and re-lays.’ ‘What kind
“<of road, then,” he was asked, ¢ would you recom-
“cmend? ¢ Malleable rails, certainly,” said he, ‘and
«“¢] can recommend them with the more confidence
«¢from the fact that at Killingworth we have had
«¢gome Swedish bars laid down—nailed to wooden
“¢gsleepers—for a period of fourtcen years, the
¢ wagons passing over them daily; and there the

agons passing y a y
“¢are, in use yet, whereas the cast rails are con-
“¢gtantly giving way.’

« The price of malleable iron was, however, so high
« _being then worth about 12/. per ton—as compared
¢ with cast-iron rails at about 5/. 10s., and the saving
“ of expense was 3o important a consideration with the
« subscribers to the rallway, that Mr. Stephenson was
« directed to provide, in the specification drawn by
“ him, that only one-balf of the quantity of the rails
“ required, or 800 tons, should be of malleable iron,
« the remainder being of cast iron. Malleable rails
« were required by the specilication to be made from
« seraps, or good English bars, remanufactured., They
« were also at the time called fish-bellied, after Birken-
“ shaw’s patent, and weighed only 28 lb. to the yard,
“ heing 2} in. broad at the top, with the upper ﬂnnfe
3 in. thick; they were only 2in. in depth at the
« points at which they rested on the chairs, and 3} in.
« 1n the middle or bellied part.” Steel has very nearly
as great advantages over wrought iron as the latter
las over cast iron. Yet the directors of our modern
railways are slow to adopt it for the reason which so
influenced the Stockton and Darlington directors, for
stecl rails are now, as malleable iron was then, worth
12/. per ton (taking the lowest quotatjons), and
wrought-iron rails are now, as cast iron was then,
worth 5/. 10s. per ton. What ingenious evidence might
have been then brought up against the use of wrought
iron, based upon calculations of its greater compound
interest! Likethe engineer of one of our great metro-
politan lines (or which will be one when a certain great
metropolitan station, now in progress, is once open
for traffic), the directors might have said, “ If you can
« prove that wrought-iron rails will last for ever, I
“ would not use them, for I can buy cast iron, and
“ renew it every ten years, for less money than they
“ would cost, taking one hundred years with another.”
Then it might have been argued that whereas old cast
rails could be popped into the cupola, and converted
into valuable castings, old wrought-iron rails would
have no value, that they would not, indeed, be worth
carting away from the railway when taken up. We
don’t know whether even Stephenson pointed out that
wrought-iron rails need not really cost more than cast-
iron rails, albeit that the price was more than twice as
great per ton. Lor we do not suppose that his patent
cast-iron rails were made to weigh but 28 Ib. per ton.
Morc likely they weighed 56 lb. or 60 lb., and were
even then weaker than wrought iron.

Rails are, after all, only girders—short iron bridges
of 3 ft. span—and we know that, in bridge work, cast
iron, although of but one-third the price of wrought
iron, has but one-third the strength, and that for spans
where the weight of the bridge bears a considerable
progrortion to the load cast iron is wholly inadmissible.

With respect to steel, we are delaying, in these
slow times, to avail ourselves of a means of economy
hardly less than that due to the substitution of wrought
for cast ironrails. Engineers and railway managers are
showing an almost culpable apathy upon this vast
question, and it will in this, as In so many other pre-
vious cases, be flung in our faces that it takes us, as a
nation, ten years to even usderstand a great invention
of attested success.

1t is at least time that the absurd doctrine that steel
costs more, for a given strength and service, than iron
was exploded. A ton of steel, of course, costs more
than a ton of iron, but, for equal strength, a 561b.
steel rail is at least as strong as an 84lb. iron rail,
and it will wear more than twice as long, the wear de-
pending upon hardness, irrespective of mere strength
to support a rolling load. ligfgineers, having adopted
a certain section for iron, specify the same for steel,
and so {ar they do well ; but they give the steel no credit
for its far greater strength, and, because they thus
obtain this at the expense of weight, speak of steel,
as the Stockton directors did of wrought iron, as if
it were the more costly material. Steel can, of
course, be made of any quality, bard or (compara-
tively) soft, according to the proportion of carbon
given it, and which is entirely under control. The very
bard rails may occasionally break, and should never be
accepted nor made ; but with 4 per cent. of carbon a
very durable and at the same tough rail is insured.
With this proportion, adopted by Mr. George Berkley
for the 22,000 tons of steel rails made to his order for
the Great Indian Peninsula Railway, a double-headed
86 1b. rail, supported on 3 ft. 74 in. bearings, took no
permanent set under a load, applied at the mid-span,
of 20 tons, the temporary deflection being but 0.11 in.,
a test which would have destroyed an iron rail. Not
merely in respeet of deflection, but in that of strength
to resist impact, the steel rail 13 enormously stronger
than iron, bearing without breaking the fall of a one-
ton ram, falling from 25 ft. to 40ft., the rail being
supported upon 3 ft. bearings. For equal strength to
iron, steel rails are now made of far greater section and

weight than are required. They thus make a smoother
and better road, as well as a more durable road, and
the increased weight and cost thus incurred is not to be
set down us against steel compared with iron for a given
strength.

FUEL FOR INDIAN RAILWAYS.

At page 328 of ENGINEERING, for October 4th last,
it was pointed out, from information derived from the
very highest authorities, that, viewed as a coal-pro-
ducing country, India could not be considered as either
largely or widely supplied with this essential source of
motive power; and tﬁe narrow band of bitumeniferous
rocks which occur, almost in a direct line, from Cal-
cutta to Bombay, are at such a distance from many of
the railway lines as to preclude the use by them of the
produce ol those districts, on account of the great cost
that must necessarily be incurred for land carriage,
and the high price which such fuel would consequently
be raised to Ey the time of its arrival at the railway
depots, more particularly those in Madras or in the Pun-
jab. But even where it is used for locomotive purposes,
the Indian coal, on account of its inferior character and
the large amount of ash which it produces, proves in
%ractice but little cheaper than coal sent out from

ngland.  Under such circumstances the fuel employed
on several of the lines is mostly wood obtained from
the forests in the country ; and until further inventions
or discoveries place at our disposal some other means
of producing motive power, or some more economical
method of generating steam through the agency of
heat, wood fuel must continue to form the principal
source upon which the Indian railway locomotives
must rely; and, that being the case, it behoves-the
several companies interested, and more particularly the
Government (as we shall presently show), to see that
proper supplies of this or other fuel are kept con-
stantly in store at stations along the different lincs of
railway, and, further, that due regard be paid to the
proper conservancy of the forests whence this fuel is
obtained.

At present the railway companies have not any
plantations set apart for their exclusive use, and they
are consequently dependent upon supplies brought in
to them by the native woodcutters, with whom, as a
rule, the; contract for certain supplies to be delivered
at specified intervals of time. Now, knowing as we
do the wonderful powers of combinations and secret
communications possessed by these native castes, let
us consider for a moment what would be the position,
in the event of a second native rebellion, first, of the
railways with reference to their supplies of fuel, and,
secondly, of the Government with regard to the means
of communication at their disposal for the movement
of troops.

. To avoid against the consequences of any combina-
tion amongst the woodcutters gradually to deprive the
railway companies of their proper supplies of fuel, it
should be a standing rule amongst them all that not
less than sufficient for six months’ ordinary use should
always be kept in stock, and that not in a few large
stacks, which would be liable to destruction from in-
cendiarism, but scattered in small quantities deposited
at every station along the line. The necessity for this,
in the interests of the companies themselves, will at
once be apparent upon the following considerations :
The native mind is keen enough to perceive that the
ready means of communication afforded to the Govern-
ment for the rapid conveyance of troops is equivalent
to the possession of so many more European regiments
for the purposes of holding the empire against revolt
or revolution ; to destroy a bridge, or to break up a
few miles of rails, is but to cause a temporary obstruc-
tion, which, in either case, would be sure to be speedily
repaired ; but to deprive the locomotives of fuel would
be a most sure and effectual method of putting a stop
to the entire use of the railway, and would cause an
obstruction to locomotion far less easily encountered
and removed than in either of the former cases, and
the only practicable preventive against the possibility
of any such occurrence would be, as we have above
stated, for the companies to retain in their possession
always a minimuin amount of fuel equivalent to six
months’ ordinary consumption. It is quite time, too,
that this matter should cngage the serious attention of
the Government. The facilities enjoyed by the use of
the railways for the movement of troops cannot fail, to
a certain extent, to leave its mark on the military orga-
nisation of the country, by rendering the regiments
less prepared than formerly to undertake rapid marches
on a short notice ; for the luxury of the present day,
engendered by railways, must have its effect upon all
down to the very drummer-boy of a regiment. To
avoid, then, the_certain par:lllysm which . would seize
the commander-in-chief and all below him, in the event
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of internal distarbances in India, and a simultaneous
stoppage of many of the railways for want of fuel, it is
time that legislative enactment took the initiative with
a view to rendering nugatory any combination of the
native fuel contractors, which might otherwise lead to
such disastrous circumstances. ‘o be forewarned is to
be forearmed, and we should look with very lively sus-
picion upon the first show of any apparent combination
amongst the woodcutters to {ail in their usual supplies.
The events which preceded the former mutiny can now
be traced and recognised as sufficient to have, at least,
aroused suspicion, and we may rest assured that the
first signs of any future similar trouble—should it ever
be attempted—will be found to be some subtle devices
aimed at the destruction or temporary crippling of our
great railway systems, which may now be regarded as
the greatest power in the hands of the Government for
the rule and civilisation of the country.

LITERATURE.

A Treatise on the Strength of Materials by PRTER BaRLow,
F.R.S. A new edition, revised by his Sons, P. W, BArLow,
F.RS., and W. H. Barrow, F.R.S. Edited by W.
Hvupgr. London: Lockwood and Co.

Tue review of a book in its sixth edition must
always appear a work of supererogation, but doubly so
when a standard work, as the above, commenced
precisely half a century ago, and successively extended
to keep pace with the progress of investigation, is the
one to be criticised.

The present cdition offers some important advan-
tages over previous ones. The additions are both ex-
tensive and valuable, comprising experiments by
Hodgkinson on the strength of cast iron; extracts
from papers on the transverse strength of beams, b
W. H. Barlow; an article on the strength of columns’;
experiments by Fairbairn, on iron and steel plates, on
the behaviour of girders subjected to the vibration of
a changing load, and on various cast and wrought-iron
beams; experiments by Kirkaldy, on wrought-iron
and steel bars; and a short appendix of formule for
ready application in computing the strains on bridges.
To make room for all these valuable articles without
increasing the bulk of the volume, the description of
the proving-machine at Woolwich Dockyard, and the
article on the comparative strengths of parallel rails
of different sections, have been omitted, and we think
the scissors might have been advantageously used with
still greater freedom.

Doubtless much of the early matter must appear
antique and fantastic in the glare of light thrown on
the respective sub.]ects by modern investigation; yet
a certain historical interest must always attach to these
primitive attempts at the solution of problems of such
great practical moment. As a case in point, we may
instance the several tables given for determining the
conditions of simple suspension bridges. Of course
no one would now think of referring to a table, or
indeed of employing more figures than would cover a
postage-stamp, for the solution of such an elementary
problem as the dctermination of the stress on a sus-
pension chain. Such tables may be looked upon as
the characteristic fossils of the period when engincer-
ing literature was almost enlirelp dependent upon the
extraneous aid afforded by mathematicians, talented,
beyond doubt, but lacking the hard practical method
considercd indispensable 10 any new contribution to
the science of engineering,

It may be justly urged, on the other hand, that not

onl{ is 1t ungracious to criticise the labours of the

early masters of the profession, but that in these days
of concise formulee and short treatises, when so much
is given without demonstration, the perusal of articles
such as those in the present work on'the mechanism of
transverse strain, the mechanical action of fibres, and
the laws of deflexion, is a most wholesome incentive
to independent investigation. Upon these early in-
vestigations are based the majority of the practical
rules for the strengths of columns and beams, given in

English and foreign pocket-books.
ﬁ" e may obscrve that many additional plates, re-

ferring to the new matter introduced, are appended to

this cdition. )

——

Examples of Bridges and Viaduets. With the addition of
upw«r:'ls of 660 Estimates, and the Practice o Setting
out Works. By W. Davis HasgoLL. Second Edition,
London: Lockwood and Co. 1847.
Tae work now before us is one of the very few

extant descending to the level of ordinary routine, and

treating on the common every-day practice of the rail-

way engincer. Usually, when a practical engineering
book is written, it is with the view of elucidating some
more difficult problem than is ordinarily met with, or
some spécialité in the design of the works. Thus, a
student of engineering would not find the least difficulty
in familiarising himself with the complicated detail of
skew arches, whilst he might search in vain for any
written information concerning the ordinary methods
of working the bricks so as to obtain ““keys ” as often
as possible, in order to bond together the several rings
of an omlinary brick arch or tunnel. Of course the
knowledge of such details should be acquired during
the period of pu{)ilnge, and yet comparatively few
young engineers have this necessity impressed upon
them, or indeed the opportunity given them of so
doing ; and on that account a woﬁc of the present
nature, by a man of Mr. Haskoll’s experience, must
prove invaluable to hundreds.

Every engineer or contractor of expericnce will
admit that thousands of pounds are thrown away on
account of the pulling down and cutting away, 1nci-
dental to careless and incorrect setting out ; and sinee,
as our author urges, comparatively few engineers are
ever likely to be called upon to design long-span iron
bridges, they should rather aim at perfecting them-
selves in the duties they may be called upon to per-
form any day; and that such an opinion is held by
enginecrs generally is satisfactorily evidenced by the
demaund for a second edition of the present work.

As detailed estimates of proposed lines are now re-
quired by the Standing Orders, the tables of estimates
appended to the present edition will considerably
enhance its value.

In the portion devoted to the consideration of the
design, sctting out, and building of bridges, attention
is drawn to the two extreme cases, between which all
designs must range. In one system a large mass of
material is thrown into the work; in the other the
arrangement and distribution of the material is more
carefully studied, so as to diminish the quantity of
material used ; in other words, the question is one of
materials versus labour. It will be evident that even
on the same line of railway the character of the works
should vary with the locality ; thus, on works such as
Mr. Fowler’s Metropolitan, economy of material is car-
ried to the utmost, and concrete walls, with brick
facings and counterparts, form the type of con-
struction.

In many instances the contractor or his agent alone
could determine the most economical mode of carry-
ing out the works, since he may have material on
the spot which, although intrinsically of greater value
than is absolutely required, may be advantageously
employed under the special conditions of the case.
Thus, piles of a certain size may be required for the
foundations of stonework, and timber of larger scant-
ling, which had previously been used in timbering the
excavations, may be on the spot ; now the conditions
of the individual case alone could determine the ques-
tion whether it would be preferable or not to sacrifice
the superfluous quantity of timber. Much, however,
rests with the engineer, and the tables given in Mr.
Haskoll’s work o?' the quantity of lime required in
mortar and concrete, and the number of bricks laid
per day by one man in various portions of a structure,
will prove very valuable as affording reliable data upon
which he can base his calculations.

The importance of the most complete knowledge
attainable of the strata through which a line passes
has been so painfully impressed upon contractors by
the ruin of their predecessors from the neglect of such
precautions, that it is remarkable their attention should
still require to be directed to such considerations.
Mr. Haskoll has done well in enlarging upon this point,

Useful tables for constants for setting out skew
bridges, and for finding the quantities of materials
from the previous estimates for square bridges of
similar span, are given in this edition. The drawings
are explicit in detail, and give all the iuformation
necessary for the design of brick or masonry bridges
or viaducts up to 100f{t. span. Many examples are
also given of wrought and cast iron bridges and timber
viaducts.

Long-span Railway Bridges. London: Spon. 1867.

TuE majority of our readers will doubtless have made
themselves familiar with this work, in its original form,
as it appeared in the columns of our journal.

As the whole has been carcfully revised by the
author, and additional maiter introduced, the work
will, we think, in its present form, attain its aim of
presenting, in a simple form, a complete generalisation
of the many complex questions governing the econo-
mical design of a long-span railway bridge.

RECENT PATENTS.

Tne following specifications of completed patents
are all dated within the year 1867 ; and that year
should be given in ordering them, at the annexed
mces, from the Great Seal Patent Office, Chancery

e.

(No. 292, 1s.) Alfred Vincent Newton, of 66,
Chaneery-lane, patents, as the agent of Eli Thayer, of
Worcester, U.S., Sabine Peters Pond, of Providence,
U.S., and Daniel Bullard Pond, of Woonsocket, U.S., a
form of water-tube steam boiler. This boiler consists
of a number of horizontal water-tubes closed at one
end, each tube containing another tube of smaller
diameter open at both ends. ‘The outer tubes commu-
nicate at their open ends with an upright tube leading
to a steam dome, whilst the outer ends of the inner
tubes are in communication with a water-space.

(No. 294, 10d.) William Richardson, of Darling-
ton, patents a method of arranging the glazed frames
of borticultural buildings, so that, when opened, they
shall still form a protection against direct downward
dtau%hts, and prevent the .entrance of rain. To ac-
complish this the opening sashes are each mounted on
a series of links or arms, so that, when opened or
raised, they move parallel to their original position,
like the bar of a parallel ruler, and thus still cover the
openings over which they are placed.

(No. 296, 1s.) Edward Smith Crease, of Plymouth,
patcuts improvements in the rock-boring machines
patented by him in October, 1863, these improvements
referring to details which could not be described with-
out reference to drawings.

(No. 299, 1s. 4d.) Robert David Napier, of 20,
Church-row, Limehouse, patents various arrangements
of differential brakes, and methods of applying these
as substitutes for ratchet and pawl movements in wind-
lasses and other machinery. Inone form of these brakes
the band or strap passing round the brake-wheel is
connected at each end with a lever vibrating on a fulerum
situated between, but not equidistant from, the two
points of attachment of the strap. The arrangement
18 such that when the wheel is turned in one direction,
the friction between it and the strap tightens the latter,
and vice versd. A number of models, showing various
applications of these brakes, were exhibited by Mr.
Napier at the conversazione of the Institution of Civil
Engineers in May last.

(No. 300, 1s. 4d.) David Greig, Robert Burton,
and Frederick Parker, of the Steam Plough Works,
Leeds, patent several improvements of considerable
value in connexion with steam ploughing-engines and
machinery. These improvements include arranging
the winding drum of a steam ploughing-engine under
the smoke-box end of the boiler behind the hinder
wheels; connecting the fly-wheel to its shaft by a friction
cluteh, so that, in case of an implement being checked,
the fly-wheel may revolve free of its shaft without
throwing too great a strain upon the rope ; providing
means for turning the implements by the movement of
the traction-engine after the implement has heen
drawn up to the engine on the completion of its bout ;
and also a method of constructing the steering-frame
and connecting the implements to 1t by vertical pivots,
so that they may readily follow the frame.

(No. 314, 10d.) Joseph John Harrison, of 2, Ada
terrace, Great Clowes-street, Broughton, Manchester,
patents improvements in pneumatic looms, these con-
sisting in arrangements for compressing the air by
which the shuttle is driven.

(No. 317, 1s.) Perceval Moses Parsons, of Black-
heath, patents a method of constructing railway cross-
ings by housing the side rail under the flange of the
point rail, instead of notching it into it in the usual
way. The point and side rail are bolted together, the
bolts passing through blocks placed between the rails.
The patent also includes making bolts with the shank
part tubular or of a different section to the screwed
portion, the object being to reduce the sectional arca
of the shank so that it may be the same as that of the
screwed part at the bottom of the thread, the outside
dimensions of the shank being at the same time such
that it fills the hole.

(No. 334, 1s. 10d.) Stephen Alley, of the firm of
Messrs. Neilson Brothers, of Glasgow, patents several
useful forms of machine tools specially applicable for
finishing various details of locomotive engines. We
shall probubly give illustrations of some of these tools
in an early number, and shall therefore postpone any
description of them for the present. :

THE ROLLING-MILL AT Essex.—In Mr. Krupp's tyre-rolling
mill at Essen, all the heating furnaces are situated below the
floor level, the tyres being lifted out through openings in the
roofs of the furnaces closed by sliding doors. The arrangement
has the advantage of leaving the floor of the mill quite clear.
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DOUBLE-ACTING STEAM-HAMMER WITH SELF-ACTING VALVE-GEAR.

CONSTRUCTED BY MESSRS. TANNETT, WALKER AND CO., ENGINEERS, LEEDS.

Wk give, ubove, engravings of an 8 cwt. deuble-actirg steam-
hammer, as constructed by Messrs. Tannett, Walker, and Co.,
of Lecds, the main feature in this hammer being its self-acting
valve-gear, which, whilst capable of great accuracy of adjust-
ment, is yet extremely simple. The general arrangement of
this valve-gear will be seen from the side elevation of the bam-
mer, whilst the construction of the valve, by which the distribu-
tion of the steam is effected, is shown by the enlarged sections.

Referring 1o these latter views, it will be seen that the steam
from the boiler, after passing the gridiron-valve forming the re-
gulator, is conducted through a passage cast in the hammer-
framing into a ckamter snrronndmﬁ the central porticn of the
distributing-valve. This valve, which is of a conical form,
works in a conesfonding]y formed face fitted into the bammer-
framing. The valve face is perforated with three rinﬁ: of open-
ings, the central openings communicating with the steam-

chsmber already mentioned, whilst those formirg the other two
rings lead to thie top and bottom steam of the hammer-
cylinder respectively. The valve itselt is really formed in two
rtions, carried by a central spindle, which can be adjusted
engthways to take up any slackness caused by wear, these
}‘ortions governing the admission of the steam 1o, and its re-
lease from, the top and bottom of the cylinder mptctivetlg.

The steam is admitted from the aunular chamber, through
the central openings in the valve face, into the space between
the two portions of the valve, and according to the position of
these latter it is admitted to the top or bottom of the cylinder.
From the peculiar shape of the valve in cross section, either of
the two portions is capable of uncovering six openings for the
admission of steam into its respective port, or of forming six
passages between that port and the exhaust. The exhaust-pipe,
weshould state, isin communication with the two chambers situ-

aled ut the ends of the valve. In the enlarged sectional plan of
the valve, the top port of the cylinder (that towards the m
of the ensravinﬁz is shown in communication with the ex-
haust, and the bottom port with the steam-chamber. It will
be readily seen by an inspection of the engravings how,wl:ﬁ
the vibrating motion given to the valve, this state of thi i

be reversed, the top port being placed in communication with
the steam-chamber, and the bottom port with the exhaust;
and it only remains to explain how this vibrating motion can
be regulated in extent so0as to govern not only the amount of
opening of the valve, but also the point of the stroke at which

hat opening shall take place.

These adjustments are effected by two distinct arrangements,
one of them regulating the extent of the arc of vibration of the
valve, or what we may term the length of its stroke, and the
other virtually lengthening or shortening the rod by which the
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arm on the valve-spindle is ted to the actuating lever.
It will be seen by the side elevation that the lever by which
the valve is actuated vibrates upon a pin fixed to the hammer-
frame, and that one end of it works through a pin carried by
the hammer-head. The motion communicated to the lever as
the hammer-head rises and falls is transmitted to the valve by
a jointed rod, or rather xair of links of unequal length, formin,
a sort of toggle-joint. At the point where the links are coup

to each other, another link is connected to them, the other end
of this link being attached to a lever, as shown in the elevation.
By moving this lever—which is furnished with a slotted gnide and
fixing screw—the two links forming the toggle-joints can be drawn
out of line with each other, und their effective length—regard-
ing them as a connexion between the arm on the valve-spindle
:1% the actuatiug lever—thus reduced. The effect of thus
moving the links of the toggle-joint out of line is to turn the
valve partially round in its seat, and virtually to reduce the
lap of that portion governing the admission of steam to the top
steam-port, the consequence being that, as the hammer-head
rises, that port is unncovered for the admission of steam earlier
than it otherwise would be. The bottom port is also put into
earlier communication with the exhaust.

The stroke of the valve, and consequently the amount of
opening given to the ports, is regulated by shifting the lower end
of the ﬁ)wer link of the toggle-joint, in the slotted lever to which
it is attached, a screw being provided, as shown in the engrav-
ings, to enable this to be done readily. The effect of thus shift-
ing the end of the link is to lengthen or shorten the arm of the
lever by which the motion is imparted to the valve. 3

From the entire absence of tappets, or their equivalents, in
the valve motion we have described, it works very quietly, and
is very unlikely to get out of order. It is also, as we have said,
very simple and readily adjustable, and is, we believe, found to
work very satisfactorily in practice. OQur engravings of the
hammer and valve-gear have been prepared from tracings for
which we are indebted to Messrs. Tunnett, Walker, and Co.

TRACTIVE RESISTANCES ON RAILWAYS.

(Continued from page 340.)
Resist of L tives and Tenders to being put into
Motion.

Tue l'ollnwinﬁ values of tho resistances to starting were
obtained by applying the power for utting the engines and
tenders into motion as gently as possible :

. Cocflicients of Resistance.

kilogrammes pounds

per tonne.  per ton.

1st. Mixed engine 169 = 35616
2nd. Goods engines with six 197 = 44128

coupled wheels ... .. ..
Gcnorallgv in actual scrvice the power required to put an
engino and tonder in motion is much greater than above
given, as, in addition to the frictional resistances having to be
overcome, a certain power is expended in accelerating the
speed of the mass.

Resistance of Tenders alone.
Experiments were also made, by the aid of the dynamo-
meter, upon tenders detached from the engines. The mean
resistances were found to be as follows :

from 0 to 97 per cent.; and the proportion of wagons having
their axles lubricated with oil, from 2 to 100 per cent.

The inclination of the line varied from a downward inclina-
tion of 1 in 1000 to a rising gradient of 1 in 50. The radius
of the sharpest curves was 400 motres (1312 ft.).

The temperature varied from —4° to-}-26° Centigrade (24.8°
to 78.8° FS:), and there were during the experiments calm
weather, slight winds, high winds, weather, rain, hail,
and snow.

The speed at which the trains were run varied from 10 to
89 kilometres (6.2 to 24.18 miles) per hour.

The experiments were thus carried on under circumstances
widely varying. _ . .

Let us group together the trains which were experimented
upon r favourable circumstances, and take the mean.
Letting f denote the resistance per ton of train on a level, we

have :
Speeds. Coefficients of Resistance.
In kilometres In miles kilogrammes  pounds
per hour, r hour. per tonne. per ton.
17026 = 1054t016.12 .. f=316 = 7.05
26,32 = 1612, 1984 .. =39 = 884

From this it is concluded that at their mean speed, during
rej service, these trains halv: a8 mean reﬁsmli‘:l‘: of Iciuslc':
ilogrammes per tonne=7.95 Ib. ton English. The
various inﬂue:?:;u which aggravubopetrhe resistances of goods
trains have also been investigated scparately; at present,
however, it will merely be necessary to say concerning them,
that these resistances are sometimes augmented to about 8.6
kilogrammes per tonne=19.264 Ib. per ton English.

Exzperiments on Passenger Trains. .

The weight of the trains experimented upon varied
from 30 to 116 tonnes (20.46 to 113.8 tons English); and the
number of vehicles train, from 6 to 20. .

The proportion of vehicles having their axles lubricated
with oil varied from 7 per cent. to 100 per cent.

The inclination of the line varied from a downward incline
of 1 in 1333, to a rising ient of 1in 100. The minimum
radius of the curves was 700 metres /2296 ft.).

The speed varied from 24 to 77 kilometres (14.88 to 47.74
ml(l;:()) per hour. & ‘ o a

uping together tlie trains experimented upon under
circumpmges avourable for reducing tho tractive resistances,
and taking the mean, and distinguishing between short
trains (consisting of from 8 to 10 carriages) and loog trains
(consisting of from 14 to 17 carriages), we find,
1st. Short trains:

X Coefficicnts of Resistances.
kilom. miles kilo. pounds
per hr.  perhr. per tonne. per ton.

V=4 = 2812, f = 721 = 1615
V = 68 = 896 f = 967 = 2144
V =17 = 4712, f = 1456 = 38257
2n. Long trains:
Speeds. Cocfficicnts of Resistance.
kilohr. nnllo; kilo. und.
r hr. per hr. r tonne. T ton.
v =p°45 = 279, f =Pe 6598 = ‘.')10839
V =52 = 3268, f = 653 = 1463
V = 60 = 372 f = 8056 = 1803

S . Coeflicients of Resistance. It will be seen from these tables that the resistances of
In kilometres  In miles kilogrammes pounds p ger trains i rapidly with the speed, and that
per hour. per hour. per tonne.  per ton. theﬂ are also rapidly augmented as the trains are shortencd.

30 - 186 ... 6186 = "11.658 calm weather upon a line which is in good order, and in
46 = 27.9 7 = 165.68 which the curves are at least 1000 metres (3280ft.) radius,
Resistance of Trains in general, the coefficient gf resistance on a level is, in tl}fucue of an ex-

A . A . in with eight i t 5 ki
For measuring the resistance of trains recourse was had to pw'?.;t(";"ﬁg u:l:: gmm?w 14.85 kilogrammes per

the dynanometer, the experiments being only conducted ac-
cording to the sccond method. There were obtained thus the
tractive strains upon the drawbar of the tender.

The authors refer to their complete paper for an account
of the details of the mode of experimenting, and also for the
calculations. It may be stated, however, tgnt the trips made
by the trains were divided into equal sections of half a kilo-
meter (about ,;ths of a mile) each, and that the s and
amount of work done was calculated for each of t sec-
tions.

‘When the line travelled over had almost constant profile
throughout its course, and there was but littlo variation in
ﬂ:&d speed at which the train was run, there could be calcu-

el

1st. The mean resistance of the train throughout its course;

2nd. The mean spoed ;

3rd. The mean tractive cffort cxercised by the draw-bar of
th(kt:ndcr. he

owing the gross weight of the train in tons, there could
thus be degueed the maisanco per ton of train. ’

In the case of the greater ert of the trials the line was not
exactly level. It was decidedly established, however, that
the effect of rising gradients is to augment the resistance
exactly 1 kilogramme per tonne for euin millemetre of rise
per metre, and thus the correction done to the action of

vity could bo deducted in each case, leaving the coefficient
ue to the resistances on a level.

The total distances run with the experimental trains were
as follows :

kilometres. miles.
1360 = 8432 with goods trains
461 = 27962 , mixed ,,
1601 = 930.62 ,, passenger,,

Total ... 3313 = 2053.44
The total number of trains was 139.

Ezperiments with Goods Trains.
Tho gross weight of the trains varied from 152 to 671
tonnes (1402 to 560.8 tons English). The number of
vehicles in cach train varied from 12 to 56: and there were

trains completely empty, others tially fi d
wmemyg .y pty partially filled, and others
proportion of platform wagons in the trains varied

Let us now pass on to the other questions of the pro-
gramme.

‘‘To determine separately the infl
ditions of traction mentioned in the first question. To analyse
the causes which in curves modify the resistances, conduct-
ing the examination by reasoning and by experiments.”

Experiments wore conducted to ascertain the resistances due
to the various parts of engines.

Each engine was tried without its tonder, in road-worthy
oondition ; and was drawn behind the wagon fitted with the
dynamometer.

On the first run, the engine was drawn with all its mecha-
nism coupled up. On the second run, the connecting-roda
were uncoupled

of each of the con-

On the third

On the fourt
were uncoupled

From these f

1st. The resi
without tender

@nd. The fric

8rd. The fric
guides, and co:
tained, however, wwug wousw aue w vne working ot the
mechanism when not exFoeod to the pressure of the steam) ;

4th. The resistance of the engine when running without
its ism, that is to say, considered as a vehicle.

The results are as follows :

lst. At a speed of 28 kilometres (17.36 miles) per hour,
tho reeistances of the engines were :

Coefficients of Resistance.
killogrammes pounds
per tonne. per ton.

Mixed engine L X = 215
Goods engine with six- _

piomtin ot vt } w 133 = 2733

2nd. The resistance due to the coupling of the wheels was
not determined with sufficient accuracy to enable any con-
clusions to be arrived at. It may be observed, however, that
when running on a straight line the resistance due to this
cause was very slight.

8rd. Fort.heﬂllﬁad and goods engines the resistances due

to the friction of the pistons, connecting-rods, and crosshead-
guides amounted to r cent. of the total resistances of the
engines when completely oouRled up. The pistons were of
the type kmown as the Swedish.

Mlip%he resistances of the engines, when reduced to the
condition of vehicles, were :

Coefficients of Resistance.

kilogrammes pounds

Mix. per tonne. per ton.

G. ed engine e 598 = - 1169
oods engines with six

coupletf wheel ..{*+ = 616 = 13.77

These coefficients were obtained at speeds varying from 26
to 30 kilomotres (16.5 to 18.6 miles) per hour.

Causes which produce Variations in the Coefficients of
Resistance of Wagons.

On astraight and level line the normal resistance of wagons
is composed of two elements :

1st. The friction of the wheels ;

2nd. The resistance of the air.

‘When working at low speed the second element may bo
neglected, and the resistance considered as due only to tho
frictional resistances which are expressed by the following
known formula:

d
@) B=(p+p)f'+f"X
in which
p = weight of the wagon without the wheols;
P’ = weight of the wheels;
d = diameter of the axle-journals ;
D = diameter of the wheels ;
J’ = coeflicient of the rolling friction of the wheels;
J" = cocflicient of the friction of the axle-journals in
their bearings.
Friction of Axle-boxes Lubricated with Oil.

It has been found by the method of laying down the curves
of acceleration, that the resistance of a ‘wagon moving at a
speed of from 1 to 6 kilometres (0.62 to 8.1 miles) per hour
is 11 kilogrammes per tonne—24.641b. per ton English. In

applying the equation (3) we may su according to
Wood, that f'=0.001, mc) Ppose;

we find
=0.018,

which is the cocfficient of friction in an axle-box lubricated

with oil, and at a temperaturo of 20° Centigrade (68° Fah.).

Friction of Axle-bozes Lubricated with Grease.
The aﬁglimtion of the same method gives for the friction of

an axle-box lubricatod with grease, and at a mean tempera-
ture,

—0.032.
This coefficient is almost double the preceding one.

TInfluence of the Load upon the Friction of the Azles.
The weights of the wagons varied considerably during the
experiments on goods trains ; but it was found that the co-
efficients, /™, were but slightly different under the different
It is concluded, therefore, that the friction of the axles
is unaffocted by the load upon them so long as this load is not
80 great as to cause seizing.

Friction of the Axle-bozes of an Engine.

For an engine weighing 30 tonnes (29.46 tons English) it
was found that at speeds of from 25 to 30 kilometres (16.6 to
18.6 miles) per hour, the value of f* was

JS"=0.062,
The axle-boxes were lubricated with oil.

(To be continued.)

LARGE-BORE GUNS.

To THE EpITOR OF ENGINEERING.

Sm,—Whr not use, in the 15in. or any other smooth-bore
cannon, an elongated shot, heavy at the front and encased in a
wood sabot, the same as the projectiles used in the famous
needle-gun, and encased in a paper sabot? If it is possible to
mauke the shot 80 heavy at the front and so long that it will
keep end on, and reduce the diameter so as to keep the weight
the same; that is, to use only a 10in. or a 9 in. shot in the
15in. gun, and a pointed chilled shot at that, then a 750 lb. or
500 1b. shot, propelled by 1001b, of powder, ought to do more
execution than a much lighter shot thrown with but 30 Ib. or
or 401b. of powder, The enclosed sketch will convey the idea.

~he sabot to leave the shot, ar, more properly, the shot to leave
the sabot when both are well out of the gun; to insure such a
result, it might be best to make the latterin two or three pieces,
The danger to be apprehended is that the wood might wedge in
between the shot and gun, and burst it; but that would be
governed by the angle of the butt and shoulder on the shot, and
the kind of wood or other material used for the sabot. The
force of the powder would expand the sabot so as to prevent
windage and carry the shot not only fres from the sides of the
Run, but perfectly central and true with it. A sheet of tin the
8ize of the bore, placed on the butt of the sabot would prevent
the escape of gas through the joints or pores in the wood. I
send you this, supposing it to be new, though shall not be

eatly surprised to hear that it is an old ang exploded idea.
f it is new, gou may find room for it in your paper, and thron,
that it may find its way to some one who can afford to try the
experiment ; if it is old, find room for it in your waste-paper

basket.
Iam, &e.,

oy Vo
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NOTES FROM THE NORTH.

Grasgow, Wednesday.

Glasgow Pig Iron Market.—Since my last communication the
pig iron market has undergone a very decided change—one that
seems to have a ray of hope about it amidst the general stagna-
tion which prevaiis here and in other important manufacturing
towns in Scotland. This day week the prices varied from
54s. 43d. to 54s. 74d. cash, and from 54s. 6d. to 54s. 9d., pay-
able in a month. On the following day the market was very
firm, and the prices advanced to 54s. 9d., and even to 53s. 13d.
cash, and to as high as 55s. 4d. at a month; and since then
there has been no material variation in prices. Ardrossan ship-
ments for the week ending 10th October were 3114 tdns, includ-
ing foreign shipments to the extent of 971 tons; from Glasgow,
for the week ending the 12th October, there were 1831 tons
shipped, including 806 tons for foreign orders. From the whole
of the Scotch ports, for the week ending 15th October, there
were shipped 11,181 tons as against 12,875 tons for the corre-
sponding week last year; and the total since 25th December,
1866, was 504,919 tons, while the corresponding period in
1865- 6 was 465,142 tons. There were no shipments of pig iron
last week at Greeuock ; but the shipments of coal were con-
siderable; and from the same port, or rather from the Tail of
the Bank, for the month of September, the shipments of gun-
powder amounted to 213,200 Ib.

Leith Dock and Shipping Affairs.—At the last monthly
meeting of the Leith Harﬂur and Dock Commissioners, and at
an adjourned meeting of the same body, held yesterday, a very
strange proposal from the Caledonian Railway Compuny was
considered, and received the guietus, as it deserved. It was a
proposal to throw a railway bridge across an important part of
the harbour, below the entrance to the Old Dock. At the
adjourned meeting Ex-Provost Lindsay said that, on the site of
the proposed bridge being fixed by the Dock Commissiou, he
had lodged the following reasons of dissent, which I annex, as
they show with great fairness what was really inteuded by the
proposed bridge:

% 1. Because I believe it is an excess of power on the part of
the Commissioners for the Harbour and Docks to make a rail-
way bridge across the highway or fairway of the port of Leith.
Parliament only can sanction such an interference with the
public rights. 'No intimation has been made to the public of
the proposed bridge.

432, Because the erection of the bridge across the fairway of
the port on the proposed site will sacrifice to a great extent not
only the general trading interests of the older parts of the port,
particularly the Old Dock, but the existing valuable properties
gituated thereon, all for the benefit, unintentionally no doubt, ot
a railway interest and the larger class of vessels going to the
New Docks.

“ 3., Because it is inequitable and unjust to expend the ship-
ping dues for the proposed railway biidge, the cost of which,
with the relative works, will not be less than 20,0004

¢ 4, Because, in any view, there is already railway communi-
cation betwixt the east and west sides of the harbour (made at
the expense of the railway interest), and the site thereof, with
a slight deviation, as shown in the plan prepared by the harbour
engineers, is a right and proper site for any improved railway
communication which may in course of time be required.”

Mr. Lindsay maintained that the charters of the commission
did not give them any right to a public river. The Upper and
Lower Drawbridge, the Stone Bridge, the Victoria Dock, and
the extension of the piers were all executed with the sanction of
Parliament.

The shipping of the port of Leith has of late been increasing
scarcely any. The arrivals and sailings during August, of
which the returns are just published, vary very little from those
of August, 1866, 8o far as the tonnage is concerned, although
there is a small increase on the port duties for the month.

People in Leith and Edinburgh are not much accustomed to
see the big steam vessels which we build on the Clyde, and they
have conuquemli got a little excited regarding the Cimbria, the
last addition to the magnificent fleet owned by the Hamburg-
American Company. The Cimbria has just been overhauled in
the Prince of Wales Graving Dock, Leith, where she was in-
spected by a large number of people. Sheis commanded by

aptain N. Trautmunn, and has 180 for a crew. The Cimbria
left Hamburg on Sunday week, about mid-day, and, although
encountering strong head winds during the greater part of the
voyage, accomplished the Easnge-n distance of nearly 420
nautical miles—in thirty hours. The vessel was built by
Messrs. Caird and Co., of Greenock, which eminent firm have
supplied the Hamburg-American Company with steamers
during the past thirteen years. Her length is 330 ft., breadth
of beam 40 ft., and depth of hold 34 ft. The cngines are of
500 horse power, but during her trips from port to port have
indicated as high a8 2200. She has four decks, and has accom-
modation for 6V first-class, 120 second-class, and 530 steerage
passengers. Besides her full complement of passengers, tﬁe
Cimbria carries 1100 tons of coal in her bunkers, and has
storage for 1000 tons of goods. When at sea, she consumes
sixty-five tons of coal every twenty-four-hours. The vessel is
equably heated by means of steam pipes, and the ventilation in
every part is pertect. The saloon, which is gorgeously fitted
up, 18 90 ft. in length. The sides are decorated with teauti-
titully executed laudscapes in oil, elegunt bronze statues, and
rich gilt mouldings. At the further end of the saloon is placed a
handsome pianoforte for the use of the first-class passengers.
Each statc-room is furnished with two patent-spring beds.
Her apparatns for distilling salt-water is capable of producing
1000 gullons a day. Since April last, the Cinbria bas made
four trips between Hamburg and New York. Her rate of speed
has been on an average 14 knots an hour; and she is said to
have made the quickest passage between New York and
Southampton of any steamer on record, huving accomplished
the distance from port to port in nine days and four hours.
She cost 90,0004 The same firm, which has so long and so
deservedly secured the patronage of the Hamburg-American
Company, has at present on the stocks another vessel, to be
named the Alsatia, of the same type with the Ciinbra, but 10 ft.
longer, and baving 100 additional horse power. I mention
these details regarding the Cimbria, because she is one of the

noblest ssecimens of naval architecture that the Clyde has ever
furnished.

From Friday to Monday evening last upwards of sixty ships
arrived in the port of Leith, and of these twenty-one were laden
with timber. For some time before the day first mentioned,
westerly breezes had coutinued to prevail. Should eastern
winds continue for the next fortnight, many arrivals may be
looked for, as a large fleet of sailing ships are on the way.

Scientific FEducation.— The director of the . Edinburgh
Museum of Science and Art has begun to follow in the fuot-
steps of his eminent predccessor, the late Professor George
Wilson, by showing a wish to turn that portion of the museum
to advantage which was formerlycalled the Industrial Museam,
in connexion with which Dr. Wilson had the Professorship of
Technology. Unfortunately, that amiable and able man of
science died too early for the subject and office which he loved
so well. He intended, as I know from intercourse with him, to
turn the almost invalnabla collections of industrial products
under his care to the very best advantage, by means of syste-
matic lectures and demonstrations upon them, both to his
college students and to the artisans of Edinburgh and those
who might occasionally visit the city. Iam glad to te atle to
announce that Mr. Archer, the present director of the museum.
has succeeded in making arrangements to have short courses of
lectures on special departments of science delivered during the
ensuing winter in connexion with the museum, to working
men, somewhat on the plan of the working men’s lectures in
the Royal School of Mines, Jermyn-street, London. The first
course of six lectures will be on chemistry, the lecturer being
Dr. Lyon Playfair, the Professor of Chemistry in the University
of Edinburgh. From Dr. Playfair's life-long devotion to the
technical applications of the principles of his fuvourite science,
his lectures should prove a great treat. They are to be followed
hl_:' a short course on physics, I think, and others will follow
them.

State of Trade at Greenock.—Trade is at present remarkably
dull, and a large number of workmen are out of employment.
In the ship-carpenter business, out of above 700 workmen, only
about 150 are employed. In the shipbuilding trade a large
number of men have been paid off lately from the yards of
Messrs. Steele and Co., Caird and Co., &c. The former firm,
however, during last month received contracts for four large
iron shi The keel of one of these has been laid, and the
others will follow; so that in the course of a mouth or so the
firm will be as busy as ever. Messrs. Scott and Co. have
nothing on hand; Messrs, Robertson and Co. and M‘Nab
and Co. have each two vessels finishing. The engineer-
ing trade is also very dull. The sugar-refining trade is scarcely
80 busy s in previous months, and two of the sugar houses are
expected to be closed for a month or two, during which time
they will undergo improvements and additions. ‘The shipping
trade is as dull as the others, and at present only four sugar-
laden ships are discharging, while three weeks ago one ship-
owner alone had ten vessels of 7000 tons in his fleet, all in port
with sugar. The harbours are now very slack, and a great
many of the labourers are out of employment. The timber
ships, however, are expected in the course of next month, so
that, although so many men are idle at present, it is expected
that in a month or two, at least, two-thirds of those unemployed
will resume work.

State of Trade in Coatbridge.—Trade throughout the Coat-
bridge district is little changed of late. The prospects which
were formed of the winter trade have not been realised to an
extent, and firms which are fully employed, us a rule, at this
season, have few orders of any importance on hand, while some
are adding to their stock rather than part with their best work-
men. Even the most extensive houses in the forge, tube, shovel,
and file branches, suffer from the depression. As far asthe
iron trade is concerned, the present season is generally admitted
to be one of the worst of the last half century. The malleable
iron trade has somewhat revived during the lust week or two,
and there is now a fair demand for iron and rails for export,
but very few orders are arriving from the Clyde shipbuilding

ards. The stocks of pig iron at Gartsherrie, Langloan, Summer-
ee, Calder, Dundyvan, and Carntroe, are said to be gradually
diminishing, owing to the late increase in price, and greater
demand. The boiler yards are alinost at a stundstill. In the
tio-plate works, however, the orders are still tolerably good,
and, a8 a rule, all hands are fully employed day and night. In
the coal trade of Coatbridge and the Wishaw districts, dulness
is the order of the day, and even with the near approach of
winter some of the pits are being closed up, and large numbers
of colliers thrown idle.

State of Trade in Kirkealdy and County of Fife.—Trade in
Fite is becoming much depressed in its different departments.
At the present time, the stagnation that prevails is quite alarm-
ing in regard to both the mill-spinning and manufacturing
interests. Those engaged in the foriner are now in many cases
inclined not only to stop portions of their machinery, but to put
the balance on short time, in the expectation that this great re-
duction in the consumption would have the cffect of bringing
dowa the price of the raw material—a result thut cannot
certainly be looked for if the present rate of consumption is con-
tinued. In the district of Kirkealdy, wlich is suffering more
perhaps thau any other part of the county fromn the depressed
state of trade, business has become quite paralysed. Not only
are the leading mill-spinners and manufacturers talking of
stopping altogether about the half, or putting on short time the
whole, of their machinery, but in the other branches of truade a
standstill would appear inevitable at uo very distant day. The
engineers, who have of late been graduully paying off their hands,
huve now completed nearly the whole ot the orders they had
booked, and that without the slightest appearance of any fresh
ones coming in. In the different towns and villages throughout
the county large numbers of the “ black” class of tradesinen
parade the streets in absolute idleness, while too many more from
other parts of the country may ke met with in quest of what they
have not the slightest chance of obtaining—employment. With
regard to shipbuilding, prospects are no brighter. ‘Tle coal
trade of the county, in which several thousands of the population
are engaged, and on which many thousands more depend, has ot
Iate become worse in consequence of the public works going on
short time. A good dt:mang for fereign ports exist; but {rom

the scarcity of vessels, owing to the few home freights, there
is no possibility of its being properly met. Onthe Tay, as well
as on the Firth of Forth, this great scarcity of vessels to supply
the Continental demand is felt. Taking the whole of thess
circumstances into account, it may be raid with sufety that
trade has not been so backward in this quarter for at least the
last eight years, and, with a scarcity of work and high pro-
visions, it isto be feared that a hard winter is in store for those
of the working population of our towns and villages who have
not made the necessary provision for the upparently impending
crisis.

The New Waterworks at Fort Glasgow.—These works,
which were opened yesterday (Tuesday) with some ceremony by
the authorities, were commenced eighteen months ago, Mr.
James M. Gale, engineer to the Glasgow Water Comnmissioners,
directing the engineering details.  Under the agreement the
works were to be completed at the end of September of the pre-
sent year, but the operations were carried on to such advantage
that Mr. Murray, the contractor, secured for himself 2 premium
by fulfilling bis engagement several weeks within the stipulated
period.  The waterworks consist of a largo reservoir, near the
furm-steading of Leperstune, at the top of the main valley of the
Finlaystone Burn, and a largefilter and tank at the farm of Park-
hill. ~The works are capable of supplying 12,000 people with
30 gallons of water a head per day, or 360,000 gallous a day.
The reservoir, which is 33 ft. above the mean level of the sea,
covers an area of 26 acres, and is bounded by two embaukments
(one at the north and the other at the south end), the largest
one, that at the south end, being 250 yards long and 204 ft.
deep. 'The reservoir will contain 8,800,000 cubic feet of water,
a quantity which will yield a supply to a population of 12,000
for a period of mora than one hundred duys without rain.  The
drainage area, which includes a diversion of the Fiulaystone
Burn, is about 300 acres, and, should the works come to be ex-
tended, the drainage area can be incressed to about 450 acres.
The waste weir is situated at the end of the south embankment,
and the surplus water flows back into the streams that lead to
the Gryfe. A large stand-pipe, 3!t. Gin. in diameter, is
situated at the other embankiment, and by neans of this pipe
the water in the reservoir can be drawn off at thres different
levels. Upon the outside of the north embankment there is a
gauge well, which has been constructed for ascertaining the
exact quantity of water that leaves the reservcir. From this well
the water is conducted in earthenware pipes (13 in. in diameter)
for the distance of one mile tive furlongs to the filter and service
tank at Parkhill. ‘The works here consist of a fil:er and tank;
but before the water fallsinto the fiiter it passes through another
gauge well, 8o that any leakage which may take place between
the reservoir and the well can be at once discovered, and the

nantity of water gauged that passes through to the town. The
filtering materials are composed of whinstone, metal, gravel,
fireclay tiles, and Brodick sand. The tank is a circulur one,
built of 18 in. ashlar walls. The water in the tank is 236 ft.
above the sea, and with this pressure the highest houses in the
burgh can be supplied with water. From thic tank the water
is’led through a 9 in. iron pipe for two miles and one furlong,
and distributed through the different streets of the town.

Glasgow Gas.—The Town Council having recently resolved
that the Inspector of Gas Meters should periodically exhibit
information as to the quality, illuminating power, &c., of the
gas supplied by the gas companies, Mr. Campbell, the inspec-
tor, wifl now furnish to the newspapers weckly a statement of
the illuminating power of the gas of each of the companies, and
the price charged per 1000 cubic feet, Mr. Campbell hus also
been directed by the Town Council to procure from the lurge
towns information as to the illuminating power of the gas sup-
plied, and the price charged per 100U cubic feet, and to tabulate
the information mouthly, aud supply the tables to the news-
papclz{rs. ‘The following is the report by the inspector for five
weeks:

Illaminating Power of the Gas supplied in Glasgow, from the
5th to the 13th September.

Strd. Candles.
Glasgow Gas Light Company, average ...  27.9 .
‘The minimmum being 25 7, and maximum ~ 29.1
City and Suburban Gas Light Co., average... 26.7
The minimum being 25.4, and maximum 279
From the 14th to the 20th September.
Glasgow Gas Light Company, average ... 30.8
‘The minimum being 26.8, aud maximum  34.9
City and Suburban Gas Light Co., average 29.6
The minimun being 26.6, and maximum  33.5
From the 21st to the 27th September.
Glasgow Gas Light Company, average ...  31.8
The minimum being 28 and maximum... 35.7
City and Suburban Gas Light Co., average 29.9
‘The minimum being 27 and maximuin 33.3
From the 28th Sept. to the 4th Oct.
Glasgow Gas Light Company, average ... 30.9
The minimum being 2¥.6, and maximum  33.4
_City and Suburban Gas Light Co., average 2.4
The minimum being 27 and maximum 29.9
From the 5th to the 11th Oct.
Glasgow Gas Light Company, average ...  20.0
‘The minimum being 26.9, and maximum  30.2
City and Suburban Gas Light Co., average 26,7

The minimum being 26.1, and maximum  27.2
I give this tuble as an example 1o other towns, and at present
to shiow what kind of gus we pet in this city. Any other town
inay do the same under Lord Redesdale’s Act. '

New ENGINES FOR THE NoRTH LoxNpox RaiLwar.—We
understand that Mr. William Aduamns is vow designing some
locomotives of u new pattern for the North London line.  They
are to be outside cylinder engines with four coupled wheels and
a four-wheeled bogie in front, and they will in their general
urrangement much resemble American engines, except that they
will have plate-frames instead of the bar-frames almost univer-
sally used in the States. There are at present but few outside
cylinder engines on the North London Luilway, and all tue fine
tunk engines built by Mr. Adams during the lust few ycars

bave inside cylinders.
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INDIAN RAILWAY STATISTICS.

Tue fol]owin% particulars relative to the working of
the guaranteed Indian railways will, no doubt, be read
with interest. The first statement shows the mileage
results for the year ending the 30th of June, 1866,
and the second statement gives particulars regarding
the traffic on the several railways during the first
quarter of the present year, as compared with the
similar partion of 1866,

Statement showing the Train-Mileage Resulls on all the open Railways in India for the year ending June 30, 1866-

it will be due to the relative cost of fuel on the respec-
tive lines. Thus, with the exception of the Madras
Railway, the East Indian Railway, some of whose
branches actually tap a portion of the most plentiful :
coal-bearing districts of India, will be found to work |
at a less rate of percentage on earnings than any of |
the other lines. One line only, the Calcutta and
South-Eastern, does not pay its working expenses ;
and the Great Indian Peminsula line, whick for per-
centage of profits on total capital stands second only

Bombay,
East Euurn‘ Calcutta . Great i Baroda, and Great
. and South-| Punjab. | Indian | Sindb. ) Madras. [Southern of

Indian. | Bengal. { Eastern. Peninsnla. Cf;;’{:‘l India.

Miles open s 11293 110 | 28 253 701 109 306 611 79

Train mileage ...  ...| 4,625,705 | 825,493 60,166 | 854,239) 2,259,881 | 283,062 | 745,961 | 1,806,998 | 149,452
s. d. s. d. e d s d. s. d. s, d. s d. 8 d 8 d.

Gross earnings per train

mile ... w 88 7 7.85 88935 | 5072 | 10 9.620 | 6 8.21 | 11 4.695 6 8575 505

Expenses e ol 37875 | 4146 4 1.05 8 0.78 6 4.6 5 8.67 ] 6 8.27 2 10.7 2 5.05

Profits ... .. .. 4712 |38 689 1 9.99 4 5.025 | 0 11.64[ 48425 | 8 9.875 2745

Loss .. .. .. 0 4.115 o AT oy

Percentage of expenses| i

__onearnings .. .. 44.32 53.95 109.13 60.49 59.09 85.48 | 64.87 43.06 48.01

From this statement it will be seen that the expenses
per train mile, even on lines that are making nearly
equal earnings per train mile, are by no means in pro-
portion to their earnings. It may, however, probably
arise partly from difference in the superiority of con-
struction 1n the first instance, partly from better and
more economical management, but in a great measure

to the East Tndian Railway, works at the high rate of
59 per cent. of its earnings, whilst the expenses of
the E)a.st Indian line are only a little above 44 per
cent. on its earnings. This ({iﬂ‘erence hetween these
two lines is doubtless due to the difference in the cost
of fuel; but now that the former line has extended to

within reach of the Nerbudda coal-fields, such dissimi-

larity of rates of working cxpenses should cease, or at
any rate become very considerably lessened.

The following statement will show the estimated
average cost, over each of the undermentioned lines,
of coal exported from Eugland, and will serve to ex-
plain how a difference in the rate of working expenses
})n those lines may be, to a certain extent, accounted
or.

. Average cost per Estimated
Railway. ton on arrival in [average cost over
India. the line.
£ 8 d £ s d.
Coal 2 2 4 8 00
Great Indian Peninsula g°k° 21 8 812 0
""‘“}2 71| 880
fuel
Madras .. ... ..{Coal "~ 2 9 9} 83 00
Bombay and Barod I 2 80 218 0
Sindh . I S 212 8 3 00
Great Southern of India ...| ,, 212 0} 218 0

The following statement shows that on four out of the
nine lines of raillway therc was a falling off in the total
earnings during the first quarter of 1867, as compared
with the similar period of 1866, notwithstanding that in
one case—that of the Eastern Bengal line—the mean
mileage open was greater in the former than in the latter
period. All the other lines show an increased average
receipt per week pgr mile open, with the exception of
the Great Indian Peninsula, which shows a falling off
of £8.2, owing, no doubt, principally to a falling off in
the cotton traffic.

The following is a comparative Absiract of Traffic on the Guaranteed Railways throughout India for the First Quarler of 1867 and 1866.

I
Calcutta Great : Bombay, Baroda, '
East Indian. !l;:ster{ and Punjab. Madras. Southern Gl‘;::tin?:}:n and ' Sindh.
nga South.Eastern. of India. Central India.
First Quarter. 1867. | 1866. 1867.’ 1866. | 1867. ‘ 1866, | 1867. | 1866. | 1867. 1866. | 1867. 1 1866. | 1867. 1866. 1867. 1866. | 1867. | 1866.
£ £ | £ £| £ £ £| £ & £ | £ | £ £ | £ £ £ | £ | ¢
Total earnings ... o ...| 645,780 | 570,403 |34,894 |35,412| 2,538 | 8,371 (28,430 27,849 | 111,085 | 107,873 114,410 8,585 521,822 | 512,656 | 114,966 | 117,719 34,190 28,030
Mean mileage open... . .| 1181 1,129} 16l83} 110] 28 28 "246| 258 645 611 1271 79 &31 699 306 306 109 108
Average receipt per week ... oo 49,671 48,877 | 2, 2,724 195, 252| 1,802( 2,142 8,645 8,298 1 1,108 660 | 40,140 89,435 8,843 9,055 | 2,630 2,156
Average receipt per woek per mile I
open . | 43.0 38.8 23.7 | 24.7 7.0 | 9.2 7.3 8.4 13.2 13.6 8.7 8.3 48.2 56.4 29.0 29.5 24.1 120.0
THE SOCIETY OF ENGINEERS Ib. i length in feet, and cannot therefore absolutely state thata
. . . No. 1. i e v 425 ... 1) deflection 4 ft. 6 in. bar, 1 in. square, of the same iron would ¢ndure what
W. H. Lz FEuVeE, Esq., President, in the Chair. :" ' 0:? ron L B12 .. 1 " is here given 4sS; but com'pnring the results now obtained with
October 7, 1867. , 8. Threeironsmixed... 570 .. 1 " others made on bars of similar size, a very high quality is
. . 4, Oneiron .. .. 606 .. 1 apparent.
The q‘](r;:':;.uz;o‘:' pa;’ 3?:;’0 Hammesox . Do. 1% " P The inferior iron, improved by its mixture with a portion of

AND now comes the second proposition mentioned. The
standards of excellence are too low. Itis hardly worthy the re-
putation and genius of engineers that they should, knowing—as
they doubtless must do—the different materials with which
they might deal, mark a certain standard of excellence to con-
form with the mediocrity that generally does exist, instead of
aiming at what may de, if they choose, and thus to lead the
manufacturers of the country up to conform to their higher
notions of what is good and best, for surely it is the province of
professional cnﬁ'.neen to take any good lead of this kind, and
this becanse there is a quality of cast iron to be obtained in
England which is now practically ignored. It has been seen
that the quality of iron supplied generally ranges from 350 to
490 of the scale, and all this time iron can be had for the asking
of 500, 550, and 600 strain. These even are not the highest
figures to be obtained, as will presently be seen, but they are
those which, leaving a margin of higher excel]ence, mag be
relied on as certain by an engineer who determiues to have
them. The difference between 600 and 490 is great enough,
but when it is shown that a large quantity of iron manufactured
is much below this, then, indeed, is thereevidently a waste of time,
labour, and space incurred by any one who is content with so
little, and who isoften completely in the dark as to the quality
altogether. The writer has with bim bere a printed table,
which is an extract from a report printed by order of the House
of Commons in 1858, of the results of experiments made at
Woolwich to obtain information useful in the mavufactuge of
cast-iron ordnance. Fifty-one different specimens were care-
fully examined. They were taken from ironmakers in different
parts of England and Wales, and tested for their transverse
strength, for torsion, tension, and compression, and were in

portion as follows: The transverse strength varied gradually

m a figure 9619 to 3075, or more than 2 to 1. The crushing
strain varied from 130 to 50, the torsion 81 to 87, and the

ific gravity differed as 7.2 to 6.8. The writer has not been
able to ascertain the actual dimensions of bars and the weights
in pounds, but quotes the figures to show the comparative value
in the different %inds. .

With these enormous differences existing, i3 it not monstrous
that the competition in iron should be almost entirely un-
controlled, as it practically is? The extremes of high and low
just quoted are not accidentally hifh and low oues, but the
numbers range gradually and equably from top to bottom. It
has been just stated that superior iron exists, but it is only after
careful and oft repeated experiments that the assertion is ven-
tured on. For convenience, the tests were carried out with
Fairbairn's size of bar, and these bars were made as accurately
as possible 1in. square, and were placed on .bun.n? and
loaded as in the diagram. Noofirona ?.:d nn“i‘nlfenor Tkl:n lo'“e
used, but ordinary good irons of reputed quality. e lowest
resnlfom t, therefore, was not very low, and the whole were as

ws:

n O e e 613 .. »

Some of these irons were good, and had been supposed to be
good, but they are not the only ones to be fiven. The above
tests were made mare than a year ago, and, although conducted
with care, were necessarily of somewhat s rude character. It
was, therefore, determined to take advantage of some tests that
were to be made at Mr. Kirkaldy’s establishment to confirm or
correct the conclusious already arrived at. It is not necessary
here to describe the machincry in that place, it is now, doubt-
less, known to all London engiueers, who need only to see to appre-
ciate the cleverly contrived apparatus that with exquisite
nicety tries every kind of mechanical strain up to hundreds of
tons, and which at the same time records every change effected
't? increasing weight, and the final result that is obtained.

he bars sent to Mr. Kirkaldy were not of the size used by
Fairbairn, but of the more approved form previously alluded to
1in. broad and 2in. deep, wEile the length between bearings
was only 8ft., thus giving a very much stronger girder. It was
resolved to test two qualities of iron—the tirst, an unmixed iron
made from an unmixed ore of the dest quality known to the
writer, and the second, an inferior iron also from one single
ore, but mixed with a portion of the superior metal first tested
alone. Twelve bars were tested of each sort, and the results
are given with all confidence ag indisputable. It may be just
mentioned that Mr. Kirkaldy measures the exact width and
depth of each bar, 80 as to arrive at the exact value of the test,
as it is impossible to cast the bars with mathematical similarity.
By this measurement is obtained the figure of dd%, and this, for
thernrpou of argument here, is easily reduced to the standard
of Fairbairn’s formula. The bars of unmixed good iron stood a8
follows, they are now placed in their order of quality:

. Value of .

Breaking - Ultimate

Noo B yeighy. Mo EMI- pofection.
1b. in.
1 ... 4202 4668 741 374
2 .. 8998 4214 702 .363
8 .. 8.960 4159 700 411
4 .. 4039 4233 698 375
5 .. 4120 4316 697 .386
6 .. 4418 4469 673 352
7 .. 8959 3971 668 894
8 ... 4.000 3955 659 318
9 .. 8.998 3886 648 878
10 .. 8920 8709 630 316
11 ... 4120 3896 630 341
12 ... 3.998 3114 519 264

Theaverage of S here is 663 ; and if it had not been for the one
exceptionally low bar, the average would have been 676, u re-
markably blih figure compared to the 500 which may be said to
be the limit hitherto taken as practicable.

It s right here to mention that the writer has not himself
verified part of Fairbairn’s formula which calculates by the

good, gave the following results.

Breaking Ultimate

No. b ‘Weightt S*  Deflexion.
Ib. in.

1 .. 4284 3718 578  .268
2 . 3456 2863 552 .804
8 .. 4245 8844 525 .234
4 .. 8.838 2908 505 282
5 .. 8.385 2489 490 807
6 .. 4208 3070 487 .288
7 0. 8422 2431 476 207
8 .. 8565 291 471 219
9 .. 4201 2932 470 252
10 .. 4160 - 2891  4c5 214
11 . 4322 2902 449 280

12 ... 4327 be2688 412 227
the average in this case being 490, a very respectable figure
com d.gt: what the weaker ﬁ‘on would have bg: withouf:he
mixt(.)%re. Probably, by itself it would not have exceeded 390
or 400.

Having seen what superior iron exists, and its quality com-
pureg e;o that asked for by engineers, the third proposition is
reached—

That where tests are given, they are often not duly exacted.

And it may be at once stated boldly, that in some cases there
is mot even a pretence of carrying them into practice. The
engineer has specified them 8o as to have a power to reject what
is notoriously worthless; hat if the work goes on pleasantly, and
the castings are smooth and clean, with no apparent flaws, no
actual test is made at all. Some are not as lenient as this; but,
while letting stanchions and columns pass, rigidly test all
girders and castings that take a transverse strain. In subject-
ing these to an actual dead weight, of course certain positive
information is gained, but to a very limited extent; for if the
castings are strained only to something beyond their mere wark-
ing load, only flaws and munifest deficiencies are discovered, and
the ultimate value is as fur as ever from being known ; for the
only real way of teating irons is to break thein, and it would be
rather an expensive process—to say nothing of difficalty—to
break heavy columns and girders. But where actual breaking
loads are sapplied by hydraulic pressure, there is generally the
greatest difficulty in correctly recording the results. The appa-
ratus used is probably only reluctantly inado at all by the
manufacturer, and is often of a very rude kind, the load being
calculated by the small round satety-valve of the pump, where
the most exriuisite nicety of dimension is needed, and where the
greatest facilities exist for *‘cooking ” the uccount of load. Of
course, theoretically, nothing is more easy than to demonstrate
by the length of lever, &c., what is the total pressure given;
but those who know the working of these presses are aware of
the difficulties that prevail. For instance, the diameter of the

alve, on which all the calculations are based, is perhaps only

in,, and its area may alter directly it, by any t jerk, 18
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raised at all. The knife-edge steelyard, as sometimes but
rarely used, is also often deficient, and gives misleading results,
The "admirable machinery that has been contrived and set to
work by Mr. Kirkaldy, at his proving works, in Southwark, not
only succeeds in itself, but shows, beyond question, how totally
wrong must have been many of the data hitherto taken for
granted, but which, through deficient apparatus, bave been
erroneously obtained.
(To be continued.)

MACHINERY IN THE FRENCH
EXHIBITION.

To THE EDITOR OF ENGINEERING.

Sir,—The mechanical productions of French and Con-
tinental engineering firms, as exhibited this year in the Champ
de Mars, have from the earliest days of the Exhibition given
rise to much comment both in public prints and in private con-
versation, owing to the opinion entertained by many that the
Continentals had entirely overtaken us, and that this particular
branch of industry, which had hitherto been considered to be-
long almost exclusively and as it were by right to the English
nation, was either zm{ually leaving us, or would soon leave us,
and be appropriated by the Continent.

It certainly cannot be said that ingenuity in the combination
of mechanical movements has been wanting on the Continent—
the fruits of the inventive genius of our neighbours are too
numerous to admit of any question on that point; but this
kind of ingenuity only constitutes one portion of mechanical

from which belief flows his unwillingness to do his very best for
his employer ; whereas on the Continent, notwithstanding that
important concessions have been made to workmen on the sub-
jects of strikes, the laws of master and servant are still very
stringent and well defined ; upon the whole, capital and labour
work very harmoniously with each other, and live together on
very amicable and even social terms. Much of the estrange-
ment which exists between capital and labour, between employer
and workman, in England, is no doubt due to the social system
of the country, which thrusts the workman outside the pale of
what is termed respectable society, on the simple Eroun of his
being a workman; but the principal source of the great evils
pointed out are undoubtedly the trades’ unions as at present
constituted, and until the English le relinquish some of their
mistaken notious of freedom, nnr: low their Governmeat to
regulate the actions of these unions and to exercise a salutary
supervision over them, these evils will increase rather than
diminish, on the simple principle that the unedwcated mind is
more inclined to progress towards evil than towards good, when
left to take its own course.

2. As to the cost of raw material (excluding Belgium from
this comparison), pig iron certainly is still much higher in price
on the Continent than in England, and the difference may be
put down at a ratio of 3 to 2, in localities placed at great dis-
tances from the centres of production, which no doubt gives a
great advantage to the Enghsh in those structures in which the
weight of cast iron is the chief element of cost. The same diffe-
rence, however, does not exist in manufactured iron, such as
bars, plates, and joiste, a fact weil known to our manufacturers
and engineering firms, since the former refuse to roll some de-

nius, the other elements of it being the groper appr of
&e proportion of parts, and the knowledge of executing the
work with accuracy and care in such manner that the machine
shall form a harmonious whole, able to perform the greatest
possible amonut of work of its kind without undue strain and
wear upon any single one of its parts.

‘Ihese elements had hitherto been wanting to the Con-
tinentals generally, but the display of this year, as compared
with that of 1853, gives unmistakable proof of great progress
in this direction during the period which has since intervened,
and this is especially evidenced in the construction of machine
tools, where much good workmanship may now be observed, and
whose build assumes at length quite an English look. It is
indeed only within the last five years that French makers seem
to have understood that, in order to make a tool able to do both
much work and good, a liberal weight of metal must be put
into the tool. The same feature is observable in their locomo-
tive engines, in whose details many good intentions and much
good workmanship may be seen, although their general design
will never be acceptable to English engineers.

Yourself, who make your observations with a diseriminating
eye, distinguishing between mere imitation and original thought,
have consistently and, to my mind, very justly maintained that
England still occupies the position of leader in mechanical in-
dustry, both in the matter of conception and workmanship;
and from this fact you have drawn the conclusion that the
fears spoken of were groundless, and that England still would
remain the great emporium of mechanical industry.

The gloomy views entertained by others, however, have un-
doubtedly been greatly fostered by the recent achievement of a
well-known French firm, whose works are situate in the very
heart of that country, in furnishing one of our large railways
with some forty or fifty locomotives at a price which, if it were
not ruinouns to the English maker, at any rate would leave bim
without a farthing of profit. Whetber this is or is not an
achievement accomplished in the mere pursuit of a French idea
at a pecuniary loss (which, I am informed, would have been the
case even if the Great Eastern had been perfectly solvent)
appears 10 me a ideration of dary importance, now
that the inroad is made ; for I believe the fact will remain pre-
sent in the minds of many, ially abroad, and will be dul
taken advantage of, that England has supplied itself wit
machinery from France; and it seems to me significant enough,
conjointly with others mentioned, to justify inquiry into the
reasonableness of those fears, and into the causes which may
have brought about this state of things, .

Now, the points to take into consideration in deciding upon a
question of competition or comparison of cost, in the manufac-
ture of any given article of trade, are: L .

1. The rate of wages of workmen, and their comparative
abilities and worth ;

2. The cost of the raw material ; and

8. The management of works. i X

1. Granting the qualitative ability of Coutinental mechanics
to be equal to that of the Eng‘l‘ixh, as has just been shown to be
the case, it is a fact beyond dispute that the agengg wages of
mecbanical labour in England are at least one-third higher than
on the Continent for onfinary day-work, and in some localities
it is probably more than half as much again, because the differ-
ence between the wages of a skilled mechanic and a common
labourer is much greater on the Continent than in England.
Thus on the Continent the wages of a good mechanic may be
as much as 6s., while a common labourer earns little better than
2s., showing a difference in the ratio of 8 to 1, whereas in Eng-
land this ratio seldom exceeds 2 to 1. Then, again, the ob-
noxious rule of paying time and quarter (or more) for overtime
with its train of evil consequences, is totally unknown on the
Continent, and thus in times of great pressure of work, over-
time not only is no special source of extra exrnse, but, more-
over, offers no special encouragement to studied neglect of duty,
which is unfortunately too much the case in England in order
to procure occasion for overtime for the sake only of the higher
scale of wages which it yields. Besides this there is the item
of walking time, which, in London at any rate, is made into an
unyielding rule, and which is also claimed in northern towns in
a more limited manner, of which the Continental employer
knows no more than his own judgment commands him to con-
cede, and which, in the run of time, causes the balance of ex-
pense to lean very much in his favour.

In these and other matters, such as the employment of appren-

tices and piecework, the English employer is absolutely at the
mercy of Sxe tyranny of trades’ unions, who have greatly de-
moralised the English workman, and imbibed him with the

nefarious notion that capital is the natural enemy of labour,

scriptions of them, on the plea that they could not do it with any
chance of fair profit, and the latter import and use them on the
simple ground of cheapness; on the same ground, also, are Con-
tinental firms able to build wrought-iron bridges at as chea
and even a cheaper rate than English firms, and hence no wor
of this kind is now made in England for those parts of the Con-
tinent where French capital and French engineers are employed.
Even locomotives are built successfully iu a commercial sense,
at and below the rate of 551 per ton, tender included; whereas
in England the cheapest rate does not reach as low as 60.. per
ton, and this price does not seem to be over-remunerative, for I
do not know that any of our modern locomotive builders have
realised any very large fortunes.

In this ‘question of cust of raw material, the price of coal
pecessarily figures as a very important item, and here it will
become as;parent that the late treaty of commerce with France
has greatly assisted competition in those branches of manufac-
ture in which coal is largely used ; for steam and smithy coal,
which some fifteen years ago cost 32s. per ton in remote locali-
ties, may now be had in those places at a lower price even than
the manufacturer pays for it in London; whereas during the
same perind no material alteration has taken place in Evgland ;
and although this reduction in price is no doubt accounted for
to some extent by the greater comparative rate of production in
France, still the treaty has done its share of the work, and it
may fairly be pointed out_here that free trade, which is a good
thing in certain matters, is not necessarily of itself a universal
specific for prosperity, and, like most good things, should onl
be made use of with modaration and discretion ; for the Frencl
wines, which we get in exchange for our coal, will never change
the habits of the mass of the English people in the matter of
alcoholic drinks, and the ruin of the silk trade may yet be
followed by a partiul crippling of our engine factories.” I am
thoroughly convinced that ﬂter generations will reconsider this
question of free trade in coal.

8. On the subject of management much might be_said, bat
the gist of the matter under consideration resides chiefly in the
two 4}uemons already examined. I would, however, observe
that for the erection of large worke, such as bridges, rallway
stations and roofs, lighthouses and works of like importance,
England is wanting in that inteliigent and ell-educated staff
which is formed in some of the Coutinental Industrial schovls;
the practice with English firms is to place the work into the
hands of mere workmen, which are belicved to have some push
in them, but whose untutored mind is never able to embrace the
whole of the subject ugon which he is engaged, with that com-
prehensive view taken by a mind which, through a long course
of tuition, has been tuught to think; and consequently it
happens not unfrequently that many an undertaking, which
had every appearance of becoming profitable while it was in
course of construction, turns out a dead loas through unlooked-
for expense in the course of erection. There are many estimable
men in England who never will believe that a person is com-

tent to superintend the execution of any kind of work unless

e is au offspring of the berch, the fire, or the yard, and indeed
the heads of English engineering firms are generally and
thoroughly imbued with this idea.

These various considerations lead me to the conclusion that
the fears spoken of in the opening paragraph of this letter
are not entirelrv without foundation, amf my apprebensions are
by no means lessened when I reflect upon the fact that a few
weeks ago only I found a large engineering firm, whose works
are situated under the shadow o% the Northern Alps, busily
engaged upon an order of machine tools for China and Japan.

1 remain, Sir,
Yours, very truly,

Paris, October 8, 1867. J. J. BirckeL

THE CLEVELAND IRON TRADE.—The make of pig for the
quarter ending September 30 showed an increase upon the pre-
vious quarter of 10,183 tons, while there was a decrease in
makers' stocks, notwithstanding the increase in the make, of
7242 tons. The demand for pig iron for Belgium and France,
as compared with the shipments in the early part of the year,
continues limited. In foundry work there is not much fresh
business reported, although the various works are tolerably
busy, The demand for rails continues steady, and it is said
that & farther large order for Holland has been placed in the
district. The mills and forges are busy on this description of
work, and heavy shipments will be made to Riga and Cronstadt
until the navigations close. A large quantity of railway matériel
is also being forwarded to Egypt.

FERRIES BETWEEN ENGLAND AND
FRANCE.
To THE EDITOR OF ENGINEERING.

SIRr,—Not long since, I heard an American cea-captain sahy,
that if the Straits of Dover and surroundings belonged to the
United States, they would have had a proper ferry over twenty
years ago, and I suppose it probable that there are not many
Americans familiar with the case who do not believe it. Con-
sidering, then, that Europe contains ten times the population of
the United States, and a similar area, it argues that there is ten
times the want of adequate ferries over the Straits of Dover,
particularly as the most densely inhabited and animat
portion of Europe is within a radius of a thousand miles of the
Channel. *

I once thought it possible that frequent crossing of the
Channel in the miserable cockle-shells used for conveying pas-
seugers would wear one into the notion that, after all, they
afforded one of the boasted *solid English comforts.” On the
contrary, however, the late performauce of my about fiftieth
passage has not only increased my disgust, but stimulated an
ncentive to inquire, through the columns of your extensively
read journal, where the much-needed ferry improvements have
hitherto been urged, if the engineers of Great Britain are asleep.
Is there none who understands the case, possessing a Brunel
infuence upon capitalists, to carry out one of the most profitable
of enterprises, in fact, one that would probably afford a revenue
to the London, Chatham and Dover, South-Eastern, and the
coll'responding railways of France, such as would prove accept-
able?

The wants in the case are of a plain common-sense descrip-
tion. The London, Chatham and Dover and corresponding
French lines should be connected by buats of 300 ft. to 500 fi.
long, 60 ft. to 90 fi. wide, or the longer and wider the better,
but in any case built very low, and not to draw more than 5 ft.
or 6 ft. of water, bearing railway tracks, to carry in divisions
any probable length of trains that would run between London
and Paris, so that luggage or goods need not be disturbed
between the place of departure and destination, or passengers
leave their places, except for refreshments, preparations for
which could %e madeon a grand scale and perfect system within
the saloons, which should, from their accom; ion
and adaptation to comfort, form an attractive feature of the
boats. Ample accommodation could also be afforded for loaded
teams or vehicles of all descriptione.

The wretched craft now plying between Newhaven and
Dieppe should be substituted by boats of not less than 300 ft. in
length and 50ft. to 60 ft. wide, also low built, and drawing
about 5 ft. of water, provided with no less comfortable and at-
tractive accommeodation than the former.

The railway trains should have trucks or cars for carrying

luggage vans or crates on their own wheels, being run on to the - -

former after they are packed with luggage, and on the arrival at
Newhaven run off to  derrick on the shore and dropped to the
deck of the boat; ou arriving at Dieppe, lifted by another shore
derrick, attached to horses, and trotted off to the train, where
they would arrive as quickly as the passengers.

The greater portion of the cost of a properly contrived ferry
would be the harbour arrang s, but no could be
fairly invested in such an enterprise that would not yield a large
remuneration.

When steamers connect with railways by sea or river in the
United States, which is a very common thing, the boats arrive
alongside a wharf in the usaal manner, a wide gangway or
bridtie is swung by tackle suspended overhead and dropped on
to the forward part of the boat. Horses, being ready, are
hitched to the luggage crates, run rapidly to the train, and
placed side by side on the truck intended for carrying them.

While this process is going on the passengers are moving ofl
the aft part of the boat over a wide gangway, swung upon the
boat in the manner aforesaid, and in a few 1ninutes the train is
off. So passages can be made any distance within railway
travel, even to thousands of miles, and lugguge not shifted on the
way or seen by its owner until both are in the hotel or terminus
forming their destination.

How is it between London and Paris? You first deliver your
lugﬁage at the station, where it is decorated, or rather soiled,
with a label pasted upon it before it A;oea into the van; on arriving
at Newhaven it is handled a second time on reaching the boat,
a third time from the bridge of the boat to the deck, fourth, from
deck to the hold, fifth, at Dieppe, from the hold to the deck,
sixth, from deck to bridge, seventh, from bridge to shcre,
eighth, from shore to wagon, ninth, from wagon to the ground,
tenth, from ground to the French van, eleventh, from van to
customs, forming in reality about a dozen chances for “ bagguge
smashing” on the way, besides the ridiculous waste of time in
handling it.

And as to the boat we cross the Channel in!!

My lust experience was in ane of the * crack” or fast ones, a
long, narrow, deep thing, skilfully modelled for pitching and roll-
ing ; the best and middle portion of the hull filled from side to side
with boilers and machinery, leaving only the sharp ends which
contain small holes dignitied with the name of cabins, where,
in stormy weather, which is not uncommon, the unfortunate
passengers are packed, tossed, and sickened in a mannes that
extorts a promise not to try it again, and terrifies through evil
report the millions from the first undertaking. Ib fact, except
in the absence of the proper thing, such a goat has no com-
mercial value uuless for rugginf 8| E)s about a harbour.

I need scarcely tell you, Mr. Editor, that if there are not

engineers in England who understand the case, there are those . '
out of it who are quite competent to furnish adequat e plans tor -

connecting the two sides of the Straits of Dover with a ferry
that would probably encourage a traffic as superior to that
eujoyed at present as the railway ever did over the slow coach.

British capitalists are always up to their work, and a plain
comprehenslve plan for a Channel terry would be almost sure to
meet with encouragement. Very respectfully,

THE CHINESE COAST.—Preparations are being made for the
erection of a complete system of lights and beacons along the
Chinese coast. all, fifteen points have been chosen.

N
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ENGINEERS' TOOLS.

It is generally known that engineers’ tools made
in Scotland are somewhat different in their style and
design from the tools made in the neighbourhood of
Manchester and Leeds, the two great centres of
machine-construction in England. Tool-makers in
Scotland, who have principally to supply the extensive
demands of marine engineers and shipbuilders in their
own locality, are, by the nature of the heavy work for
which their machines are intended, induced to look to
great weights, massive framings, and very large cast-
ings in shape of foundations or base plates, rather than
to that elegance of form and that economy of material
which gives to the modern tools of the first tool-
makers in Manchester or Leeds their style and
characteristic appearance. There is, moreover, a great
number of special tools used by marine engineers on
the Cl[vlde, and in many instances constructed in their
own shops, which are different from those usually met
:i%‘h elsewhere, a::dl which stillbfurther increase tll'x,e

erence in general appearance between an engineer’s
shop in Scotland and one in most other local.itlgel:

To commence with the lathe, we find it generally
much broader in its bed, and fitted wit r
spindles, stronger gearing, and a wider strap, than a
lathe of the same height of centres is supplied with
by English makers and by their Continental copyists.

e hollow lathe—such as used by Mr. Penn, by the
Messageries Impériales, by Messrs. Mazeline, in
France, and by some other engineers—is not in use on
t.hlea tﬁly('iei but another kind ofl m:i:hine, res:lmbli
a lathe in its appearance, is employed apparently wit!
much success. This machine has recel%l;d theyname
of “devil,” probably on account of its powerful action.
The largest of its kind is at the engineering workshop
of Messrs. Randolph, Elder, and Co., and a smaller
one exists at Messrs. R. Napier and Son’s shop at
Glasgow. This machine is virtually a large-face lathe,
having a great number of cutting tools fitted to the
faeg;r ate all round its outer circumference, the
article to be operated upon being carried on a
large bed in front of this face-plate in the same
position in which the sliding carriage with the tool is
placed in an ordinary surfacing lathe. The cutting-
tools, following each other in rapid succession, operate
upon the face of the article presented to them, and in
their rotation take off shavings in circular seg-
meants, the tools being made to pass all over the surface
by the straight movement of the article upon the bed
placed in front of the lathe. To prevent the strain
exerted upon the cutting-tools from bending back the
face-plate at its Eeri})hery, a kind of backstay is pro-
vided behind the face-plate at the point where the
cutting action takes place; this steadies the machine,
prevents vibrations, and assists in producing a smooth
surface. The face-plate of the machine at Messrs.
Randolph, Elder and Co.’s works is about 12 ft. in
diameter ; the cutters are placed all round the circam-
ference about 6 in. apart, and they are set to a gauge,
s0 as to be all in one plane. They are held in their
positions by set screws. The work- performed by this
machine is that of planing large surfaces, and this it
does more quickly than the ordinary planing-machine ;
but it has the disadvantage, as comp with the
latter, of being unable to plane a surface which has
any projections around it, as these cannot be passed by
the tools. It is also necessary to have the article to
be faced very well stiffened behind the surface
operated upon ; otherwise the pressure of the tools will
twist the surface at the ends, and it will be out of
truth when finished. The same machine can be used
as an ordinarv face.lathe. hv fittine a alidine Anweinma
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the circular table free, and allow of fixing and re-
moving articles of the same diameter as the table
itself. The tools being set to the proper height, the
work is performed by the table moving round its ver-
tical axis, the feed motiou carrying the tools to or
from the centre upon the slides in radial lines.

The drilling-machines, in Scotch works, are mostl
fitted with a pair of columns, or standards, whicK
latter are placed sufficiently far asunder to admit
the largest classes of articles. We, some time ago,
gave engravings of a drilling.machine of this type,
made by Messrs. Neilson Brothers, of Glasgow. The
largest slotting-machine in Scotland, and probably
the largest in the world, exists at Messrs. Robert
Napier and Son’s shop. This tool has a stroke of
4 ft. 6in.,, and the slotting-bar works 7 ft. 2 in. clear
from the standard. The bar is counterbalanced by a
weight which passes through the hollow casting of the
main standard, and is connected to the slotting-bar by
a chain, which runs over a pulley at the top of the
frame. The total height of this machine is about
25 ft., and the weight of iron contained in it is ve
nearly 100 tons. A smaller machine of the same kind,
made by Messrs. G. and A. Harvey, is placed close
to this machine, which was designed and made at
Messrs. Napier’s works, for their own use. The same
works contain one of the largest planing-machines in
existence. It was made by Messrs. Collier and Co.,
of Manchester, and can plane 30 ft. long, 10 ft. 6 in.
wide, and 9 ft. deep. It carries four planing-tools,
two on the cross-slide and one on each standard, and
an extra standard has been fitted up at these works,
and placed at the side of the Ell:.ning-machine table,
being fixed against a pillar. This is very useful for
planing irregularl{lshaped articles of large size, which
could not Fass through between the standards. A
very useful tool, of the character of a planing or
slotting machine, has been designed and oconstructed
by Messrs. W. and A. Inglis, of Glasgow, for their
own engineers’ shop. Thig is called a wall lpla.nmg
machine, and consists of a long lathe bed placed on
end and fixed to one of the side walls of the building
in a vertical position. The guide-screw moves a plain
carriage upon the bed, and to this carriage the planin,
or slotting tool is fixed. In front of the bed, an
close to the wall, is fixed a solid foundation plate carry-
ing a pair of slides and a circular table, which latter
can be turned round by a worm, and moved in either
direction in a straight line by means of the compound
tables below. The work, which is fixed to the upper
table, can, therefore, be brought into any required
position in front of the tool, which latter finishes the
surface by a series of parallel vertical cuts. Thesame
principle 13 carried out in the well-designed machine
at the Paris Exhibition, constructed by the Compagnie
des Forges et Chantiers de 1'0céan, the only difference
being that the last-named machine is seli-contained,
and requires no additional support from the side walls
of the building. A machine of a similar kind is also
in use at Messrs, Penn’s works at Greenwich.

A multiple drilling and boring machine of a ﬁeuliar
kind, designed by Mr. Randolph, is at work in Messrs.
Randolph, Elder and Co.’s shop for boring the frames
of steam winches for ships, which are made in great
number by this firm, and all are of the same pattern.
The machine used for boring the two stan or
frames of each winch has six horizontal drills placed
in the same relative position which the bearings and
boltholes occupy in these frames. The frames are
first planed at the bottom and at one side, so as to fit
against akind of template formed by the base-plate of
the boring-machine, and, being set against tem-
plate, all the holes are finished in their proper relative
positions by the drills and boring-bars of the machine,
which act simultaneously, being all geared to the same
driving-wheel. A peculiar kind of cone-pulleys for
the driving-belts of machinery is to be seen in almost
every engmeers’c shop 1n| Glaslgow:. This is a pair of
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directions. A belt being passed over these two
pulleys, and transmitting the force from one to the
other, it is possible to alter the relative speed of the
two shafts by changing the position of the belt. This
arrangement replaces the ‘stepped-cone pulley more
generally in use, and it has the advantage over the

latter of permitting smaller and more gradual changes of
sgeeds to be effected. Against this, however, it has
the disadvantage of being unsightly, and of occupying
a large space at the side walls of the shop.

THE PH@NIX FOUNDRY, GLASGOW.

To produce cast-iron water-pipes or gas-pipes at a
selling price which is occasionally as low as 90s.
g%r ton, while the average hﬁrice of Scotch pig iron is

m 55s. to 60s., and while engineers specify a test
of the strength of; the metal equal to a load of
about 8 cwt. applied to the centre of an inch bar
resting on supports 3 ft. apart, is a problem which
may guzzle the ingenuity of many a manufacturer, and
which, to judge from the prices of pipes in other
countries, and from the high import duties maintained
upon these articles in spite of all treaties of commerce,
is one of extreme practical difficulty even at the pre-
sent day. Notwithstanding this, however, it bas
been an accomIilished fact in some of the Scotch
foundries for a long time past. There is, indeed, so
little margin left for the numerous operations which
must of necessity be carried out in the conversion of
pig iron into finished pipes, that only a system of
manufacture conducted on a very large scale, and
with special means for an economical production of
uu:lulds and cores, can succeed in attaining the required
end.

The largest foundry in Scotland which makes pi
casting one of the most important branches of Erap&
is the Pheenix Foundry, Glasgow, carried on under the
firm of Messrs. Thomas Edington and Sons, although
no partner of that name has in this business for
along time past. The Pheenix Foundry consists of
three distinct and separated foundries, devoted to
a special kind of work. The total establishment
covers an area of nearly six acres, contains fourteen
cupolas with an aggregate power of production reagn-
ing about 300 tons per day, and the actual productibn
of one year’s work has amounted to 56,360 tons of

i castings. The three foundries are placed
close together, and divided only b{ the main roads and
thorouglfares of the locality; but the division of
labour between them is such that very little, if any,
interchange of articles takes place; and a distinct set
of men is employed in each for their special kinds of
work. The foundry for railway chairs and cast-iron
sleepers forms one of these distinct and self-contained
departments. It consists of a large set of sheds
containing four cupolas, each capable of melting
from 50 to 60 tons of iron per day. These cupolas
are destined for alternate working in pairs. The
blast is provided by a fan 10 ft. in diameter,
worked by a 30 horse power horizontal engine, which
drives two belts, each working a pulley at one
end of the central shaft of the fan. ¥l'he iron
charged in the cupolas is a mixture of three or
four “different brands of Scotch pigs of average

uality, which are charged with a proportion of
gcwt. of good coke to the ton of iron, and with a ::1['{
small addition of limestone as a flux. Common rail-
way chairs are moulded by hand in the usual way ; but
the moulding of cast-iron sleepers is to a great extent
done by some of Jowitt’s patent moulding-machines,
working in a manner similar to that described in our
columns on some previous occasions. The Pheenix
Foundry has acquired the exclusive right of manu-
facturing in Scotland Griffin’s patent iron perma-
nent way, which is now coming into extensive use
on some foreign lines of railway. There is at the pre-
sent moment a considerable quantity of Griftin’s
spers for a railway in Spain and for a line in
ith America in course of manufacture. The chair
sleeper foundry, if employed to its full power, can
5100 tons of sleepers per gay.
‘he most remarkable department is that devoted to
manufacture of large pipes. The power of pro-
tion in this special foundry is equal to 100 tons
xastings per day, and it contains four cupolas of
al size to those of the chair foundry. The largest
28 cast in this department are 4 ft. in diameter and
. in length ; these have been supplied to the Loch
irine Waterworks, Each length of these (Fipes
ghs 34 tons, and their length has been reduced
»w the limits of size of the moulding machipery in
found.\iy, in order to keep down the weights of
vaci single piece and to facilitate transport. The
smallest pipes made in this department and moulded
by machinery are 6 in. in diameter, but pipes have
been cast in the Pheenix Foundry down to # in. in
diameter, and pipes of this size can be made at a
sufficiently low price to compete with wrought-iron
or lead pipes with considerable advantage. The
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moulding of pipes consists of two distinct operations,
each of which is carried out at the Pheenix Foundry
by special machinery and apparatus invented at these
works. These operations are the ramming of the mould
and the preparation of the core. The moulds are made in
cast-iron moulding-boxes, builtupinlengthsand properly
turned and centred at all the flanges, so as to afford a
sufficient facility for correct and accurate moulding.
The larger moulds are each mounted upon a four-
wheeled truck ; the smaller moulds are placed together
in pairs, or in groups of four, upon a similar truck, and
these trucks are moved throughout the foundry upon
rails running all over the ground. The natural forma-
tion of the locality has afforded the possibility of
arranging this foundry upon two superposed levels, one
raised about 20 ft. above the other; and this has been
taken advantage of for constructing two large circular
pits of about 60 ft. in diameter each, the bottoms of
these pits being level with the lower foundry yard,
while the upper level upon which the cupola is placed
is the working platform of the foundry. The two pits
are open at one side, to allow of the introduction of
the moulds and their removal from the pits by means of
the trucks and rails before mentioned. The transporta-
tion of these large and heavy articles is therefore very
conveniently effected, and is reduced to a slow traverse
over a very limited area. At one side of each of the
two circular pits is a house containing the moulding-
machines. The moulds are brought under the ma-
chines upon the rails, and thence transported into the
foundry. After casting they are removed into the yard,
emptied, and prepared for use again, so that in their
use they describe a kind of circle laid out in the
arrangement of rails on the ground. The moulding-
machines are some of the most ingenious contrivances
existing in modern mechanism. They were patented
several years ago, but have sincc been altered in many
of their details. We regret that we are not in a posi-
tion to publish drawings or a very complete descrip-
tiqn of these interesting machines; but their general
principles will be understood from the following : The
mouldeg-machine works with a skeleton pattern, i.e.,
with a short piece of a cylinder equal in diameter to
the outside diameter of the pipe, but only a few inches
in length. This is inserted centrally into the mould at
the bottom, leaving a space of some 3 in. all round, to
be filled with sand and rammed up. The ramming is
done by a series of steel bars suspended from a frame,
and surrounding thillpattem, so as to form a circle of
projecting fingers round the latter. The ramrod
or i])ar to whick these fingers are attached is hollow,
and a second rod connected to the pattern passes
through its centre. The movements of the ramrod and
pattern are all self-acting, and mutually dependent upon
each other, the pattern beinﬁ' drawn up slowly and
steadily in a straight line, while the ramming takes
place by a series of strokes combined with a rotary
movement given to the circle of steel bars. The
operation is most effective, quick, and uniform. A
pipe of some 3 ft. in diameter and 12f{t. in length is
. moulded in about four minutes, complete, and ready
for the insertion of the core. Smaller pipes are
moulded by similar machines, and the sl“)eed of workin,
can be changed to suit the size of work, The mould-
ing by these machines is much more uniform and re-
liable than hand-work, and its saving in time and cost
is one of the main advantages possessed by these
works.

An operation of equal importance to the moulding
of the pipe is the construction of the core. This, too,
is carried on in a special manner. The cores are made
of a layer of loam and straw, surrounding & cast-iron
body, which is made in pieces and held together b
stays. These latter are movable, and can be loosene
after the pipe is cast. The interior of the core is
thereby made to collapse, and the iron skeleton can
be removed from the centre of the core, the rest
being cleared out of the pipe in the usual way. There
are four ;t)ll:ﬂe-moulding machines at work in this
foundry. ey are placed close to the drying-stoves,
and these latter form the passages from the moulding-
house to the foundry-pit. Each pipe, when cast, is
tested by water pressure, and five testing-machines
are for this purpose distributed throughout the

foundry, so as facilitate testing and save transport of
piges. The machines are hydraulic presses with their
tables placed vertically, and the columns in a hori-
zontal position. The pipes are inserted endways
between the two parallel tables, one of which is
movable, and can be brought to bear against the end
of the pipe by means of five screws, all geared
together, so as to press the table forward in a straight
line. The pipe is first filled with water from a reser-
voir, by opening a valve, which must be shut after
filling the pipe. Pressure is then exerted by means

of a hand-pump, and a weighted lever acting upon a
safety-valve regulates the pressure. The testing
pressure is occasionally specified in the contracts; but
even without such a prescription each pipe made at
these works is tested, the usual pressure being equal
to a head of 600 ft. of water. The arrangement of the
foundry is such, that each pipe, in passing from the
foundry-pit to the store or doors, must cross the testing-
machine. After testing, the pipes are dipped into a
trough containing a paint or varnish, patented by Dr.
Angus Smith many years ago, and now in very general
use in the foundries of Scotland. 1t is a composition
of tar, resin, naphtha, mixed in such proportions as to
be easily kept at a temperature of about 400 deg. with-
out evaporation or decomposition taking place. The
liquid mass is constantly kept at this temperature, and
the pipes are dipped into it cold, and allowed to remain
for about twenty minutes, so as to acquire the tem-
rature of the bath very gradually. This has been
ound preferable to heating the pipes previous to the
dipping process, as the varnish unites more closely
w1tﬁ the surface of the metal, and remains very firmly
attached to it after cooling.
Of the various other operations followed in prepar-
ing and ﬁniShh,;_F pipes and other articles made in this
foundry we shall give an account in our next number.

AMERICAN RAILWAY CARS.

Two magnificent day cars, the ¢ Forest City” and ¢ Garden
City,” have lately been started to run between Chicago and
Cleveland by the Michigan Southern and Northern Indiana
Railroad Company. These two cars are exactly alike in
their construction, and the following description of the
“ Forest City” given by the Syracuse Journal will therefore
apply to both of them. Respecting the * Forest City” it
8ays:

% It is without doubt the most magnificent car of its class
that has ever been placed upon any railroad in this country.
The exterior appearance of the car is unique, being {;.mted
in a cuir colour, handsomely striped with gilt the
centro, on either side, is an oval indenture, in which is hand-
somely painted the name ¢ Forest City.’ The running gear
of the car consists of two six-wheel trucks. The length of
the car inside is 56ft., width 10ft. 3in., and height 10ft.
At either end is a door leading into the car, and also a blind
door. On entefr}i;ng thed?i: lat dflilt.her eﬁld, to trtzl:le lelft is a

assage-way, 2 ft. in width, leading to the cen our of
{he car. Tio whole car is divided g1nl>o five eommol:ht":us and
roomy com ents, each one of which is capable of being
made completely private by its inmates by means of sliding
wooden doors. On entering the car, immediately behind the
door is a_conveniently ﬁtt:«f up water-closet, between which
and the first compartment is ample room for the placing of a
stove for heating the car in cold weather. Passing to the
left a few feet, you enter the first compartment or gar]our,
which is 6 ft. by 8ft. in size, with a passage-way leading
from the door to the large plate-glass window in the side. On
either side of the room is a handsomely covered sofa, or téte-
a-téte, one end of which is so constructed as to be movable,
making a perfect chair. A small table is attached to the side
of the car by movable fastenings, and admits of being placed
into the centre of the room; and as the movable portions of
the sofas are opposite ends, the arrangement for the enjoy-
ment of a social game of cards becomes perfect. Next in
order, as you pass towards the centre of the car, is & com-
partment, larger in size than the first one, but fitted up in
precisely the same manner. Still going toward the centre
of the car, we next find a narrow compartment extending
entirely across the car, with doors on both sides, in which,
on eitger side, is a fincly fitted up toilet arrangement, the
upper portion of which shoves back into the centre of the
car, and beneath is a convenient water-closet for the accommo-
dation of lady - passengers. The narrow compartment is
entirely separated from the other compartments by a sliding-
door. From this compartment one steps into the central
saloon of the car. This saloon is 10ft. by 11 ft. in size, and
is provided with two ¢éte-a-tétes, two easy chairs, two small
round-scated chairs, and a centre table. e chairs are mov-
able, and can be pl in any position by the passenger.
The téte-a-tstes arc fastened at either end of the saloon. Above
the latter articles are placed splendid mirrors. On each side are
{:)wo racks of what-nots for the accom(llnodntion lsoof all h:l.gg

aggage of engers. Either side is also provi
witligatgwo halfgarisunug side - tables for the accommodation
of water, &c. The arrangements of the compartments from
the door to the central saloon are the same-in either end.
The sofas, téte-a-tétes, and chairs in the various apartments
aro handsomely carved in rosewood, and are tastily uphol-
stered in }61!11rp1e, green, blue, silver, and yellow French
morocco. the ends of tho various apartments are news-
paper racks, in which will be found the principal
papers of the day, for the udec of the passengers. e
arrangements for ventilation aro perfect, on the sides being
p]aceg, every 2 ft., Kirby’s patent adjustible ventilators,
while the longitudinal section of the roof is provided with
Creamer’s ventilators. The arrangements for heating this
car are equally well looked after. A furnace will be placed
at eitherend, and in the sides of the car are pipes conducting
hot air to every apartment, the temperaturo of which can be
regulated by registers let into tho sides of the car. The
interior finish of the car is made of several varieties of wood,

| among which we noticed black ash, birch, satin, black

walnut, rosewood, mahogany, curled maple, birds’-cye maple,
cherry, ebony, holly, laurel, all finished in the natural
colourof the wood, and highly polished and decorated with gilt.
Thesides and ends of the various rooms are constructed of these
different woods handsomely inlaid, and on the panels of the

ends are inlaid monograms of the “ M.S. & N.I. R. R.” Above
these monograms are handsome carved medallions, carved
from black walnut. The floors of the various rooms are
covered with splendid Axminster carpets, and each room is
provided with spittoons, &e., bearing the name ‘ Forest
City.” The apartments are capable of accommodating from
six to sixteen passcngers. 0 main saloon is provided
with a ﬁlatc-glass window on either side, 40in. X 42in. in
size, while those of the other rooms aro somewhat smaller.
The “Forest City,” together with its mate, the ““ Garden
City,” were constructed at the car shops of the Michigan
Southern Railroad, and both cars are designed to run between
Cleveland and Chicago, commencing on the 23rd of Septem-
ber last. These cars were built under the supervision of Mr.
John Kirby, master builder at the Michigan Southern Rail-
road car sgops at Adrian, Michigan, and we are compclled to
admit that the taste displayed in the getting up of these
cars excels anything we have ever seen. The cost of these
calés reaches lt]he sum over $25,000a]eacl‘:.;’ ther
ars equally magnificent are also being put upon o
A.mericae;1 linesy, and two moro new palace cars, of the superb
Pullman pattern, have just been completed at the car shops
of the Canada Great Western Railway, at Hamilton, and
were recently exhibited at Detroit. One is named * The
President,” and tho other “The Vice-Royal.” They are
similar in_their interior arrangements to the *Western
World,” “ New York,” and “ City of Boston,” which have
been running through from Chicago to Rochester for several
months past. Their exterior ap ce, however, differs
materially from those, the ton cars being painted a
beautiful claret colour striped with gold. Upon each sido of
the car are two medallions, representing ‘ Morning” and
“ Evening,” which aro tastefully executed and beautifully
bronzed. The cars are of the same dimensions as those pre-
viously spoken of, are calculated as dining-room or hotel
cars, having a cook-room at one end, where edibles can be
grepa.red and served up to ngers. Each car contains
our state-rooms, and accommodates about fifty passengers.
rom

These cars, with the four similar cars now runnin,
Chicago to Rochester, will run_continuously from C ﬁo
to Albany. They form an admirable acquisition to the -
man line of palace cars.  *

TrE ATLANTIC TELEGRAPH.— After a considerable amount
of negotiation between the Atlantic Telegragh, the Anglo-
American, and the New York and Newfoundland companies, the
basis of an agreement has been come to for a reduction of the

resent tariff of charges. The assent of the New York and

ewfoundland Company has not yet been obtained to some of the
minor details, but the propoesed reduction has received the assent
of all the parties interested. It is proposed to reduce the present
charge of 104 to 51, for a message of ten words, giving five words,
not exceeding twenty-five letters, for the name and address of
the sender and receiver of the message. All extra charges for
code messages are to be abolished, the rate being the same as for
ordinary business. The companies, however, reserve to them-
selves the right of declining to send any particular form of code
which may be offered to them. For any word over and above
ten, and five for name and address, the charge will be 7s. 6d.
The reduction is to take effect on the 1st of November, and pro~
vision is made in the agreement for a further revision of the
tariff, and return to original rates if the receipts during the current
Egree months do not reach & certain specified sum.—Railway

ews.

RaiLwAYS IN NEw JERSEY.— A meeting of railroad
managers, in New Jersey, U.S., has resolved that no further
attempts be made to control the action of the Legislature in
behalf of existing monopolies, those companies being satisfied
with the position they have already attained, and having come
to the conclusion that the money required for political uses can
be more profitably employed in improving and extending their
lines, and in incmsing their dividends. It was further resolved
that the rates of fare be fixed at two cents per mile on all trains,
and for all distances within the State; that commutation tickets
be furnished at reasonable rates, and the use of such tickets be
encouraged ; that the express system be assumed by the several
companies, and that the policy of the several companies be to
encourage the development of local enterprise and improvement
throughout the State.

Tue CLEVELAND IRON TRADE.—There is not much chan,
to notice in the Cleveland pig-iron trade. The operations of the
last few days show, if anything, rather more activity. The
stock of pig in the warrant stores is 73,317 tons. Some of the
foundries are tolerably well off for orders for the winter, while
others are only partially provided with work. Large quantities
of railway castings for Egypt and India are being sgipped; but,
on the wﬂole, there appears to be less activity than usual among
fonnders. The engine works of the neighbourhood are not very
busy. The plate and bar iron trades look somewhat better,
although prices are still comparatively unremunerative. Lary
deliveries of rails for Russia, Egypt, and the colonies are still
being made, and the various mills and forges are rather better
employed than they have been for some time past.

ELGIUM. —The imports of English pig iron into Belgium
continue, and they are, in fact, increasing, having attained a
total to August 31 this year of 34,765 tons, as compared with
17442 tous in the corresponding period of 1866. Spain has
ceased to take any Belgian rails, in consequence of the almost
complete collapse of the Spanish railway interest. In the first
eight months of this year, however, 56,045 tons of Belgian rails
were forwarded to Russia, and 5533 tons to Italy.

ExcLise TENDERS 1x BELGIUM.—An adjudication bas just
taken place at Brussels, for various articles required in con-
nexion with the Belgian State railways. Two lots of 240 each
of Bessemer steel axles for carriages and -wagons provoked a
tender from the Barrow Hematite Steel Company, and another
from John Brown and Co. (Limited), Sheflield. The lowest
tender, however, was that of M)I. éoﬂin, of Clabecq. The
tender of John Brown and Co. (Limited) was rather higher
than that of the Barrow Hematite Steel Company. John Brown
and Co. (Limited) also gendered for pistons for the buffers of
goods trucks; the lowest tender, however, was that of MM.

Bassiliere, Duvieusart and Co., of Molenbeek St. Jean.
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RECENT PATENTS.

TnE following specifications of completed patents
are all dated within the year 1867; and that year
should be given in ordering them, at the annexed

rices, from the Great Seal Patent Office, Chancery-

ne.

(No. 338, 10d.) Andrew Betts Brown, of the
‘Vauxhall Ironworks, Wandsworth-road, patents a form
of portable drilling-machine, intended to be used in
cases in which, from the weight of the object to be
drilled, it is better to move the drilling-machine to
the work than the work to the drill. The machine is
driven by a small engine directly attached to it, the
engine being supplied with steam by a flexible pipe.

(No. 341, 8d.f John Sherman Hoar, of the State
of Massachusetts, U.S., patents various forms of
bench-vices, which could not be clearly described
without reference to drawings.

(No. 342, 2s. M.? John Ramsbottom, of Crewe,
patents various useful appliances for lifting, supporting,
moving, and forging heavy masses of metal. One of
Mr. Ramsbottom’s improvements is a method of lift-
ing ingats out of a furnace by means of tongs at-
tached to a counterbalanced arm, which is bent over
the furnace so that the point of suspension is directly
over the ingot to be raised. The patent also includes
a simple form of turntable for facilitating the handling
of ingots; carriages for transporting ingots, and for
lxoldingd them whilst being subjected to the action
of the duplex hammer ; and an arrangement for cutting
discs off ingots by means of cutting edges fixed to
the duplex hammer-heads. This specification will be
of considerable interest to those engaged in the pro-
duction of heavy forgings. We illustrate some of its
details on the next page.

(No. 343, 1s. 4d.) William George Beattie, of
South Bank, Surbiton, patents various forms of piston-
slide valves for locomotive and other engines.

(No. 347, 10d.) William Thomas Carrington, of
Perth, patents an arrangement of steam road-roller,
also applicable as a traction-engine. The main feature
in the roller is that it is carried on three wheels or
rollers, two of the rollers being placed on the same
axle, with a space between them, and the other being
arranged centrally, so that it acts upon those portions
of the road left between the pair first mentioned.
The single roller acts as the steering wheel, and it is
made in two portions to facilitate turning. This ar-
rangemant otP wheels for a steam road-roller was
patented in December, 1863, by Mr. William Clark
and Mr. W. Fothergill Batho (sec patent, No. 3216,
A.p. 1863).

(No. 359, 1s. 6d.) Arthur Ormsby, of 19, Parlia-
ment-street, patents a method of collecting and storing
rain-water by means of an extensive area of roofing,
covered with glass, or some other non-porous substance,
and furnished with the necessary pipes for conveying
the collected water to a distributing reservoir.

(No. 361, 1s. 4d.) Henry Allason Fletcher, of the
Lowea Engine Works, near Whitehaven, patents a
combined boring and planing machine, this machine
being so arranged that a locomotive cylinder, or similar
piece of work, placed on it can be bored and planed
simultaneously, and will thus only require setting once.

(No. 362, 1s. 6d.) John Hyt'anry Johnson, of 47,
Lincoln’s-inn-fields, patents, as the agent of Auguste
Arban and the Marquis Marie Joseph Antoine Ernest
de Lagrange, of Paris, an arrangement of propeller
consisting of series of floats ﬁxef to beams, the ends
of which are carried by cranks revolving vertically at
the sides of the vessel. ~There are to be several beams
on cach side of the ship, the cranks working them
being placed at an angle to each other. The motion
of each beam is of coursc similar to that of the
coupling-rod of a locomotive engine, and the floats
attached to it are forced through the water during the
lower half of each revolution of the cranks, and raised
clear of it during the upper half of the revolution,
when they perform their return stroke. There are
many obvious objections to this form of propeller, and
it is, moreover, very far from being new.

(No. 365, 10d.) William Jones, of Wolverhampton,
gatents machinery for making elbows,T-joints, sockets,

¢., for joining gas and water pipes. 'fhis machinery
consists of al ments applied to a steam hammer,
80 that the movements of the head of the latter are com-
municated to dies which close in sideways upon the
article to be forged, and to mandrils whici enter the
article so as to form internal supports. The article
is also acted upon by swages carried by the hammer-
head and anvil.

(No. 269, 1s. 10d.) George Daws, of Penge,
patents an apparatus for effecting the opening and

-a bath of boiling sulphur.

closing of railway crossing-gates by the action of the
passing trains. The practicability of the arrange-
ment is more than doubtful. .

(No. 376, 8d.) Robert James, of Poole, patents im-
provements in Cornish boilers, these consisting in
placing within the boiler flue what may be described
as a smaller Cornish boiler, also provided with the
usual internal flue or flues. The inner boiler is con-
nected with the water spaces above and below the
main flue by water - passages. The internal boiler
only occupies that portion of the main flue beyond the
bridge, and the heated gases pass through the flue or
flues of the inner boiler, and also through the annular
space between the latter and the main flue.

(No. 377, 10d.) Charles William Dixon, of Wick-
ham Market, patents the elastic railway wheels de-
scribed on page 407 of our third volume.

(No. 385, 4d.) William Edward Newton, of 66,
Chancery-lane, patents, as the agent of Benjamin
Chew Tilghman, of Philadelphia, U.S., treating fibrous
vegetable substances with a solution of sulphurous
acid in water, with or without the addition of sul-
phates, at a temperature not exceeding 212°, the
ohject being to extract the cellular matter, and leave
the fibres in a state in which they can be easily
separated and made available for paper-making and
other purposes.

(No. 386, 1s. 10d.) John Ramsbottom, of Crewe,
patents an arrangement for effecting the rapid transfer
of locomotives or carriages from one line of rails ta
another. The apparatus, which is sKecially applicable
for adding additional carriages when these are re-
quired to make up a departure train, consists, accord-
ing to one arrangement, of one or more pairs of rails,
corresponding to those of the permanent way, attached
to endless chains, which extend transversely across
the line of the railway, and are passed over chain-
wheels placed beneath the surface of the ground.
The chain-wheels can have motion communicated to
them by steam or hydraulic power, and the rails car-
ried by the chainsslide on beams or girders. We
illustrate this arrangement on another page.

(No. 387,8d.) Edward Manico, of Bedford-street,
Strand, patents forming the foundations of sea-walls,
breakwaters, and similar works of a series of cradles
constructed of light iron bars disposed in a lattice
form, these cradles being partially filled with rough
stones, and containing brushwood, which assists in the
retention in the cradles of sand and shingle deposited
by tidal action.

(No. 389, 10d.) Kugene Henri Bernier, of Rue
Corbeau, Paris, patents an arrangement of hoisting
apparatus specially intended for raising or lowering
heavy loads. In this apparatus, the main hoisting
chain is led over a Eulley at the top of the scaffoldin,
down to a pair of chain pinions, over which it is passe
in opposite directions. These pinions are turned by
the crab gearing in opposite directions, and it is by
them that the hauling power is exerted on the chain,
there being no winding drum, as in ordinary winches.
The free portion of the chain, after leaving the chain
pinion, is led under a weighted stretching pulley, and
again attached to the weight to be raised. One of the
main features in the a ment is the use of an
auxiliary or safety chain to prevent the falling of the
load in the event of the main chain breaking. This
safety chain is led over pulleys at the top of the
scaffold, one end of the chain being attached to the
load, and the other end carrying a weight by which
the chain is contiuually kept tight as the load rises.
At the top of the olding the safety chain passes
under a series of detents, these detents holding the
safety chain, and sustaining the load in the event of
the main chain failing.

. (No. 394, 4d.) %Villiam Henry Towers, of New
York, patents a method of manufacturing a material
which he names * coribu,” by immersing new hides in
It is ‘stated that the
“coribu” so formed is, when dried, hard and trans-
parent, and that it can be moulded into the various
articles now made of vulcanite.

(No. 397, 10d.) Henry Houldsworth Grierson, of
Manchester, and John McElroy, of Sale, patent some
arrangements of steam-engine governors in which the
arms by which the balls are carried are fitted with
links so as to constitute a parallel motion, the balls
being thus made to diverge in a plane at right angles
to the shaft by which they are driven. The centrifugal
action is resisted by a spring acted upon through an
arrangement which could scarcely be clearly described
without reference to drawings.

(No. 400, 10d.) Joseph Westwood, of Tredegar
House, Bow, and Robert Baillie, of Leyton, patent
improvements in iron safes and doors. One point

claimed is making one of the vertical sides and top and
bottom of the opening with a series of steps or ledges,
against which the door fits, the object being to pre-
vent the insertion of wedges. This plan is far from
new. Another claim is for constructing safes with an
internal case, the latter being capable of turning on
pivots and being fixed withits door at the-back of the
nternal case ; and a third point is the consifaction of
doors so that they can be turned on a centre, and fixed
by bringing ears or lugs on the door over the inside of
the safe or other fixture to which the door is fitted.

We are doubtful whether either of these latter are
new proposals.
(No. 401, 8d.) Joseph Westwood, of Tredegar

House, and Robert Baillie, of Leyton, also patent
methods of connecting the various lenﬁtms of iron piles
and columns. According to these plans, one of each
pair of lengths to be joined together is provided with
internal dovetailed projections, which pass down be-
tween corresponding dovetailed projections formed in
the interior of the adjoining length. By turning one
of the lengths partially round, the two sets of dove-
tailed projections are caused to interlock, and an
effectual connexion is thus formed between the twe
lengths, whilst the exterior of the pile or column is
left free from projections or inequalities of any kind.
In some cases, however, the dovetailed pieces may be
arranged externally, if preferred.

(No. 402, 1s.) William Gedge, of 11, Wellington-
street, Strand, patents, as the agent of John Lochhead
and Charles Arthur Mathieu, of San Francisco, Cali-
fornia, various arrangements of water-tube boilers,
which we could scarcely describe without reference to
drawings.

(No. 403, 1s.) William Clark, of 53, Chancery-
lane, patents, as the agent of Emery Ross Gard, of
Chicago, machinery for pressing and moulding bricks.
This machinery is proviged with a rotary mould-block,
having openings, or moulds, in which are placed
followers worked by means of an annular way havi
an undulating surface, the followers being provi(]il(:ﬁ
with hinged lids, which are raised for the purpose of
discharging the clay. A particular arrangement of
striking plates and the combination of the whole ma-
chivery are also claimed.

(No. 405, 8d.) Samuel Dwight Mack, of New
York, patents machinery for cleaning wheat and other
grain. In this machinery, the separation of the smut,
garlic, &c., from the wheat is effecled partially by the
adhesion of the substances to be removed to the sur-
faces of soft rollers against which the grain is pressed
by a central rotating c’}linder, and p by the action
of a fan or blower. The impurities aghering to the
cleaning rollers are removed from the latter by suitable
brushes.

(No. 410, 2s.) John Thomson, of Ardwick, Man-
chester, patents machinery for finishing screw-nuts,
facing the heads of bolts, polishing the grooves of the
winding-on scrolls used in spinning-mules, and polish-
ing the grooves and circumferences of pulleys. The
various machines included in this patent could not be
clearly described without reference to drawings. .

(No. 429, 8d.) Alfred Vincent Newton, of 66,
Chancery-lane, patents, as the agent of Robert West-
cott and Job Symmes Crane, ot?%lisabeth, New Jersey,
U.8., a form of water-meter, consisting of two double-
acting measuring cylinders, each provided with a
piston and with an ordinary slide-valve. The pistons
are connected to cranks, placed at right angles to each
other on a crank-shaft extending across the top of
the cylinders, this shaft also carr lng the eccentrics by
which the slide-valves are worked. The whale arrange-
ment, in fact, is similar to that of a direct-acting
engine. The number of revolutions made by the crank-
shaft are shown by a counter. - .

(No. 438, 10d.) Richard Hodgson, of West Ham,
patents an arrangement of self-acting feed for punch-
ing-machines. According to these plans, the punch
is rendered movable horizontally, and is caused to
work in a slot or guide placed 1n a proper relative
position to the die. After a hole has been punched,
the punch, before rising again, traverses alongits slot
a regulated distance, and drags the plate, or. other
object being punched, with it; the distance thus tra-
versed being regulated by stocﬂs according to the pitch
of holes required. The punch then rises, moves back
horizontally into its original position, and descends to
make another hole. This aptﬁamtns is somewhat com
plicated, and we do not see that it possesses any ad-
vantage over the more simple contrivances at present
in use for effecting the same end.

(No. 440, 1s. 10d.) Robinson Thwaites and
Edward Hamer Carbutt, of Bradford, and John Star-
geon, of Burley, near Leeds, patent arrangements of
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steam-hammers, in whick the “ tup,” or hammer-head,
is made in the form of a cross-beam, the ends of which
are connected to pistons working in a pair of steam
cylinders, placed one on each side of the anvil-block.
The principle of the arrangement is similar to that of
Messrs. Chatwood and Sturgeon’s hammer, which we
illustrated on page 679 of our last volume.

(No. 452, 8d.) Henry Young Darracott Scott,
Lieutenant-Colonel, R.E., of Ealing, patents a method
of constructing concrete floors. ~According to this
plan, the ordinary joists are dispensed with, and, in-
stead of them, tie rods extending from wall to wall—or,
in the case of wide spans, from girder to girder—are
employed. The tie rods, which are placed at inter-
vals of from 2ft. to 3ft., are well bonded into the
walls, or secured to the girders, as the case may be,
and upon them the concrete is carried, the bonding
of the mass together being in some cases assisted by
interlacing hoop iron or strong wire with the bars.
In this arrangement it is intended that the tie rods
and hoop iron should take the tensile strain, whilst
the compressive strain is resisted by the concrete,
which acts as a strut to keep the wall or girders
apart.

LITERATURE.

The Mining and [Metallurgy
* Joux A. Puiniips, Mining

F. N. Spon. 1867.

IN one sense the above title is inaccurate, for the
book contains something less than its title, and a great
deal more. Of the mining proper of gold there is very
little, because the getting of gold soils is a very easy
matter ; and as to the mining of silver proper, it 1s like
other mining. It has evidently been ]&r Phillips’s
object to giveusa comglete treatise on the metallurgic
productions of gold and silver, a plan in which he has
succeeded ; but if he had devoted his space to mini
proper, he must have sacrificed the value of his wol:'ﬁ
as a special technical manual. Mining in this treatment
is fuller. It gives us all thmoloi{ and topograph
of gold and silver ores in an irable manner, sux
to our more educated knowledge of the subject, and
free from the crudities of scientific and unscientific
men. It takes up the treatment of gold just at the
point where excavating or mining ceases, and where
what may be called the real operations begin. Thus
his account of the great works in the chief districts of
California, compiled from professional documents, and
illustrated by bis own observations on the sﬁot, enable
the practical man to follow out the whole subject.

Tﬁe same mode is followed for silver, and eve
variety of reduction processes is adequately describe
by one who has seen them at work. It is one great
advantage of this book that it is not the production of
an adventurer, shifting about from country to country,
and giving us the results of his chance-experience eked
out by compilating from other writers. The volume
before us is produced by another kind of man, and by
another process. It isthe composition ofa professional
man, and is the natural offspring of his professional

if Gold and Silver. By
ngineer. London: E. and
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labour. Forty years ago, if we had sought an authority
on such a subject, it would have been a German.
Between him and a Cornish mine-captain we should
have had no choice. Now, by the operation of events,
we must seek among English and Americans the chief
ractitioners. The gold and silver mining companies
orn from the speculations of 1825, gave us our first
opportunities in these branches of metallurgy, and the
discovery of the %?ld countries in the possession of
the English race, Virginia, California, Australia, New
Zealand, and English Columbia, have enabled us to
apply this cxperience extensively. Silver metallurgy,
developed in our lead mines, at Swansea and at New-
castle, in California and Nevada, has given us scope
in a specialty formerly confined to Spaniards an
Germans. These advantages, with those we alread
possessed on both sides of the Atlantic in iron, coal,
copper, and tin metallurgy, have constituted a great
national school of mining and metallurgy. The greater
development of scientific instruction has put us on the
same par in that respect as our neighbours, while we
we now exceed the germans, Spaniards, and Russians
in every branch of practice; and as to the French,
their bighly developed education has little chance of
apglicauon.

It is under these circumstances that the English
mining engineer has open to him the practice of the
world, and it is standing in this high position that Mr.
Phillips has visited so many countries for practical
and professional purposes under favourable auspices,
that he has acquired the materials, and been able to
put them together in such a shape as to constitute a
standard treatise on what is now a very important
branch of industry.

For metallurgic purposes the ores must be crushed,
and this process, essentially mechanical, requires the
knowledge of a mechanic, which Mr. Phillips is able
to bring to bear upon it. Thus we have fully
depicted a ten-stamp battery, the Grass Valley rifle
apparatus, the machinery employed at Schemnitz, and
that at Morro Velho, in the Brazils. While these are
illustrated by working drawings, others are described,
and minor apgaratus and details are given in wood
engravings. Of these there are near upon a hundred.

Ama:fnmation, smelting, and assaying are distinetly
chemical processes, and these demand treatment by a
comﬁebent hand. Mr. Phillips has brought these up
to the latest date, and in giving recent improvements
he has exercised the necessary discretion as to what
is safe and accepted and what is doubtful.

The want of such a book was great. German and
French books can seldom be well employed, except by
a man who has been trained on the Continent, while
what we require is a knowledge of what is being carried
out in our countries, and treated in our own language.
We are not surprised that Mr. Phillips’s book was
at once eagerly taken up, but it will be long before
the many distant purchasers will be able to ascertain
what they have ﬁ()t for their money. Those who have
sent them the volume bave done so for good reasons.
A practical man can at once see that he has got what
he wants in the mass, and, seeing the care bestowed on
the treatment, he can trust Mr. Phillips’s reputation
for the details.

Fr1c.54.

APPARATUS FOR HANDLING INGOTS.

Me. JoEN RaMsBOTTOM, of Crewe, has recently patented
a number of useful contrivances intended to facilitate the
handling of heavy ingots, and of somo of these we annex
illustrations. In our engravings, Figs. 1,2, 3, and 4 show two
forms of ingot-lifting a tus, whilst Figs. 5, 6, and 7
show the details of one of these appliances drawn to a larger
scale ; and Figs. 8 and 9 represent a simple form of turntable
on which an ingot can be turned.

In Fig. 1 the lifting-apparatus is shown, as applied to lift-
ing one of the conmical ingots used by Mr. Ramsbottom for
manufacturing steel tyres. In this figure the conical ingot,
a, is suppo: by the paddle, b, which is attached to a coun-
terbalanced arm, c. is arm is bent over the top of the
furnace, and the crane-chain is attached to it at a point, ¢!,

i over the centre of gravity of the arm and ingot.

dlrec:f{
d | The adjustable weight, ¢3, serves to balance the arm, c, and the

prolonged end, 5%, of the paddle, this prolonged end being
used by the operator for moving and nitfing the ingot. The
ingot is held on the paddle, 6, by flm bridle, d,, _which is
hinged to the lower end of the arm, ¢. The advantage of this
arrangement is that the weight usually employed to balance
the ingot is dispensed with, and a considerable saving of
time and mechanical labour is effected, as the weight of the
ingot being completely borne by the crane, the operator has
onl }y to control its posltion.
igs. 2, 3,4,6,6, and 7 refer to another form of Iiﬁix;ﬁ

apparatus, especially adapted for use with furnaces whi
are not provided with cranes. In this instance the counter-
balan arm, ¢, is suspended from the hook, ¢, which is
hinged to a frame, ¢!, running on_the fixed rail, ¢?, placed
above the furnace, and about In a line with its centre. The
paddle, 3,is hinged to the lower end of the arm, ¢, and it has
the arm, b?, forged in one piece with it. To the lower end of
the arm, ¢, is fixed tho tube, f, through which passes the rod,
[, one end of which is screwed, and the other hooked. The
hooked end of this rod takes hold of the upper end of the
arm, b*, and the other or screwed end is provided with a cross
handle, s, the nave of which forms a nut fitting the screw.
By turning this handle round in the proper dircction, the
paddle, b, is brought up to the under side of the ingot, and
the latter lifted clear of the block on which it rests, and it
can thus be brought out of the furnace, or shifted as desired.

The portable turntable, shown in Figs. 8 and 9, isintended
to be placed near tho mouth of the furnace in which the ingot or
other article has been or is to be heated. The turntable
consists of a conical stand, g, in which is fitted a socket, gt,
supporting the spindle, g®. This spindle carrics a plate, g3,

rovided with studs on which the t bears, these studs

ing of such weight that they hold the bottom of the ingot
clear of the plate, g%, and allow the paddle to be placed
beneath it. is turntable, which may, if desired, be mounted
upon wheels, is found useful for enabling the ingots to be
readily turned either before they are placed in the furnaco
or after their removal from it.

J. F. CaiL axp Co.—This im
company makes uf its accounts on June 30th, in each year. The
current exercise (1867-8) commenced with orders on hand to
the amount of about 156,000L ; and during July, August, and
September, further orders were received to the amount of
184,000 The operations in which the concern is engaged in
connexion with the Kiew and Balta will not be carried through
until 1869. A participation of work exists between the concern
and the Fives-Lille Company.

SoutH YorRESHIRE.—There is a fair business doing at most
of the ironworks of this district. There are said to be some
large orders on hand for rails, principally for home requirements.
The coal trade is moderately active. A fair tor inci-
gally of engine-fuel—is beinﬁ forwarded by th:m,

heffield, and Lincolnshire Railway to the Lancashire cotton dis-
tricts. At Sheffield there is an improved demand for some
desc:gtiona of railway materials; but, upon the whole, this
branch of business is not very brisk. At the Yorkshire loco~
motive works the men are on full time.

rtant French mechanical
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THE RIVER DON STEEL WORKS.

SteEL is only iron, in its best and most valuable
form. The chemists once considered that it was a
definite chemical compound of iron and carbon, and
named it carburet of iron, and Dr. Thomson belicved
that this contained twenty equivalents of iron to one
of carbon ; but we now know that we may have steel
of a very wide range of carburisation, and that (as
absolutely pure iron is unknown), all irons, whether
wrought iron, cast irom, or “steel,” are equally
carburets of iron, so long as the carbon is not
graphitic. Steel, as we continue to call it, is not
more distinctive from other forms of iron than are
wrought iron and cast iron from each other; yet it
is the only form of iron which is at once fusible and
malleable,and it possesses, besides, the ﬁeculiar property
of being greatly hardened by being heated and then
plunged into water. It is not unlikely that, for nearly
all purposes of construction, cast iron and wrought
iron will yet become obsolete materials, and useful
only for conversion into the dest kind of iron, viz.,
“steel.” And it may yet happen that we shall drop
the almost meaningless term * steel,” and call it ““ iron”
only. Cast iron might then be described as crudé
iron or raw iron, and wrought iron as rotten iron or
burnt iron, as it really is—its valuable constituent,
carbon, being burnt out to an injurious extent in
the toilsome and, indeed, barbarous operation of
¢ puddling.” Not alone in tensile strength, but in
ductility or toughncss, steel is now as much better than
the best wrought iron as the latter is better than cast
iron; and steel has the further advantage that it is

ble in castings or forgings of any weight,
where, on the one hand, cast iron would be too brittle
and too weak, and wrought iron unsafe from the danger
of unsound welds and internal crystallisation.

Of late Jears iron, whether known by that name or
as “ steel,” has been—growing in strength and adapta-
bility, and it has thus attained qualities which would
have been incredible twenty years ago. We now have
castings, forgings, rolled bars, rails, wire, &c., made
of “steel,” whicu are, beyond all comparison, stronger
and tougher than iron in any other form ever known
before. 1t is this wonderful growt of iron, so far as
its useful qualities are concerned, that has made the
metallurgy of steel so iopular among non-professional
men, thogsands of whom are now nearly as well-
informed upon it as upon those more engrossing ques-
tions of ordnance and armour, upon which at least
half of all the readinﬁe?en in the kingdom now hold
definite opinions. semer’s wonderful discovery
turned general aitention to the philosophy of iron-
making, and to the beautiful combinations of which
iron is capable, and it is now well understood that
there are other and not less beautiful analyses and
syntheses to be discovered, which will yet give to
jron an intrinsic value not only greater than that
of gold and silver, but fur beyond anything now
known of the best steel. The great secret oF iron-
cultivation, if we may employ such a term, is that
of crystallisation, and tlis cannot long elude the
grasp of the genius of metallurgy; and when we can
once control the size, form, and arrangement of the
crystals of iron, in all its stages of conversion, we
shall have made it, in effect, a new metal.

Steel castings, made to pattern, were unknown until
within the last few years; and although they are now
largely and successf\‘ng produced, the art of making
them is still practically confined to two establish-
ments—one that of the Bochum Company, in West-
phalia, the other the River Don Steel Works, Sheffield.
_‘The casting of very hard steel into objects of simple
form presents no rcmarkable difficulty, inasmuch as
these may be run into iron moulds, and their sound-
ness may be insured by ¢ feeding” the casting, after
pouring, in the same manner as with ordinary iron
castings in the foundry. It is an object, however, of
very great importance that the steel should be the
softest possible, so far as the term “soft ” is under-
stood by stecl-makers. It should not have more than
from § to 1 per cent. of carbon, whereas very hard
steel contains 1§ per cent. Although the harder
steels have very great teusile strength, they are
brittle, like cutlery steel, and it has indeed been the
great difficulty, in the old processes of steel-making,
to get rid of this characteristic brittleness by lessen-
ing the proportion of carbon. The smaller the pro-
portion of carbon, the greater the heat at which the
steel will melt, and the greater the difficulties in cast-
ing it, soundly, to complicated shapes, or indeed to any
shape at all. Wrought iron contains the least carbon,
say onc -fourth per cent. of its own weight; and
cast iron contains most, or from 2§ to 7 per cent
Between these we have steel ranging in carbon fr

2 to 2 per cent., the steel rails, of which so many are
now used, containing about % per cent., mild steel
castings § per cent., and hard cutlery steel from 14 to
14 per cent. The proportion of carbon, upon which
the quality of the steel wholly depends, requires nice
chemical analyses for its exact determination, although
it can be somewhat nearly ascertained by the colour
of a solution of the steel in acid, every proportion of
carbon giving its own shade of brown. But a still
better test is that of the specific gravity of the steel.
As carbon is lighter than iron, the greater the hardness
of the steel, the less its specific weight. The purest
irons have a specific gravity of about 7.895, while
steel rails, as now ,mad%, have about 7.855 ; and the
harder steels are still lighter, merely, of course, be-
cause of their greater proportion of the lighter mate-
rial, carbon. 'ﬁ:e harder steels have the finest grain,
and we are apt, therefore, to speak of them as being
more ““dense ” than ordinary bar iron; but the fact 1s
that they weigh less, and are therefore less dense in
the true meaning of the term.

As steel is intermediate, in its proportion of carbon,
between cast iron and wrought iron, it may be made,
as by the Bessemer process, by depriving cast iron of
a portion of its carbon, or, asin the processes more
commonly followed, by adding a certain proportion of
carbon to wrought iron. TEe latter may be done
either by the old process of “cementation,” which is
that of roasting bars of iron, packed in charcoal, for
afortnight together in an air-tight furnace; or by the
better and cheaper process of melting wrought iron,
cut into scraps, along with charcoal and oxide of man-

ese, in a melting-pot, a mode of converting iron
into steel first pointed out, early in the present cen-
tury, by David Mushet. The old malt-kiln-looki
converting-furnaces are being gradually abandoned,
and the best Sheffield works now melt down the
wrought iron direct. At the River Don Steel Works
of Vickers, Sons and Co. there are 288 melting-holes,
capable of taking, each, two pots of either 60 lb. or
1001b., and 40 tons of Swedish and English bar iron
are often melted down in a single day.

The quality of the steel made by any process what-
ever depends greatly upon its proportion of carbon,
and also upon the character of its crystals, which are
not altogether dependent upon this proportion, but
upon the purity or otherwise of the iron used in
making the steel. And it isthe fact that the purest mate-
rials crystallise in the largest crystals, like frozen rain
into snow-flakes, or like the finest samples of sugar,
which have always a larger crystal than the inferior
kinds. When converted into steel, a very pure iron,
unmixed with any other substance, will give a large
crystal, and, if bfoken suddenly across, a coarse frac-
ture; and while it is most important to keep out cer-
tain impurities, like sulphur and phosﬂlwrus, the addi-
tion of manganese appears to alter the crystallisation
to a much finer degree, and thus to give a finer fracture
when broken suddenly; for almost any bar iron or
steel will show a fine fracture, if broken gradually.
As every iron-founder is well aware, a mixture of irons
is stronger than almost any single sample, and the
same fact unquestionably holds good in steel-making,
even the purest Swedish iron being improved in the
strength of the steel made from it by being mixed with
other irons in the melting-pot.

By melting a mixture of various bar irons along
with a regulated quantity of charcoal and manganese,
steel of almost any desired quality may be produced.
Were there no charcoal (carbon) present, the iron
would be nearly or quite infusible; and the less the
charcoal, the greater the difficulty of fusion, and of
casting into sound pieces or s.” The less char-
coal, too, the less the absolute tensile strength, but
the greater the toughness; and it is better to la~
something in strength at a dead pull, in order to proid
brittleness, and thus to secure toughness.

‘We have thus sought to sketch out rousr“g some-
thing of the philosophy of steel, in ortT that the
splendid and, indeed, astorishing resule nOw aChle,V‘ed
in steel-founding may be the better «nderstood. 'The
casting of twenty-two railway wacels upon a single
stalk, and of a locoﬂO(ti{z"g;‘lf;; :" In 'sgft steel,

ve beer Credi 01 even ten years

:Zzld;;:t &aeszlf’eg exhibited at Paris by the Bochum

Con’xpa.ny; and’ ickers’s great works, at Sheffield, could
reproduce ¢ if required. .

e firg'STeat requisite in steel-founding is that of

a suffici~41y refractory moulding material. ~ Although

stee], -ike cast iron, is not “chilled” by being run

in~fon moulds, it would obviously be very costly to

-a€ iron moulds for a great variety of steel castings,

ad iron would bave the disadvantage also of causing

0o sudden cooling on the outside, whereby the cast-

steel-founder, Riepe, who was the patentee also, in
this country, of the art of makinﬁ puddled steel,
patented, about fourteen years ago, the employment of
a material for steel-moulding, which should be in-
fusible and invitrifiable by reason of its having been
already subjected to a heat greater than that of melted
steel. Such a material is calcined fire-clay, and this is
best obtained by breaking and grinding the old melt-
ing-pots, as these last for but two or three meltings,
an%l are then otherwise useless. This material, mixed
with just sufficient fresh fire-clay to render it plastic, is
now used for steel-moulding, a thickness of perhaps
#in. being applied over the pattern, and the box then
rammed with ordinary sand.

Another requisite for steel-founding, and more
particularly in soft steel, is that the melting-pots
should be more than usually refractory, as the great
heat of soft steel melting destroys ordinary and even
Stourbridge clay-pots in one or two meltings. Messrs.
Vickers, Sons and Co. employ a special mixture for
their pots or crucibles, into which plumbago enters
with manifest advantage. Crucibles made wholly of
plumbago are not used, only because of the belief that
they give up a portion of their carbon to the steel, and
thus alter its quality. Even if this opinion be well
founded, it is certain that for all other melting opera-
tions plumbago crucibles are the best, and their adop-
tion for steel-melting ma{lyet be found possible and
advantageous. The crucibles made at the River Don
Works are formed wholly by machinery, at the rate of
1000 a day, and are dried, in thirty days, at a tem-
perature above that of boiling water, s0 as to drive off
all moisture. The drying-house is large enough to
contain 30,000 pots, so that even if 1000 a day were
wanted, epough would always be ready. The pots are
of two sizes, to hold 60 lb. and 1001b. of steel respec-
tively, and with 288 melting-holes 576 suffice for the
three meltings each day, the pots being then broken

up.

The contraction of steel for each degree of temps-
rature is practically no greater than that of iron, but
as steel sets at a much higher temperature, its son-
traction, after setting, is greater, because of the greater
range of temperature through which it musé cool
This great contraction, which is greater as tie steel
is_softer, is apt to cause the formation of cavities
within the casting, or, rather, of a single cavty known
as a “pipe,” and locomolive crank-axles, when im-
properly made, have been known to be “piped” for
4ft. of their length. To prevent piping, soft steel
castings require a large ‘head,” and this is, indeed,
so large that in small castings it oflen amounts to
nearly the weight of the casting itself The “ piping”
in this case will go on rather in ths *bead” than in
the casting, and even then the head must be fed with
more steel, from time to time, afier the casting has
been poured, and the “feeding” thus amounts some-
times to nearly 10 per cent. of tie weight of the cast-
ing. Only larg: “heads” and timely * feeding”” can
prevent—and they effectually prevent—hollowness in
steel castings.

Finally, after casting sted to pattern, and not for
subsequent forging, it shoutl be annealed, and allowed
a week or so to cool. L.

Such are the genera’ principles and precautions
which have enab!eﬁ theproprietors of the River Don
‘Works to make largend complicated castings in soft
steel, representing s most important branch of na-
tional industry, an¢ affording new and most valuable
resources to the mechanical engineer.

The Xiver Dor Works were founded by the old firm
of Sunderson aad Naélor, which afterwards became
Neylor, Vickers and Co., and is now Vickers, Sons
and Co. (Linited). Within the last two or three
years large xew works have been erected at Bright-
side, near Steffield, and the old works have been sold.
The new works, employing 1000 men, and extendin
for nearly a quarter of a nile along the Midland Rail-
way, arc among the most convenient and complete in
their srrangement and mechanical appliances of any
works, constructed for any purpose, 1n the kingdom.
Besidos offices, warehouses, model-rooms, stables, &e.,
the works are divided into five large and separate
masses of buildings, viz.—1st, that for cutting and
mixing the iron for conversion, and for making, drying,
and storing the pots; 2nd, the melting-house, with three-
quarters of an acre under a single roof ; 3rd, the mould-
ing-house and iron-foundry ; 4th, tyre-mill, smith’s
shop, and machine shop ; and 5th, steam-hammer shop.
These buildings are connected in all their parts b
railways of both the common and 2ft. gauges, an
there 1s about a mile of sidings belonging to the works,
and in connexion with the Midland Railway, A tank

ing would often be injured in strength. A German

locomotive, by Hawthorn and Co., of Leith, runs upor
the various lines and around curves of 60 ft., or fess
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than one chain radius, the engine having 3 ft. coupled
wheels, spaced only 5 ft. apart centres. The railway
system is carried out, indeed, in the works to a re-
markable extent. The melting-house has cellars be-
neath it, and nearly all castings of considerable weight,
with the exception of tyre ingots, are cast in boxes
mounted upon railway trucks, running upon lines be-
low. One of the large annealing furnaces, standing,
too, out of doors, has its hearth and door formed upon
a railway truck, and the locomotive takes this hearth
away with it to the casting-house, and returns with
the casting to be annealed, backing the furnace-bottom
with the large furnace-door into its proper place in the
brickwork of the furnace itself. So complete is the
railway system within the works, that but seven horses
are employed, where sixteen were worked at the old
establishment within the town of Sheffield.

The hoisting apparatus is, 'if possible, -still more
complete. A horizontal pumping-engine, with a double-
acting pump, 7 in. in diameter and 30 in. stroke, draws
water from the river through a 12in. main, 1200 ft.
long, and with a lift of 20{t., a vacuum vessel being
placed near the pump to lessen the shock of this column
of water when stopped at each stroke. This pump
forces the water through a 10 in. main half a mile long,
to areservoir upon a hill at that distance and 240 ft.
above the pump. This reservoir, with its embank-
ment, occupies an aere of ground, and can be filled to
a depth of 20 f{t., and gives a pressure of water of
1101b. to the square inch at the works. At this
pressure the water enters the steam-boilers without
any other boiler-feeding apparatus, and ‘it works the
hydraulic cranes, of which there are-seventeen in the
works. These cranes are of great simplicity, and
Mr. Edward Reynolds, the engineer of the works, has
promised us drawings of them for illustratien. These
cranes are not only applied to the ordinary ‘purposes
of lifting and traversing weights, but in the tyre-mill
they are made to assist in charging the ingots or rings
it¢o the furnaces, and drawing them out when heated
ready for the rolling-mill. A somewhat similar plan
of landling furnace-piles and blooms is now in course
of ainption at Dowlais, and it deserves to be intro-
duced into all forges and rolling-mills. The water-
pressure from the reservoir is applied in various other
ways of considerable ingenuity. A blowing-fan was
required m one of the houses where there was no en-
gine to drive it. Instead of putting down an engine
therefore, a1d incurring the cost of its attendance, the
North Moor Toundry %ompany were commissioned to
make a small tirbine and a Schile’s fan, the former to

be driven from the water under pressure, and which |

has an effluent veocity, after allowing for losses, of
about 80ft. per wcond, or nearly a mile a minute.
Another applicatior of the water-pressure is still more
ingenious. In the t;re-mill the water thrown upon the
tyres in rolling find: its way into the fly-wheel pit,
which is 14 ft. deep, wnd which has no outlet drain.
To lift out this water a jet-pump or ejector is used,
and this is formed like tie’ sucking end of Giffard’s in-
jector. An &in. jet of water, under the pressure from
the reservoir, or 1101b. ‘o the inch, 1s discharged
within, and in the directin of a tapering nozzle of
2in. or 3in. diameter. Thu action of the jet causes
avacuum and raises the wate water from the fly-
wheel pit, and discharges it W_hvre it can drain roperly
away. The useful effect obtainet s very fair, llons
a minute under a head of 240 fi raising, besides it-
self, 37 gallons per minute from a lepth of 14 ft., thus

giving a ratio of useful effect of #;——1-4 = R per
cent., nearly. Mr. Reynolds, who desgned this oe.

‘If the ring was cast in an iron mould, it tore

‘cent. of all tyre
‘tyres are cast in solid cylinders, a little coned at the

‘versible; so that, ag with a double-headed rail, a fresh

t apparatus, has kindly promised us a drawing o1
1t for publication,

The bar iron is assorted and cut up at ene end of
the works by three or four pairs of shearing-machines,
each worked by an independent engine. These
machines were made by Davy Brothers, of Sheffield,
and cut each two bars at a cut, at each end, into
pieces of about ]1b. weight, and these are afterwards
cleaned of all oxide, dirt, &c., in revolving cylirders
or “rumbles.” The pot-making, which we Lave
already noticed, goes on in an adjoining building.

The melting-house, built so as to admit of future
extension, is 200 ft. by 150 ft. inside, the roof being
made in 50 ft. bays, and supported by but four pairs of
double columns in addition to the walls. It is of the
utmost importance in a melting-house where large
castings are to be made that every man has a clear
view from his melting-hole to the 1placc of casting, and
the foreman founder should be able, in the same way,
to see, from a single point, every mclting-hole from
which steel is to be brought for teeming. The melt-

perfect, and, by an almost militacy organisation of the
workmen, a single casting of 25 tons weight may be
poured from 576 pots, holding 100 Ib. each, within the
space of five minutes, or at the rate of one pot every
half-second. The pots are carried upon s barrows
which admit of the workman tipping the pot without
changing hands. .

The melting-holes are lined, as usual, with ganister
to a considerable thickness, and this Las to be re-
newed, on an average, once a month, the heat being
about the most intense known in the arts. 24 tons of
coke are burnt in melting a ton of steel, whereas a
ton of iron would melt with 2 cwt. of coke, or
o'sth the quantity. The melting-holes are ranged
in  eight rows, communicating with as many
chimneys, by means of a underground flue to
each row. The chimneys are each 100 ft. high, and
7 ft. square in the inside, which is smooth and parallel
all the way up. This large sectional area, with the
regulated admission of air to the melting-holes, in-
sures a slow rate of ascent to the gases, and thus a
strong draught; for strength of draught is best
secured, where the escaping gases are at a high tem-
perature, . by a large chimney in proportion to the
quantity of gases entering it. The ascensional power
of the gases is thus always in excess of the rate of
admission, and they rise but slowly, merely because
no more than a certain quantity of gases can enter the
chimney within a given time to follow them up. The
chimneys and the flues leading to them are, of course,
lined with fire-brick, and the chimneys are bound out-
side with stout iron bands at short distances apart,
and even these have been found no stronger than
necessary to resist the expansion of the brickwork
under the great heat.

Ingots for tyres are teemed, as solid eylinders, into
cast-iron moulds ranged along the floor. It was once
the custom’to cast tyres as rings. Formed in this
way, they required to have a “head,” often of 24 cwt.,
or nearly equal to the weight of a carriage tyre, and
this head had to be smithed off, at a considerable cost
for labour, and afterwards broken up and remelted.
itself open
:{ unequal contraction, the inside remainin, ﬂ‘l)lid

ter the outside had set; and if cast in a fireclay
mould, the contraction was still irregular, and ten per |
castings were * wasters.” Now that |
top, no head is required, and the ingot is teemed.into
a plain iron mould, and no wasters are ever made, nor
do:these ingots require feeding to prevent gi}ﬁ.ug[,‘”
inasmuch as the centre is punched out under the
hammer before forming the tyre. Castings made to
pattern are run into moulds placed, as already
described, upon railway trucks beneath the casting |
floor. These castings of course have large heads as a
security against “ piping,” and they are *fed ” with
a very considerable amount of steel after being
poured, to compensate for their contraction.

A large branch of the steel founding department of
the River Don Works is that of casting steel crossings |
for railways. Although sold at a higher price per
hundredweight than cast iron, they are far lighter for
the same strength, and they are furthermore made re- |

face may be turned up after its fellow has been worn
out. The immense superiority of these crossings over
those of any other material has created a wide demand
for them upon railways throughout the kingdom and
in America. In Messrs. Vickers’s model-rooms there
are upwards of 2500Z. worth of patterns for steel cross-
ings alone. BSome of these, made to meet special
cases, as those for the Metropolitan Railway, are
19 ft. 6 in. long, or longer than what, but a very few
Jwrs ago, was the standard length of a rail. ~ The
strewqtl of these crossings is incomparably greater
than Tt of chilled iron, the tensile strength of the
steel of w.q), they are made being 32 tons per square
inch, while «eir” hardnes is equal, or mnearly so, to
that of the besu chilled iron and they do not * chip”
in use. We hav. carefully examined some of these
crossings, whieh haveheen for wore than two years in
use near large junctioryyd termngl stations, “and we
have found the wear verylight iMeed and'no signs
of chipping, even at the point. Thes ,rossings were
undoubtedly good for two years mort . "¢} care
face, and they can then be turned and wey ¢ " coo o
more upon the opposite face. It is ne: ~ceryt,ain

from.the number and character of the rai ’

1
panies who have already adopted these crossi comt.
no other kind will long continue to be used. '

in existence.

high-speed
system of moulding, and we have never seen large and

—
and top and bottom flange iron. We hope yet to pub-
lish sections of these girders, as well as of others
about the works worthy of attention. In the tyre-
mill the 60 ft. beams, intended to carry the steam-
traveller, were rolled in one length at the Butterley
Works. These are not at all the heaviest beams
rolled there; and after a close inspection of all the
deep narrow-flanged girders, exhibited at Paris by the
Commentry and Chatillon Company and other French
makers, we risk nothing in s::{mg that no mill on the
Continent can turn out girders to comparé with the
splendid broad-flanged beams rolled by Mr. Alleyne, at

Butterley.

All cast steel is imi)roved by hammering. Steel
castings, made to complicated patterns, or, indeed, to
any pattern, cannot be hammered, however, and the
value of hammering is reserved therefore for ingots
intended for “shapes,” as for tyres, shafts, &c. A
very large portion of the business of the River Don
Works consists in forging and rolling steel ingots to
shape. The chief branch of this business is that of
railway tyres. These are cast, salid, in iron moulds,
placed along the floor of the melting-house. The in-
gots must be as carefully as possible poured to weight,
and weighed afterwards, so that there shall be hardly
ten ounces difference hetween a dozen tyre blauks in-
tended for the same engines or carriages.

The tyre ingots go into the steam-bammer shop,
where they are heated and flattened into *“cheeses,”
and then punched through under the hammer at the
same heat. The heaviest hammer, by Thwaites and
Carbutt, of Bradford, has a head of 15 tons, with 30
tons of steam pressure in addition (with 60 16. steam)
upon the top of the piston. The punching process is
now common with all steel tyre: “ cheeses,” or flattened
ingots. It removes any unsound or “piped” portion
of the casting at the centre, and opens the way for
further rolling. Until Mr. Thomas E. Vickers’s im-

 provement upon the tyre-mill, illustrated in En-

GINEERING of September 28, 1866 (vol. ii, p. 228),
these cheeses required to be hammered out on the
beak iron of an anvil in order to adapt them to the
rolling-mill, of which no example could take a tyre
ingot as punched by the steam-hammer with a 9in. or
10in. hole. The collars upon the rolls required to be
80 large that only an ingot well opened out could be
slipped over them, and this is yet the case with all
tyre-rolling mills except at the River Don Works,
where, haowever, Peter Rothwell Jackson’s mill is
still retained for finishing tyres. The saving of a
single heat upon an ingot, and of the expense which
attends all steam-hammering, is an important one,
and, when everything is taken- into account, we are
disposed to believe that this costs not much less than
44. per ton, or 4s. percwt. At the River Don Works,
the ingot is heated, and then flattened and punched at
one operation, as usual. The puncled ring is again
heated and rolled into a finished tyre at the rate of
one every nine minutes, and we have ourselves watched
the rol of seventeen large driving-wheel tyres,
weighing 9301b. each, in two hours and a half.
With the exception therefore of the heat of the
oriﬁinal meltiny in the crucibles, the material of a tyre
is heated but twice, whereas at every other tyre
works in the kingdom three heats are required, and
of course at an increased cost. Mr. Vickers’s patent
mill is used only for “breaking down” or roughing
out the tyre, and this it accomplishes in from half a
minute to a minute, according to the size of the tyre
and the tyre then goes, at the same heat, to the Jack-
son mill, where it 1s rolled truly to size within a short
space of time. '

Mr. Vickers’s rolling-mill is the only one in which -
the outer and the inner rolls are driven by sepa-
rate engines. The inner roll is purposely made
small, to take on an ingot punched with but a small
hole, and it has not therefore sufficient adhesion of its
own, and requires independent power. The outer
roll is driven by a pair of overhead engines, designed
by Mr. Reynolds, and having 24 in. cylinders and 3 ft.
stroke, while the inner roll is driven by a similar pair,
except that their dimensions are exactly one-third
smaller, being 16 in. cylinders and 2 ft. stroke. With
all its appliances of hydraulic tackle for hauling the

ingot from the furnace, hydraulic cranes for lifting,
&c., this is the most effective and convenient tyre-

The Jackson tyre-mill is driven through large and
spur-gearing cast upon Mr. Jackson’s

heels working more silently.

The civil engineer and engineering architect
find much in_the roofs of Messrs. Vickers’s works to
please him. In the melting-house are plate girders of

ing-house at the River Don Works is in this respect

fast running w
The macﬁi.ne

50 ft. span, made up of single lengths of angle iron | co

-shop in which tyres are turned and
ored (when this is required), wheels and axles fitted
s cut out and turned, &ec., is of large size, and
ins many modern tools of a type representing
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the great difference in engineers’ tool practice as
applicd to stecl and iron respectively. In all opera-
tions by cutting tools, Messrs. Vickers make it a
point to take heavy cuts, and this can only be done
upon steel by tools of great hardness and durability.
Steel for suci tools is made by Messrs. Vickers them-
selves, and is known as “ special steel,” and it & be-
yond comparison the finest tool steel produced. It is
made chiefly for their own use, but it is also sold, at
1s. per pound, or 112/. per ton, and none who have
once tried it will now have any other. We saw it re-
ducing the diameter of a large steel shaft one inch at
a cut, feeding ten cuts per inch, with a surface speed
of 9 ft. per minute, and at this rate the tool requires
grinding but once in three hours.

For these tremendous cuts in a material so hard as
cast steel, the lathes, planing-machines, &c., are neces-
sarily of great strength, and while the speed of the
work is slow, the speed at which the driving-belts are
run is high, the motion being broaght down by treble
instead of the ordinary double gearing. As engineers
are now going largely into the use of steel, as many
as possible should examine the tools provided by the
steel-makers themselves for working it. The best tools
at the River Don Works were made by Smith and
Coventry, of Manchester, some, however, being made
by Sharp, Stewart, and Co. Although the working
speed, or rate of cut, is so much slower than iniron, the
requisite strength is much greater, and this is provided
by very heavy beds, strong spindles, large bearings,
&c. Kor steel it is probable that all fathes above
12in. centres must be treble-geared, as there is a
great advantage in running belts at a good speed and
corresponding‘iry low tension, thereby preventing slip-
ping. One of the lathes, copied from a German
(Bochum) pattern, is driven by a stout worm and
worm-wheel. This lathe is employed mainly for cut-
ting off the heads of castings. Among the great
number of large lathes is one for boring and turning
driving-wheels and tyres, and which can be emplo'ﬁd
also for polishing the bosses of driving-wheels. e
ordinary working speed of the lathe and the speed for
polishing bosses differ so greatly that lathes for the
same purposes had been previously made with two
cone pulleys, and separate gearing to each. Mr.
Reynoﬂis ecided, however, to have a lathe of this
kind with but a single cone pulley, of four speeds,
and he managed the polishing motion by a very simple
arrangement of the inﬁ, throwing out one pinion
and throwing in another. 1t is not easy to make this
clear without a drawing, but tool-makers as well as
many mechanical engineers will fully understand the

oint of what we say. Messrs. Sharp, Stewart and

0. made this lathe, to Mr. Reynolds’s design, and
we observe that they exhibit a sumilar lathe at Paris,
which has been wclfspoken of by many engineers.

In taking heavy cuts in planing steel, the carriage of
the planing-machine is apt to be forced sideways; Mr.
Reynolds therefore ordered a planing-machine of
Messrs. Smith and Coventry, which has noV’s, but only
flat sliding surfaces, with the vertical faces of the hed
trued and grasped by bearing pieces on the carriage.
This is an excellent machine, not only for its steadiness
in working, but it can stand any side cut whatever.

The River Don Works arc unique. Therc are other,

although few, establishments in England which make |

steel castings; but therc are noue vglnich make so many,
50 heavy, and so intricate castings in soft tough steel.
There are none. which make so many nor, we believe,
so good crucible steel tyres.  Vickers’s tyres, or, as they
have been for afew years known, Naylor, Vickers’s
steel tyres, are in great favour on the Loxgdon'and
North-Western Railway, and on other leading lines,
where they are found to be not only cheaper, but
better than Krupp’s, which were at one time aa’soft as
iron, and hardly stronger. In America Vickers’s tyres
are widely used, and their value is freely acknowledged.
The cast-steel crossings arc even more generally
adopted, and it is now well understood that the per-
manent-way accounts of no line can be kept at their
proper figure without them. Besides these, cast-steel
axle-boxes, horn blocks, &c., for locomotives, are now
known to be far better, and, in the end, much cheaper
than iron, and stecl is being largely used for these

urposes.  Cast-steel crauk-axles are, of course,

eyond all question better than iron, and they are
now largely, although not entirely, used. It is notlong
since, when the blocks of steel crank-throws were
slotted out with a 1} in. groove on each.slde, they
could be broken out by wedging once or twice to each
side. Now, steel cranks have been so toughened that
it requires from five to seven of these wedgings
through a ramge of 2} in. to break them out. We
need not further describe the arrangement, machinery,
and appliances of the River Don Works; for what has

been given is sufficient to show, that while they ocenpy
8 distinct and exclusive field of production of iron in
1ts best form, viz., sfeel, they are among the most com-
plete and mechanically perfect in the kingdom, and
33€88 ap]iliances which enable them to produce the
igher qualities of crucible steel goods at less cost
than other works.

TRACTIVE RESISTANCES ON RAILWAYS.
‘ "' (Continued from page 315.) .

Influence of the Size of the Bearings upon the Arle-Friction.

IN the case of the wagons, the average area of the rub-
bing surfaco of cach axle-bearing was 188 square centi-
metres (29.14 square inches) ; whilst in the case of the
engines upon which the experiments wero tried, it amounted
to 462 square centimetres (70.06 square inches). Now it
was found that the values of f” wero:

£7=0018

For wagons ...

Forehgimes... ~ o oo’ (f"=0.059, ;
dnd it is thus- secn that the coefficient of friction is greatly
increascd with tho increase in the area of rubbing surfaco.

It is therefore an advantage, as far as the tractive resist-
ances are concerned, to reduce tho area of the rubbing sur-
faces to & minimum ; but it is nccessary to give tho axles
journals of sufficicnt size to prevent seizing, as well as to
ensure their not breaking down under their load.

This double consideration, the desirability of reducing the
size, whilst maintaining the strength of the axles, le to
making the latter of stecl, and there can be no doubt about
the advantage of using Bessemer steel, which is softer than
cast steel, and stronger than iron. :

Influence of Temperature on the Resistances.

The authors have drawn :‘f two comparative tables—the
first 1ncluding all trains tried at a low temperature (0° to
—3° Contigra§e=32' t026.6° I'ah.), and the second comprising
those trains on which the experiments were made during a
higher temperature (+ 16° to + 20° Centigrade = §9” to 68°
Fﬁ:.). The circumstances under which the two scts of trains
wero tried were, except as regards the temperature, aliko;
and of the axle boxes of the trains, 80 per cent. were lubri-
cated with grease. The coefficients were found to be:

Coefficients of Resistance.
kilogrammes pounds per
ton

per tonne. .
At the low temperatures ... 522 17
”» ig » o 347 7.7
Thus, at temperatures approaching freezing, the tractive
resistance was, with grease axle-boxes, increased 60 per cent.
With boxes lubricated with oil, on the contrary, the influ-
ence of temperature was not observable.

Influence of Inclines on the Resistance.
'l 1('1?:: authors have drawn up scveral comparative tables, in-
clug :
'I‘ra.iis tried on a level ;
Trains tried on rising gradients of from 1 to & millimetres
per metre (=1 in 1000 to 1 in 200);

Trains tried on risi.nf gradients of 5 to 10 millimetres per
metre, &c., up to 17 millimetres per metre (=inclines of
1 in 200 to 11n 100, &c., up to 1 in 58.82).

All the other circumstances (such as atmospheric resistanco,
method of lubricating axles, speed, curves, &c.) influencin,
the tractive resistances wero the same for all these trains ; an
it was found that if the tractive resistanco on a level was re-
presented by a, that upon a ient of an inclination ¢ was
exactly represcnted by a--i, thus agreeing with the well-
known geometrical formula.

Influence of the Length of Trains.

‘We have alre'ﬁly -tatc{l, that in A ger-trains the re-
sistance ton became less as the length of tho train was
i.ncroasot{er The reason of this is that the atmosphere exer-
cises a greater resistance to the first carriage than to any of
the others; and the ave: resistance per carriago is thus
reduced as the number of the latter is incrensed. .
.In trains the length is gencrally much greator, whilst
tho specd is less. The resistanco of the air is thus of less im-
portance ; whilst, on the other hand, the length has the effect
of rcndcringhthe lino of traction oblique on curves, and thus
increasing the frictional resistante; in conscquence, it was
found that in the case of trains the resistance per ton
was in general augmented by ah increase in the length of
the train. .

Thus it was proved that, on a section of the line where
there wére numecrous curves of 1000 metres (3280 ft.) radius,
a train of 42 wagons required an average tractive force oqual
to 1 kilogramme per tonne (2.24 1b. per ton) greater than
was necessary in the case of a train of 28 wagons taken over
the same scction. Tnfluenc

n e of Curves.

In tho caso of passenger tmu;.{, the influence of curves was
not felt if their radius was 15600 metres (4920 ft.) or more,
and if the speed did not exceed 50 kilometres th miles) per
hour; whilst on a curve of 1500 metres (4920 ft.) radius the
resistance of a train of twelve carriages was increased 6 per
cent. at a speed of 56 kilometres (34.77 miles) per hour.

the caso of a goods train of 40 wagons running at a
speed of 26 kilometres (16.12 miles) per hour, the resistance
was inereased 1 kilo o per tonne (2.241b. per ton
English) on a curve of 1000 metres (3280 ft.) radius, and 1§,
kilogrammes per ton (3.36 Ib. per ton English) on a curve of
800 metres (2624 ft.) radius.

On the new lines, where there are curves of 400 metres
(1312 ft.) radius, the influcneo of the curves is generally less
sensible, because the length of the trains has to bo rejuocd
on account of the steep 1nclines which occur simultancously
with the sharp curves.

The authors refer to their completo memoir for observa-
tions on the influences of the state of the linc and of the

couplings.

Influence of the Speed, Resistance of the Air.

‘When the speed is increased, the action of the air displaced
by the train is augmented ; besides which the train tends to
oscillate, which increases the rolling friction. Hereafter, in
spoaking of the establishment of formula, we shall examine

e law which states that the coefficients increase as the
square of the

In starting, the mean resistance has been found to be 18
ki]ciﬂ per tonne (29.1(2 4!911 “)ton) for x trains, and
20 kilogrammes per tonne . . por ton) for passenger
trains. Tho difference proves that the couplings were d.ra?ren
up more tightly in the case of the passonger trains than in

‘ that of the goods traine.*

. Influence of Atmospherio Cwrrents. .

The artificial wind created during the running of & train,
and which has a velocity equal nnﬁ opposite to that of the
train itsclf, cnables an cxamination to be made of the action
of ordinary atmospheric currents.

1 For this purpose the w fitted with the dynamometers
%arricd a vane, by the aid of which the direction of the wind

‘| at any moment’ could be read upon a horizontal divided

circle. By the side of this was placed a compass.

The dizection of the wind was noted in the statiéh ‘'when
the- train ‘was standing;’ and then when the train at-
tained an uniform specd there was recorded the relative
direction of the wind (that is, of that compounded of
the natural wind and that created by the ing of the
train Theuetﬁngoﬁ'of a diagram enabled the runnin,

tf}w dewm;;ncd, angl thgohqotﬁ]d 'glelll be eonstrg
a parallelogram of 8 which the absolute speed of the
natural wind could awer{ainod.

Thus, during the running of the train, tho vane served the

of an anemometer.

It was by these means that it was calculated that an atmo-
spheric current having a speed of 8.4 metres (2768 ft.) per
second produced a diferenco of 30 pervent. upon the remst-
ance of a passenger-train according to"whetlier it blew in the
samo or in a contrary direction to that in which the train was

‘We havoe in our experimental treins-many examples which
prove that, without speaking of exceptional atmospheric dis-
turbances, the resistance.of trains is sometimes doubled,
merely by the action of the wind. The same train was found
to present very variable cocfficients on account of the winding
of the line which caused the wind to cut the direction of
motion at very different angles.

We shall now proceed to tho next question of the pro-

0:

“ To find by experiment a practical formula for caleulatin,
the load which can bo drawn by an_engine, of which the
arrangement, dimensions, weight for adhesion, and other im-
portant particulars are known.”

Wo shall first endeavour to express mathematically the
resistance per ton of the train. .

Let us comparo the regults pf cur experiments with those
of Harding’s formula, of which the form is simple and

rational. e
(4) r=273+0004 X v+‘w,
- In this formula,
r = tho resistance of the train in kilogrammes per tonne.
V = the in kilometres per hour.
S == the area of the front of tho train in square metres = &
uare metres (53.8 square feet).
P. == the weight of the train in tonnes.

This formula has always given results agreeing very closely
with those obtained by experiment.: -

‘We have, after much rescarch, adopted the followinsrﬁyr-
mulm, which agree well with our experimental results. ey
are applicable to trains running on straight lines, or on
thoso having curves of large radius, on a level, and during
good weather. - .

1st. Goods trains—speeds 12 to 32 kilometres (7.45 to 19.87

miles) per hour.
r=165+40056 XV
for trains having the axle-boxes lubricated with oil, and
r=230+40U6XV,
for trains of which the axles are lubricated with grease.
At low speeds the term V2, in equation (£), is of such slight
imgorta.nco that it may be suppressed.
¢nd. Mixed and passenger trains, speed 32 to 60 kilometros
(19.87 to 31 miles) per hour.
0.000x8xV?

»=1.80+0.08 X V4" P
ma;g.mlx’la;o;gﬂl ::::m, spec‘ad 50 to 656 kilometres (31 to
=180 T4 20MSXT
4¢h. Express tra.ms, 8 to 10 -w:rringosr-epeod' 70 to 80
kilometres (43.47 to 49.68 miles) per hour.
»=1.8040.14x V4 LOHUX XV
For calculating the additional reeistances due to ients,

curves, &c., wo refer to the paragraph concerning the second
question of the programme.

(To be eontinued.)

¥ - S
. Trie FLokmA Axp Cumi Capie.iGeneral William F.
Smith, the president of the Florida and Guba Cable‘Company,
states that the delays and failures that have heretoforg occurred
in the working of the line have been owing to causes beyond
the control of the company; that the cable is now working
through from Lake City, klorida, to Havannah, and that they
hope and expect hereatter to forward promptly between these
points all messages intrusted to them.

-

¢ Wo may mentjon that in France the goods wagons gre gene-
rally provided with serew couplings.—Ep. E, b
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GUN-COTTON.

ALTROUGH it is now twenty-one years since, in
1846, Schonbein brought gun-cotton fairly before the
public, and although more or less explosive sub-
stances, almost identical with gun-cotton 1n their com-

sition, had been discovered many years previously

y Braconnet and Pelouze, it is really only within a
recent date that this material has been produced in
such a form as to be capable of anything like practical
application. The great value of gun-cotton as an ex-

osive agent has lonibeen known and appreciated ;

ut its advantage in this respect was until within the
last few years marred by the fact that its power could
not be controlled with any degree of certainty. As
formerly made, also, gun-cotton was not a stable sub-
stance—that is, it became altered and deteriorated by
storage, a fault now known to be entirely due to a
defective process of manufacture. Thus 1t was that
gun-cotton fell into disregtcne, and many people who
in 1846 considered that Schonbein’s discovery would
lead to the use of gunpowder being abandoned, altered
their minds, and began to look upon gun-cotton as
beinf an interesting chemical production, but one of
but little, if any, practical value.

In 1862, however, Baron von Lenk, then a captain
in the Austrian artillery, brought gun-cotton again pro-
minently before the public. Baron von Lenk esta-
blished two great facts, first, that by exercising proper
care in the manufacture, gun-cotton could be made
more stable and uniform in its character ; aund, secondly,
that its explosive power was capable of heing -
lated by mechanical means. Baron von Lenk’sr;ﬁl
was to regulate the violeuce of the explosion by form-
ing the gun-cotton into yarn, and plaiting up the yarn
more or less tightly, according to the purpose for
which the gun-cotton was intended. In the case of
cartridges for firearms, also, various other mechanical
contrivances were tried for ensuring the gradual com-
bustion of the %un-cotton and the consequent mode-
ration of the explosive power; but these contrivauces,
ingenious as many of them were, were only to a cer-
tain extent successful. The plaited gun-cotton could
be made to burn with almost any required degree of
slowness in the open air; but, when enclosed, the
plaits forming the main bulk of the charge were likely
to become deranged by the explosion of the portion
first fired, and the consequence was a great degree of
uncertainty as to the manner in which the charges so
prepared might operate.

ollowing Baronvon Lenk, Mr. Abel, the well-known
director of the chemical establishment of the War
Office, has introduced most important improvements
in the manufacture of gun-cotton, and its adaptation
to various practical purposes. Mr. Abel has not only
thoroughly tested and verified the discoveries of Baron
von Lenk, but he bas introduced many new methods
of treating the material, which are of very great value.
The main feature in Mr. Abel’s plans is that he re-
duces the cotton-yarn, after its conversion into gun-
cotton, into a pulp, this pulp being afterwards utilised
in various ways according to the purpose for which
the gun-cotton is intended.

At Messrs. Prentice’s works, at Stowmarket, where
the manufacture of’s\m-cotton has been carried on ex-
tensively for several years past, the system of pulping
the cotton is now in reiular use, and we propose, next
week, to describe the whole process of production. At
present we intend only to touch uggen the more salient
points. In the first place, they bestow great care on
the thorough cleansing of the cotton-yarn before con-
version, and, secondly, they are equally careful to
remove all traces of acid after conversion by a most
elaborate system of washing. Lately, in addition
to this washing, the pulp has, at the suggestion of
Mr. Abel, been finally treated with an alkaline solution,
so that even the slightest traces of acid are thoroughly
destroyed. In the case of mining charges, the
gun-cotton pulp is subjected, whilst in the moist
state, to great pressure in moulds, and it is thus
formed into cylindrical * charges” of any required
length or diameter. These charges are afterwards
covered with a peculiar kind of paper, termed artificial
vellum, and are then carefully dried at a temperature
of about 140°.

For producing gun-cotton cartridges for fire-arms
a different process is followed. In this case the gun-
cotton pulp is mixed with a certain proportion of ordi-
nary cotton pulp—an important point in the manufac-
ture—and then made into a thick kind of paper, which
is afterwards cut into slips, rolled up into car-
tridges, enclosed in a case, and covered with a thin
coating of india-rubber, some exceedingly ingenious
macbines bei% employed for carrying out the various
operations. When in full work, these machines turn
out 16,000 cartridges per day, a fact which will give
some idea of the extent of the manufacturing opera-
tions at Stowmarket. The cartridges, we should men-
tion, are manufactured in a distinct department of the
works, and the power of production above mentioned
refers to this department alone, the manufacture of
the mining charges occupying an independent section
of the establishment.

"The system of manufacture now followed by Messrs.
Prentice—a system which, as we have said, we shall
describe in detail next week—has not been arrived at
without much expenditure both of time and money.
There has probably not been a process connected with
the manufacture of gnn-cotton, proposed during the
last few years, which has not been more or less experi-
mented upon at Stowmarket, and it is a great feature
in their system of manufacture that any process has
been, and is, at once discarded on it being proved that
a better one can be substituted for it. By proceeding
in this way they have at length got gun-cotton under
command, and they are now cagable of producing a
material the explosive power of which can ge re%ulated
almost as desired. e say, almost, because there is
still at least one purpose for which gun-cotton has not
yet been adapted with perfect success, and this is as
an explosive to be used in heavy ordnance. The pro-
duction of a form of gun-cotton suitable for use in
ordnance is, however, probably only a matter of time.

For small arms, and particularly for mining pur-
poses, the advantages of gun-cotton seem to be very
thoroughly established. As compared with -
powder, it has the advantage of not being injured b
moisture, and it can thus be stored in a wet state wit|

rfect safety, and dried as required foruse. Itmust,

iowever, be thoroughly dried, and this is a point which

should be kept in mind by all who use gun-cotton. In
the case of mining operations, it enables a greater
amount of explosive power to be concentrated in a
given space than when gunpowder is employed, and
the fact of its producing no smoke when exploded is
also a great point in favour of its use for underground
working. It is now being very extensively used for
mining purposes both at home and abroad.

FERRO-MANGANESE.

In the history of the Bessemer process the name of
ferro-manganese will, under all circumstances, have
an important place. The manufacture of this sub-
stance (which has now been interrupted, or perhaps
finally given up, by the parties who first succeeded m

ing it, practically and commercially) may have
proved unprofitable as far as the past and present
state of the market, and of the steel manufacture, is
concerned ; but there can be no doubt that with the
further extension of the Bessemer process, and with
the application of it to the manufacture of the softest
kind of steel or malleable metal, such a substance will
have to be again brought into the market, and it will
ultimately find its place amongst the metallurgical
products of every-day use in steel-making by almost
all modern processes. The manufacture of ferro-man-
ganese was commenced, at Mr, Bessemer’s suggestion,

by Mr. Henderson, of Glasgow, who invented and
patente:ll a process for the .prodnﬁgi? of all&ygse o;
iron and manganese, cont.u.m.n% a high percen 0
the latter metal. A Siemens furnace was erected for
carrying out this process at the Pheenix Foundry,
Glasgow, about three years ago, and the mauufacture
of ferro-manganese was commenced with apparently
good commercial results, and certainly with the
greatest success, as far as the quality of the product
was concerned. The metal has a price in the market
depending upon its percentage of mangauese, the
steel-makers paying 1J. per ton of ferro-manganese
for each per cent. of pure manganese contained in it.
A ton of ferro-manganese, for example, guaranteed to
contain 23 per cent. of manganese, was sold at
23/, and at that price it was upon a par, as far as
manganese is concerned, with the average of German
spiegeleisen which (containing about 7 per cent. of
manganese) stood at 7/. in the quotations of iron-
merchants in this country. The mode of manufacture,
according to the prescriptions of the patent laws in this
country, ought to have been clearly and intelligibly
described by Mr. Henderson in his final specification
but this document is one of the most remarkable articles
of its kind, and defies any attempts to put an intelligible
construction upon its mysterious wordi In fact,
we have no hesitation in stating that this patent of
Mr. Henderson’s is void and illegal, on account of the
non-fulfilment of the first and most important eon-
dition upon which a patent is granted in England,
viz., the filing of a clear and intelligible specifica-
tion.

The mode of manufacture, as carried on in the
Phenix Foundry, consisted in mixing carbonate of
manganese—a substance obtained in soda works as one
of the products of the manufacture of bleaching-powder
—with an almost equal quantity of a pure calcined
iron ore, also drawn from a soda works, in which it
formed a kind of refuse. ‘T'he original substance which

ields this iron ore is a kind of iron and copper pyrites
ound in large quantities on the south coast of Spain.
This one consists Frincipall of .iron, copper, and
sulpbur, and each of these elements can be obtained
from it by a special process. The first operation, and
the one carried out at the soda works, is the conversion
of the sulphur into sulphurous and finally into sulphuric
acid. The ore is for this purpose calcined, or burnt, in a
current of air, which converts the sulphur into gaseous
acid, and leaves the residuum of iron and copper in
the shape of a porous dry mass. Theoperation of burning
this ore is at present very largely carried out at the St.
Rollox Works, Glasgow, where one of the largest and
finest apparatus for the manufacture of sulphuric acid
is in operation. The residue is next passed into the
works of the British Metal - extracting Company
(Limited)—a company formed for working some of
Mr. Henderson’s patents for an improved mode of ex-,
tracting metallic copper from its ores. Mr. Hender-
son calcines his ores with a mixture of salt and
sulphur. He thereby causes the separation of free
chlorine gas from the salt, and causes this latter to act
upon the copper in the ore, which, in combination with
the chlorine, forms a soluble and even a volatile sub-
stance which is drawn out in solution from the ore by
means of hot water. The copper is in this manner
removed in its dissolved state, and the solid matter
withdrawn from this process consists of oxide of
iron purified from all its admixtures, and in a
state of mechanical aggregation which makes it
very suitable for reduction. This iron ore, ob-
tained as a residuum or waste product from
the copper works, was the second raw material em-
ployed by Mr. Henderson for making ferro-manga-
nese. The two substances, viz., carbonate of manga-
nese and oxide of iron, were mixed with charcoal-
powder or coke-dust, aud the whole mass charged with-
out the use of crucibles into the Siemens furnace.
The reduction of both metals, iron and manganese,
took place simult.aneouslg, and the percentage of man-
ganese increased with the temperature, but not with
the quantity of manganesic matter put into the charge,
all surplus of the latter going into the slag, and eating
through the fire-bricks of the furnace in a remarkably
short time. This destruction of bricks by the chemical
action of the manganese slag was, in fact, the great
trouble and difficulty in this process. It went so far
that the powder carried into the regenerators by
the current of gases, and afterwards heated when
in contact with the bricks, melted and destroyed
even these portions of the furnace, and neces-
sitated frequent repairs, The bottom of the furnaces
was lined with coke-dust and graphite, and this stood
better than the exposed surfaces of the fire-bricks in
the other portions. The metallic alloy of iron and
manganese produced ranged in its percentage from
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17 to 30 per cent. of manganese, and it was very free
from other impurities. The Bessemer steel works
employed it for the manufacture of the softest articles,
such as boiler plates, angles, &c., but its high price
prevented its use in the manufacture of rails, and,
consequently, the demand remained smaller than was
originally expected. The manufacture of this metal
has, therefore, not been continued at the Pheenix
Founl;i:Iv, and, consequently, this useful and valuable
material does not at present exist in the market. Steel-
makers are now entirely dependent upon spiegeleisen
for the necessary supply of manganese, and although
they have succeeded in making the spiegel give suffi-
ciently good results, there still remains an acknow-
led%ed want of a richer mangaunesic alloy, and this
will probably make itself felt all the more when the
attention of Bessemer steel makers is more largely
turned to the manufacture of armour plates.

ARTIFICIAL GRINDSTONES.

We have already noticed in this journal the suc-
cess which has attended the application of Mr. Ran-
some’s beautiful process to the manufacture of artifi-
cial grindstones—a success which is so marked that
there seems little doubt that the use of natural stones
for grinding purposes will eventually become the ex-
ception instead of the rule. Amongst other firms,
Messrs. Bryan Donkin, and Co.,the well-known engi-
neers, of Bermondsey, have tried experiments which
very decisively prove the advantages of the artificial
over the natural stones. Messrs. Donkin were first
supplied with a gair of Mr. Ransome’s artificial grind-
stones in December last ; and early in the present year
they carefully tested these stones, and compared their
efficiency with some Newcastle stones at their works.
Both the natural and artificial stones were mounted in
pairs on Muir’s plan—a system in which the peripheries
of the two stones of each pair rub slightly against
each other, with a view of causing them to maintain
an even surface ; and the twosets of stones were tried
under precisely the same circumstances, except that
the Newcastle stones had a surface speed more than
20 per cent. greater than that of the others.

he trials were made as follows: A bar of steel, § in.
in diameter, was placed in an iron tube containing a
spiral spring, and the combination was then arranged
50 that the end of the bar projecting from the one end
of the tube barely touched one of the artificial stones,
whilst the other end of the tube rested against a block
of wood fixed to the grindstone-frame. A piece of
wood of known thickness was then introduced be-
tween the end of the tube and the fixed block,and
the spiral spring, being thus compressed, forced the
piece of steel against the grindstone. The same bar
of steel was afterwards applied in the same way, and
under precisely the same pressure, to the Newcastle
stone, and the times occupied in both cases in grinding
away a certain weight of steel from the bar were accu-
rately noted.

The results were that a quarter of an ounce of steel
was ground from the bar by the -artificial grindstone
in si2¥een minufes, whilst to remove the same quantity
by the Newcastle stone occupied elever kowrs ; and this
notwithstanding that the surface speed of the latter was,
as we have stated, more than 20 per cent. greater.
Taking the 20 per cent. greater speed of the Newcastle
stone into account, it will be seen that the 11 hours
run by it were equal to 133 hours at the same speed
as the artificial stone, and the proportional times oc-
cupied by the two stones were thus as 16 minutes to
133 hours, or as 1 to 52, nearly!

Such a result as this is something more than re-
markable, and it is one which would scarcely have been
credited, even by those who made the experiments, if
it had not been fully corroborated by subsequent ex-
perience in the working of the artificial grindstones.
Since the experiments above described were tried,
Messrs. Donkin have set another pair of the artificial
stones to work, and these, which are now in regular
use, have given even more satisfaction than those first
tried. 'The saving in time and, consequently, in
labour effected by the use of the artificial grindstones
is, in fact, so great, that Messrs. Donkin have deter-
mined to use these stones cxelusively in future ; and
we may add that the artificial stones are so much pre-
ferred by the workmen, that those men, even, who are
employed in shops at some distance from that in which
the stones at present in use arc situated prefer taking
the trouble to go to them to using the Newcastle stones
in their own shops. In addition to their great efficiency,
the artificial grindstones possess the advantages of being
able to be manufactured of any size, and of any degree
of coarseness of grain, and they can thus be specially
adapted to any particular class of work, whilst the
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process of their manufacture énsures their being of
uniform texture throughout, and free from the flaws
and hard and soft places found in natural stones.
Altogether, we believe that the general adoption of
the artificial grindstones is merely a matter of time.

LOCOMOTIVE ECONOMY.
(Continued from {age 337)

A MosT important question for Jocomotive engineers,
one which, although it was supposed to have been
settled years ago, is still open, is that of the best
diameter of driving-wheel for fast trafic. Nearly all
are now agreed that large wheels, say from 7 ft. to 8 ft.
in diameter, are objectionable. By their use the speed
of the pistons is kept down to a moderate limit, but
they involve great engine weights.

With the same stroke and the same average pressure
of stcam upon the piston, an engine, with but 14} in.
cylinders and 5 ft. wheels, has thie same tractive force
as one with 18 in. cylinders and 8 ft. wheels. For the
same speed in miles per hour the smaller wheel would,
of course, have to turn 13 times faster than the large
one, and the piston speed would be as much greater.
The tyres would, of course, wear out faster; but it is
a fact that stecl tyres now enable locomotive superin-
tendents to work their engines with smaller wheels
than formerly. Mr. Sacré is_working the express
trains of the Manchester, Sheffield, and Lincolnshire
Railway up what locomotive engineers understand as
‘“ steepish gradients,” with coupled wheels 5 ft. 6in.
in diameter, and these do not appear to distress the
engine when going 40 miles ang upwards per hour.
The more frequent exhaust of steam into the chimney
cnables the boilers of the smaller engines to boil off
morc water from a given heating surface in an hour
than can the big-wheel, big-cylinder engines, with ever
so many thousand feet of tube surface. It is notorious
among locomotive engincers that no big-wheeled and
big-boilered engine ever -did all that was expected of
it, nor could it without a more frequent blast in the
chimney than can be obtained with a driving wheel
making but from 210 to 240 revolutions per mile.

An important matter in connexion with locomotive
boiler-making is the prevention of furrowing, to which
so many types of boilers are now subject. There is
good evidence that furrowing is due to mechanical
and not to chemical causes, and it is found that boilers
of which the joints are formed by both outside and in-
side strips, and which are not taxed with the strain of
the cylinders fastened to the smokebox, do not furrow.
In this case, too, the rivets are in double shear, and
are therefore twice as strong as when used in the
ordinary manner. Thick-edged plates have not
come into extended use for gboi]ers, but their ad-
vantngics are evident, and descrving of more atten-
tion than is Said to them. They were, we believe,
first proposed and used by Mr. Fairbairn, who
employed them in making the boilers of the Grappler
many years ago. They are applicable, as now rolled,
only to the circumferential seams of boilers, and the
longitudinal secams should be welded, as is the prac-
tice on the Midland Railway. Stcam-rivetting is now
largely adopted for locomotive boiler work, and hand
rivetting has been quite abandoned in the best shops.
Where Garforth’s machine is used, care should be
taken not to apply too great a strain upon the plate, and
carcful locomotive eugineers rccommend for 4 in.

lates but 25 1b. steam on a 42 in. piston, progress-
g by 10 1b. for cach additional 5th in. of thickness.
Firebox stays are now put in by machine in the best
shops, and 1t is time that they were thus put in in all.
As for rivet-holes, we are glad to find that a few
engineers now insist upon drilled holes throughout,
ang in the boilers of the engines now making by the
Yorkshire Engine Company for the Great Indian
Peninsula Railway all the rivet-holes are drilled to
template. In boilers in construction at the same
works the tubes have no ferrules at the smokbox end,
and it is, indeed, remarkable that these needless
obstructions have been so long continued in use.
They do no good, but do harm by choking the escape
of soot and ashes. In American engines the smoke-
box tubeplate is never more than #in. thick, and
ferrules are mnever set in it. The tube ends are,as
tight, however, as could be wished, for, as the drivers
of that country say, *they never shed a tear.” To
set tubes quickly and properly, and so that they can-
not leak, Dudgeon’s mandril, 1llustrated in our pages
a year ago, and now in use by Mr. Adams, of the
North London Railway, is the best contrivance yet
introduced. It is the fault of the patentec that he
has appointed no agent and granted no licenses in
England, and this wholly from neglect. He deserves
to lose, as he must lose, the advantage of his really
valuable invention in this country.

Those engineers who keep down the tubes of their
engines to a little above the centre of the boiler, so as
to give a large area of water level, find the advantage
of it in a command of plenty of good dry steam. This
is a point which, even yet, does not always receive the
attention it deserves.

An interesting subject for careful experiment would
be the determination of the best size of smokebox.
This is a point which has never been fully dealt with
as it deserves, although one or two clever engineers
have, for a long time, insisted upon the advantages of
a large smokebox. It is a fact that where it has been
attempted to lessen the cubic capacity of the smoke-
hox by contrivances for taking the gases from the
tubes more directly up the chimney, a much sharper
blast has been required, and the American engines,
which have the smallest blast nozzles and the greatest
hack pressure known, have also the smallest smoke-
boxes, these being merely a short continuation of the
barrel of the boiler.

The economy of mud-hole plugs, properly placed, is
remarkable, and no locomotive engineer, accustomed
to send his engines into districts yielding chalky or
impure water, will misunderstand our meaning. They
should be fittted not only to the bottom, but to the
top of the firebox, and (at the crown) in the “hit and
miss” fashion which ensures the whole of the roof of
the firebox being brought under periodical inspection.

(To be continued.)
THE BROOKLYN BRIDGE.
Mgz. Jonr~x A. ROBBLING, the engineer of the s nsion”
bridge which is to be constructed to connect New York and

Brooklyn, has recently published a report giving an account
of this great work. After stating his reasons for selecting
what he terms the * Park route” for his bridge, he says:

“ Between the two termini the whole length of the bridgo
will be 5862 ft., though this may v after the Brooklyn
terminus shall have been finally locaﬂ

¢« Of this whole length 3480 ft. will be suspended in three
openings. The central span will cross the river from pier
line to pier line, without impeding the navigation, in one
single span of exactly 1600 ft. from centre to centre of
tower. From cach tower toward the land side half spans
will be supported by the land cables, 940 ft. long cach, mea-
suring from the centre of the tower to the face of the anchor-
wall.  From the anchor-wall on the New York side, a dis-
tance remains of 1337 ft. to Chatham-street, opposite the
Registrar's Office. The distance from the anchor-wall to
the Brooklyn terminus measures 837 ft. The greater length
of the bridge, therefore, forms a suspension-bridge proper.

“For a better understanding of the subjeet, those por-
tions between the anchor-walls and the termini I 1
call approachcs. These approaches will be supported b
iron girders and trusses, and these will rest at short intervals
upon small piers of masonry or iron columns, located within
these blocks of buildings which will be crossed and occupied.
These pillars will form parts of walls needed for the division
of the occupied ground into stores, dwellings, or offices. In
every such case the bridge floor will be constructed perfectly
fire and water proof, 8o as to serve as a roof to the blocks of
houses and stores underncath. The streets will bo crossed
by iron girders at such elevations as to leavo them unob-
structed. This can be accomplished even in the crossing of
North William-street, in New York, so that on this gide no
necessity will ariso for the vacation of any one street. In
the crossing of Franklin-square, both girders and trusses will
be employed. From the anchorage toward the river tho
bridge floor is suspended to the cables, and therefore needs
no support. The clevation will be so high that the roofs of
the buildings underneath will be cleared. This elevation at
the anchorage will bo 85 ft. 8in. above high tide, ascending
toward the river at the rate of 3ft. 5in. in cach 100ft.
The iron framing which forms the bridge floor is 80 ft. wide.
This width is E.i\'idod in five spaces marked by six lines
of iron trusses. The two outside spaces arc 15 ft. wide in
the clear between the chords, and 15 ft. 5 in. between the posts,
and form roadways for all kinds of common travel. Iron
tramways are laid down, 18 in. wide, for tho wheels to run on
the same arrangement as on the Cincinnati bridge, leaving a
width of 4 ft. 8} in. in the clear for horses to walk on. The
remaining 6 ft. serve cs a sidewalk for pedestrians.  All
vehicles and passengers who go by the roadways will take the
right-hand track, which arrangement will prevent crowding
and confusion. The next two spaces are 13 ft. wide cach,
and are to be provided with steel rails for the running of two
passenger trains of cars, back and forward, alternately. These
trains will be attached to an endless wire rope, which is to be
propelled by a stationary engine, located on the Brooklyn
side, underneath the floor. Thesoe two tracks, therefore, will
be treated exactly like an inclined plane, an operation per-
fectly simple and perfectly understood. I propose an effective
running speed of 20 miles per hour, as perhaps the one most
likely preferred.  But this speed in the centre of the bridge
may be increased to 30 and even 40 miles (fx-r hour, with
entire and absolute safety. The starting and stopping will
be gradual, and will be entirely under the control of the en-
gineer. Allowing for the discharge of a train one minute,
and for its filling another minute, including the time con-
sumed in stopping and starting the train, there remain three
minutes to run over one mile of the bridge. The number of
cars may bo increased to ten in each train, each car 50 ft.
long from coupling to coupling, and 11} ft. wide outside, with
a capncitgeto seat one hundred persons comfortably. Kach
car is to be divided crossways into eight coupes or sections.
Each section will have two scats, fronting each other,
and each seat will admit six to eight persoms. I allow in
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this estimate twelve to thirteen persons for each section, or
about one hundred persons forone car. Each section has two
opposite doors, one for coming in, the other for going out.

ese doors are to be suspended sliding doors, and connected
with each other by light bars, so that the eight dpors on each
side of the car can be opened or closed at one operation by
the conductors. Two conductors will go with each train, and
attend to the opening and closing of these doors. The dif-
ferent cars being all attached to the same wire rope, their re-
lative position will be fixed, and the rows of doors an each
train may be opened or closed by a small windlass ‘on the
platform at each end. Each car will be supplied with such a
windlass, so that the number of cars may be either incrensed
or diminished, or the closing and opening may be made self-
acting as the trains leave or enter the depét. Each ear has
opposite doors ; those which point forward the centre of the
line aro for entering, the opposite ones serve for going out.
On the arrival of a train the 1nside passengers stép out through
the outside doors upon an independent sidewalk of 10 ft.
wide, which leads out of the depdt, either to the right or left
of the central walk, without interfering with' the incomi
passengers. For this reason the whole width of the bridgo is
widened out to 100ft. for a length of BOOft. at each end
terminus.  Qutside of these sidewalks are the common road-
ways securely fenced off. It is proposed to build the cars
substantial gut light, entirely of iron and stecl. Another
system of running cars suligests itself, which may be termed
the circulating system. place of a reciproeating motion
of the two trains, the wire rope is kept running around in one
direction only, and each car, singly, asit fills with passcngers,
is to be attached to the ro ani started. On its arrival at
the opposite end this car is detached, discharged, and run over
to the other tract, and in its turn conveys a load back again.
Thus the cars will be kept moving singly, in a circular route,
always crossing at the ends, from one track to another. At
first sight this system scems to recommend itself as the best
of the two; but there will be some practical difficulties to
overcome, which can only be done experimentally on alarge
scale. I think I can make this system work successfully ;
but at present I prefer the other as one perfectly established,
and involving no new and untried features. ¢ wire ropes
are supported on small rollers every 15ft. They are to be
driven by steam-engines located “on the Brooklyn side.
These engines will be double, cranks set at right angles.
Duplicate sets of engines and boilers will be mviﬁod, 80 that
one sct may always be kept in order, ready for action, should
anything occur to the other. There will also be a spare wire
rope, ready laid down upon the tracks, so that the old may
be repl at any time of night, should it become necessary.
In a case of emergency the bridge would be taken possession
of by the military authoritics. Running full trains, day and
night, say one train every five minutcs, twelve trains with
1000 men each will be passed over to Brooklyn every hour,
or 283,000 men in twenty-four hours in one direction.
Adding the men who can pass on foot over the central walk
and over the rondways, together with the artillery and bag-
gage trains, the total number that may be passed without
crowding would reach nearly half a million.

“The central or fifth division of the bridge floor forms an
elevated promenade. At each terminus, where the bridge
floor is widened out to 100 ft., the central promenado is ]5%&
wide, and its floor is on a level with the floors of the railway
cars. chond this, where the anchorage is reached, its level
will be raised to the top chords of the central trusses, as re-
presented in the cross section of the suspended structure. At
cach tower the promenade further ascends 6 ft. by means of
flights of steps, and is divided into two walks, which pass
around the central pier, highenough to allow the railway cars
to pase under it.

“The cables of the East River Bridge will have a deflec-
tion of 128ft., which is J%th of the span  The best quality
of iron wire, if suspended over a chasm of about 6000 ft.,
and with a deflection of ,%, or 480 ft., will only bo exposed
to one-third of its breaking strain. Reducing the width of
the chasm to 3000 ft., the tension will only be one-sixth of
the breaking strain. It is plain, therefore, that the central
span of the East River Bridge, which is only 1600 ft. from
centre to centre of tower, is far within the safe limits of
good wire. A span of 1600 ft., or more, can be made just
aa safe, and as strong in proportion, as a span of 100 ft.
The weight of suKemtructum of the East River span, as far
as supported by the cable and stays, and including the weight
of four steel pablc-s, is equal to 3483 tons. The maximum
transitory weight, which can at any one time come on the
bridge by crowds of people on the road and footways, and
the railway trains fully loaded, will be 1270 tons, making an
aggregato of 4753 tons.  In this calculation the maximum
weight on the road and footways is assumed at 301b. per
superficial foot, which is the actual weight of a dense t'row-f((‘)f

ple moving freely and promiscuously.  More weight can

placed upon the floor, but not without packin It is
further assumed that the superstructure is suspended to four
cables of 11 in. diameter cach, made of the best quality of
steel wire, and which are assisted by 280 stays, cach stay of
an ultimate strength of 100 tons neat. = The aggregate
strength of the cable stays will be equal to six times the ten-
sion that will result from the above maximum weight.

“The (Luestion whether iron wire or steel wire should be used
in the cables need not be decided now. If iron wiro is em-
ployed, tho cables will have to be ncurly 36 in. in diameter,
in placoof 11 in.of steel. To guard agninst vertical and hori-
gontal oscillations, and to insure that degree of stiffness in
the flooring, which is absolutely necessary to meet the effects
of violent gales in such an cxposed situation, I have provided
six lincs of iron trusses, which will run the whole length of
the suspended floor from anchor-wall to anchor-wall. The
iron floor beams, which are spaced in pairs, 7 ft. 8 in. apart,
intersect the longitudinal trusses at rnight angles, and aro
rivetted to the middle chonls and to the upright ts. The
height of each truss is 12 ft., the floor being laid above the
centre, so that the upper part of the truss-frames answers
for protection, as well as division, in place of railings. Thoso
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of the longitudinal trusses, which extend below the
oor-beams, afford an exccllent means for lateral trussing
and bracing.
“The East River Bridge will form a huge truss of 1600 ft.
an, and a depth of 160ft. The towers form one supporting
element, the framing of the floor forms the second, and the
extensive system of stays forms the third. The stays are
arranged in four djstin%xlnnos connceted by the floor.
The latter, in connexion the stays, will support itself
without the assistance of thé cables. T{e weight of the super-
structure, without cables, -will be 2675 tons. Now, the su;l)-
rting power of the sta¥d alono will be 15,000 tons, ample
to hold up the floor. If the eables were removed the bnfrEo
would sink in the centre, but would not fall. To uphold the
centre of the bridge, to provide for greater strength and
security, and to maintain tho integrity of the whole, the four
cables are added.” . i

NOTES FROM THE NORTH.
. Grascow, Wednesday.

The Glasgow Pig-iron Market.—Since my last, the local pig-
iron market has varied from “ further improved” to * firm,”
“gteady,” “flat,” and *‘quiet.” Last Wednesday the prices
had risen stil further, and were quoted at 55s. 3d. to 55s. Gd.
cash, and the same Erices were obtained the following day, and
H3s. 8d. ata month was taken at the close of the market.
Since then prices have fallen somewhat, and a large business
has been done at 55s. 8d. and 53s. cash. No. 1 Gartsherris
and No. Coltness have varied very little from 61s. 8d. The
Ardrossan shipments for the week ending 17th of October
amounted-to 2695 tons, includiug some small foreign orders
reaching to 395 tons. The shipments from Glasgow for the
week ending 19th October were 2505 tons, including 1185 tons
for foreign orders. ’

The Caledonian Railway Afairs.—Notwithstanding the con-
fidence with which the chairman of the Caledonian Ruilway
Company referred to the financial state of the company at the
half-yearly meeting recently held in this city, writers in the
press and pamphleteers have continued to urge that there is
t:gomething rotten in the state of Denmark,” and to such an
extent, indecd, that a crisis, quite a panic even, bas occurred
this week. Twelve mooths ago the Caledonian stock was
at 121%; two months ago, at 113%; a month ago (about. the time
of the meeting), at 1074 ; a fortnight ago, at 1048, On Satur-
dul( last the shares closed at 92§, opened ou Monday at 89, and
fell by rapid ‘strides until they reached 834, closing at 88§.
They have improved since very materially (even to 95 to-day),
and so contident are the directors in the really healthy state of
the affairs entrusted to their management, that they have
offered to allow their books to be freely opene& to the inspection
of a number of the shareholders, whose commercial positions
are such as 1o give them some claim to request such an inspec-
tion. It is very probable that a public investigation, such as
the North British had to submit to, will not be called for or even
be necessary. o

Scotch Locomotives on English Railways.—~As a pendant to
your article last week on the Hyde Park Locomotive Works, I
may mention one or two fucts comcerning the extent to which
Messrs. Neilson and Company’s Jocomotives are being introduced
on English railways. Within the last two or three years, this
firm has contrived to make its name known in London and
other railway centres as a foriniduble rival to the leading English
firms. For some tithe past the Great Northern and the London,
Chatham and Dover Companies have been buying their new
engines almost exclusively from Messrs. Neilson and Company,
and the superiority of the finish of those specimens, which are
now in the service of the compauies just named, amply justifies
the selection made Ly them. Messrs. Neilson and Company
have also supplied a large number of engines, both for goods
and passenger traffic, to the Great Eastern, the Manchester,
Sheffield and Lincolnshire, the North Staffordshire, and other
companies. The goods engines on the lines of the two com-
panies lust named are of a very powerful character, and are
carefully finished in all their parts. The London, Chatham, and
Dover éompany have now fourteen of Messrs. Neilson and Com-
pany’s engines running on their line, and they are gradually re-
placing the former locomotives in the working of the Metropoli-
tan Extension of that company's system. They are all appro-
priately named from different islands or rivers of the north—
Annan, Arran, Bute, Clyde, Esk, Iona, Islay, Jura, Kelrin,
Nith, Spey, Staffa, Tay, und Ulva, forminf together a perfectly
uniform stock of engines probably unequalled 1n the kingdom.

Unfortunats Mishaps in Dundee.—A fortnight ago, two
Dundee shipbuilding yurds and their contents were destroyed by
fire, together with many of the workmen’s chests of tools.
The property destroyed on that occasion was valued at 50,000/
or 60,000 The Patent Slip Dock, clusely adjoining one of the
yards, was placed in imminent jeopardy by the fire, but,
fortunately, it escaped. * Misfortunes never come singly,” it is
said, and to verify this maxim another most unaccountable acci-
dent has occurred this week at the Dundee Gas Works, not in-
volving much damage to property, it is trae, but attended with
severe injuries to eleven of the workmen who were concerned,
with possibly fatal injuries to three of them. Messrs. Laidlaw
and Son, the eminent gas engineers ot this city, are engaged in
the erection of a very lurge gasometer, some 100 ft. in diameter,
and on Monday afternoon their foreman was engaged in super-
intending the lowering of the first portion of it—a belt of about
4 ft. in breadth—into a circular excavation 104 ft. in diameter
and 25 ft. deep, when all of a sudden, and without any fore-
warning, the whole belt swayed, doubled up, and fell, carrying
with it the scaffolding and eleven of the men stationed on it,
each of whom was taking charge of one of the twelve screws
by means of which the seven tons of boiler-plate sheet iron was
being lowered. L'he result which followed is beyond deserip-
tion. Where the fault lay nobody can tell, for the same
lowering screws as were used have frequently had their powers
tested before; only a short time ago, indeed, they were em-
ployed in_lifting and lowering & gasometer in Dundee which
weighed 20 tons.

.| into

The Geological Survey of Scotland.—This great work, first
commenced under the personal superintendenco of Professor
Ramsay, is now making considerable Progress in the hands of
Mr. Archibald Geikie, the present local director of the survey.
Mr. Geikie has just been lecturing upon this subject to the
Philosophical Society of Greenock, and has stated some inter-
esting facts about it, especially interesting to the great coal and
iron masters of this country and several others embraced in the
Scottish coalfield. The counties of Fife and Kinross are finished ;
Lanarkshire and Peebleshire were becun in 1862, and the latter
is completed ; but until now the geological maps have not been
ahihb?e, owing to the backward state of the Ordnance Survey
the maps of which are used as the basis for the records of the
geological surveyors. Ground was broken in the southern part
of Ayrshire in the antumn of 1863. Nearly the whole of that
county is now finished, and the survey is moving northwards

l{enfmwshire, and eastwards into Lanarkshire. As all the
6in. Ordnance maps of the south of Scotland are now published,
it is anticipated that no further impediment will arrest the pro-
gress og the Geological Survey through the great coal-ficlds of
cotland.

New Roltary Engine.—The oﬁ—nttemﬁted problem of the
rotary engine been again essayed with encouraging success
by Mr. Justice, of Dundee, an engine of that type having been
put by him for Messrs. Low and Duff, engineers there, It
works up to 12 horse power, and occupies a space of only 4 ft. by
2 ft. 6 in., and the saving of coals as compared with the beam
engine formerly at work upon the premises amounts to 2 cwt.
per diem. As to first cost, wo are given to understand that a
5 horse power engine of this description, with steel shafts and
gua metal bearings, does not exceed 40.. The engine has given
the most complete satisfaction to its owners. Professor Mac-
quorn Runkine, we understand, while in Dundee lately expressed
very great satisfaction with Mr. Justice’s engine, and Mr

Justice is by special request to explain his invention at the
meeting of the Institution of Engineers in Scotland, at Glasgow

which takes place in a week or two.

TIron-, ing Trade.—The firms in Glasgow and neighbour-
hood who follow this branch of industry are generally complain-
ing, and with justice, of the stagnation of their trade. We are
glad, however, to state that certain branches, such as pipe-
making—a trade almost entire concentrated in Glasgow, as wit-
ness the Measrs. Edington, Messrs. D. Y. Stewart and Co., &e.
&e.—all the beavier kinds of castings required for building pur-
poses, and plumbers’ and sanitary castings, continue well em-

loyed. The state of the exchequer of the Operative Moulders’
Bnion may be taken as an index of the state of matters. Nine
months ago it had funds in band amounting to 12,000, but so
great Lius been the drain that that sum has been reduced to
30001 at the present moment, the society having been paying
2007 a week as aliment to its members out of work. The work-
men employed in the shops which snp&lied the heavy marine-
engine castings have been the chief sufferers. At present 700
members are drawing a weekly subsistance money from the
union, and emigration schemes are being carried through by the
officials of the society in order to relieve the labour market,
twenty-five single and forty-two married, with their families,
having been sent to America and Australia, and arrangements
are being made for the departure of other fourteen.

KNorthern Lights Commission.—This Board—the Scoich
Trinity House—have resolved on further extension of the light-
ing of the coast. On the west they have determined to erecta
lighthouse on Dune Point, in the island of Islay, for the pur-
puse of guiding fishing and storm-bound Atlantic vessels to the
anchorage of Lochindaul. This has already received the
necessary concurrence of the Board of Trade, and will be at once

roceeded with. On the east coast they have resolved on a new
ighthouse at Scurdy Ness, at the south side of the entrance to
the harbour of Montrose, the two guiding lights on the north
side of the entrance being of use only for vessels actually enter-
ing Montrose, and useless for general coast lights.

ENGINEERING WORKS 1IN ITALY.—The works of the Foggia
line and the port of Brindisi have been lately inspected by the
Italian Minister of Public Works. A considerable portion of
the Foggia line, it is said, might be opened in December, but
obstacles are feared. At Brindisi it has at length been deter-
mined to form a dry dock, of the length of 120 metres. The
estimated expense 18 2,500,000 lire; the works are to be thrown
open to competition, and offers are to be made under the obli-
gation of constructing the basin sufficiently large to receive
vessels of 2000 tons.

Tug Sr. PETERSBORG AND Moscow Ramway.—It is
stated that Mr. Winans, the eminent American contractor at
St. Petersburg, has proposed to buy the Moscow Railway, so
long in the market, and recently offered to the Russo-French
Railway Company by the Government. le is willing to pay
25,000,000 roubles within a year, besides undertaking to
amortise a former loan. As some of his London partners are
likely to object to the transaction, Count Strogonoff has left
for England to smooth matters, if he can, on behalf of the Go-
vernment.

Loxpoxy WATER SurpLy.—Great interest exists as to the

robable nature of the report which is to be issued by her
ghiesty's commission, of which the Duke of Richmond is
chairman, and Sir John Thwaites, Sir B. Phillips, and Mr
Harrison are members. Those interested in the existing water
companies, it is said, have received an intimation that the cown-
mission will report in favour of the Thames source for the
futare supply of London; but if this is really so, why cannot
the purport of the report be communicated to the authorities,
50 tEﬂt it may be known that no distant source will be recom-
mended, and therefore that the question may be considered as
practically settled? The evidence of some of the first engineers
of theday, it is believed, was obtained npon the subject, among
whom, it may be mentioned, Messrs. Hawksley, Beardmore
Fulton, Mylne, Bateman, Bazalgette, and others. A ajority
of these engineers, itis believed, recommended a more distant,
a purer, and & softer source than the present, but the influence
of the existing water companies, it is said, ix such that there is
but little chance of any such measure being carried out.
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ENGINES OF THE FRENCH STEAMSHIP “CERBERE.”

CONSTRUCTED BY MESSRS. SCHNEIDER AND CO., ENGINEERS, CREUSOT.

‘WE give, above and on page 390, engravings of a pair of
screw engines, of 530 horse power nominal, constructed by
Messrs. Schneider and Co., of Creusot, for the Cerbdre. Our
illustrations show the construction of these engines so clearly
that it will be unnecessary that wo should cnter into any
minute description of them. They are of the return connect-
ing-rod class, and, according to measurements by scale from
the excellent tracings with which we have been furnished by
Messrs. Schneider, the cylinders are 47} in. (1.2 métm%'li]n
diameter, with a stroke of 2 ft. 8} in. (0.7 métre). e
cylinders and cylinder-covers are stcam-jacketted, and, as will
be seen by the section, Fig. 3, the steam used by the engines
is led round the cylinders on its way from the boiler to the
valve-chests. The steam ports are 2 ft. 54 in. long by
6} in. wide, and the valves are plain cast-iron slide-
valves, not fitted with any arrangement for relioving them
from the pressure on their backs. As the valves are not
double ported, they have to have a somewhat long travel
to give the neccessary amount of opening. air-pumps,
which are double-acting, are 14} in. in diameter, and the air-
pump rods are coupled to brackets on two of the four piston-
rods. The shape of the condenser and the arrangements of
the air-pump valves will be scen from the half-transverse
section, Fig.4, and this figure also shows the manner in
which the crossheads and their guides are constructed. The
arrangement of the valve-motion, hand-gear, and other
details is so clearly shown in the drawings, that it will bo
unnecessary that we should say more about them here.

THE THAMES CONSERVARCY.—An Act was passed in the
recent session for extending to the Thames between Staines and
the metropolis the provisions of the Thames Navigation Act,
1866, relating to the prevention of the pollution of the river and
for otherwise extending and amending the Thames Conservancy

and Navigation Acts. By the Act of 1866 the conservators | d

were to apply to Parliament to enable them to prevent the flow
or passage of sewage, or other offensive or injurious matter, and
to preserve and purify the waters of the river. The provisions
are now extended from Staines to the metropolis against pollu-
tion, and the conservators are empowered to preserve the flow
and purity of water down to the western boundary of the
metropolis. The conservators may dredge and remove shoals,
&¢., in the bed of the Thames, and deepen or otherwise improve
the same. Other persons, under a penalty of 20k, are pro-
hibited from dredging.

FIG.S5

.
RAMSBOTTOM’S TRAVERSERS.

It not unfrequently happens that a departure train is
delayed from a necessity ansing for adding to it extra car-
ringes, an operation which, if these carriages have to be
transferred from another line of rails by ordinary turntables
or traversers, involves a considerable expenditure of time.
To avoid this delay, and enable a series of carriages to be
rapidly transferred from one line to another, Mr. John Rams-
bottom, of Crewe, has designed and recently patented the
apparatus of which we give engravings on the next page.

these illustrations, Figs. 1, 2, and 3 show respectively a

longitudinal section, a plan, and a transverse secction of one-

form of traverser constructed on Mr. Ramsbottom’s plans. In
Fig. 2, aa represent the ends of the rails of three lines of the
permanent way to which the traverscr is applied; 55 are six
pairs of rails secured to the links of the endless chains, ce,
which pass around the toothed drums, dd'. It is evident
that by reducing or increasing the length of the chains, ce,
and the number of pairs of rails, b 5, the machinery malvnbo
adapted to any number of lines of rails. The links to which
the rails, 3, are attached are expanded laterally to admit the
connecting bolts, and the projecting ends of the joint-pins of
the chains take into the toothed inum!, dd!, the latter of
which is turned round in the required direction by the shaft,
e, and bevel-pinion, ¢!, gearing into the wheel, @2, on the axle
of the drum, d'. The shaft, e, may be driven by hand, steam,
or hydraulic power, and when hydraulic power is used the
high-pressure water required may be taken from the town’s
mains, or it may be pumped by hand or power into a tank
glnced sufficiently above the level of the rails to give the

esired pressure, or the water may be stored in an accumu-
lator consisting of a cylinder fitted or provided with a loaded
ram or piston, or the power may be accumulated by raising a
weight, the descent of which would give the power nccessary
for performing the work with sufficient rapidity, as will be
escribed hereafter in reference to Fig. 6. When the carriage
to be moved has been brought on to one pair of the rails, b,
the endless chains, ¢, are put in motion, and the carriage is
thus moved laterally until the rails, 5, on which it is sup-
ported arrive in line with the rails of the permanent way on
which the carriage is required; the machine is then stopped
until the carriage that has been moved has been run on to the
permanent way, and during the same time another carrinEe
may be run on to the rails, 3, fixed to another part of the
endless chains, ¢, the rails being secured in their proper places
by suitable stops when necessary.

In Fig. 8 is shown one moC. of sccuring tho rails. In this
, Z i8 & cross-shaft to which is fixed the handle, ', and
the forked arm, 2 the handle is brought into a convenient
position for being shifted by the attendant who applies the
moving power, and when the rails are near their proper places
the attendant lets go the handle to allow the forked arm to
clip one of the rails. The rails, b, slide either on transverse
beams, f, supported by girders, g, as shown on the right-hand
side of Figs. 1, 2, and 3, or on baulks of teak or other hard :
wood, %, as shown to the left-hand side of the figures, and the
lower parts of the endless chains are held up by the flooring
to prevent them from hanging loose. To protect the trans-
vehrue slides from dirt, and to afford facilitilioz to tho workmen
when moving carringes or wagons upon the traversing rails,
planks or bog.rds may be placed parallel to the rails and at- .
tached to the links of tho chain, as shown on the right-hand
side of Figs. 1 and 2.

In Figs. 4 and 5 is shown a modification in the construc-
tion of the chains, ¢, above referred to; in these views the’
pins forming the joints of the links are made long enough to
sup&ort the anti-friction rollers, ¢!, which take into the teeth
of the drums, d and d!, and which run upon guide rails
placed between the two drums, so as to reduce the friction
on the chains.

Fig. 6 represents an arrangement of ing for raising a
weiggt, the descent of whiclfewould pro%eﬁﬂntie force neges-
sary for moving the chains, ¢, and traversing tho carriage or
wagon from one line of rails to another with the requisito
rapidity. In this view, i is the weight working up and down
in a pit or against the side of a building or otherwise ; this
weight is suspended to the chain or cord, i!, one end of which
is secured to the chain-barrel, i, and the other to any fixed

int. The chain-barrel is turned round by the winch, j,

iven by hand or other power, and the pinion, 57, gears into
the wheel, k, to which is connected the pinion, k*, ing
into the wheel, . To the axle of the chain-barrel, i*, is
fixed the bevel wheel, 4, gearing alternately in the wheels, e*,
which are connected to the ft, e (corresponding to the
shaft ¢ in Figs. 2 and 3), by a key an ve. en the
weight, 7, is being raised both the wheels, *, are moved into
a central position and out of gear with the wheel, 44, and as
soon as the weight has been raised to the proper height it is
held up by an ordinary retaining catch. m the motion
is req either onc or other of the wheels, ¢, is brought
into gear with i¢, according to the direction of motion re-
qlu.rcﬁ' to be given to the shaft, ¢; the retaining catch is then
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TRAVERSER 10R RAILWAY CARRIAGES AND WAGONS.

DESIGNED BY MR, JOHN RAMSBOTTOM, LONDON AND NORTH-WESTERN RAILWAY, CREWE.
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ON THE STRENGTH OF STEEL CONTAINING
DIFFERENT PROPORTIONS OF CARBON.

THE following paper, by Mr. Thomas E. Vickers, of
Sheflield, was read during the meeting of the Institu-
tion of Mechanical Engineers at that place in 1861,
but, notwithstanding the time which has since elapsed,
the importance of the facts contained in it has led us
to reprint it in connexion with the account of the River
Don Steel Works which appears on another page of
the present number.

Three most important materials of British manufacture—
wrought iron, stcel, and cast iron—are combinations of iron
with a smaller or larger amount of carbon. Wrought iron con-
tains from about § to 4 per cent. of carbon, cast steel about 3 to
2 per cent., and cast iron from 2§ to 7 per cent. The great
variety of opinions that have Leen expressed respecting the
strength of steel when containing different proportions of carbon
led the writer to make a cumber of tests upon this point, the
results of which are given in the present paper with the conclu-
sions derived from them.

The degree of carbonisation in tho several varieties of steel
tested in the experiments ranged from about § per cent. of
carbon to 14 per cent.; the softest or least carbomsed steel con-
taining } per cent. of carbon was called No. 2, rnd the bardest
or most highly carbonised containing 14 per cent. of carbon No.
20, the intermediate numbers representing intermediate degrees
of carbonisation. The tests to which the steel was subjected
consisted in ascertaining its tensile strength, by means of bars of
the steel broken by direct temsion; and also its transverse
strength, by means of axles made of the steel which were broken
by the blows of a heavy ram. :

Tensile Strength.—The tensile strength of the several varieties
of steel was tested by a simpla lever machine shown, in which
the leverage is 220in. to 1lin., or 20 to 1, so that each cwt.
added in the scale at the long end of the lever produces a ten-
sion of 1 ton on the test bar at the other end of the lever. The
test bars are 21} in. long, with 14 in. of their length turned
down to a uniform diameter of 1 in. For facility of fixing the

bars in the testing-machine and removing them when broken, |.

the ends are made wedge-shaped, and the lower end is held in
a conical socket in the holding-down block, into which it is
inserted through a longitudinal slot ; the bar is then turned half
round, and the upper end slipped into the wedge-shaped holder
at top, whereby the bar is securely held during the testing. In
the following Table I give the results of the trials, showing the
breaking strain reduced to tons per square inch, together with
the amount of elongation produced in the bars:

TasLe I
Tensile Strength of Steel containing Different Proportions of
Carbon.

P Proportion of R R
Description Breaking Strain| .
of St}:ael. @ rt;l;(:ate)"per square icch. Elongation.
: PP! i
per cent. tons. in.
No. 2 0.33 30.4 1.37
. 0.43 340 1.37
I}‘}g' :z; 0.48 37.5 125
No. 6 0.53 42.5 112
No. 7 0.58 41.5¢ 0.81
No. 8 0.63 45.0 1.00
No. 10 0.74 45.5 0.62
. 12 0.84 55.0 1.12
§:. Ill.") 1.00 (;0.0 1.00
No. 20 1.25 69.0 0.62

The elongation was measured after each addition of load in
the scalz at the long end of the lever, and that given in the
table is the final amount of elongation, prevfous to adding the
last cwt. in the scale which caused the breakage.

The Table shows that the tensile strength of the steel is in-
creased by the addition of carbon,until it is combined with about
14 per cent. of carbon, when it sustains about 69 tons per
square inch. But beyond this degree of carbonisation the steel
becomes gradually weaker, until it reaches the form of cast iron,
which sustains a tensile strain of only about 6 or 6} tons per
square inch. When the test bar is turned down at one point
only, instead of through a considerable length, the result ob-
tained bas been found to be different ; for a bar of steel turned
down to 4 in. diameter at one point only, did not break till the
strain reached 794 tons per ‘square iuch, whereas a bar of the
same steel turned down to 1 in. diameter for 14 in. of its length
broke with a tension of 60 tons per square inch.

Transverse Strength.—For testing, the transverse strength
of the several varieties of steel, axles were made of the steel in
the various degrees of carbonisation, which were subjected to

he blows of a heavy ram until broken. The axles were all

s turned to 3.94 inches diameter at the centre, and 4.25 inches at

* the ends, and were supported on bearings 3 fr. apart; they were
reversed at intervuls when considerably bent by the blows of
the ram. The ram weighed 1547 1b., or nearly 14 cwt,, and was
dropped on the centre of the axlo from a height commencing at
1 foot, and increasing at each successive blow up to 36 ft. fall,
unless the axle was broken at a previous blow.

Table I1. gives the detail of the experiment on an asle of No.
4 steel, containing abont .4, per cent. of carbon; showing that it
stood five blows of the ram falling from 36 ft. height before
breaking, after twelve blows from the lower heights of fall, and

the sum of all the deflexions produced by the blows amounted to | _

56 in.

* The intermediate fizures in this column, from No. 4 to
No. 15 inclusive, are merely approximate, being interpolated in
proportion to the numbers of the steel. .

* There was a flaw in this test bar, which will account for

TasLe II.
Detail of Ezperiment on Transverse Sirength of Azle made
of Xo. 4 Steel.
Deflection.
B | s

. afl Effect of
Before Blow. | After Blow. Blow.

feet. inches. inches. inches.
1 1 — 0.08 < 0.19 0.19
2 2 ~ 0.19 ~ 0.53 0.34
3 "3 ~ 0.53 ~ 112 0.59
4 4 ~ 112 — 0.00 1.12
5 5 — 0.00 ~ L19 1.19
G 73 o L1Y ~ 219 1.00
7 10 ~ 219 — 0.00 2.19
8 124 — 0.00 o 210 2.19
9 15 ~ 219 o 0.7 2,94
10 20 ~ 075 « 3.00 3.75
11 25 ~ 3,00 ~ 150 4.50
12 30 ~ L50 « 3.81 531
13 36 ~ 3.81 - 237 6.19
14 36 ~ 2.37 « 8.75 6.12
15 36 ~ 375 - 231 6.06
16 36 ~ 231 T 3.88 6.19
17 - 368 ~ 3.88 ~ 225 6.13
18 36 —~ 225 broken.
Sum of Deflections ... 56.00

.. Table III. gives the general results of the series of experiments
made in a similar manner to the above, with axles of the several
varieties of steel; showing the total number of blows required
to bresk each axle, the number that it sustained with 36 tt. fall
of the rum before breaking, and the sum of all the deflections
produced. ‘Three wrought-iron axles were also tried in the same
way, one of the best faggoted axles that could be procured, and
two scrap-iron axles.

TasLe 1II
fyansperse Strenglh or Azles made of Steel containing
" different proportions of Carbon.

B P : E

: Egd . 2985

u 8 8+ | Total [Height| &6
Materialof | E£E | Num- |of Falll g% | Sumof
Axle. 23 [ber of jinlast | B8 tions.

. E & [Blows. | Blow. | g £S5 [ ons
=Ta 5383
& % e

Lo per cent. feet. inches.
Stee] .No. 2 0.33 17 36 4 58.81
o 4 0.43 18 36 5 56.00
w b 048 | 18 | 36 53.56
» 6 0.53 15 36 2 35.06
N 058 | 16 | 36 3 58.81
8 0.63 | 18 | 36 5 46,00
w 10 0.74 | 16 | 36 3 40.31
” 12 0.84 10 20 0 8.56
W 15 1.00 8 | 128 o (431
w20 125 | 10 | 2 0 6.94
Best wrogt. iror.| ... 13t | 36 0 31.19
Scrap iron 5 b 0 2.00
Scrap iron ... .. 5% 5 0 3.69

TasLe LV.
Transverse and Tensile Strength of BSteel containing different
proportions of Carbon.
Transverse. Tensile.
: o+ | Proportion N
Description PO Breaking
of Steel. | 2F CATOOD | gopy of | Strain per .
(8PPrOx)” | peieetions. t;qnarpee Elongation.
inch.
per cent. inches. tons. inches.
No. 2 0.33 58.81 30.4 1.37
No. 4 0.43 56.00 34.0 1.87
No. & 0.48 53.56 87.5 1.25
No. 6 0.53 85.06 42.5 1.12
No. 7 0.58 38.81 41.5 0.81
No. 8 0.63 46.00 45.0 1.00
No. 10 0.74 40.31 45.5 0.69
No. 12 0.84 8.56 55.0 112
No, 15 1.00 4.31 60.0 1.00
No. 20 1.25 6.94 69.0 0.62

The superior strength of cast steel cannot be better illzstrated
than by stating that castings of steel, without hammering,
rolling, or other means of mechanical compression, show a very
high degree of strength and tenacity, far above that of castings
of any other metal in practical use. Advantage is taken of this
groperty to make bells of cast steel, one-third lighter than

rouze bells of the same diameter ; and these lighter steel bells
still bear double the breaking strain of the bronze ones. An-
other feature in the superior strength of castings in steel is that
they are not so liable as other metals to break when subjected
to ions during int frost, as proved by the fact that
the cast-steel bells have been rung without the least injury in
Kussia and in Canada, when the thermometer ranged lower than
20° below zero, Fahr.; while the heavier and thicker bronze
bells could not be rung in the same temperature without cracking.

The same properties have also led to the manufacture of cast-
steel disc wheels with tyres in one solid bodg, for railway car-
risges and engines. One of these disc wheels was tested in
the followiug 1nwoner. The wheel was put upon an
axle fixed firmly in bearings at each end, and the ball,
weigling 830 lb., or nearly 74 cwt., suspended by uniron rod 24 ft.
long, as shown in the drawing, was drawn back and let fall so0 as
to strike the wheel cn the outside of the rim or tyre. The wheel was
struck nine uloxs, increasing from 1 ft. to 14 ft. in vertical height
or fall, after which the axle was so much bent that the ball could
ot strike the wheel. The axle was then straightened by striking
the wheel on the opposite side, and was propped up to prevent
bending ugain ; and two more blows were struck from the height
of 15 ft. and 16 tt., without causing any damage to the wheel.

‘T'he results of all the experiments that have been described show
that cast steel, which even to the present time is considered by
many a brittle naterial, fit only for a cutting instrument, is in
fact a metal havinginot only all the good and desirable properties
of wrought iron in a higher degree, but at the same time freedom
from most of the objectionable properties of the latter, and ad-
mitting of being employed for every mechanical purpose where
great ductility, tenacity, and transverse strength are requi

In reference to the specific gravity of steel as affected by the
Kroportion of carbon it contains, chemists and scientific writers
uve generally given the specific gravity of steel as about 7.850,
and of wrought iron about 7.65(0, that of water being 1;
which leads to the inference that the addition of carbon to iron
has the effect of increasiug its density, and such is the gencral
opinion at present. The contrary, however, has been tound by
the writer to be the fuct, namely, that pure iron dzcreases in
density the more carbon there is combined with it. ‘The low

From these experiments it np‘fears that, for bearing sudden
and heavy blows, without regard to rigidity, the metal cannot
contain too little carbon, provided it be pure and there be per-
fect cohesion of the particles. These qualities, however, cannot
exist to the required degree in wrought-iron or puddled steel, as
shown by the experiment with the wrought-iron axlein the above
table; and are to be found only in cast steel, which must con-
tain at least enough carbon to render it sufticiently fluid in
melting. The steel-melting process alone can effectually rid the
metal of the impurities that were contained in the iron from
which it is made.

There is nothing more deleterious to iron or steel than over-
heating or too many heatings, and the writer believes that all
welding affects the quality of the metal more or less injuriously.
Cast steel has the great advantage of being less liable than
any other metal in general use to become crystallised by vibra-
tion. It has ulready a natural crystal, and the result of the
writer’s experience is thatits crystal can be changed into a weak
form only by being overheated. Cast steel and Swedish wronght
iron have been placed where they wero subjected equally to con-
tidual blows, concussions, and vibrations ; and the cast steel was
found to stand for a long period without change of crystal,
where the Swedish iron broke very soon, showing great changes
in its form of crystallisation.

For most mechanical purpopes the best material in practice is
one that combines the power of resisting a tolerably high tensile
as well as transverse strain; one that will bear a tension of
about 45 to 50 tons per square inch will generally be quite strong
enough, and will be below the point at which brittleness from
too great rigidity begins. ‘T'he following Table IV. gives a com-
parison of the preceding Tables I. and-11l., and shows that such
4 material is found in the steel Nos. 8 to 10, containing about

% to ] per cent. of carbon. There are, of course, purposes
where a speciully ductile or specially rigid material should be
employed, but the Jatter shourd be used ouly in cases where it is
not liable to be subjected to sudden concussions.

* The intermediate figures in this column, from No 4 to No.
15 inclusive, are merely approximate, being interpolated in pro-
portion to the numbers of the steel.

+ Cracks began to show at the tenth blow, with 20 ft. height
of fall, und increased at each subsequent blow.

I Two large cracks opened at the fifth blow, therefore it was
considered practically broken.

Mg breaking at a lower strain than the preceding number.

specific gravity of wrought iron above stated must therefore
have been obtained from common English merchant iron, a
piece of which gave a specific gravity of 7.644, which very
nearly agrees with that above mentioned ; and must be owing to
the impurities contained in the iron. The specitic gravity of
one of the purest and softest Swedish irons is 7.894; and that
of the iron from which the steel was made for all the experiments
that have been described above is about 7.860. ‘l'able V. gives
the specific gravities as ascertained by experiment of the suc-
cessive gradations of steel, from No. £ containing about } per
cent. of carbon up to No. 20 containing about 1} per cent., the
results huving been all obtained with pieces of inetal of con-
siderable size, varying from 23 to 4} oz. in weight.

TABLE V.
Specific Gravity of Steel containing different proportions
of Carbon.
Propurtions ot .
Description of Steel. Carbon gp“ l.?"
: (approximate).* ravity.
L per cent.
Swedish iron, pure and soft ... 7.894
Iron from which the steel was 7.860
made... s e e e o 8
Steel No. 2 0.33 7.871
No. 4 0.42 7.867
No. & 0.48 7.855
No. 6 0.53 7.855
No. 7 0.58 7.852
No. 8 0.63 7.848
No. 10 0.74 7.847
No. 12 0.84 7.840
No. 15 1.00 7.836
No. 20 1.25 7.823
Puddled steel, for melting pur-
S5, | 7.824
Cast iron, mean of best authorities 24 to 7 7.204

* The intermediate figures in this column, from No. 4 to
No. 15 inclusive, are merely approximate, being interpolated in
proportion to the numbers of the steel.
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The specific gravities of the steel No. 2 and No. 4 are here seen
to be greater than that of the original iron, but this may be
attributed to the iron being freed from impurities in the melting.
The conclusion, therefore, derived from the above figures is that
every successive addition of carbon to pure iron renders the
metal less dense, or diminishes its specific gravity.

UNIVERSITY

Sir,—The article on the
paper of the 18Lh is written iG&
gratifying to the members of:
suggestions of much value, espgt
tive geometry; but some of Wip rem .t.are obviously
based on imperfect information,¥s to fact. You have
agparently een led to believe that the majority of the students
of engineering science in this university neglect to avail them-
selves of the instruction provided for them in natural philo-
sopby, chemigtry, and geology s that they come imlperfectly pre-
pared io mathematics, and tbey consequently fail'to understand
or to profit by the instruction given to them in the application
of science to engineering. Suth was the fact mahy years ago;
but it is not o now. No student is alipwed ome a candi-
date for a * certificate of proficiency in ¢gn science” un-
less he goes through a course of study in thdthematics, natural
philosophy, chemistry, and geology, prescribed by regulations
which are printed in the Glasgow University Calendar. No
student obtains such a certiticate unleas he goes throngh a satis-
factory examination in these subjects, and also gives proofs of
his skill in drawing. 1t is open to a student who does not intend
to qualify himself for a certificate of proficiency in engineering
science to attend as many or as few courses of lectures as he

leases ; but a very small vrovortion of students belong to this
ast-mentioned class he whole. As
regards the extent t
by the instruction gi
the test by oral exar
writing at intervals or a weex or teu usys uusiu
the value of the answers to the written questio
means of marks; and that, representing abso
completeness by 1000, the mean value per s
swers given by the wholo of the students exa
was 875.

October 22, 1867.

ed sabject in your
ily.spirit, which must be
ipiversity ; and it contains
ject of descrip-

I am, Sir, your obediet
w. J. MJ}EQUOU IANKINE.

AT
DIRECT COMMUNICATION -BETWEEN THE
METROPOLIS AND SOUTH WALES.
To THE EDITOR OF ERGINEERING. ~ .

Str,—I think that at the present time there can be no dis-
puting the observations in one of your recent leading articles,
that the necessity of a direct commaunication with the South
Wales coal-fields is becoming almost daily more apparent ; and
it is in furtherance of meeting such a necessity that I venture
to offer the following remarks, being, as [ am, tolerably well ac-
quainted with the localities in and through whicl’ 1 believe a
better means of reaching South Wales may be opened up, than
that at present existing.

It appears that inasmuch as the [Great Western and South
Wales qus are both broad gauge, that the maintenance of
such a gauge for the purpose in view is most desirable, as 1 will
hereafter endeavour to show.

1f it be possible, and I doubt it not, that a connecting link can
be formed between the South Wales line from a point very low
down the Severn and, say, Wootten Buassett on the Great
Western line, avoiding thereby the circuitous route vid Bristol,
and tho Bristol and South Wales Union line and ferry, the de-
sired direct communicatipn may be attained, allowing that it is
far preferable to make use of existing lines at a comparative
small cost, than to construct entire Rew lines at a very great
and evidently unnecessary cost. 8

I have carefully ronsidered the mattét? Sdwould suggest the
construction of & | sreafter term the
“South Wales Joo tt, on the Great
Western Railway, to Malmesbary,
Great Shirston, Cl ‘he Midland below
Yate), and Frampton Gotteraus, w ruwnway, on the Bristol
and South Wales Union line, a distance, by my plans, of about
31 miles; the Bristol and South Wales Union line then could be
used as far as Pilning, from which place the Severn tunnel lilu-a

roposed by Mr. C. Richardson some three years since, woul
Form a junction with the South Wales line at Rogiet. By these

where the works are heaviest, though I must own such a policy
is not in reality wise.

The gradients, with two exception, would not be very severe,
those in and out of the tunnel 1 in 100, and the over bank and
tunnel, on the Bristol and South Wales Union line (already
constructed), 1 in 70 or thereabouts. Between Patchway and
Wootton Bassett I apprehend no greater difficulty than one
short tunnel, and the gradients would be moderate. ., .

T‘l;:d Box tunnel, and heavy inclines above it, would be entirely
avoided. : : ¢ A n

I estimate that the cost of the whole works, loop-line and
tunnel, with and including seven stations, juuctions, snd
telegraph would not exceed 1,600,000L, being an average
throughout of 42,000L per mile.

I will uow refer to a line, the *“ Great Western and South
Wales Direct,” already proposed, and which is to commence
from Wootton Bassett, passing through the country parallel to
the “South Wales loop,” but higher up, vid Tytherington,
Wickwar, Thornbury, to above Aust Old Passage, crossing the
Severn, and joining the South Wales above Chepstow bridge.
It is not my iutention to speak ill of this scheme, Eut simply to
take it upon its merits in comparison with my proposef line;
and first as to distances.

4 Great Western Direct.”

London to Rogiet. Rogiet to Bristol.
miles. miles,
London to Wootton Bassett 84 | Rogiet to Chepstow ... 8
Wootton Basset toChepstow 35 | Ch to Wickwar ... 12
Chepstow to Rogiet ~ ... 8 |By Midland to Bristol ... 15
127 35
South Wales Loo

Rogiet to Bristol vid tunnel, 16} miles,
giving in favour of South Wales loop by No. 1, 2 miles, and by
No. 2, 18} miles.

Awnd awan if a lina ha ecnnstrnetad from Tharnhnry of the

therefore 1n no instance can the ¢ Direct” claim favour in point
of distance ; whether or not it does as to construction must be
closely considered. N i

The question of crossing, the Bevern is perhaps a small
“bone” for engineers, aud it will be difficult to satisfy all
parties as to which shall be the preferable method, by bridge or
by tunnel, either is equally practicable, and can be constructed
for single or double lines of rails, 'I'he cost of the tunnel may be
admitted to be somewhat in excess of that of the bridge, but
considering that the  Direct” route is two miles longer than the
“Sonth Wales Loop,” that there are stringent Admiralty
regulations to be encountered, as to height above high water,
width of span between supports, and that the junction with the
South Wales line is aight miles above that of the *South
Wales Loop,” I venture to think that the “tunnel” is the
better method. Mr. Richardson made exceedingly careful sound-
ings andssurveys of the route he proposed, and I believe is very
confident of its not being a work of extraordinary difficalty; it
will be nearly or quite straight, approached by not over secure
gradients, will form a junction as low down the Severn as it is
practicabie, the Admiralty overhead regulations will be escaped,
and, although it may not be a work which would show so
grandly as a bridge, yet it -will be equally, if not more, vseful
than the bridge, and certainly as easy of coustruction. We have
our Thames Tunnel, and, I hope, are to have a tunnel under
the Mersey, and surely we can have one under the Severn.

If the Great Western and South Wales Companies would
mutually consider and supply the line required, a really direct
one, they would oertainly preserve themselves from any com-
peting opposition with such a line. No other company which
has access to South Wales could possibly compete with them,
and there is not the slightest doubt but that it would not only
pay for itself, but materially assist the trunk lines.

I trust that (ou will deem my remarks worthy a small corner
in your journal, if only for the sake of the opinions of interested
gentlemen to which they may give rise.

As soon as I have completed my plans, I shall be glad to
trouble you with some observations as to a commaunication with

Py i .

means there would be a direct through comm t t
London and South Wales withont any break, and by broad
gauge. The following is & comparison of the distances by
present route with the one I suggest:

South Wales loop line.

London to Wootton Bassett wo 84 miles
Wootton Bassett to Patchway ... we 81,
Patchway to Pilning 3
Piluing to Rogiet 7,

Total wo 125 miles

By Great Western Railway vid Gloucester.
London to Rogiet 149 miles
By Great

Western Railway vid Bristol.

London to Bristol wo 118 miles
Bristol to Rogiet by Bristol and South} 17}
Wales Union line and ferry "

Totul wee 1351 miles,

giving in favour of the *South Wales loop " by first route 24
miles, and by the second 10 miles.

The distances from Rogiet downwards I need not consider, as

they, of course, remain unaltered. I take Rogiet as a starting

int.
PoA double line of rails might be laid to Patchway, and from
there to Rogiet, about 10 miles; a single line (at least for a few
years) might be easily worked without offering any impediment
to the traffic, thus avoiding for a time the increasing of the cost

thampton, in connexion with my proposed South Wales loop

line and tunnel.
Your obedient Servant,
ARrcHIBALD D, DAwNAY.

ENGINEERING EDUCATION.
To THE EDITOR OF ENGINEERING.

SIr,—] t.i way of making a few good suggestions to the
council of the University of Glasgow as to the arrangements that
ought to be made for the better and more comprehensive instruc-
tion of its engineering pupils, you take a cursory review of what
has been done in various places on the Continent in this matter;
and though it was not your intention specially to point out the
good results that have been derived abroad from these institu-
tions, your own conviction on that head, in so far at any rate as
it regards the amount of scientitic knowledge diffased, ia clearly
enough expressed in the paragraph where {ou say that ¢ the

** majority of the plapils do not frequent the lectures of Sir W.
“ Thomson,: and do not understand those of Professor
 Rankine.”

The fact, no doubt, is true enough, and having had good
opportuuities of watching the causes of the non-success of in-
stitutions of this kind when I fulfilled the duties of Professor of
Engineering and Mechanics at the Queen’s College in Liverpool,
I have found that one of the proximate causes is the mercuntile
spirit with which the class of young men that frequent these
institutions pursue their studies. 1 have invariably found that

these young men have no desire to make themselves masters of
the general principles of the group of sciences which should con-
stitute the technical education of the engineer, but that their
object is to pick up from the lot particular and individual facts
which they fancy will be especially useful to them in their indi-
vidual pursuits, without troubling themselves about their co-
relation or co-ordination.

Its ultimate cause, however, is the great apathy, if not anti-
pethy, which there is among the public at large, and among the
professional public in particular, to foster scientific education
for the sake only of the expansion which it gives to the mind,
irrespective of all considerations of immediate gain tobe derived
from it;-and I am not quite sure but that there are many
professional men, and men in the trade, who view with jealousy
the desire on the part of their young men of acquiring muck
knowledge of this kind, and who would do their best to dis-
courage 1t. It would seem as thongh there was a fear on the
part of these men, that the cultivation of science is likely to be
productive of dangerous rivalry, and this opinion is fully borne
out by the resistance which the Institution of Civil Engineers
has lately made to the development of a kindred institution.

Shortsighted aelfishness! for how different are the results in
practice P~

Having had occasion by intimate acquaintanceship to watch
their development on the Continent (aud as far as ten years back
it was predicted to me that such would be the resu{t), I find
that the confidenée inspired by a regular course of technical
education has thrown the superintendence of most of the engi-
neering works in the south of Europe and in Russia into the
hands of the pupils of those institutions of the kind in question,
which have earned for themselves a well-deserved reputation,
and, as a natural sequence, the execution of those works has
been thrown into Continental hands.

Where are our orders of locomotives and of bridges for the
Spanish, the Italian, and the Russian railroads now? France
and Belgium can tell; and the natural accessories of these, the

rksho;:i and other kind of plant, are going or have gone the

ne road.

Similar results are observable in establishments of a different

id; thus cotton factories are under the superintendence-in-

ief of pupils of these institutions; and so it is with harbour

rksand otherundertakings, not onaccount of the special, buton
sount of the general scientific education received, which enables

s well-trained mind easily to apply general facts and principles

the particular wants of the moment. Cheapness alone will

; account for the fact of the desertion mentioned, because with
wany drawbacks there sfill remain to us many great advantages,
including that of facility of shipment and transportation; but
preference has caused the balance of advantage to lean against
us, and this would not have taken place in the same ratio, bad
this country enjoyed as high a reputation for its scientific insti-
tutions as its factories huve for the excellence of their work-
manship.

I trust you will persevere in the advocacy of of this important
subject, aud remain,

Yours very truly,
October 22, 1867. J. J. BIRCKEL.

THE RICHARDSON PROCESS.
To THE EDITOR OF ENGINEKRING.

Sir,—It was uot my intention to trouble you with any
further correspondence on this matter, but in justice to your
readers, and for your own information, I beg to enclose you the
analysis fof two samples of iron made from the commonest
Scotch pigs by this process. You will not fail to see that the
sulphur and phosphorus are almost absent. The elimination of
these two elementary substances is the most perfect of any case
I bave ever met with, or probably that has ever been effected by
a practical manufacturing process from any kind of British
ores. The results, you will find, completely bear out the theo-
retical views that have been advanced by Professor Abel and
Dr. Percy, and upon which my original argument was founded.
In the best makes of Lowmoor, Bowling, or Swedish irons, the
sulphur and phosphorus are present variously at 0.104, 0.106,
0.15, and up to 0.3 per cent., whereas in iron that bas been
made from ordinary British ores by Mr. Bessemer’s process the
sulphur is as high as 0.5 per cent., and the phosphorus from
below 1 to nearly 2 per cent. These facts combined with the
unprecedented yield of, and short time required for making,
malleable iron by Richardson’s process are unquestionably ad-
vantages of the gravest importance to the ironmaster. Itis
perhaps rather singular that the silicon is not completely
oxidised out of the metal; still there is no room to doubt that
this will be effected with a stronger pressure of blast. Itis
eliminated in much greater quantity than in the best puddled
iron, where its presence is usually somewhere above 0.1 per cent.

1 am, Sir, your t.rujy
’ Sr. JoBN VINCENT DAy,
Chambers, 166, Buchanan-street, Glasgow,
October 22, 1867. .

(Copy) Analytical Laboratory, Surgeons’ Hall,
Sdinburgh, October 11, 1867,
Analyses of two samples of “ Malleable Bar Lron” received
from St. John Vincent Day, Ksq., C.E., 166, Buchanan-street,
Glasgow, and labelled, * New Process.”

Square bar. Rod.

Iron i 99.569 99.64
Carbon ... e 0.035 0.031
Silicon ... 0.076 0.075
Sulphur ... . 0.025 0.028
Phosphorus e 0.031 0.034
Manganese trace trace
90,736 99.816

The above malleable bar iron is exceptionally free from im-
purities, especially in relation to the sulphur and phosphorus,
which are preseut only in comparatively minute propurtions.
The chemical purity of the iron betokens high mechanical
qualities.

STEVENSON MAcApAM, Pr.D.
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APPARATUS FOR TRANSPORTING HEAVY MASSES.

DESIGNED BY M. VASSIVIERE, CONTRACTOR, LYONS.

Fre. 2

Fi€: 3

WHEN a necessity arises, as it not unfrequently does, for
shifting a heavy structure, such as a chimney, from the site
which it occupies to another not far off, there are two methods
in which the change of position can be effected. The one is
to take down the structure and rebuild it on the new site, and
the other is to transport it en masse. Of these two systems the
latter is frequently the preferable one, on account of the savin
of expense effected by it, and it has consequently been adopt
to a considerable extent, particularly in America, Amongst
the appliances which have been contrived for facilitating the
transport of heavy blocks in this way is that of which we
annex illustrations, and which has been designed by M.
Vassividre, a contractor of Lyons, who exhibits it at the Paris
Exhibition.

M. Vassividre's method of shifting heavy structures, mono-
linths, &c., consists in interposing at the point where the
block to be moved is separated from its base, two surfaces
capable of sliding on each other, the upper surface extending
over the whole of the base of the object to be shifted, and the
lower one not only extending over the same area, but reach-
ing to the new site which tge block is to occupy. The sur-
faces are put in place by underpinning the structure, and
they may be introduced in sections and joined together after-

The upper surface is, by preference, 6f metal, and is slightly
hollowexf out on its under side, so that it forms a series of
chambers, and only bears on the lower surface at the sides
where it forms a tight joint and at the points where the divi-
sions between the chambers occur. The surfaces having been
put in position, water is forced into the chambers—cither into
all of them simultaneously, or into a fow of them situated
:Enmeh-icaUy—u\d this water, not being able to escape around

, excrcises a powerful lifting pressure over the whole
area of the base. This having been done, it is found that the
structure can be shifted horizontally with but comparatively
little effort, the mass almost floating en the interposed film
of water. When the mass has been shifted the required dis-
tance, the watcris let out of the chambers and the latter filled
in with cement.

In our engraving, Fig. 1 is a vertical scction of the a
paratus as applied to the base of a facwmhimney, and Fig.
2 isa corresponding horizontal section, whilst Fig. 3 is a plan
of the upper surface, and Fig. 4 an elevation of the chimney
with the apparatus applied toit. In these figures, A is the
mass to be removed ; B is the lower surface, eonstructed of

dent, who had the o]
. from ltgeera stz’nu, describes

KlIc, 4

metal or other material sufficiently smooth; and C is the
upper surface, made of metal in four scctions, which are united
by bolts. D D are the points of contact of the two surfaces,
and E is the packing by which the tightness of the joints is
securedF The water is introduced into the cells through the
pipes, F.

NOTES FROM INDIA.

No messages containing figures are to be received for the fature
Indo-European telegraph, unless they also specify the stocks to
which they refer.

A Calcutta Fper states that petroleum has been discovered
in the Bengul Presidency, and that 5000 gallons of it has been
already shipped to Calcutta.

On the evening of 3rd September, thirty-six pontoons of the
bridge at Cawnpoor and the two boats next them were carried
off, and of these seventeen were stranded on a bank a mile and
a half down the river, and in the attempt to get them back
four were sunk. Passengers and goods are now ferried over by
boats. It is said the Indian Branch Railway Company are
negotiating with Government for a l)ermanent bridge, which can
be completed for less than 200,000

The reports of the cotton crop in the Central Provinces and
Khandeish are very favourable, the area under cultivation in the
district being estimated at about one-fourth more than last year.
In the Ahmedabad district (anon:g the crop does not promise
fuvourably, owing to the lateness of the rainy season. Ener?tic
exertions were being made to complete the road on the Arbyle
Ghaut which is connect the cotton districts of Dharwar with
the part of Karwar. Many cotton-dealers have promised to
send t.:_mr exports this season direct to England from the fine

of Karwar.
porAt correspondent, writing from Rajpootana, informs the Bom-
bay Gasette, that the Nawab of Tonk has recently been for-
tunate to discover some very valuable and useful mines in his
territory. A stone of extraordi quality was discovered in
Ashaquedbad, near Mahomed Abad, which, on being examined,
was found to answer the purpose of a lithographic stone. The
portunity of seeing papers printed
e printing to be equal in every
respect to that of ordinary stones. At Purﬂx::h Ally Gurh a
mine of iron of a superior descriﬁ:ion has been found, to the
g:ut. joy of the Nawab ; and at Reheem Abad, cornelian stones
3] found in such abundance as to cover the surface of

the ground to a great extent. These cornelian stones, bright in
colour, resemble camphor in whiteness, and are found in layers.
Again, on the hills of Hatsura, four rosses distant from Ton!
on its eastern corner, a mine of bright and transparent crysts
has been discovered. All these fortunate circumstances will
doubtless tend to enrich the Nawab, and are calculated to en-
rich his extensive territory. -

The Ceylon Railway was opened for goods traffic to a limited
extent on 16th September last, but great doubts are entertained
of its proving so useful to the planters as they expected, under
present arrangements. The charges are seemingly tvo hlgh,
and the inconveniences attending railway transport great; but
the former will doubtless be modified “after some time, and
:;m]:ron.s private carrying agencies have been started to obviate

e latter.

In the Ceylon Legislative Council it is stated that education
and irrigation questions will largely occupy the attention of the
legislators. There is the usual interest awake in the planting
districts respecting the votes for public works and new roads,
while the public generally are anxious to learn if nn[v‘ steps are
to be taken shortly in connexion with the Gampola Railway
Extension. The forthcoming scheme for the encouragement
and extension of irrigation works has occupied a good deal of
public attention.

A correspondent of the Delki Gazette, writing of the death of
Major Fuiler, blames Government for not having viaducts
across those dangerons streams. Some years ago an engineer
officer proposed to build over them, but was succeeded in the.
station by incompetent officers, who, with a view to saving ex-

nse, built the causeway instead, which has led to the present

isastrous accident.

‘The Englishman states that the following points have been
recommended as distinguishing the line to be followed by the
Burmo-Chinese Railway within the British territories. From
Rangoon to Pegu, thence to a point on the Beehrig river near
the village of Pallo, and from Pallo to the Pali Choung, a stream
which flows into the Salween, and is the boundary of the Anglo-
Burmese dominions in this direction.

TrE CorroN TRADE.—The average weekly deliveries of cot-
ton from Liverpool to the trade, to October 1& this year were
45,630 bales, as compared with 45,180 bales to the corresponding
date of 1866, and 38,860 bales to the corresponding date of 1865.
The average for the whole of 1866 was 45,460 bales. Specula-
tive operations have been tly curtailed this year: thus the

uantity taken on speculation to October 18 this year was only
%6[,320 bales, as com with 833,300 bales to the correspond-
il;g sd&u of 1866, and 780,400 bales to the corresponding date

1865.

FrENCH LocoMOTIVES.—A steamer has left Havre, having
on board a number of large locomotives for Russia. It was
reported some time since that the Creusot works had received
an order for eighty locomotives for Russia; it does not appear,
however, that the affairis quite definitiveiy concluded. The

uniary assistance pro to be afforded by the Russian
gvemment this year to the work of railway construction in
Russia is rather more than 3,000,000%

CcAer mm% RArLway Umrom(.—lfThe New I};;rk
nt i om is preparing to uniform its employés,
in accordance with thmyt of the hs% islature, Tlﬁa con-
ductors will wear coats and pants of dark blue pilot, beaver, or
broadeloth, the coat trimmed with brass buttons. The cap will
be of blue cloth, with two bands of gold lace, the lower band to
be an inch and a balf in width. The brakesmen will probably
wear & “regulation ” cap only for the present.

MmraND RaiLway.—The extension of this system to
Barnsley is being vigorously carried forward. The works are
rather heavy, comprising a8 they do a viaduct (near Hoyle
Mill) of thirteen openinglg. ten of them 60ft. in length, two
96 ft., and one 36 ft. The maximum height of this viaduct
from the ground is 86 ft., and the estimated cost of the work is
frcm 80,0000 to 40,0004

CoAL Exrorts.—The quantity of coal exported from the
United Kingdom to August 81 this year was 6,715,439 tons, ag
compared with 6,690,849 tous in the corresponding period of
1866, and 6,095,515 tons in the comb:‘fonding period of 1865.
The average price of each ton exported was 10s. 4d. to A
31 this year, as compared with 10s. 12d. to the corresponding
date of 1866, and 9s. 6d. to the correspouding date of 1865.

A PROMISING SCHEME.—A certain M. Boulet is, we under-
stand, endeavouring to get up a company for the construction
of a bridge across the English Channel. "It is to be a girder
bridge, the piers being constructed of piles which are to be car-
ried down to the bottomof the Channel, und are to have enormous
%uoys :ttached to them to assist them in carrying their load !

‘ancy
. NEw SmaLy Arms 18 Prussia.—The Prussian Government
is said to have adopted for trial a new kind of musket firing an
explosive projectile. This is called the musket. It i8 of
large bore, 21 millimetres diameter (or abont 0.82 in.), and the
projectile is made up with the charge in a paper cartridge con-
taining the percussion powder in a small papier maché cap at
the centre of the base of the cartridge, so that it can be fired
by any central fire breach-loading system. The projectile is of
cast iron, egg-shaped, 53 millimetres long, and 19 millimetres in
diameter, requiring a disc wad to hold it in its position in the-
barrel, which has a larger bore by 2 millimetres. The total
weight of the bullet is 85 grammes, including the weight of 2}
grammes of fine powder with which it is filled. Tﬁle entire
cartridge weighs 79 grammes (six or seven cartridges weighing
11b.), the length of the cartridge is 85 millimetres. The bullet
is provided with a percussion fuse somewhat similar in principle-
to—but smaller in size than—the Armstrong or Boxer fuses.
now employed for artillery projectiles, and the intention of this.
arrangement is to make each bullet explode and fly a second
time after it has struck the ground or any other impenetrable
object. It is said that the effect grodu by the explosion of
the projectiles is very powerful, and that itis particularly likely
to spread terror in the ranks of infantry to see the enemy’s
spent bullets rise up with an explosion at their feet, with an in-

creased chance of damage and destruction,



400

ENGINEERING.

[Ocr. 235, 1867.

INDIAN PROFESSIONAL LITERATURE.

How much longer, we wonder, are engineers at
home to be kept in ignorance regarding the great
public works ~designed for, or bbeing carried out
In, the vast peninsula of India? We ourselves, it
is true, derive much information on this subject; but
then that is obtained from an exclusive source, and
from one to which the profession generally cannot have
ready access. The library at the East India Office
may be searched in vain for any collection of such
works, and the shelves in the reading-room belonging
to the Institution in Great George-street contain but a
very few volumes of them, and what are there are mostly
of an old date. It is well known that very many use-
ful and valuable reports, and collections of papers
known as ‘Selections from the Records of Govern-
ment,” are constantly being published in India, at each
of the three Presidency Towns, besides which numerous
other papers of professional interest are annually
issuing from the several Government presses in India.
If these and all documents of a like nature relating
to India and her public works could be collected to-
gether in this country, what a fund of information
might there not be gleaned from them; and how in-
valuable would not such a collection prove, could it
but be thrown open so as to be available for the pur-
poses of study to aspirants for future honours as
engiueers on the vast plains of our eastern empire !
The differences that exist between the nature of engi-
neering operations in this country and in India cannot
be learned, under present circumstances, by any
neophyte whilst pursuing his prescribed three years’
course of study, in order to gain admission to the
annual competitive examinations held at the India
Office ; and on his arrival in India, the character of the
soil, the nature of the rivers, and the peculiar character-
istics of their tides and streams, and, more particularly,
the first principles of irrigation as practised there, are
all subjects regarding which he has to commence his
education. Tue reason for all this is, that most useful
books on such subjects published in India are
issued from the Government offices; but few copies
find their way to this country, where the sale of such
books must needs be limited, and the home authorities,
if they ever receive copies of them, keep them in true
conservative seclusion, neither distributing them
amongst the few professional libraries that do exist,
nor endeavouring to diffuse the useful knowledge they
contain, by the establishment of a Public Works
Library at the India Office, which should be open
during official hours, for the convenience of all desiring
to improve their knowledge regarding the great works
which are constructed by the Government for the pur-
poses of developing the vast and hidden resources of
those territories, to which they succeeded after the
outbreak of the Indian mutiny.

What would be thought, we should like to know,
of a person possessed of certain information, and of
which he was unable to make practical use, who refused
to part with it that others might derive advantage from
that knowledge which he was not in a position to em-

loy? Yet such is the present position of the Indian
I(’}overnment. ‘We should have thought that the im-
portance of civil engineering works to the economy
of imperial Government was sufficiently well under-
stood by all; and with reference to their importance to
India, we should truly be glad to see alittle more of
the engineering elementrepresentedin the India council
at home. That councillﬁgsess, at present, but one

]

officer of the Royal ineers, and another, who,
though an old artillery officer, distinguished himself

rincipally by the construction of one of the finest
Kydraulic works in the whole of India.

Can it be that the idea of making a practical use
in this country of Indian professional publications has
never presented itself to the minds of the Governments
either at home or abroad? If so, we would beg to be
permitted to point out, not only how great a benefit
would thereby be conferred upon the profession at home,
but how much greater benefit would probably accrue to
the Government itself, by furnishing a source of infor-
mation which at present does not exist in this country,
and which would most unquestionably be gladly taken
advanta,ie of by engineers, but more especmllg by
those who, fate ecreed, shall find their fields of
employment in India. And thus would the Lome
Government, without any actual and direct outlay, be
furnishing a most important means of education to
those who are hereafter to direct the execution of its
public works abroad.

BeLaI1AR CoAL.—During the first eight months of this year
the exports of coal from jum amounted to 2,187,000 tons,
a8 compared with 2,508,207 tons in the corresponding period of
1866. The French market has become almost the sole foreign
outlet for Belgian coal

FORESTS IN INDIA.

In a recent article we referred to the necessity of
maintaining the forests in India, with a view to
furnishing the necessary supplies as fuel for the rail-
way locomotives; but in addition to this there are
other causes, even more important {o the welfare of
the empire, which render the destruction of her forests
a thing to be reprehended, the principal effects of
which have been proved to be a very serious inter-
ference with the natural water supply of the country.
Such a diminution of the supply of water over many
parts of Bengal has recentfy geen brought to the
notice of the local Government by Mr. Chapman,
who considers that much of the evil is due to the
growing subdivision of property ; that the denudation
of forests has greatly increased the risk of famine,
and that to the deterioration in the quality as well as
quantity of water much of the epidemic fever, which
lias wasted lower Bengal for years, may be considered
to be due. -

The subject having thus been prominently brought
forward, we cannot permit it to pass by without a
word or two of comment. The subject of the destruc-
tion of forests as affecting the water supply in India
was brought before the Royal Geographical Society by
its secretary, Mr. Clements R. Markham, F.S.A., in
a paper read before them by its author on 11th June,
1866, soon after his return from an official visit to
that country, in counexion with the growth of the
quinine-yielding chinchona, which, we believe, that
gentleman was the first to introduce into India.

“The destruction of forests,” says Mr. Markham,
“has been one of the chief agents in effecting
“ changes in the earth’s surface, and the best methods
“ of counteracting evils which may be caused by these
“ excessive clearances is one of the most important
‘“ questions that occupy the attention of physical
“ geographers.” This agency, it appears, is now at
work in the Western Ghauts of India, amongst which
are the sources of many of the mighty rivers which
water the plains of the peninsula. There is a notable
difference between the climate on either side of these
ghauts. On the west side the slopes are abundantly
watered by the south-west monsoon, and the streams
fall into the backwater, supplying the narrow strip of
land with water in abundance. On these Travancore
hills clearing may be carried on to any extent, with-
out detriment to the low country, which could well
dispense with some of its surplus moisture. But on
the east side the due supply of water for the tanks
and channels is a neceesary of life to the people in-
habiting the wide plains of Tinnevelly. Indiserimi-
nate felling on the eastern slopes would lead to most
deplorable results, and the evil is already beginning to
be felt ; further grants of land have been prohibited in
the Tenkassy Talug, and in Nanganary the people
complain bitterly of the drying up of the streams.

The rainfall along these Western Ghauts is derived
almost entirely from the south-west monsoon, and con-
sequently nearly the whole of it is deposited between
the months of May and September; and it is worthy
of note that the amount of rainfall along the ghauts
decreases as Cape Comerin is approached ; thus at
Mahabaleshwar, near Bombay, it is 248 in., while at
Trivanderum, the capital of Travancore, it is 65 in.,
and at Cape Comerin itself it is only 30in. Within
the last twenty years an English colony of planters
has been estabhsging itself in the mountain districts of
the Indian Peninsula, the formation of which has given
rise to a wide-spread destruction of the primeval forest.
The planters arc occupied chiefly in the cultivation of
coffee, tea, and the quinine-yielding chinchona; and
these give risc to the felling and clearing of forests,
in the formation of plantations, and a total area of
little short of 60,000 acres of forest has thus been
already destroyed. Nor has the process by any means
reached its limit ; and a great cﬁan e is taking place
in the physical condition of the Lill districts. One
obvious consequence of the destruction of forests is
an increased rapidity of surface drainage, giving rise
to sudden and destructive floods at the outlet on the
plains, where the change of slope causes a diminution
of velocity, and to injurious freshes in the irrigating
rivers after they have reached the plains. The effect
of vegetation is undoubtedly to retard evaporation,
and to check the rapidity of drainage; and the removal
of forests of course has an opposite effect. The hill
districts of India are now aﬂ'orging proofs of this law
of nature. The floods caused by the monsoon rains
are yearly increasing in size and violence. During the
monsoon of 1865 two floods swept down the gorge at
Coonoor, iun the Neilgherries, doing much damage, and
they were of a volume such as had never been known
before. In 1863 the bridge of the Mootramuddy at
Coorg was swept away by the floods. Plans were

drawn up for a new bridge which should be out of
reach of all future floods; but in the following year
they rose to a greater height, and in 1865 higher still,
More recently we have the floods of the present season,
which have caused so much destruction to the bridges
on the Great Indian Peninsula and the Bombay and
Baroda railways. Al this is clearly due to the exten-
sive clearance of forests, owing to which the rain-water
rushes off the surface instead of sinking into the earth
and forming springs.

For the fast twelve ears, a system of forest con-
servancy has been established in the Madras Presi-
dency, with a view mainly to the preservation of valu-
able timber and of firewood, and to the retcntion of
belts of forest near the sources and along the courses
of streams.  As a branch of the Public Works Depart-
ment, a_forest agency is very necessary, both for the
supervision of selling and planting on a proper system,
50 as to ensure an adequate supply of timber for public
works, and of fuel for railways, ang for the conservancy
of forests, to obviate the disastrous effects of indis-
crmlinate felling on bridges, roadways, and irrigation
works.

In alinost all countries there is either something to
check the rapid flow of the rain-water in sul$we
drainage, or else there are disastrous floods. This
agency acts as a sponge. It cousists either of a la
area of forest, or of swamp, or of peat-bog, or of &
system of lakes or of artificial reservoirs. In Yorkshire
the sponge was provided by the undrained moors of
the North and West Ridings. As these moors are
drained, the safety-valve is removed, and the heavy
floods of the autumn of 1866 are the immediate con-
sequence. If the moors are completely drained, arti-
ficial reservoirs, must cventually be substituted, or the
floods will be a chronic and increasing evil. In France
there is no sponge of any kind to regulate the waters
of the Loire, and conscquently there are frequent and
disastrous floods ; while, on the Rhone, the Lake of
Geneva performs that important duty, and hence the
floods are less violent and not so frequent. The river
Po and its numerous affluents are always completely
under coutol, because, at the head waters of each river,
there is an efficient sponge provided by the lakes at
the foot of the Alps. The river Ebro, In Spain, has
no such moderator, and destructive floods in the
country round Tortosa are therefore frequent. On
the Western Ghauts, the sponge is furnished b
the extensive forests which clothe their sides;
when these are removed to any great extent, it is
esscntial to the welfare of the whole peninsula of India
that a system of storing water in large reservoirs or
artificial lakes should be substituted. Thus we see
that if the course prescribed by nature, for restraini
the water-fall on the mountains in India, be followed,
it will necessarily result in the maintenance of forests
along their slopes; and as the older plantations are
cut dow for fuel, or other purposes, they must be
replaced by others, in order to maintain a sufficient
equilibrium of forces for the restraint of the rain waters
and prevention of floods. The alternative of catching
thesc flood waters in artificial reservoirs, and so pre-
venting them from rushing headlong down upon the
plains, will form the subject for a separate article in
a future number.

BrrrisH ARTISANS' Visrts To PARis—Mr. J. T. Dexter
the corresponding secretary of the Paris Excursion Committee,
has addressed the following letter to the editor of the Times:
“ Sir,—It seems to have been positively determined by the
Commission for the Universal Exhibition, at the meeting on the
13th inst., to close the building officially on the last day of the

resent month ; allowing, however, the director of the Exhibiti
5!. Le Play, to open it to the public ten days longer at a h
franc for each adinission, and seven days longer without charge.
If the railway companies are alive to the opportunity, large
numbers of persons who have not been to Paris, and now all but
despair of going, may still be enabled to examine the most per-
fect collection of the products of industry for which this age of
exhibitions has yet given place. I trust the occasion will not
pass unheeded. Engafed in the work of facilitating the visits
of British workmen, I have Lad little leisure to examine for
myself the vast resources within the building in the Champ de
Mars. But the testimony of men whom I am bound to regard
as qualified to pronounce npon such matters is given with all
but unanimous consent to the verdict that, judged by their work,
the French artisans are outstrippiug our own more free an
hardy workmen not alone in taste and delicate manipulation,
but also in solid workmanship and skill. To mark this condition,
and to ascertain the causes which bave conduced to it, is no-
thing less than our duty. A hint of this kind may be in better
time than a long discourse; so I will simply add that i the rail-
way facilities be extended this committee will not yet bring 1its
operations to a close.” . R

WHAT NEXT?—An American genius bas arrived in London
with a most miraculous breech-loading gun, the invention of
which he solemnly asserts was communicated to him by two
spirits of the departed ! He is now en route for Paris to ex-
bibit this new wonder in the shape of a death-dealing instrument
to the emperor.—The Cosmopolitan.
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(Continued from page 878.)
AND now there having been established at any rate a primd
JSacie case, two things may naturally be demanded—that it be
shown what harm results from the present state of things, and
then what suggestions can be made for a remedy.

Whatever may be the different inferences drawn from the
tact, the fact itself is patent to all that in the various iron-fields
in this country, and in the different iron-making districts, there
is the greatest diversity in quality. It is no use grumbling at
what nature has done; but any evils that are likely to result
should be rrovided against and combated. This is not the case,
for, as before stated, the fact is practically ignored by a great
proportion of engineers. The irons from different furnaces
varying to 8o great a degree, it would be imagined that record
wonld be kept of the comparative values, that some public tables
of reference would exist, that some public body, such as the
Society represented here, would give authoritative and impartial
standards of )| for guid and ref But at
present such is not the case; and when work, great or small, is
competed for, ironfounders from Yorkshire, Derbyshire, New-
ust}: and Glasgow send in tenders, which are examined with
but little reference to anything but price, and the work is given
out with an utter disregard of the enormons difference in qualit;
that may have been intended by the various competitors, thoug
certainly there may be specifications containing such vague
phrases as * the iron is to be equal to good grey Staffordshire,”
or some indefinite statement of that kind. Indeciding upon the
manufacturer, has the engineer tried to imagine whether
Scoteb, Yorkshire , hematite, and Derbyshire are in favour
with the founder, or whether Cleveland pigs and burnt firebars
are wuiting to be melted for him? And yet it just means a
difference 1n value of from 5 to 30 per cent. in the strength and
toughness of the castings, for, by the manner in which specitica-
tions are now framed and enforced, differences to that extent
are quite possible, and the only reason to be assigned for such
& state of things is that engineers do not realise sufficiently that
B0 great a diversity in quality exists. They seem only too ready
to assume that cast iron is always about the same, and that
certain formuls in standard text-books are sufficient for their
purpose, while really the data there given are taken from ex-
periments made years ago, and only give a safe average value
that may be enough for ptudents, but which has too great a
margin above and below to be all that should content a profes-
sional advisers in such matters.

It may be said that in cast iron an increase of section will
cover any deficiency in quality, and make all safe. To a certain
extent this is so; g'ut that it is a dangerous and wasteful plan
mi be demonstrated. In increasing the section of a column or

irder the same increased ratio of strength is not obtained ; for,
ond a certain thickness of cast iron, the value per square
inch of section rapidly decreases. Let the strong girder or
stancheon, A, be compsred with the still stronger ones, B. It
will be fouud that the grain of the metal in the former is equal
throughout, but not 8o in the latter. The iron, cooling first at
the outside, solidifies and contracts, while that in the inside
forms much larger crystals, and the oien granulated appearance
can be easily noted ; and if the thickness were still more in-
creased, there would so0n be found the honeycomb appearance
of an unsound casting, and perhaps even a large hole. Columns
are certainly made hollow by preference: but if it were attempted
to cast them solid, they would be formed with a hole down the
middle for all that. There are lying here two fragments broken
from the same railway chair. In the one, the little triangular
oore space is observed, and the metal around it is close; in the
other, the little core has been omitted, and the weak open grain
is discernible. If a column were madeof 3 in. metal, and then
had 1 in. turned off inside and out, 8o as to leave 1 in. thick-
ness, it would be utterly valueless, so inferior would be the metal
left. In exaggerated cases, attention has always been given to
this, and in the thick cylinders that are made for hydraulic
Ppresses every engineer knows how difficult it is to counteract
this tendency. Even after casting an enormous head of metal
on the top, there is still a risk of spongy iron, the section dis-
closes very large crystals, and even with iron 6 in. thick the
water forces its way, and the moisture exudes, like perspiration,
on the surface. And not only is it to & certain degree danger-
ous to rely on increased sections to make up for inferior iron, but
it is wasteful to all concerned. The best iron (that used to ob-
tain the highest fi of excellence just given) costs 20s., or
more, a tot more the very cheapest that can be obtained.
But assuming that in J)mtioe the good iron is mixed with a
little of an inferior kind, and that the very bad has a little good
infused into it to redeem it from its worse condition, the differ-
ence may be taken at 10s. to 15s. But fuel costs thesame, the
moulding is the same for both, and the labour in lifting and
carrying is greater for the heavier section, and of course freight
is dearer, too, 50 that it will almost always be found that it
would be cheaper to use a high quality of iron. Snpposing a
saving is effected of 1% per ton, or 10 per cent., the iron obtained
is, say, 400 of the standard instead of 500, a distinct loss of
20 per cent ; to which must be added another 10 per cent. for
extra weight incurred for safety's sake; so that in all 30 per
cent. loss stands against 10 per cent. of apparent gain—surely a
miserable attempt at economy. And uot only is this a mistake
to the buyer, but to the manufacturer. Some founders think
the free-and-easy way the best, and are not at all displeased to
s0e heavy sections employed, and big castings demanded ; other
men, who see how their use of good iron is unappreciated, are
tempted to do like their neighbours; while many see with
lAefnt that cast iron is in 8 manner falling into disrepute.
ready have surveyors in London and elsewhere

against the very extended and exclusive use of it to so largean
extent in new buildin There is alsoa growing inclination to
make certain things of wrought iron that could be made cheaper
in cast, and men are taxing their ingenuity to produce cast
malleable iron, and are trying queer mixtares of pig and wrought
scrap combined for castings, w really the best and toughest

cast iron would quite fulfil their purpose. And insome cases of
this sort, for light and ornamental work, the difference in cost of
material would bontm? inappreciable.

This paper is being ad reeseJ to engineers ; at any rate, ap%eals
to those who can discuss the facts put forward, and, if they think
proper, act upon them ; but unfortunately a large proportion of
constructive ronwork is not designed by engineers at all, but by

architects, who, of necessity, have to usurp functions in the | used

roper exercise of which they have not had sufficient experience.
'he materials of wood and stone and brick they use in all the
forms and dispositions which the accumulated traditions of
centuries have proved to be the best, and they have on every
side examples of what to copy or avoid; but iron is a new
element to many of them, in 1ts present numerous varieties of
application. Tie demand for fire-proof building, for open spaces
involving large distances between bearings, in fact, for iron in
most of its modern forms, finds many of them quite unprepared
for its proper treatment. Thero are, of course, many exce
tions; there are those who have wisely given the subject special
attention, as one which is ount ; and there are those who,
in these special matters, show their discretion by asking the
advice of an engineer. But while some architects have a large
and happy belief in the capabilities of iron, they cannot get out
of their mind’s eye, or rather their architectural eye, the forms and
mportions of bygone days. There is sometimes to be seen in
don the most extraordinary strength given to ironwork in
L , where h have been placed, that would have
carried St. Paul's almost; and this feeling, again, is anothar
result of the utter uncertainty that prevails about the strength
of iron. The matter ends with the architect, when, in a neat
bill of quantities endorsed *‘ Smith and Founder,” his ironwork
goes forth to the builders, and from them no one knows where,
certainly, in most cases, all over Grent Britain, directly or in-
directly ; and a contracting builder of the present day will vb-
viously accept the lowest tender, unless something notoriously
wrong appears in it. And naturally, therefore, the architect
makes himself safe, and allows for & strength of casting which
probably the vilest iron in England will give him. Architects
often apply tests, but generally only to something higher than
their working load, and no valuable knowledge is obtained. In
the more conspicious and ornamental ironwork an architect will
examine critically the outside finish and appearance of his cast-

ings, quite unaware, in most instances, whether in strength and | roof,

toughness the iron 1s 20 per cent. above or below a fair standard.
What it is likely to be may be shrewdly guessed from the system
under which it may be procured, it having very likely been

urchased from the cheapest ironfounder, who cannot use good
iron without loss,

In London, where space is valuable, where the skill of the
architect is taxed to make the most of the ground, surely it
would pay best to use the stronﬁest material, and save in breadth
and bead-room. Iron is simply iron in the eyes of a_builder
who does not care to make curious scientific inquiries into the
material supplied to him; if it has a appearance, he is
satisfied he has done the best for himself; but it is doubtful if
the architect has done the best for his client. In the so-called
fireproof structures of the present day, the structures them-
selves may be so; but when filled with combustible goods, they
are destroyed in spite of pr ion. wareh posed of
iron framing, of concrete floors, and stone staircases is looked
upon as invulverable; but when, filled with hemp, and tes, and
oil, it catches fire, what of the framework then? ~Then indeed
the iron stancheons and girders are tested. With the intense
heat, all their powers change; theg bend, they break, they fall,
tloor crashes through to floor, and the fireproof building is in
ruins. Who knows bow much turned the scale, and whether
just a little more strength and toughness in the iron would not
bave stood the ordeal? and the building has fallen because of
cheap rotten iron, and all the ingenuity that contrived the
structure is baffled and defeated. One other small instance,
though it may seem a trivial matter—the lamp-posts of Lon-
don, the most conspicuous and oftenest repeated objects in
the stfeow, n.reda. disgrm t(;) this iifty.l They hm conlll-
mon, clumsy, and ugly to a degree. elegant, tl might
give a chnn’ctar and finish to the thoroughfares; but t‘l’l{m is no
public censor of taste, and a local vestry board asks for the old,
old pattern, and, having iuvited tenders, obtains their pillars,

inted and weighed, inﬁom store for som;te%il;g like 6L 6s. a ton.

hen any one sees a post smas y a passing wagon,
let him look at the article tE;t was supplied to the pms%: ‘gd
iron, and the core perhaps all on one side, will show what is done
in open competition and rotten iron.

And if it be now asked what is the remedy for this state of
things, it would not be unfair so reply that this should rest with
the grofeusion:l engineer, who needs only to be acquainted with
the deficiencies he has to deal with. But, at any rate, some
suggestions or hints may be offered for consideration. The
main thing to correct is the great uncertainty that prevails, and
the more of which is removed, the ter nicety can be given to
calculations, and greater reliance p! on them when they are
made, At present there is no standard held up for imitation,
and every one has his own notions on the matter. If an iron-
founder 18 asked if his metal is *‘ good,” it would not be in his
human nature to answer but in the affirmative; while if he were
asked if his iron would stand a specific strain named in exact
figures, he would think twice before he said that which could
easily be proved to be false. Again, an honest ironfounder would
prefer to have this uncertainty removed. He would know
then what was expected from him, and how far he could compete,
while at present he may use irons the difference in the value of
which may more than cover the margin between the highest and
lowest in a row of tenders. And for the engineer how useful
would this certainty be! Any exmms he might make, or ex-
perience he might gain, would be on positive facts as to the
quality of material, and he would know that in any successive
work the same results would follow only where similar construc-
tion was combined with the same value of iron. Bat surely in-
stances and examples are not needed as ?roofs to support the
advocacy of exactness against doubt, and of good against bad.

But of this good against bad let it not be thonght that too
mauch is here &ropoeed. The higher qualities of iron have been
shown not with the idea that they should be taken as standards
and held up for emulation and imitation, but only to prove from

these high proofs how very low by comparison the bad irons are,
and that they are much lower than they ought to be. No
human bein%can control or alter the quality of the iron as
it is taken from the earth, but it might afterwards be im-
proved to any extent, either by mixing the ores or the metal
afterwards. The thing here complained of is, that it is not done
to a large enough extent, and that the iron of some districts is
too much in its natural or unimproved state. The
worst iron in the country need not be wasted ; it has its value,
and combined with better sorts would be of good enongh quality
for many purposes. But the carriage to and fro is expensive
and inconvenient, and neither an ironmaster nor a founder can
be expected to, do voluntarily what is not asked of him by the
engineer. Would not the figures quoted here justify a proposi-
tion of this kind—that no iron should be considered fit for the
market that did not stand 450, and that all bad irons should be
brought up to this standard? ~ And, secondly, why should not
higher qualities be known and calculated upon as standing at
500 and 5507 These are quite within what may be obtained
with certainty, and for some p es would be most usefal.
Anything beyond this would be exceptional, and for the con-
sideration of engineers in very special cases where it also would
be most valoable. In dealing in the precious metals, people
look with doubt on 9-carat jewelry, and prefer 15 or 18; but
they can at any rate know when they do get the better sort. Why
should there not be in iron also a figure or a sign of value—no
exact one need be named here ? and let engineers generally enforce
the value, and avoid the manufacturers who were found to shirk
it, and who would not give in practice what a specification de-

manded. If this could be done, a higher tone altogether would
be given to the trade in iron, and engineering works could be
conducted with greater precision.

Hitherto the subject of cast iron only has been here discussed,
y because there is not so much uncertainty in wrought
1ron and Ea.n.ly because in it good material is thoroughly appre-
ciated. But there are a few things here, too, that would be the
better for a little ventilation. Here the Board of Trade sEecify
that not more than 5 tons per square inch shall be applied in
tension; but this, of course, leaves to the engineer’s option
whether the iron shall be equal to 17 tons or 24. In many
cases no real tests are arplled, and, as in cast iron, the tests
that are made are most fallacious. An engineer, in designin&s
Iculates for his tension-rods iron of 22 tons to the inch;
and, when his roof is finished, loads it for a test to twice the
working weight, while, if he more often broke some iron, he
would ge better informed. Another good result would follow
from this practice. If an engineer demanded from the maker a
little piece of every size of T, L, bar, and plate, and broke
them, he would not only know their strain, but would also find
out which shape of iron stood best with certain strains, and
would, perbaps, avoid some sections for the future. Many
persons, who are not directly interested in these matters, would
hardly credit that such bad iron as is sometimes sold was ever
made at all. Lying here is a piece of plate, detected by acci-
dent, after having been made into a girder. A chance blow
from a hammer chipped it off like a bit of crockery, and
its appearance sufficiently indicates its value. Here alsois a
small piece of iron, 14 in, X # in., which was intended for bond-
ing brickwork together. It looks worse even than cast iron for
tension, is as brittle as glass, and would break abruptly with-
out stretching, This also was detected by accident, and reveals
what is a_very serious fact, that there 13 & market at all for
such stuff. d let it be noted that iron as bad as this cannot
be the result of chance misfortune, for it could not possibly
have survived the working that in its manufacture it should
bave undergone. And this working that iron goes through is a
safeguard very often. Small rods, T and L iron, must of
necessity have a certain value, or they could not have been made
at all, and it will often be found that the cheap ironmakers do
not care for these sections. Are not the commercial terms ap-
lied to iron significant of the demoralisation which has resulted
rom the absence of fixed standards of value? So nnmeaninﬁ
are these terms, that the worst iron that is made is called * Best.
To get a good quality it 1s necessary to specify * Best, best ;"
and really superior iron has to be named, *‘ Best, best, best,” to
give it proper valus in the estimation of purchasers.

There are at the present time in the English market many
kinds of foreign iron, and especially rolled joists. Some of these
are excellent, but some are very inferior, a8 may be guessed
from thed pne:h at which it is t'tl;]old. Built il?to ?rickwork as
quiet girders, these may serve their purpose, but if an engineer,
taking a fancy to the section, should use one for other pur;
let him beware how he twists and turns it, for some of it is
remarkably deficient in the fireand on the anvil. As a pleasant
contrast may be shown some good specimens, and among them
the head of a link made by Howard and Ravenhill’s patent pro-
cess, and which has been washed with dilute acid 80 as to ea$
through the skin and reveal the fibre of the iron. It will be
seen filt, instead of the shear in the hole being across the grain,
the iron follows the curve of the head in a very curious manner.
These links are rolled entirely from solid blooms of scrap iron,
and will stand a strain of about 24 tons and upwards Eer square
inch of sectional area. (The sample shown to-night broke only
at 254 tons.) It is, however, the great elasticity more than the
ultimate endurance that gives these links their value. When
they are tried in tension up to 12 tons, they will, on being re-
leased from the load, return to their former length, and it is only
beyond this strain that the permanent set commences. When
tried to a breaking point, 8o great is the toughness of the iron
that the links stretch from 1in. to 1§ in. per foot.

Some other samples of wrought iron are shown here which
will be recognised as of a very high kind. As in cast iron, the
manufacture i8 a pure matter of money as to the quality ob-
tained, and is still less than in cast iron a matter of locality.
Even the Lowmoor and Bowling irons, of which so much is
thought, are to be attributed to careful and systematic working
more than to any original superiority of the raw material.

The statements put forward in this pager are given with due
deference to the greater experience of older engineers, and the
object was more to place prominently in view a certain state of
things as at present existing than to give advice as to a remedy.
Mr. Kirkaldy has shown what can be done in the analysis of
iron; it only remains for engineers to take advantuge of his ex-
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perience and example. Nothing Las been said here of the
morality involved in the manufacture of good or bad iron, but
when it is remembered how often human lives depend on
the structures designed for public uses, and when engineers
rechl the failures that have occurred within their own experience
from defective material, it will be acknowledged that the subject
i8 one of the gravest importance.

With the exception of Mr. Kirkaldy’s tests, which were made
a fow ago, this' paper was all written for the last session
of this Society, and during the intervening months_there have
been independent confirmations of the opinion now given. Two
engineers of eminence have asked for high strains in cast iron—
about 550—one for a public work in London, and one for India,
and they will doubtless obtain them.

APPARATUS AND PROCESSES USED IN THE
MANUFACTURE OF FURNITURE.*

Paris ExarBitioNn.—Crass 58.
By Lieut. OsBerT CRADWICK, R.E.

THE machinery and processes of this class present no
great novelties in principle, the chief improvements being
in detail and arrangement,

In the English section nothing is exhibited ; but as there
are in class 54 some machines applicable to the processes to
be here described, they will be mentioned, so as to afford
comparison with those performing similar operations, which,
in the French section, are placed in class 58.

For the same reason some German machines are also in-
cluded. The following objects are those which will probably
be of greatest interest. They are arranged in the order in
which they are given in the French general catalogue, as
being that by which they are most easily found:

FRANCE.

Perin: Endless ribbon-saws, and specimen of work done
by them.

Gérard: A planing-machine; also circular and recipro-
cating saws.

Arby: Planing-machine.

Barrére and Caussande: Engraving-machine and copying-
latbe.

Contamin: Copying-lathe.

In the Park.—Cart: Portable saw-frame for rough tim-
ber, with endless band-saws.

HESSE.
Schmaltz Brothers (54): Machine for shaping pieces for
parquet floors.
AMERICA.
‘Whitney’s gauge lathe for legs of chairs, &c.
Whinslow: Double serpentine moulding-machine.

ENGLAND,
Worssam: Radial boring-machine ; general joiner.
Robinson : Moulding-machine ; self-acting cross-cut saw-

bench ; tenoning-machine. '

Powis, James, and Co.: Moulding-machine ; boring and
mortising machine; combined endless and reciprocating
sawing-machine.

Sawing-machines.— Perin, who was the introducer, if not
the inventor, of the endless band-saw, shows a fine saw of
this kind for cabinet-makers’ use. Also, a combined reci-
procating and band-saw machine for inlaying. The endless
saw runs over three small pulleys, one of which is provided
with an arrangement for tightening the saw. The recipro-
cating-saw works in slides above and below the table, and
is stretched by a spiral spring attached to the upper slide
by aleather strap. A emall boring-spindle is placed at one
side of the table, at the front of which is a vice for holding
the saw while being sharpened, during which operation the
band-saws are placed over two pulleys provided for the pur-

pose.

M. Perin also shows a fine specimen of the work that can
be executed by these saws. Powis, James, and Co. also
show a similar machine, but of larger dimensions. In this
machine the wood packing round the saw beneath the work
is independent of the table, which can therefore be inclined,
if required, without loss of time from having to fit new

king.

M. Cart has a portable saw-frame for sawing rough
timber, with two endless band-saws.

Gérard shows a small circular-saw driven by the foot,
which is adapted for all kinds of light work. ‘Lhe table is
provided with a slide, with gauges for mitre-joints. For
rebating, the whole table can be inclined, so that the saw
protrudes to any required extent; for bevelling, half the
table turns down on a hinge in the prolongation of the saw,
and can be fixed at any angle. A sweep-cutting saw is
shown by the same exhibitor, the framing of which is en-
tirely of wood. The saw works between arch-heads, and is
tightened by a simple lever, which strains the flat chain
connecting the opposite ends of the levers which carry the
saw. A self-acting crosscut-saw by Robinson has an ar-
rangement by which the circular-saw moves backwards and
forwards in a slit in the table, advancing slowly and return-
ing quickly after making the cut.

Whitney (United States) exhibits a circular-saw table,
with a crosscut and a ripping saw, so arranged that either
can be brought into play without loss of time. The two
saws are supported at each end of a lever carried by an axle
in the middle of its length, Thus either saw can be Lrought
up through the opening in the table, and the driving-belt is

* Jurors' report, reprinted from the Ilustrated News. See
page 343 of the present volume of EXGINEERING.

taken up by the pulley of the saw that is uppermost. One
half the table is made to slide, and is provided with gauges
to cut any angle. The other half is fixed, and is provided
with a fence.

The circular-saws which are provided with apparatus for
boring, mortising, &c., will be mentioned afterwards.

Planing and Moulding Machine.—In the planing-machine
of Arbey the cutters are in the form of a screw ; there are
three, and each makes rather more than dne-third of a turn.
To ensure the cutters being sharpened to proper form so as
to cut a flat surface, a self-acting grindstone is. attached to
the machine. The stone is carried by a frame which
traverses across the machine parallel to the axis of the
cutter-block, which is for this purpose disconnected from the
driving-pulley. On the lower part of this traversing frame,
immediately under the grindstone, is a rest against which
the face of the cutting-blade is pressed by a weight attached
to a pulley on the spindle. The grindstone is moved back-
wards and forwards across the machine by a screw, while
the cutter, from its form, is caused to revolve by the pressure
of the rest. In this manner a true helical form is given to
the edge. The work is clamped to the table, which moves
at the rate of about 12 ft. per minute under the cutter. For
planing thin boards the table may be fixed, and the feed is
then given by a roller.

Gérard : This planing-machine consists of a vertical disc,
pierced with two radial slits, through which the edges of the
cutters protrude; they are straight, and exactly similar to
an ordinary plane-iron. The work is carried by a table in
front of the disc, which revolves at a comparatively slow
rate.

The moulding-machine shown by Robinson (class 54) has
four cutter-spindles, so that the four sides of the work can
be finished at one operation. The upper cutter-spindle can
be set slanting, so that, for a moulding much deeper at one
side, the cutter need not have such a great difference in size
between the two ends. The feed-rollers are driven by an
endless screw, and, to adjust them for differences in thick-
ness of the work, their axles move in & circular arc, whose
centre coincides with the centre of the driving-wheel, so
that they are always in gear. In a similar machine by
Powis, James, and Co., the cutter-spindles for the edges of
the board can be inclined at any angle, so as to enable them
to tongue and groove the edges of boards for cylindrical
work, such as cylinder lagging. In this machine the rate
of the feed can be changed even while working. The feed-
rollers are worked by a friction-pulley which presses against
the face of a revolving disc. This friction-pulley can be
moved glong its axle from the centre of the disc to the
circumference, or can be removed altogether from contact,
so that the rate of feed can be changed to any required
extent.

In Whitney’s cylinder plane the horizontal cutter-spindle
is fixed, and the table is raised or lowered to accommodate
different thicknesses of plank by a simple arrangement. On
the under side of the table is an inclined plane, which rests
on a wedge. This wedge is moved in or out by means of a
screw; and, as the table cannot move horizontally, it is
raised or lowered. Oune turn of the screw raises the table
one-eighth of an inch.

Whinslow’s double serpentine moulding-machine is de-
signed to mould pieces of an irregular curved shape, such as
the backs of chairs or sofas. The cutter-spindle is horizontal,
and beneath it, and sapporting the work, is a fluted roller.
The flutes of this roller are slightly oblique, 8o as to press
the work against a stop projecting from the frame. This
pressure causes the work in passing under the cutter to
follow any outline to which it may originally have been
cut. It is pressed down into the fluted roller by two rollers,
one on either side of the cutter. The cutter is made up of
small irons, each of which is held in undercut grooves in
the edges of two rings placed on the spindle, and tightened
by a nut. By this means several mouldings can be made
with the same irons by changing their relative positions,
and the whole is better balanced.

Schmaltz Brothers, Hesse (class 54), exhibit a machine
for parquet flooring which may, perhaps, be classed under
this head. Its object is to shape, tongue, and groove the
edges of the geometrical figures for this kind of floor. The
tool is carried by a vertical spindle, and the work is fixed to
a circular tackle, supported by a slide-rest. This table also
turns on a vertical axis, and can be turned round through
80°, 459, 60°, or 90%, and then fixed by a stop, which
enters into notches in its circumference. By this means ac-
curate hexagons, octagons, &c., are cut and the edges
grooved.

Vanloo, France (5). This machine produces ribbed,
beaded, and basket-work patterns of various sorts. A table
carrying the wood to be carved moves backwards and for-
wards under a frame carrying the tool ; on each side of this
table is a rack, the projections of which act on a sort of cam
fixed to the lower side of the frame carrying the tool,
causing it to pass over the work with a jumping movement.
The form of the cam and the shape to which the edge of the
cutter is ground determine the pattern. For some patterns
a horizontal movement of the cutter is also required. For
this purpose a rack is fixed on the side of the table, and acts
on a cam on the frame, as before. The tool cuts both ways,
and the motion of the table is self-acting.

The universal moulding, shaping, and recessing machine
of Worssam and Co., England (class 54), is one which may
be taken as intermediate between the moulding and the
boring machines. The vertical cutter-spindle is carried by

a frame which overhangs considerably, so that the work can
pass under the tool ; and thus it i3 enabled to work in the
centre of a board. For sinking recesses to pattern, a table,
carrying the work and pattern, is added, which can be
moved by hand in any “direction on two slides at right
angles to one another. This machine has also a second
cutter-spindle, which works below the table, and is bronght
up by & hand-lever. This cutter revolves in an opposite
direction to the top one.

Mortising and Boring Machines.—Of these machines two
kinds are exhibited, one with a revolving cutter, and the
other with an ordinary mortise-chisel with a reciprocating
motion. Of the first kind a machine is exhibited by Gérard.
The spindle is horizontal, and can be raised or lowered ac-
cording to the position of the mortise to be cut. The ‘work
is traversed, and the spindle brought up, by racks and
pinions. To prevent the lever-handles being sometimes in
an inconvenient position, these pinions are loose en their
shafts, and can be slid out of gear with the rack and
brought to a more convenient position. In the similar ma~
chine of Perin there is a second spindle, parallel to the
which does not revolve, but carries a double-edged fork-
shaped cutter for finishing the ends of the mortise, which
are left round by the revolving cutter. Similar machines
are exhibited by Schmaltz and Geschwind, and Zimmer-
mann. Of the machines with the reciprocating chisel one
is shown by Rogers, United States. The chisel is moved by
a crank and connecting-rod; and, with crank-shaft and
driving-pulley, is brought down to the work ty the pres-
sure of the foot applied to a treadle, and raised from it by a
weight. When the chisel is allowed to rise to the top of its
slide, it is turned half round by a stud, which strikes a
spiral cam, 80 as to cut the other end of the mortise; a
similar cam turns the chisel back again when brought to
the bottom of the slide.

Tenoning-machines.—Rogers's tenoning-machine, United
States, has two horizontal cutter-spindles, with open cylin-
drical cutter-heads, which are provided with a small saw-
spur to cut the shoulder of the temon. The table carrying
the work is raised or lowered by four wedges. The cutter-
spindles have independent horizontal adjustments, so that a
tenon of unequal depth on the two sides can be cut if re-
quired. A similar independent adjustment is seen in Robin-
son’s machine.

Mackines performing seworal Operalions. — Worssam's
‘‘ general joiner” does sawing, planing, and thicknessing;
mortising, tenoning, cross-cutting, and squaring up ; tongue-
ing, rabbeting, grooving, moulding, and beading; cham-
fering, wedge-cutting, and boring. The saw fence can be
inclined at any angle, and the table rises and falls, so that
any depth of cut may be taken. For planing, a planing
disc replaces the saw. Tenons are cut with a double saw,
the work being fixed in a clamp which slides along the
fence. For grooving, a ‘ drunken saw,” or one set obliquely
on its spindle, is used. For mortising, boring, or moulding,
the tool is fixed on the opposite end of the spindle to the
saw, and the work is carried by a sliding-plate, working
upon a table with an independent rising and falling motion,
80 that boring can be carried on at the same time as sawing,

A similar machine is shown by C. Powis. Robinson’s
circular saw-bench for tongueing, grooving, boring, cross-
cutting, and sawing, is somewhat simpler. The saw-spindle
rises and falls instead of the table. For grooving, a cutter
is employed, replacing the saw. For boring, the auger is
attached to the end of the spindle, and the work is carried
by a separate table. Itis considered better, when expense
is not considered, to have a separate machine for mortising,
as the motion of the wood in this operation produces a
lateral strain on the spindle, which is apt to derange it for
planing or sawing.

Various Machines.

Barrdre et Caussande exhibit a machine for engraving.
This machine is chiefly intended to produce and engrave
the complex patterns which are used in bank-notes. It
engraves circles, ellipses, circular and elliptical rosettes.
There is also an apparatus for producing small stars at
regular intervals, forming thus the ground for bank-notes.
It also engraves automatically from the originals or casts,
by the * anaglyptographic” process, medals, &e.

A copying-lathe for medals is also shown by the same
exhibitors. In this machice the work and the original
revolve slowly, at the same speed. A tracing-point moves
slowly from the circumference of the model, 80 as to describe
a spiral track over the surface to be copied, and rises or
falls as meets the elevations or depressions. The vertical
motion of this point is communicated to a drill, which moves
in a similar manner over the work. Reduction or enlarge-
ment is produced by causing the horizontal movement of
the drill to be slower or faster than that of the tracing-point,
by means of change-wheels. Contaurin has a similar
machine, but the movements are produced entirely by levers.

Whitney’s gauge-lathe finishes at one operation the legs
and rounds of chairs, &c. It is a lathe with & slide-rest
traversed by a screw. This rest carries two tools; one, a
chisel, is fixed and roughs off the work. The second, a
V-shaped cutter, cuts out the pattern, and is guided by a
template fixed to the bed of the lathe. A knife, whose edge
is moulded to the form to be produced, moves vertically in
a frame behind the lathe ; as the slide-rest passes along, this
knife descends and smooths off the pattern produced by the
first two cutters. In this manner chair legs are produced
from a rough square log with an accuracy equal to that
attained by hand, and with immense rapidity.
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BRIDGE OVER THE RIVER THAMES, AT COOKHAM.

DESIGNED AND CONSTRUCTED BY MESSRS. PEASE, HUTCHINSON, AND CO., ENGINEERS, DARLINGTON.
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THE bridge over the Thames, at Cookham, of which we
publish a perspective view on page 414, and details on the

Ppresent , is remarkable, not for its size, nor for difficulties
attending its erection, but for the cheapness with which it
was constructed. When the Cookham Bridge Company
decided on the construction of the new bridge, the directors
advertised for designs, and in return thirty-seven plans and
elﬁona&teo were sent in, these estimates varying from 1900, to
27,0001.!

The tender accepted was that of Mossrs. Pease, Hutchinson
and Co., of the Skerne Ironworks, Darli and 82, Cole-
man-street, London, whose estimate was 2620L.; and premiums
were awarded for the two next best designs, those of Mesars.
Peto and Co. and Mr. John Pinchbeck, of London.

The length of the new bridge over all is 836 ft., and its
length between abutments 800ft. The clear width of the
way is 20 ft., and the height of the bridE: at the centre,
from the bed of the river to top of the il, is 30 ft.
The bridge has & rise the centre of 2ft. 6in. - The
superstructure consists of a wrought-iron continuous
supported at intervals of 40 ff. upon piers formed of iron
piles. The main gi are 8 ft. 61n. deep, with webs & in.
thick,and top and bottom flanges 12in. by § in. The flanges of
each girder are joined to the web by pairs of 3in. by 8 in. by
$in. angle iron. The girders are firmly bolted to the three
centre piers, and ride on the remainder on expansion rollers.
rest on expansion rollers at the two abutments.
Ornamental cast-iron brackets are zou'oduoed ntstha angles
formed by the piers and girders, as shown in Fig. 2.

'.l'hetmynsve:ze i which are placed 6 ft. 8 in. apart
from centre to centre, are of ht iron, 14 in. deep, with
% in. webs, and top and bottom es each formed of a
pairof 3} in. by .34 n. angle irons. The Thtfgrm’_u of Memel

lanking, 8 in. thick, carried by short longitudinal beams,
Ylin.d by 6} in. thick, the ends of which are inserted
between the of the transverse The platform
m‘ncovered with a thick coating of asphalte before the
metalling was put on.

Themniutmegu are of red brick, with ashiar caps and
string courses. Their face walls are 8 ft., and the wing walls
2 ft., thick at the top, with a batter of 1in 8. The piers are
each composed of two screw piles, as shown in Figs. 1 and 2
onthepreaentpaFe. Inardgr to guard against the action
of ice, &c., the lower portion of each pile, up to about 6 ft.
above the water-level, is made of .wl:ought-u\'_m plate #in.
thick. This lower portion of each pile is 1 ft. 8 in. in diame-
ter outside, and it is filled in with concrete. The upper portion
of each pile, which is of cast iron, is 10} in. in diameter
and § in. thick. The transverse girders connecting the piles
are 12 in. deep, and the cross bracxnﬁ of the lower portions
of the piles consists of 4in. by 4 in. by }in. angle irons and
that otP the upper portions of flat bars 4in. by }in. The

iles are screwed down into the bed of the river to depths of

m 6 ft. to 10 ft.

The contract price for the bridge was, as we have already

stated, 2520!., a remarkably low one for the work done, and
only explicable from the fa ct of the contractors being

iron manufacturers as well as extensive bridge-builders.
There were no extras charged, and the amount above men-
tioned included the iron, brick, stone, and timber work, the
excavation, labour, erection, carriage, &c.; in fact, the cost
of the whole bridge, complete as it now stands, in addition to
the removal of the old structure, which it replaced.

‘We are indebted for the particulars of the Cookham Bridge
to Mr. W. G. Fossick, under whose superintendence the work
was quickly and successfully carried out. The bridge was
erected under the inspectorship of Mr. William Atkinson,
C.E., of Westminster, who wteg as the representative of the
Cookham Bridge Company.

THE MISSISSIPPI BRIDGE AT ST. LOUIS.

A FEW week ago (vide page 806 of the present volume) we
published an account of the proceedings of the committee of
engineers appointed to determine upon the best method of con-
structing the foundations of the bridge to be erected across the
Mississippi, at St. Lonis, and we now lay before our readers the
report made by that committee, as well as the re of the
other committees appointed to investigate the character of the
river bed, and to decide upon the best form of superstructure to
be adopted:

REPORT OF COMMITTEE ON THE REGIMEN OF THE RIVER
AXD THE CHARACTER OF ITS BoTTOM.
St. Louis, August 24, 1867.
Wm. J. McAlpine, Esq., President, Board of Engineers.

Dear Sir,—The committee on the regimen of the river and the
character of its bottom have had the subject matter referred to
them under consideration, and submit the following report in
relation thereto. The (i:nestiona submitted to the committes are
such as would require long and patient investigation and great
labour to answer them fully; but believing that a brief state-
ment of facts and conclusions will answer all the purposes of the
board on the present occasion, your committee has concluded to
present the results of their observations, leaving out the modes
through which they were attained.

The Missiasip i river, at St. Louis, at extreme low water, has
a minimom width of 1520 ft., and about 2000 ft. at extreme
high water; these widths are in excess of what is required, and
it would be safe to contract the low-water channel to 1200 ft.,
and the high-water channel to 1800 ft. Calling the city direc-
trix (which is high water, as generally understood) zero, then
low water is minus 33.81,'and the extreme high water of 1844
was plus 7.58 ft., making a total rise and fall of 41.39 ft. The
flood of 1851 was plus 2.80 ft., and that of 1858 was plus 8.20 ft.
With these exceptions the high water has never exceeded zero.
The period of flood varies from April to July, t.honsh the great
floods usually occur in the latter part of June, and are caused
by the melting of the northern snows, meeting the late spring

’“;1

raius on the lower tributaries. The coincidence of these condi-

tions in the Mississippi and Missouri rivers caused the great
floods above mentioned, especially that of 1844. At the periods
::“l:ood, m aurfosg’e of the nvc: il:‘;overed w;:h inlnmﬁ
of drift w composed of ] gs, lum|
and other similar materials, frequently mm together, and
ﬁeneully cccupying the main channel of the river, but often
riven out of it by strong winds blowing transversely to it.

The maximum velocity of the current in the main channel, at
a depth of 8 ft. below the sarface, varies from 4 ft. per second
at & stage of water minus 83.81 ft., to 12} ft. per second at a
stage plus 7.58 ft. The average descent of the river surface is
about 6 in. per mile.

In surveys covering a space of thirty miles, from the mouth
of the Missouri river, twenty miles above, to Jefferson Barracks,
ten miles below this city, the width of the river, at extreme low
water, is found to vary from 25600 ft. to 900 ft.; and where it is
more than about 1200 ft. wide, a bar exists, either in the middle
or at one of the shores; and in places where the greatest width
obtains, the channel is usually divided by bars in several parts.
At St Louis the bar is in the central part of the channel, a little
to the east of the middle. This bar varies much in extent, in
different years, depending upon the source of the flood, its dura~
tion, and the manner of its abatement. Thus, if the flood is
from the Missouri river, and no flood in the Mississippi river,
and the flood is of long duration, and abates with a rapid decline,
the bar, under these circumstances, attains its greatest develop-
ment. If the flood is from the Mississippi river, and no flood in
the Missouri river, and there occurs a long period when the
river is of medinm stage and the decline is gradual, then the bar
attains its minimum development, as it becomes absorbed by the
clear water of the Mississippi river; but it is always there, to
some extent, and will so remain until the low-water channel of
the river is narrowed down to about 1200 ft. Some seasons it
is 5ft. above the low-water surface at Biddle-street, and
2} ft. below the same at Market-street. Under these circum-
stances circuitous routes have to be pursued in crossing the
river at the ferries, and under more favourable circumstances
no ill effects are observed. In some seasons the ice grounds
upon this bar, and it assists in producing an ice gorge in
the harbour. The largest accumulation of ice is when the
river is at a stage between minus 24 and extreme low water;
there is seldom much ice at a higher stage. The usual ron of
ice is in broken and detached masses, which at times cover the
entire surface of the river, and finally press so closely together,
that at narrow 'Boinu in the river they cement together, forming
a gorge, and the detached floating ice, coming down, lodges
against the gorge, and gradually extends it up stream for many
miles, leaving an open river below. Much of the floating ice
coming from above doubles under the gurie, and often renders
it solid from the surface to the bottom, and has caused the river
to rise as much as 8ft. in a few hours. This gorged ice bas
been obeerved as thick as 10 or 12 ft. ; the size of the masses of
floating ice, under ordinary circumstances, is often as large as
50 ft. by 150 ft., and 1ft. thick; but immediately at the point
where the river breaks up, the masses of ice often move off in
fields as large as 500 ft. by 10001t. in ares, and 12 in. to 14 in.
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thick. The movement usually comraences very slow, and in-
creases as the masses become smaller. The velocity of floating
ice is less than 3ft. per second when the river is very full of it,
and, when not full, the velocity becomes nearly the same as the
current upon which it floats. "A heavy run of ice deadens the
current, and consequently causes the river to rise in due pro-
portion. The river is closed on an average about once in three
yem and remains closed from two and a half days to two and
a months, It has been known to close early in December
and remain closed until the latter part of February. It
usually closes in December, which is the period of extreme low
water. The river generally closes by gorgiug, but it has been
known to freeze directly over in one night. After freezing over
the river usually rises permanently from 6 ft. to 8 ft., even after
the immediate effects of gorging have ceased. If the gorge be
very completely packed, the rapid rise in the river will often
break it uway, and the whole ice-floe will then off. Con-
tinuous cold weather, ranging as low as zero, and a low stage of
the water must be coincident in order to close the river, and
even then it may not close here if a gorge has taken place a few
miles above. A compact gorge, formed in this latitude in the
early part of the season, will cause the river below to remain
open and pavigable throughout the winter, as the ice does not
form usually with sufficient rapidity south of this latitude to
cause a second gorge ; and thus obstructions placed in the river
at this point, 50 as to produce a gorge, would render this place
continuously open to navigation from below.

The character of the deposit left in the bed of the river by
floods varies from a coarse silicious sand to a slime consisting
of calcarious and alominous matter with vegetable mould; the
former is deposited in and near the channel, and the latter on
the low grounds and in abandoned channels from the strong
currents of the river, so that quicksand is not likely to be found
in the immediate bed of the river, nor adjacent to it, at a lower
level than low water. Clay deposits are sometimes formed,
which are doubtless the result of special causes, and perhaps
they are gene formed by deposits from the Upper Mississippi
river. The shifting material at the bottom of the river changes

Illinois. From these iding facts it appears highly probable
that this hard stratum at one time formed the bed of these
nivers 45 miles above on the Missouri, and 160 miles above on
the Mississippi. It is difficult to conjecture what it may be
com of, but it is most likely, gravel packed in clay. At
St. Charles one unshod oak pile was driven to this hard stratum,
but not through it, though it is believed that well-shod piles
may be driven through it, and there is no doubt that it would
form sufficient lateral support for piling. Certainly no washing
or scouring influenoe can disturb it, especially so if it be t_pro-
tected, even slightly, by a rip-rap of rock. ~The depth of the
rock under the of the river s such that it is difficult to
conceive how the scouring effects of the currents could ever
reach so low, aud yet it is manifest that the deep bed of the
river has been excavated out of the rock by the action of cur-
rents of water; and if the forces which produced this be still
active, may the river not again scour to an equal depth? It is
not, however, possible that these forces are still active; for
when the excavation was made, the level of the Gulf of Mexico
extended along an arm of the sea to a great distance inland,
some suppose as far as New Madrid, others as far as Baton
Rouge; in either case, the water level of the river at St. Louis
was mach lower than at present, and it is easy to conceive that
level to have been from 80 to 100 ft. lower than it is now. If
we were once within 500 miles of the Gulf (we are now about
1400 miles distant from it) and 366 ft. above it, there must
have been a continuous rise in the water level from the period
when the excavating process ceased up to the present time;
therefore the tendency of the river has been to cover the bed-
work deeper and deeper, as the delta of the Mississippi ex-
tended out into the Gulf of Mexico, and the deep scouring of a
former period is not. pussible to occur again. Besides this, there
are indubitable evidences that a much larger volume of water
once flowed through the Mississippi valley to the Gulf than now
finds an outlet in that direction. The upper lakes—Michigan
and Superior—once emptied their vast surplas waters into the
Illinois river. This, combined with the other causes mentioned,
seem to be 8o potent that it would be wonderful if we did not

10t or 12ft. in the course of several ; 8
change is going on, and each year it is varions, depending upon
the character of the floods, whence they originate their maguitude
and duration ; changes of 30 ft. in depth have occurred in a few
years where abandoned channels silted up. It is a matter of
speculation as to what depth below water the current may ex-
ercise a seourinF influence, but in a distance of 20 miles, partly
above and partly below this city, a thorough sounding of the
river was made during the low-water %eriod of 1860-61, and no
greater depth was found than 30 ft. (the sounding being reduced
to low-water level) ; under peculiar circumstances, suchas a bridge
pier might i)msent, the scouring influence might extend to 40 ﬁ
m depth. It has been alleged that in the winter of 1855 a depth
of 80 ft. was found in the river opposite to the foot of Bates-
street ; but no credence can be given to the report, as the sound-
ing made by R. E. Lee, U.S.A., in 1838, those of Clement Coote
in 1843 (then city engineer), those of the city engineer in 1861,
and those made by H. Kayser at various periods, all contradict
this statement. Indeed, the greatest depth recorded by any one
of the observers mentioned does not exceed 40 ft., and” it is un-
certain what was the stage of water when the greatest recorded
depth was found. The circumstances under which this great
depth existed were similar to those which would be produced by
placing a bridge pier in the channel of the river in such a posi-
tion that the main force of the current would break against it.

Four borings were made in the river in continuation of the
north line of Green-street ; the first at a distance of 265 ft. east
of the west line of the wharf, where the rock was found coinci-
dent with the bed of the river at minus 56.70, or 22.8Y ft. below
low water; the second at a point 500 ft. east of the last point,
where the rock was found at a depth of minus 97.46, or 63.65 ft.
below low water, and the water hud a depth of 13.7 ft., leaving
49.95 as the thickness of the river deposit above the rock ; the
third was at a point 500 ft. still farther east of the last point,
where the rock was found at a depth of minus 123.33, or 89.52 ft.
- below low water; here the water was 10.19 ft. deep, leaving
79.33 ft. as the thickness of the river deposit above the rock;
the fourth was at a point 500 ft. still further east, where the
boring was carried to a depth of minus 101.42, or 67.61 ft. below
low water, and then abandoned on account of the breaking up of
the ice. At this point the water was 16.19 ft. deep, and the
river deposit wus penetrated through a thickness of 51.42 ft.
These borings were made early in the winter of 1866. As far
as observed, the material was coarse sand with scattering pebbles,
and at times a clagey discoloration of the water pumped out of
the .pipes for the first 20 ft. in depth; below that depth an inch
steel-shod rod was driven, which appeared to pass through
compact materials of apparently uniform density. It would be
idle to speculate npon the precise character of this material, but
it may be safely inferred that it is sufficiently consistent to up-
hold and sustain piles loaded with superincumbent weights,
especially if well uotected trom the scouring influences by stone
rip-rap. It may be here remarked that stone rip-rap is the best,
cheapest, and most simple method of protecting constructious
based in the bed of the Mississippi river, or within the influence
of its currents,

As an evidence that the bed rock, over which the river flows,
is covered with hard materials, it may be stated that a series of
borings were made in four sections, across the Missouri river, at
the city of St. Charles, in the winter of 1866-7, the distance
being 45 miles from St. Louis by river; they were made for the

urpose of determining the foundations for a bridge over the
issouri river, on the line of the North Missouri Railroad, and
all in the space of § of a mile, at distances transversely of 100 ft.
apart along each section. The boring was done with an inch
iron boring-rod, pointed with steel, and driven with a light
shackle-ram. The “overlay” found was common river sand,
otten moved by freshets (but not to so low a depth, it is pre-
sumed, as, at this period, to reach the hard stratum)), was found
to be on an average 8 ft. thick, dpresenting a surface that some-
times broke the steel points and bent the boring-rods; but after
})lercing this stratum, the rod was easily forced down to the rock.
uformation, which at that time was regarded as reliable, went
to show that a similarly hard stratum was found while boring
for the foundations of a bridge over the Mississippi at Quincy,

find evid of deeper scouring in past periods than are ap-
purent in the present. It is more than probable that remains of
timber may be found to a depth of 40 or 50 ft., which will pre-
sent obstacles in the sinking of foundations, but below that depth
it is more than likely that the action of the elemeuts, during the
great length of time that has elapsed since their deposition, has
destroyed every vestige of their organism, and they no longer
exist as obstacles in the path of subaqueous excavations.

There may be a question as to the character of the rock
fouud in the bed of the river, but all the evidences tend to prove
that it is stratified limestone. The two artesian wells, sunk to
a depth of 2200 ft., and the outcrop along the Mississippi river,
and Iron Mountain Railroad south, and the Pacific Railway west,
leave no doubt upon this subject. In long distances the average
dip to the north-east is less than 1in 100; so that the ex-
cavated bed of the river will present a shelving surface. It is
not likely that boulders will be met with, as they are rare bodies
in this vicinity. That the rock was reached in the borings men-
tioned is evidenced by the points of the boring-rods being bat-
tered ; and subsequent tests, 300 ft. lower down the river, have
closely identified the existence of the bed-rock in the same place,
the city of St. Louis standing on limestone.

In lusion, your ittee would beg leave to express
their keen sense of the inadequancy of this treatment of the
great questions confided to them as an important branch of the
subject before the assembled Board; but, desiring to extend
their remarks no further than is deemed necessary to form a
basis of action for the other more important committees, we close
with the sincere hope that your clear understanding of the sub-
Jject will supply all our omissions, and that our brief remarks
may thus serve the purposes intended.
Very respecttully, your obedient

{Signed

Signed

Servants,
TRUMAN J. HOMER,
J. B. MouLtox.

REPORT OF THE COMMITTEE ON THE FOUNDATIONS AND
PiERs.

The committee, to whom was referred the subject of * Foun-
dations and Plers,” have had the same under careful considera-
tion. It has received valuable aid in its labours from other mem-
bers of the Board, and from the committee on the * Regimen of
the River.” The local knowledge of the latter, and the former
investigation by its members of kindred subjects, at once far-
nished them with important data in regard to that branch of
the investigation. . . .

At a later period, a joint meeting was held with that com-
mittee and the Committee on Superstructure, in order to con-
salt and determine upon such points as were common to all, and
which would form portions of the basis of their separate con-
clusions. At this joint meeting al! that was deemed nece:
as pertaining to the consideration of the subjects which this
committee had specially in charge was developed.

The members of the Committee on the Regimen of the River
stated the result of their own investigations and that of others,
extending over & course of many years, as to the periods and
action of the Mississippi river; the character of the material
forming the bed and sides of the stream; the disposition and
amount of scouring and silting, and the ca 80 far a8 came
within their observation. Their opinion as to the extent of the
same that would be due to the erection of piers for the proposed
bridge; the movement and effect of ice and ice gorges; and- the
information gained by Mr, Homer during his soundings and
borings in the river aud its bed, from the mouth of the ari
river to Jefferson Barracks, and particularly in regard to the
certainty that the rock found below the bed of the river, at the
depth shown on his cross sections, was rock in place and not
boulders, and the extensive deep borings made by Mr. Moulton at
St. Charles, which developed the deposit at that place nearly
similar to thatat St. Louis. The committee finds that the bed of
the river down to the rock is composed of coarse silicious sand
and aluminous and vegetable matter, with an occasional stratum
of compact sand and clay. In times of freshets and their subsi-

t and one-half miles per hour, bringing with it, principally

denoehwhen the velocity of the current takesa range from six
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from the Missouri river, vast quantities of sand and other mat-
ter, that the extent of the change in the level of the river bed
amounts to about 12 ft. In no place for miles above and
below the city has the amount of scouring been fonnd to exceed
a depth of more than 30 ft. below the level of low water, and this
deptﬁ is regarded as the extreme. The deposits of sand, silt,
&c., are usually made when there is a rapid decline of the Mis-
souri floods, and the greatest scouring takes place during a long
continuance of a medium Mississippi flood, whose clearer water
at a certain velocity takes uli and carries with it the turbid de-
posits brought down by the Missouri. .

That part of the river opposite the city, and for a short distance
above and below it, is within a range which is peculiarly subject
to changes, owing to the various and varying character of the
influences of the two t streams above it. These riv
with their sources hundreds of miles, one tothe northward an
the other to the westward, among the great mounntain ranges
extending above the snow line, passthrough many degrees of
latitude and longitude, each with its 6wn climate; and when the
season of spring storms has passed away, and no longer influences
the volume of water, a succession of rises in the river follow from
canses operating far away in the mountains to the north and
westward, whose storms and melting snows send down volumes
of water miles in breadth, and of great depth and rapid current.
The fall in the lower Missouriis about 10 or 12 in. per mile, and
that of the Mississippi 6 in. per mile. The former passes through
hundreds of miles over a river bed and between shores composed
of light sand and alluvium of too little specific gravity to resist
the action of the floods, and is carried down the stream (in sus-
pension) in great quantities, the water making great inroads upon
the sliores and the material of which it is composed, helping to
fill the water with all it can carry, until the changes in velocity,
eddies, &c., compel it to éarecipiute this material in the form
bars, new shore-lines, or filling up old channels. At every rise,
therefore, the Missouri is observed bringing great volumes of
material in suspension into the Mississippi; and a flood occur-
ring simultaneously with that of the clearer Mississippi, or a low
stage in the former and a high stage in the latter, floods acting
jointly or separately, equal or varying in volume or velocity,
produce & variety of contingencies attended with the most per-
plexing results, and, without & thorough understanding of the
causes named, it would be impossible to form any reliable
opinion as to the probable future effect upon that part of the
river which it has become the duty of the committee to
examine.

At this distance from the mouth of the Missouri river the
bars and channels, aided by judiciously pluced dykes, have for-
tunately assumed a somewhat regular character, varying, it is
true, with every change in the stage of water, but within limits,
that have been carefully observed and noted through a course
of years, amply sufficient in extent to enable & correct opinion to
be formed as to its future action and habits. -

The erection of piers near the chanuel, and on the bar
opposite the city, will be an additional feature in the causes
which combine to produce changes in the river bed, and the
committee, aware of the grave importance dpertaining to this
branch of their duties, have given to it a degree of attention
equal to that of any other that has been under discussion.

The failure of important structures at other places from this
cause alone has been well and carefully considered, and the
reasons of such failures duly weighed and commented upon. It
has not lost sight of the tact that one of the ablest and most
experienced engineers in Europe lost in this way one of the
finest structures of the period; and they have endeavoured to
give especial attention to the dangers here, and in their recom-
mendations to provide nghainst all possible contingencies which
might arise to endanger the safety of the proposed structure at
is point,

lnpgiew of all the circumstances, therefore, the committee re-
solved that in all the plans of foundations and piers that would
be under discussion, the depth of the scouring away of the river
bed alongside of the piers shonld be regarded as equal in extent
to 45 ft. below low water. This depth is regarded, under all
the circumstances of the case, as amply providing against all
possible future scouring; besides which, means will be taken
}o reduce this scouring near the piers to its lowest possible

imit.

A selection of some or ome of the well-tried engineerin
methods for this purpose, to be determined upon as the work
the construction of the foundation develops, can be made to
prevent the action of the currents from materially altering the

ition of the material which supports the foundations and piers.

n all of the plans considered, however, the calculations dis-
regard any other support than that which will be obtained below
the line of the utinost possible scour, if the material was lefs
or should hereafter beceme unprotected fromn the action of the
water.

The requirements of the Federal law in regard to this bridge
compel the use of piers and superstructure of great size and
weight, and even for the least alternative spans permitted to be
used more than the usual amount of supporting power must be
provided for in whatever plan of foundations is finally determined
upon. The law requires that the superstructure over the main
channel shall, at its lowest point, be at least 50 ft. above the
city directrix, or high water. The shortest spans permitted over
the maiu channel are two of 850 ft. each in the clear at low
water. The weight of superstructure and piers, under these
circumstances, is therefore very great, particularly if the latter
are to be built of stone. One of the heaviest of the latter was
ascertained tfo:d? 6000 tﬁf‘ﬂ. if built solid, a?doshe former, with
the test s it woul ve to support, 2500 tons, makinga
wuﬂ::ight bearing on the foundations of 8500 tons. If this
weight was placed upon wooden piles, it would require 210 in
number, each pile being re?uired to support 404 tons.

The satisfactory data before the committee, corroborating the
results furnished by Mr. Homer, induce it to rely on the fact of
rock in place being found at the depth named, and not boulders.
‘The depth at which the rock is found is as follows: At the west
shore the rock is 23ft. below low water, the depth of water
being the same ; at 500 ft. east of this point the rock is 64 ft.
helow low water, and the depth of water is 14ft.; at 500ft.
further east the rock is 90 ft. below low water, and the water is

10 ft. deep; at 500 ft. still further east, the boring was made to



