SEPT. 20, 1867.]

ENGINEERING.

269

RECENT PATENTS.

Tz 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-

ane.

(No. 77,1s. 84.) Michael Henry, of 68, Fleet-
street, patents, as the agent of Frangois Coignet, of
33, Boulevart St. Martin, Paris, an apparatus for
manufacturing beton, and various methods of applying
that material to structural purposes. According to
this patent, the beton is made by the direct mixture of
damp sand or damp gmvel with powdered lime, very
little water being added. The materials are triturated
in a long horizontal chamber, through which pass two
shafts, which are conuected by gearing so that they
revolve together, and which are furnished with arms
disposed spirally. M. Coignet has had great expe-
rience in the use of heton, or concrete, and his speci-
fication contains much that will be interesting to those
employing that material.

0. 79, 1s. 6d.) Henry Buss, of 56, High-street,
Shoreditch, patents a system of constructing piers,
breakwaters, &c., by bui dinF iron caissons of forms
similar to that of portions of the proposed structure,
and then floating them to their places, after which
they are to be sunk and filled in with stones and con-
crete. It is proposed to build these caissons the full
width of the pier or breakwater, and in some cases
1000 feet long; and after they have been sunk they
are to be secured by driving piles through their bot-
toms, and by bolting the adjacent sections to each
other. We fear that, unless the caissons were very
claborately and consequently expensively stayed, they
would never stand the racking strains to which they
would he subjected by resting on uneven bearings’;
and altogether the scheme is one of, to say the least
of it, doubtful practicability.

(No. 80, 1s.) John Tomlinson, of Pooley’s Park,
City-road, Holme, Manchester, gateuts improvements
in the construction of ovens and scrap furnaces. In
the latter, the firegrate is placed in the usual position,
and the flame (rom it, after passing over a hollow per-
forated bridge, is led under a pair of hanging bridges
which deflect it downwards upon the hearth,

(No. 83,10d.) Charles de Bergue, of 10, Strand,
Patents a tool for use in packing permanent ways.
This tool—which is likely in many cases to be a con-
venient substitute for the ordinary single-lever bar—
consists, in one form, of a cast-iron bedplate which
can be slipped under the rail that is to be raised, this
bedplate having a lever laid in a recess on its upper
side. One end of the lever is hinged to the bedplate,
and the other end can be rai y & screw so as to
lift the rail, which will bear upon a part of the lever
formed to receive it. In another form of the appara-
tus a bell-crank lever is employed.

&}No. 85,8d.) Henry Duncan Preston Cunningham,
of Bury, near Gosport, patents various forms of tongs
or lifters for raising shot, and also carriages for trans-
porting heavy shot or shells.

(No. 88, 4d.) Robert Mushet, of Cheltenham,
patents an improvement in the manufacture of cast
steel. In makiny cast steel by the ordinary process of
melting, it is customary to add to the charge of each
melting-pot a few ounces of peroxide of mauganese as
a flux; and for this peroxide of manganese Mr.
Mushet proposes to substitute chromate of iron, oxide
of chrome, or an artificial mixture of chrome oxide and
oxide of iron. By preference, however, he uses
natural chromate of iron on account of its cheapness.
The chromate of iron is prepared by pulverising it, and
it is introduced into the melting-rot with the charge
of steel or steel-producing matertals. The proportions
may be varied according to circumstances; but Mr.
Mushet mentions the three following mixtures in his
specification : No. 1, cast steel ingot tops or steel bar
ends, 401b.; chromate of iron, 6 oz. No. 2, spring-
steel scrap, 381b.; spiegeleisen, 21b. or 31b. ; chro-
mate of iron, 6 0z. No. 3, hard converted bars, 40 lb. ;
chromate of iron, 6 0z. After melting, the steel is

ured in the usual manner.

(No. 99, 1s.) William Clark, of 53, Chancery-lane,

tents, as the agent of George Ross, of Newport,
YJ.S., improvements in pipe moulding and in casting
apparatus, these improvements consisting in so arrang-
ing the moulding and casting pits, &c., that the opera-
tions of preparing, drying, and filling the moulds can
be carried on witgout interfering with each other. A
form of sprinkler for coating the interior of the moulds
with blaciwash is also included in the patent.

(No. 107, 8d.) Austen Hill, of Leicester, patents
a method of applying fixed cutters to the finger-bar of
reaping and mowing machines. According to this
plan,mtie cutters are made so that their upper surfaces

are flush with the upper surface of the finger-bar,
whilst their stems are rebated, so that they come
underneath the finger-bar, and between it and the
stems of the fingers. The cutters are also recessed
within the stems of the fingers, and they are secured
by bolts passing through their stems and through
holes in the finger-bar.

No. 115, 8d.{ Jobn Davies, of 24, Ludgate-hill,
and Arthur Helwig, of 73, Old Kent-road, patent
forms of permanent way. The patentees propose to
make double-headed rails with oblique webs, the rail
bheing thus of I section, and to carry these rails b
bolting them to one-sided chairs, the tops of whic
bear against the under side of one flange of the upper
heads of the rails. Such a system is open to very
many objections.

NOTES FROM THE NORTH.
Grascow, Wednesday.
Stats of the Glasgow Pig Iron Market.—During the last
week the pig iron market has occasionally been firm and brisk,
but the extent of sales effected has not been very great. The
prices have varied between 53s. 7id. cash, and 53s. 9d. at a
month and 54s. 5d. at a month, and 54s. 3d. cash. On Mon-
day last 5000 tons changed hands at 54s. 14d. cash. Including
both the foreign and coastwise traffic, the shipments of pig iron

from Glasgow during the week ending September 14th M

amounted to 5487 tons; the shipments from An n for the
week ending September 12th were 4548 tons; and from the
port of Greenock, for last week, 1300 tons, 1000 of which was
for New York. The total shipments of coal from Greenock
during the w;k amounted to 3}42 tons, Boiler-Maker
Proposed New Association of Operative Boiler- s and
Iron Shipbuilders in Scodand.—Owing to the revelations re-
cently mude at Sheffield and Manchester, through the Trades
Union Commissinn of Inquiry, very few persous are now ready
to affirm that trades’ unions are an unmixed good. From two
mentings of artisans and operatives that have just been held in
Glasgow and Greenock, it seems that a number of the working
classes are not wholly satistied themselves with these institu-
tions, Efforts are being made at present, chiefly by Mr. Wm.
Swan, an Englishman resident in Glusgow, and formerly a mem-
ber of the old national association operating from London, to
establish such an association as is named above, in which it is pro-
to conserve what is good in trades’ unions, and reject what
13 evil. Mr. Swan proposes to dispense with strikes, aud to make
the trade-union really a provident society, which should afford
assistance to members out of employment, in sickness, old age,
suffering from accidents, bereavements, or death. Hitherto,
these e&oﬂs have not been attended with much success, as many
ot Mr. Swau's fellow-operatives look upon tuem with a certain
degree of suspicion.
%’Ae China Tea Race—the Greenock Clipper, Tasping, again
the Winner.—The excitement in reterence to this year's great
suip ruce has perhups been greater this season than in any
foriner one. The first ship of the Clina tea fleet-having arrived
in the Downs on Saturday last from Foo-chow-foo, and that
ship being the Tueping, there is a little excuse for the outburst
of enthusiasm which has been manifested in Greenock and
in Glasgow in consequence. The Tueping is a @reenock-bnilt
clipper of 767 tous register, the builders being Messrs. Robert
Stecle and Company, and the owners being Messra. Kodger and
Company, ot Glasgow. The time taken to reach the London
where she got berthed at 3 o'clock on the morning of
Sunday last, was 101 days, the distance being about 14,600
miles.  She brings 1,139,961 lb. pew seasou’s tea. Last year's
race was also won by the L'ueping, the time then taken being 97
days. Her voyage out, however, was accumplished in even less
time, namely, 85 days. The home voyage in 1565 took 115 days.
The premium gained by the Tueping lust year was 10s. per ton;
this year tuere is no premiuwn, but large sums of noney bave
been made on the ruce by way of bets. I'he Maitland, built by
Mr. Pile, of Sunderland, in 1865, and the Serica, built also by
Messrs. Steele and Company, lett Foo-choo-too before the
Taeping.
C'?nai Traffic between Glasgow and Belfast.—At present there
is a sort of warto the knife going on between tne two com-

jes which compete for the tratfic between this city and
m»:, a war that will not tell well for the interests of the
shareholders who are concerned in the matter. Mlessrs. G. & J.
Burns hsve several magmficeut and well-appointed mail-
steamers, running to aud trom Belfust, vid Greenuck, aud
there is another company carrying goods and passengers,
vid Ardrossan, in conjuuction with the Glasgow and South-
Western Railway. ‘Lne strife bas now reached such a
point that Messrs. Burns are taking steerage pussengers at
one shilling per head, including the railway ride of 22 iniles
between Glasgow and Greenock; while by the Ardrossan
route the stecrage and third-class railway fare is ouly six-
pence, and the cabin and first-class railway fare is reduced
to five shillings, and to eight shillings for a recurn, available for
one month. 1t becomes u nice question for the G w and
South-Western Railway authorities to calculate what will be
their share of the sixpenny fare.

Dingwall and Skye Ruslway.—~The landowners interested in
the scueme for effectivg & raliway conpexion between Skye and
the Higplaod line, 80 svly described by Mr. Joseph Mitchell, at
the British Association meeting at Dundee, has just been held,
under the presidency of Lord Middicton; Vice-Uhancellor Sir
Jobn Stuart and Mr. Matheson, M.P., being amongst those who
were present. The last-numed gentleman subscribes for
24,0004 worth of stock, and also takes stock for 13 miles of
land through which it is propused to carry the line. It is ex-
pected tbat the prujectors of this line of railway will go to Par-
liament for powers 10 the ensuing session. Should the project
be carried out, there is every probability that it would
materially affect the condition ot the North-west Highlands and
Lslands, improving the value of the property, and developing
the natural resources of the country.

Inspectorship of Weights and Measures—At a meeting of

the magistrates held yesterday, an appointment was made for
this office by the election of Mr. Arthur Herriot, scale and
beam weighing-machine maker. This is certainly * the
right man for the right place,” if twenty-five years of experience
in the actnal manufacture of weighing-machines should connt
for anything. It was this gentleman's weighing-machines which
were 80 highly commended at the recent show held by the High-
land and Agricultural Society, by Professor Rankine and his
fellow-judges in the implement and machinery department.

The Projected Ha.rgour Im, at Aberdeen.—The
Aberdeen Harbour Commissioners have recently decided that
the professional advice of Mr. Hawkshaw, C.E., and Mr. Aber-
nethy, C.E., London, should be obtained before finally approving
of the new works suggated by their own engineer, Mr. W.
Dyce Cay, C.E., and of which mention was made ia a former
letter. These gentlemen bave agreed to visit the *granite
city ” on an early day.

Adoption of Moessrs. Bell and Miller’s Report on the River
Ribble.—The report prepared by Messrs. Bell and Miller, the
eminent civil engineers of this city, bas been adopted by the
corporation of Preston. It is pro to expend a sum of
150,000 on improvements of the river Ribble, so as to render it

n;viﬁable for vessels of a large size, and in the construction of
wet docks.
The P; Public Graving Dock at Glasgow.—There is

a great degree of probability that the Clyde Trustees will not be
called upon to spend their vote of 60,000L, recently spoken of,
in constructing & new graving dock as proposed. The gravin,
dock, slip dock, and the shipbuilding yard of Messrs. Tod an
gor are likely to be in the market soon for sale. The
site i8 all that could be desired, and embraces ground extending
to about twenty acres. The ground occupied by the shipbuild-
ing alone would suffice for the construction of two graving docks
of the largest class, as well as slip docks, in addition to the
graving and slip docks at present existing. It is not said why
this old and eminent shipbuilding firm is giviog up business, but
the probability is that its members have farea so well in times
sut that they do not care to continue to wori in the present
ull season, or have the responsibility of so much valuable pro-
rty in their hands while it is practically doing notbing, and
ringing no return.

A Greenock Shi, .~—On Tuesday of last week no fewer
than ten full-rigged ships, of the aggregate tonnage of 7300
tons, belonging to Mr. Joho Kerr, shipowner, Greenock, were
loading and dischargiog in the harbours of that port. These
only form of Mr. Kerr's fleet. During the whole history of
shipping on the Clyde, no individual shipowner ever had such an
extensive fieet of vessels in the harbours of the port at one time.
Most of the vessels have recently arrived from the West Indies,
laden with sugar.

New Works, Eztensions, dc., on the Glasgow and South-
Western Railway.—The whole of the branch line between Ayr
and Mauchhne is now in course of cons:raction, and the wor
of the short branch from the muin line between Paisley and
Johnstone, to the Bridge of Weir Railway, have been contracted
for, and this branch and the works on the Bridge of Woeir line
necessary for the accommodation of the Greenock traffic will be
completed in time for the opening of the Greenock and Ayrshire
Railway next fyear The directors some time ago arranged, in
the interest of the compuny, to acquire a portion of the capital
of the Glusgow, Paisley, and Johustone Cunal, and the result
has been that, while the public continue to have the advantage
of conveyance both by railway and canal, a saving of expense
bas been effacted. The directors will tuke a fitting opportunity
of applying for Parliamentary authority to carry out this ar-
rangement, which they believe to be very beneficial to the
company.

Iimportant Trials under the New Masters' and Servants' Aot.
—A large number of the miners iu the Hurlford and Kilmarnock
district left their work about a week ago to do a little in the
“striking ” line. Three of them were brought before the
sheriff, under the provisions of the new Act named above, for
baving lett their work without having given, in terms of their
agreement, 14 days’ warning. ‘The sheriff found the charges
proven, but stated that, as these cuses were the first that had
come before him under the new Act, he should only im in
each case & nowminul fine of 10s., with 5Us. expenses, with the
alternative of imprisonment it not paid within eight days.

THE CONSUMPTION OF FUEL.
To THE EpITOR OF ENGINEERING.

Str,—I notice that Mr. Puaterson, in his paper on the “ Con-
sumption of Fuel,” read before the British Association at Dun-
dee, compures his calculated rate at which air passes through
the firegrate with that of the escaping products as giveu by
Dr. Ure in 1863, and states that the tormer shuws much lower
than ought to obtain for proper combustion.

Now, though I do not think the two results, depending as
they probably do on a variety of dissimilar couditions, can be
properly comnpared, yet I do think the theoretical rate of the
entering air in Mr. Paterson’s examples ought to be higher, and
it appears to me that an error has crept into his calculations, s
given in rule No. 7, which will acconnt for the low rate.

After dividing the cubic feet of air required, by the time in
seconds required for eval;oration, the uuthor proceeds to multiply
and divide by the side of the squares of firegrate and air-pass-
age respectively ; but it seems to me that the proportion of the
rates the air passes through the fuel area and firegrate area
should be as the areas themselves, and not as the sides of the
squares—that is to say, the fuel area should be to the firegrate
area as the rate through the first is to that required.

Thus, in the example of the Newcastle Hartley, rule No. 7,
the figures would stand as follows:

9619.2)14790.605(1.537
285.148
85.568)438.272476(12.322=rate reguired.

I shall hope to be corrected if I am wrong, but I thiuk the
quicker rate is more likely to be the true one; and if so, it ap-
proaches nearer to what is the actual fact in practice.

I am, Sir, yours obediently,

CHas. J. SPENCER.
Steam Boiler Works, Stratford, E.,
September 18, 1867
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.+ A TUNNEL UNDER THE MERSEY.

A the last meeting of the Mersey Docks and Harbour Board,
the following communication from Mr. Jobn Hawkshaw, C.E.,
'was read:

‘PROPOSED LIVERPOOL, BOOTLE, AND BIRKENHEAD

" RAILWAYS.
' To the Chasrman and Members of the Mersey Docks and
. " . Harbour Board. . .
“Gentlemen,—The discussions at your board, and the Parlia-
wientary proceedings during the late few yeary, all tend to show
the necessity of a perfect and complete communication between
g: ‘docks on the Cheshire side of the Mersey and those on the
Liverpool side, and also that a ruilway connexion with the rail-
ways on the L hire side is y to bring into profitable
operation the five millions of money expended on the docks at
Birkenhead. . ‘
* *The evidence given by’ the members of your board beforé the
committes of the House of Lords on the scheme called ** The
Birkenhead and Liverpool Railways,” in the session of 1865 was
in favour of a tunnel under the Mersey. It is evident thata
bridge or viaduct would interfere with the free navigation of the
river, whilst, on the other hand, the sandstone rock which un-
derlies the bed of the river affords facilities for the construction
of s tunnel.
z+ The purpose of this communication is to bring before you the
and most practical mode of carrying out this object, and I
bave no hesitation in recommending the construction of a main
line’ with & tunnel under the river, in the direction marked on
¢ accompanying ordnance map, the preliminary surveys and
pections of which have been prepared.
! Ig will be seen from this map thut it is proposed to cross the
Mersey between New Brighton and Bootle, that being the best
point for connecting the dock lines on each side of the river, and
she rock there offering peculiar facilities for the construction of
the works, and, above alt, for torming convenient oconnexions
with existing railways. The course of the main line woanld
comsmence on the Cheshire side by 'a janction with the dock
lines and railways at the north end of the Great Float, s0 as to
- tomttiunicate with both sides of the float, and, pussing under
New Brighton aud the river Mersey, to the north end of the
}to?cudvnew Bootle dacks, would conuect itself with the dock
ines mear to or opposite the Strand Promenade. This line
would, of course, be principally in tunnel under the river and
the rock at New Brighton, and although the river is wider here
than at the south end, the total amount of tunnelling on the
wholsscheme will be less than on any other practicable projeci
that 1 have seen. ’ )
- A branch from near Rimrose Bridge would proceed alongside
the Aintree and Bootle branch of the Lancashire and Yorkshirq
Rail#ray, forming & connexion with it near to Orrell. Aund an
extensiont by Walton-on-the-Hill would form a junction with the
newly-constructed Bootle branch of the London and North-

‘pyrites, when the speed was somewhat retarded ; 10 yards along

COAL-CUTTING MACHINES.
To THE EpITOR OF ENGINEKRING.

Sir,—A fow days ago I had the opportunity of seeing some
coal-cutting machinery at work, and the process struck me very
forcibly as one eminently practical and successful, and as one,
which, although not sufficiently encouraged by colliery owners
of the present day, cannot fail ﬁmdually to force itself upon
their attention, as a system likely to supersede the present
mode of working, cheapen the cost of getting, relieve the miner
of the most burdensome portion of his toil, while ut the same
time it will open out the imneans of perfecting the system of venti-
lation in our coal mines.

Seeing, theretore, that the subject is, or ought to be, of great
interest to a considereble number of your readers, 1 have not
hesitated to send you the following particlars.

The pit was at West Ardsley, near Leeds, belonging to the
* West Yorkshire Iron and Coal Company,” and the machiues I
saw at work were Firth and Donnisthorpe’s patent, both pick-
action and straight action, worked by compressed air. ~The
shaft was 160 yurds deep, and the distance altogether from the
cou:ipreasing engine to the machines at work was about 1400

ards.
7 Down the shaft the motive air was carried in a 4 in.
cast-iron piglg. bat below, the rest of the distance, in only a 24
inch pipe. The engine was' compressing to about 50 Is. per
squere inch, and the pressure at the imachines when at werk
was 43 to 44 1b., showing, although carried so long a distance
in 8o small a pipe, a comparatively small loss of pressure.

Each machine was working along a 50-yard bank, and sup-
plied with air from a 14 in. elastic pipe.

The pick machine was iospected tirst. It was working very
steadily, giving about 80 energetic pick strokes per minute,
being gradually worked forward by a hand-wheel (by the atteu-
dent sitting on the machiue), on a common 24 iuch tramway,
without anythiog but its own weight to’ keep it steady. The
coal seam being 4 very dirty one, the pick cocasionally struck

the face was meusured for the purpose of timing. ‘I'bat distance
was kirved to a depth of about 24 in. in 17 minntes; the
machine was then run back to take a second cut of about 18 in,
more depth, making the depth of cut altogether 3 ft. 6 in.
This second cut was completed in 18 minutes, although much
pyrites was met with, which considerably blunted the pick.

Thus, altogether the 10 yards of kirving, toa depth of 42 in.,
was done in 35 minutes, independent of the time lost in running
the machine back.

Kirving to this depth the 50 yards bank, as well as slewing

the road, is considered a day's work for two men, and is done at
this colliery, I believe, for 3d. a yard.

The same l;:mmees also make a machine with straight cat,
working on the same principle as a slotting-machine, but having
thres cutters set in advance of each other, about 12 ins. apart,
on the same bar; thus, when the piston to which this cutting-
bar is directly attached makes a stroke of 12 in., the three
cutters together muke a cut of 36 in. depth. There is much
more direct strain upon this machine, necessitating a stronger
and more permanent road arrangement, and the machine is fed
forward and travels on a system of cast-iron racks laid down upon
cast-iron tranverse sleepers at every joint; these tranverse
pieces carrying on their extreine ends furthest from the face
cast-iron adjustable props agaiust the root, the whole forming &
very strong and compact read arrangement, said to be easily
slewed forward.

The machine is further steadied when working by a very in-
genious system of roof-pressure, consisting ot a ram at the top
of the machine, which is pressed upwards by the air pressure,
;lhns completely steadying the machine between the root and the

oor.

I also timed this machine, and it cut 5 yards to a depth ot
8 ft. once over in 17 minutes.

Thus it appears the two machines do about the same amount
of work in the same tine, as although the pick-machine cut
6in. deeper, still a certain amount of time is lost in returning
for the second cut, which is avoided in the straight cut. On
the other hand, the rcad arrangement i the straight-cut
machine, is much more expensive and cumbersome to move
than in the pick-machine, the latter only working un an ordinary
tramroad, without anything being necessary to steady it.

Both machines worked remarkably well, and the air was
cool and fresh. When it is remembered that a collier with un-
commonly burdensowme labour will only kirve about 7 to 8 yards
a day in the same bed of coal, aud when we consider the great
saving in making less small, and the means of perfect ventila-
tion, which this system of working of coal-cutting machinery
affords, by constantly delivering a certain quautity of pure cool
air at the very face of the working, with power at un emergency
to send io a larger volume, aud when further here is a system
actually at work, passed the stage of exper.ments, aud now a

ructical success, then I think I' cannot be far wrong in my
impression, from the inspection, that this machinery cannot fail
gradually to supersede the present system of hand pick-labour,
:nd ought to be hailed both by colliery owners and colliers as a
oon. - '

Middlesbro'-on-Tees. J.G.

TABLES REFERRED TO IN MR. FAIRBAIRN'S PAPER ON THE PROPERTIES OF STEEL.*

TaBLe L—SUMMARY OF RESULTS

See Page 238 of our lust number.)
F THE EXPERIMENTS ON TRANSVERSE STRAIN.
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mates were excceded by 20 per cent., the cost would still be 2 o olaee | 28355000 20,659,000 | 50668 pryem 5492
Bndor one milion of ;money;s and the largs amount of traffic, | 5 [ Ga | Gowma | sosozono | Soswsiooo | o4sss | fwams | oo
and tl?‘ lll:e)pormnt nterests 1t will serve, would justify this| g, : J 03 0017814 22,098,000 | 22072000 | 54287 47.845 4.691 [Sunk with :300 llb.
nditure. . . 23 04 0013409 | 29,368,000 | 29,718,000 6.433 56,435 6.037 250 b,
: it is clear that the main line which makes the connexion | 24 [Mossrs-Osbornand Osl 05 | ooratiz | 26394000 29,610,000 20,379 53194 5559 |Sunk with 1300 Ib,
between the docks on the two sides of the river, and in fuct gg . 8? .gg}g‘:gl ég,;ég.::{g 23,948,000 | 81.792 29.393 4.329 " 1200 1b.
- pojtes together the two disconnected portions of the dock estate, ) -00134 188, 28,013,000 | 75.776 72,826 6.860 b 13
l,',yvqnld involve a considerable proportion of the expenditure, and i |08 | 013007 | 30335000 | 29,685,000 | 50.000 | 49408 o1t S‘“_“"M
the prtrgect:i iBvﬁould rerlllure assistance fr«l:lm you in ooml:ilqatlon ® | - ) BS2 | 0021814 | 29,652,000 70.762 79.199 6.9%2
with the different railway companies who are interested in se- | 29 |Mosars. BessemerandCo.d | BS2 | 0012046 | 30,475,000 42.087 41.261 5317 |Sunk with 1100 Ib,
curing the construction of these lines; and as the interest of | 30 BS3 | .0015293 | 29,310,000 2.364 35.008 4.7:8 " 50 1b,
the dock trust is so largely concernﬁd, it has been con;id?red o f s ootsers | 50.700.000 I vy e
desirable to draw your attention, at this early stage, to the fact ol E 22 ,700, 52.11 7.462 5.5 -
thay, a very complete system of railways, embraciog connexions | 32 |Mensrs. Sanderson (' R oipLs | B0 el S A Sunk with 1330 Ib,
between the docks and lines on both sides of the river, can be [ g¢ | Brothors wece......}i o | 90,992 ers 990 ¥
: ' : h 1 0018516 [ 99,922,000 | 297184000 | 51.675 47.230 5.572
. constructed at a cost of probably one-third of any practicable { 35 U ss 0013333 29,524,000 | 251179000 | 40,078 37.269 4.907 [Sunk with 1200 Ib.
scheme that has been previously proposed. - —— —_—
Mr. Perring expects to have the pluns and sections completed { 36 A .0013033 30,204,000 | 30,895,000 [  46.400 45.369 5392 [Sunk with 1150 Ib
"insa few d gange ill then b eﬁd to subinit th tp ar| 37 B 0012953 | 30,590,000 | 81,297,000 | 71087 66,748 6.625
few days, wil en be ready to submit them to your S aa el Ak /1.087 g .62
consideration.—I am, gentlemen, yonr obedient servant, 38 o 0012598 31,247,000 31,859,000 5,44 65.705 6718 2
h 3 ) 39 n 001287 30,867,000 | 32,462,000 [ 59253 60.949 6.337 |Sunk with 1250 Ib.
- . OHN HAWwKsIAW. 40 |Mossrs. T. Turton and E | .001303 30,211,000 | 80,764,000 | 67.763 65.131 6.576
83, Great G”Ag&sm;ti "Eé'ym’“m’ S.W, ﬁ ..... g 3}’:%; go.‘zlg,ooo 82,480,000 |  46.240 44444 5440 Sunk with 1150 Ib
ugust . . 00129 0,398,000 | 31.325,000 |  51.600 62120 5861 [Sunk w 50 b,
The chairman said the communication would be referred to ﬁ l% 88}‘1,35 3(;,&.% g;aé(m 50.800 | 49.602 5.570 " }‘;‘:g }g.
. the works’ commi h he did not know that the board -001368 91,188, 27,646, SL704 | B4NTT 5.758 o0 o,
' CotN take ‘g“y“;“ag‘i'a tt%::irdineg ‘ho ot "°‘ v 45 U | ‘oo1s2s | 29710,000 | 31232000 | 8377 | sissy | 4561 . 1200
&
. 4@ AX | .001265 31,119,000 | 32,120.000 | 115522 | 114.600 8,683
g Messrs. The Titanie Iron : ey v oot g
] 47 and Steel Company— BX .001.1,77 84,146,000 84.9.::5,000 51.34.6 52.892 6.621
Tae CiviL AND MucHANICAL ENGINEERS' SocteTy.—| 48 | Mushets steel... ......... § | OX | 001237 31,823,000 | 84870000 | 49960 | 49.7¢ 5.739
Tu.Civil and Mochanical Engine-rs” Socety wil visit the Abbey 9 DX_[_ 00161 | BL2ISON | 50418900 | 39345 | 56415 | 499
ils pumping-station of the Main Drainage Works on Satur- | 5o HL | oo1308 80,008,000 | 93.830,000 | 77844 | 77017 6.860
day, the 27th inst., assembling, at Stratfora-bridge Station at| 51 (The Hematite Iron and}| yy | go1o80 | 307541000 | saasnoo0 | 14242 | 14383 3.108
Yy t] g 8 Stoel Com ly 3 y .
three o’clock. 52 PADY ecoenenes H3 | 001319 29,717,000 | 32,717,000 | 20155 19.757 8.540

* Read before the British Association at Dundee.
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never have been heard of, and Lord Redesdale’s fame as a dis-
coverer of * jobs” might not have reached the climax it now
has. However, in the clanse giving the Great Eastern power
to purchase the Dunmow line, the words occur, “ but the total
“ amount to be {M shall not exceed the sum of 80,0001 This
sum of 80,0002 makes up, together with the Great Eastern
contribution of 40,000L, which had nlrem};y been spent on the
Jand and the 40,0007, of debentures Mr. Brassey had recived
on account, the total capital authorised to be raised by the
original Act, viz., 160,000L. shares and debentures. Now had
the cost of the line been within the Parliamentary capital, there
would have been nothing to complain of in this clause; but vn-
fortunately the framers of it took this for granted, without con-
sulting Mr. Brassey or the engineer, and inserted the 80,000L
limitation in ignorance of the fact that the cost of the line (which
was to be paid for in paper afler its completion) would be con-
siderably in excess of the Parliamentary capital; nor is this by
any meaus an extraordinary or unusual circumstance, when the
mode of payment (a very general one now) is borne in mind.

Mr. Brassey in 1862 had taken the contract at an agreed
schedule of prices, and it is now found that the cost of the
finished works by this schedule is 160,000L ; but the land, &c.,
baving taken about 40,000L, there only remains 120,000 of the
original capital to pay for these works. Had this been known
or foreseen by the framers of the Act of 1865, they could never
have fallen into the mistake of limiting the purchase money to
a sum insufficient to Fn; the cost of making the line. Mr.
Brassey had got 40,000/, in debentures, and he therefore wanted
a balance of 120,000L (instead of 80,000Z, as in the Act of 1865)
to pay his account.

when these facts were clearly ascertained, the directors of
the Great Eastern determined to take the only course which, as
honourable men of business, was open to them. By an unin-
tentional blunder in their Act of 1865, they had put theimselves
and Mr. Brassey, without the latter gentleman’s knowledge, in
a false position, and their duty was clear in taking measures to
relieve themselves and him from it as soon as possible, and this
they did by applying for power in their last sessiou’s finance
bill to pay Mr. lgrassey the 40,000 additional he was justly
entitlex to under his contract with them of 1862.

Here, then, is the great swindle and job! The Great Eastern
solicitors, directors, engineer, and who knows else beside, con-
spiring to give Mr. Brassey 40,000, which, no doubt (as Lord
Redesdale apparently thinks), is to be comfortably divided
amongst themselves on the first quiet opportunity !

Perhaps his lordship's mistake might have been pardoned if
he would listen with moderation to the numerous explanations
that have been made on this subject to him by those who are
correctly informed about it; but they only seem to make the
matter worse in his eyes; and, indeed, the onlﬁ way in which
the position he maintains in the matter can at all be understood
ia, by taking his assumption that the line has not in reality cost
more than the original authorised capital (a fact that may very
easily be ascertained), and that the 40,000/, additional is & mere
¢ grab” at the Great Eastern cash-box by a set of *‘swindlers.”

When the position and character of the various gentlemen
who are thus designated is considered, it may appear rather sur-
prising that some weight should not be attached to their expla-
nations by the noble lord. But, so fur from this being the case,
some of them have been held up to the public in a mostfun-
enviable light. Thus, Mr. Bidder was only “Mr. Brassey’s
nominee” on the Great Eastern board, and his motive in_partici-
pating in the job becomes at once plain to Lord Redesdale. Mr.
Sinclair was “ required to resign after the late investigation,”
according to him, and therefore there can be no doubt as to ks
share in the transaction; and about Mr. Brassey there can be no
mistake at all, he seems to think. These gentlemen, however,
naturally show some slight objections to accept these wholesale
charges, required as they may be to support Lord Redesdule’s
theory. Mr. Bidder appears resolved to find some tangible
means of rebutting them, and Mr. Sinclair, unhappily for Lord
Redesda'e, is still the well-known and much-respected engineer
of the Great Eastern Railway, and although he resigned the less
important part of his duties some time since, in order that he
might give his undivided attention to the more important oues,
this, as every one knows but Lord Redesdale, had no more to do
with the late investigation than that nobleman's letters in this
case have to do with moderation and fairness. The fact of such
a charge having been based on such miserable grounds will, I
think, be found to be a fair specimen of the other charges he has
made in this case.

In conclusion, the circumstances are briefly these: the Great
Fastern, rightly or wrongly, made a contract with Mr. Brassey
to do certain work, under which it is found he is entitled to
160,000/ ; but the company have subsequently unintentionally,
and without his knowledge, limited themselves to paying him
only 80,000%, in addition to 40,000L which he has received
already. Lord Redesdale says, “ Never mind anything else but
* this” limitation—all the rest of your bargain was illegal, so
“ don’t give Mr. Brassey a shilling more than the 80,000.”
The company’s position is this, that although they perhaps
could, through a mere unintentional blunder, refuse to pay a
Jjust debt of 40,000L, for which the{ are by every principle of
morality and fairness liable, they will not take such an udvan-
tage of this blunder, but pay this just debt; and further, this
is the conduct and rincipq:s which aro denounced so intem-
Eerzxtely asa “swimﬁe“ and a *job,” and I know not what else
Pesidcs, by the noble chairman of committees of the House of

ecrs.

+ Now let us sing, long live the Queen,
And Redesdale, long live he;
And when the next mare’s nest he finds,
May we be there to see.”
Your obedient Servant,
Westminster, September 16, 1867. M.

Waterrorp.—This port, which bas been steadily progress-
ing of late, owing to the enterprise of Messrs. Malicolmson, is
about to make another step in advance by the establishment of
a dry dock near the city. Mr. Stephen, the engineer of the Local
Harbour C issioners, has examined a suitable site, and has
furnished an estimate of the probable cost amounting to 42,570/
‘The works are expected to be shortly commenced.

SAWING IRON.

WATER TROUGCH

To tae EDITOR OF ENGINEERING.

SIrR,—Reading your account of the Dowlais rolling mills, I
was struck with the clearness with which yon describe the
process of sawing the heavy bars of girder or other iron.

It recalls to my mind that it has often appeared to me an im-
provement might be effected in the arrangement of the saw or
saws in many bar and angle iron mills that would economise
labour, and I’ enclose you a rough sketch that will exemplify
my idea at a glance.

The long traversing table of a saw of the present form is a
cumbrous, clumsy thing. To lift a heavy bar on to it entails a
considerable amount of labour, and the certainty of more or less
twisting the iron in the process, which, with some sections, is a
serious matter.

Mahomet found it simpler to go to the mountain than to
bring the mountain to him; and why not, instead of taking
these heavy bars to the saw, bring the saw to the bars ?

By suspending the saw from above on a frame working on the
same centre as the driving sheave, a traverse of any length,
through a simple slot in the mill floor, may be obtained, travers-
ing tables and labour avoided, much space economised, as the
saw 1nay be kelpt as close as desired to the rolls, The dragger-
out simply pulls the bar straight forward, ‘mts his tongs into
one of the perforations in the floor plates at the back of the iron
to be cut, and forward comes the saw; the iron is sgain dragged
on, still in a straight line, and the other end served the same.
No twisting or lifting the iron; all a straightforward pull, done
in half the time usually taken, and at much less cost.

As a practical man 1 can’t see why it should not answer ad-
mirably for all descriptions of bar and section iron mills at any
rate, and even be adapted to cutting the edges of armour and
other plates too thick for the shears. I think it ought to do.

Yours traly,
Jonx Dixox.

5, Abchurch-yard, London, Sept. 2, 1867.

GOVERNMENT COMPETITION IN INDIA.
To THE EDITOR OF KNGINEERING.

Sir,—Permit me to draw your attention to the following ex-
tracts relative to the manufacture of agricultural implements
by the Governmnent of Madras. They are taken from a letter
written by the Superintendent of the School of Arts, Madras,
and addressed to the superintending engineer, Punjab, and of
which an abridgment appeared a short time since in the
Madras Times:

“Considerable success has attended the employment of Euro-
an agricultural implements that have beeu lately received
rom England. ‘The implements that have been most useful are
Howard’s iron ploughs. = We have made about twenty-eight of
them, and more have been made at the Gun Carriage Manu-
factory, Mi‘nt, and D.|| P. Workshops.

» .

¢ Several gentlemen got chaff-cutting machines made at the
Mint, and find them of use in feeding horses and cattle.”

I am led to add that the manufacture of agricultural ma-
chinery is regularly carried on at the workshops ;of the Civil
Engineering College at Rowkee, North-West Provinces.

It appears to me that the only inference to be drawn from
these fucts is that the Government are successfully competing
with the home manufacturers, and I think that it becomes such
of the latter who, like myself, are interested in the export
trade, to make themselves acquainted with the circumnstances
which have brought about such a state of affairs. Desiring
such information myself, I am induced to ask the insertion of
these remarksin your esteemed journal.

1am, Sir, your obedient Servant,

HuLL.—The Amalgamated Society of Engineers at Hull has
resolved not to accede to a proposed reduction of wages, '

PERFORMANCE OF STEAMSHIPS.
'To THE EpITOR oF ENGINKERING.

Str,—1I observe that, in your paper of the 13th, you have
reprinted what you consider to be the Report of the Committes
of the British Association on the above-mantioned subject. It
is right that I should inform you that the proofs of that Report
are still nnder consideration by the members of the committee,
and have not yet received their final revision and sanction, and
that it is possible that alterations may still be required. No
proofs of the Report have yet been furnished to any journal
with the knowledge and sanction of the committee.

I am, Sir, your most obedient Servant,
W. J. MACQUORN RANKINE.

59, St. Vincent-street, Glasgow, September 17, 1867.

-THE SOCIETY OF ENGINEERS AND THE
INSTITUTION OF CIVIL ENGINEERS.
To THE EpITOR OF ENGINEERING.

Str,—Having read the articles and letters in your valuable
papr in reference to the above two societies, and having heard,
ulpun the occasicn of the Society of Engineers' recent visit to
Mr. Penn’s works, an explanation of the position of affairs re-
sqlt_mg from the peculiar course adopted by the Institution of
Civil Engineers, I, as one of the members of the Society of Engi-
neers, think it would be advisable for our council and members,
at the first meeting in October, to consider the steps taken by
the president of the Institution, in order that notging in the
shape of disagreement may supervene.

One cannot but mark with surprise aud regret that an in-

fluential association such as the Institution of Civil Engineers
undoubtedly is, and one, moreover, which has been so highly
lovked up to by the profession, should have called forth the
remarks made by the president of the French Society of Civil
Engineers on the occasion referred to in your impression of the 6th
instant. Almost at the same moment these two representative
bodies, one in Paris and one in London, were engaged in consider-
ing a similar subject, and the different conclusions arrived at are
really of & very curious character. One suciety extends the
most cordial help and recognition under precisely similar cir-
cumstances, wherein the other society not only refuses help, but
commences to make war. This dissimiiarity of conduct has
provoked on the part of the President of thie Socié:é des Ingé-
nieurs Civils the belief that the Lnstitution of Civil Engincers
has laid itself og:n to grave charges of selfishness and monopoly.
‘ No one is to be an engineer but ourselves.” This is to keep
up “trade freedom” and * trades’ unions,” says M. Eugene
Flachat. Now, it seems very desirable that such an unenviable
reputation as this should not attach to one of our foremost insti-
tutions simply on account of some probable misunderstanding.
Unless the council of the Institution deliberately set before
themselves, as a principle, the persecution of the Society of
Engineers, I should be disinclined to consider that the Institu-
tion is anxions to acquire such a character as that which has
been attributed toit. I would ask, is there no way by which
the objects of the Society of Engineers could be obtained with
the direct concurrence of the Institution, now that it has been
discovered how readily its enmity may be aroused?
If the Institation of Civil Engineers is determined to pursue
that policy which has attracted the attention of distinguished
members ‘of the profession abroad, and calleg apparently for no
graceful comment, would it not be advisable to consider some other
means of accomplishing what is required in the interests and
protection of the Society by incorporation by Act of Parliament
(1862), thereby saving to the Society the expenses of a Par-
liamentary contest, or such expeuse as would be entailed in the
obtainment of a Royal Charter?

The future position of the Society of Engineers will not de-
pend on its particular act of incorporation, but on the individual
members who compose its body. .

I am, Sir, your obedient Servant,
A MEMBER or TuE SOCIETY OF LENGINEERS.
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STEAM-SHIP PERFORMANCES.
(Continued from page 218.)
TaBLe IV.—MEN-OF-WAR (Groue 2, continued).

Groups of a Speed ... ... .. ..

2,
Between 7 and 9 knots.

Subgroups of Displacement

E.
Between 1000 and 2000 tons.

Name of Vessel ...

Cossack.

Conflict.

Length in water-line, in feet e ee
Breadth (extreme), in feet
Tol builder's measurement ...
Mean draught of water, in feet ...

Area of immersed midship section, square feet

Displacement, in tons of 35 cubic feet ...

ExoIxEs.
Description ...~ weo  we . ...

Number of cylinders
Diameter of cylinders, in inches ... ...
Length of stroke, in feet ... .. ...
Number of revolutions per minute
Weight per sq. in. on safety-valve, in Ib.

Nominal horse power e
Indicated horse power ...

Pitch, in feet
Length in line of shaft ... ... ..
Immersion at bottom, in feet .
Number of revolutions per minute
Speed of ship, in knots per hour ...
gﬂ”d of propeller ..,

ip, in knots per hour ... e
Slip per cent.
g 2 % I()D]+ indicated liom power ...
;eed X D¢ § =~ indicated horse power ...

.oe oo o e

3
1365

195

38.6
1322

14.04
83

Hor.

2.25
66.33
12

5734

192.54
83

1038

15,08
1

1530

Light swell.

1862
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Tasie V.—MEN-OF-WAR (Groue 3).
3.
Groups of a Speed e o0e ... Between 9 and 11 knots.
Subgroups of Displacement Uader C. D.
ps of Displacement ... ... 196 o, Between 250 and 500 tons. Between 500 and 1000 tons.
Namo of Vessel ... .. .. Dwarf. | Dart. | Lee. | Suipe. | Sparrow.| Nimble. | Mullet.| Espoir. | Griffon.| Saake. | SISP- | Beggle. | Ranger. |[Philomel.| Gannet. | Cordelis.
Length in wal;er-lin‘e, in feet... " ...| 130 145 145 145 145 145 145 145 145 160 150 | 160 145 145 151 151
Breadth (extreme), in feet ... o] 165 25.33 | 25.33 | 25.33 25.83 25.83 | 25.83 2583 | 25.33 25.33 26.61 25.83 25.33 256.33 29.08 29.08
Tonmﬁ builder’s measnrement ...| 164 425 425 425 425 425 425 425 425 477 6503 477 425 . | 425 577 577
Mean I ught of water, in feet . 5.5 9.08 9.12 9.16 9.20 9.26 9.24 9.45 9.46 9.62 9.25 10.125( 11.33 11.58 10.87 11
Ayeaof lmmersgdmldsln Boctn.,sli:ft. 4 166 167 168.5 169.5 170.5 |170.5 176 176 179 196 192 223 230 202 204
Displacement, in tons of 85 cubic feet| 98 390 392.5 (895 898 401 401 416 416 482 518 528 550 570 588 591
. . ExamEs. :
Description ... .. .. .. Vert. | Hor. | Hor. | Hor Hor. Hor. Hor. | Hor. Hor. |H. trunk.| Hor. Hor. |H.sing.T| Hor. Hor. Hor.
Number of cylinders vee  v0e o0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Diameter of cylm(}m, in inches ...[ 40 82 32 32 82 30 32 32.125 |=385.1 46 42,125 (=30.2 82 39 88
Length of stroke, in feet ... o 2,67 1.5 L5 1.5 15 1.67 L5 1.67 1.5 1.67 8 1.76 L5 1.5 2 2
Nu{nber of revolutions, per minute ...| 85.5 (101 98 103 108 102 98 101 109.83 415 72 95.5 108 90.6 78
Weﬁbt per square inch on safety-
valve in pounds ... | 8 20 20 20 20 20 20 20 20 20 10 20 20 20 20 20
Notpmal horse-power... e | 90 80 80 80 80 80 80 80 80 160 200 160 80 80 150 150
Indicated horse-power | 216 861.7 [343.1 [363.4 3891.8 334 355,4 330.8 |(325.9 459.8 365.2 295 283.6 354.2 616.6 460.8
. . PROPELLER.
Dglmehr, in feet ... oo oo 5.67 9 9 9 9 9 9 9 9 11 9 11.08 9 9 10 10
Pitch, ill feet ... .o o . 12,38 | 12,83 | 12.33 12.38 11756 | 12,83 11.75 | 12.33 10 9 14.71 1.6 12.18 14.5 16
Length in line of shaft. o o 2 2 2 2 2 2 2 2 2.33 L5 2,29 1.83 2.21 2.5 2.5
Immersion at botbgm, in feet... s s 4.67 b 5.25 5.33 4.67 5.16 4.88 5 8.67 4.42 6 6.42 4.6 5.67
Number of l:evqlnhons, per minute ...| 182.8 [101 98 103 108 102 98 101 109.83 | 124.5 72 95.5 108 90.6 78
Speed of ship, in knots per hour ... 10.587( 10.19 | 10.022| 10.32 10.872 9,933 | 10.067 | 10.05 | 10.119| 10.803 9,189 9.409 9.006 9. 10.817 9.912
8 1 of propeller ... ooe | 14.427) 12,287 | 11.922| 12,581 18.189| 11.590| 12.409 | 11.859 | 12,287 | 10.834| 11.052( 10.446| 10.833| 13.082( 12.958( 12.310
S| ip, in knots per hour [ o 3.890( 2.097| L1900 2211 2.267 1.657 | 2.842 1.309| 2.168 0.531 1.863 1.087 1.827 8.484 2.141 2.398
Slip, per ceb... e ™ | 2696 | 17.07 | 15.94 | 17.64 17.25 14.30 | 18.87 11.52 | 17.64 4.90 16.85 9.93 16.86 26.73 16.562 19.48
Speed? x GB-.-mdlclM horse-power ...| 238.3 |485.6 490 509.7 555.9 500.3 |489.6 540.9 |569.6 425.8 416.4 542.1 574.4 565.2 414.6 431.2
Speed? X Dt§-~indicated horse-power..| .. [156.2 [157.2 [162.8 177.5 159.6 |156.1 171.8 |177.2 146.2 183.3 172.9 168.9 143.3 148.8
Wind e v v ae ] we | No.5 [No.4to| ... e |No.1to|No.8to[No.3to| Calm. | Light
No. 5 No. 2. | No. 4. | No. 4. breeze.
- J OO . . s we | Smooth | ... e o ws | Smooth. | Little
. awell.
Remarks ... .. .. .. Not « |Rigd.and| .. i
i partiall and
eqnippex. stored.
Reference to Reports ... - | 1862 1862 | 1862 | 1862 1862 1862 1862 1862 1862 1862 1862 1862 1862 1862 1862 1862
Groups of a S 8
e peed Between 9 and 11 kmots,
Subgroups of Displucement ... ... D.
Broups eat Between 500 and 1000 tons.
Name of Vessel .. .. ..[Alacrity| Icarus. |Eclipse.| Lily.* |Surprise, z::r Rosario.| Rapid. |Coquette.| Fawn. |Ringdove. m Alert. |Lapwing.| Mohawk.| Vigilant.
Length in ml;er-line_, in feet... «.|180 151 185 185 180 180 160 160 180 160 180 185 160 180 180 180
Breadth (ext_rome), in feet ... .| 28.38 29,08 | 28.33 | 28.83 28.33 | 28.83 80.33 | 80.33 28.83 31.83 28,33 28.33 81.83 28.38 28.38 28.383
Ton , builder’s measurement ...|670 577 895 695 670 670 669 669 670 748 670 695 748 670 670 670
Mean aft of water, in feet... | 925 11 9.83 9.83 9.5 9.57 | 115 11.71 1141 11.83 10.21 10.16 1141 10.83 10.87 11.04
A;ea of unmened midship sec., 8q. ft.[195 211 198 200 208.6 206 222 228 242 247 223 221 250 240 242 245.5
Displacem ent,é: tons of 35 cubic feet|605 618 626 634 687 645 646 666 790 709 714 718 718 781 786 808.5
- GINES.
Description o «o| Hor. |H.sin.Tr.] Hor. | Hor. | Hor. Hor. Hor. | - Hor. | Hor. Hor. Hor. Hor. Hor. Hor. Hor. Hor.
Number of cylinders vv. oo .| 2 2 2 2 | 2 2 2 2 2 2 2 2 2 2 2 2
Diameter of cylinders, in inches ...| 45  |=388.875| 45 4 | 45 45 88 88 45 32 45 45 82 45 4225 | 45
Length of stroke, in feet ... el 2 - 183 2 2 2 2 2 2 2 2 2 2 2 2 2.16 2
Nn!nber of moh;tlons minate ...| 85.5 92 96 76 | 92 88.5 98 100 82.25 92.6 84 85 92 85 8
Weight per sq. in. on safety-valve,
in pounds ... ooe o | 20 . 20 20 20 20 20 24 20 20 20 20 20 20 20 20 20
Nolp.mal horse-power... oo {200 . 150 200 200 200 200 150 160 200 100 200 200 100 200 200 200
Indicated horle-mpower o «.|087.2 | 602.8 (8384 (4741 7214 627.8 |616.2 |613 690 . 406.9 676.8 731.6 3874 689.2 6416 629.9
PELLER.
Diamet.er, in feet ... oon ] 11 10 11 11 11 11 10 10 11 10 11 11 10 11 11.08 11
in feet ... o oo o] 16 1442 | 16,56 17 15.83 16.54 | 14 13 16 12 15.71 16.5 12 15.65 14.25 16.46
Length in line of shaft .o | 2.5 2.19 2.42 8.256 2.6 2.67 2.6 2.6 2 2.6 2.46 2 2.5 2.56 2.64
Immersion at bottqm, in feet N o 842 5,67 3.92 4.83 3.92 3.6 5.83 5.75 4,67 5.83 4.16 4.67 5.25 4.42 4.42 4.67
Number of revolutions, per minute ...| 85.5 92 96 76 93 88.6 93 1 82.256 92.6 84 85 2 85 88 84
Speed of ship, in knots per hour ...| 10.651| 10.146| 11 10 10.81 10.258 { 10.08 | 10.2 10.853 9.21 10.824 | 10.987 9.607 | 11.021| 10.721 9.763
gﬁeu! of propeller ... o | 18494 | 18.083 | 15.625| 12.744 | 14.525| 14.440| 12.843 | 12.828| 12.981| 10.949| 13.016| 18.884| 10.890| 13.101| 12.870! 18.257
ip, in knots per hour o) 2.843 2.937| 4.625| 2,744 8.715 4.182| 2.763| 2.628 2.128 1.739 2.192 2.897 1 2.080 1.649 8.494
Slip, cent.... .. | 2107 2245 | 29.60 | 21.58 25.68 28.96 | 21.61 | 20.46 16.39 15.88 |  16.84 20.94 1178 15.88 13.83 26.86
Speeds x @ —:-gnd!elted horse-power {401.3 385.86 [313.60 (421.8 856.3 369.6 (894.6 448.8 474.3 417.8 895.2 572.1 466.2 464.9 362.7
Speeds X Dt§ - indicated horse-power [147.2 | 125.7 [116.1 (1656.7 | 129.6 | 1284 [124.4 (182 . 1562.7 e 1434 | 183.5 e . 127.7
Wind o we e e e e w | No.8 | e | e | Nad | . | NoL |No.3to| Light | No.2. |No.2to| No.5to
No. 4. No. 8. | No. 6.
Sea .. “aee e ae ose] oo .o ore oo Smooth. e oo voe oe o0 oo ey Smooth. are ose ore
Wh LLL) e e one e e .o 0 .ne . o0 oo e ore . LI} wiﬂwnt e (11} sm
masts or main-
rigging. tained at
not more
180
Reference to Reports ... o o] 1862 1862 11862 | 1862 1862 1862 | 1862 | 1862 1862 1862 1862 1862 1862 1862 1862 1862
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TABLE V. (continued).

3.
Groups of a Speed ... .. Between 9 and 11 knots.
Subgroups of Displacement D. E.
pe P . Between 500 and 1000 tons. Between 1000 and 2000 tons.
Name of Vessel ... ...[ Osprey.| Racer. | Victor. 1’;‘,1,;3' Zebra. | Intrepid.| Rattler. Cltz:.e- l;l‘ggg h?nﬁj Mutize. | Rinaldo.| Fox. |Mirands.| Tartar. | Brisk. w];;‘:;e .

Length in water-line, in feet(180 151 200 179.5 (185 200 176.5 185 218 172.5 172.5 185 159.33 | 196.04 | 195 133.57 190
s : 5

Breadth (extreme), in feet| 2533 | 29.08 | 30.16 | 27.12 | 33.16 | 30.16 | 8271 | 383.16 | 30.33 | 83.16 | 33.16 | 83.16 | 40.33 | 34 38.5 43.20
Tonnage builder's measuremt 670 577 851 638 950 851 888 950 950 878 878 950 1131 1039 1322 1074 953
Mean draft of water in ft. ...| 11.20 | 18.37 | 10.04 | 1266 | 11.83 | 11.29 | 13.79 | 13.54 | 11.92 | 1378 | 14 1462 | 16.29 | 12.37 | 1896 | 13.75 | 13.70
Area of immersed midskip) |, - e 3 - 7 2
250.5 (272 233 281 277 270 838 332 286 842 349 8674 | 449 336 879 350 382

section, square feet

D]?;%mb?:?:t u:”tmu :f 826.6 (829 875 903 912 1040 1112 1138 161 = |1175 1200 1286 1340 1350 1350 1370 1459

ENcInes.

Description «.| Hor. | Hor. Hor. | Oscil. | Hor. Hor. |V.d.c.g| Hor. Hor. Hor. Hor. Hor. Hor. (H.geared| Hor. Hor. |H. trunk.
Number of cylinders | 2 2 2 2 2 2 4 2 2 2 2 2 2 2 2 2 2
Diameter of cylinders, in in.| 45.06 | 40 55 36.5 42.5 58.06 40.125| 45 58.06 45 45- 42.5 45 56.375| 51 52 =55
Length of stroke, in feet ...| 2 1.67 2.5 3 2.16 2.25 4 2 2,25 2 2 2.16 2 3.75 2.25 3.5 2.25
{ivugnw of rev. per xll:innte 80 96.5 845 42 112 70 25.43 80.8 74.5 80.5 82 92.083| 93 28.5 72.25 39 81.756

eight per square inch on ¢ P y g B

M,ty_"f;‘,' i pmds} 20 22 20 12 20 20 10 20 20 20 20 20 20 18 14 14 12

Nominal horse power (200 11150 350 100 200 350 200 200 350 200 200 200 200 250 250 250 300
Indicated horse power  ...593.4 [522.2 [973.8 [317.8 [984.8 930.1 519.2 o84.2  |1222.6 744.9 786.4 752.4 740.8 613.1 731 595.6 844

PROPELLKR.
D_ilmet_er, in feet ... o) 11.04 | 10 11 9 12 11 10 12.33 13.16 12.33 12.33 12 12.04 12 12.08 12 12
Pitch, in fegt | 1583 | 138.5 20.5 11 15 21.25 11 13.5 19.96 14.5 13.5 13.87 10.86 11.5 16.5 12.16 15.75
Length in live of shaft ...| 2.59 219 3 1.83 2,75 8.02 1.25 2.29 3 2.42 2,67 2.12 2 1.92 2.75 2 2.67
Immersion at bottom, in ft.| 4.5 6.92 4.16 6.92 4.25 5.16 7.5 5.33 5.75 5.67 6.16 7.33 9.42 5.25 6.16 6.33 6.54
Number of rev. per minute| 80 96.5 84.5 97.548 '112 70 101.72 80.8 745 80.5 82 92.083, 938 87.87 72.25 87.75 81.75
Speed of ship in knots perhr| 10.15 9.519| 9.056| 9.12 | 10.714( 10.25 9.141 |- 10.206 12,43 9.87 10,25 10.588 9.325| 10.75 9.4 9.035( 10.699
S_ of propeller ... wo| 12495 | 12,85 | 17.087 | 10.585 | 16.572| 14.673| 10.037 | 10,742, 14.667 | 11.448| 10.92 12.603 | 10.884 9.968 | 11.759 | 10.531| 12.785
S ip, in knots per hour ..,] 2.345| 8.331| 8.031| 1.465| 5.858 4.423 1.896 0.536 2.237 1.578 0.67 2.015 1.559 | ~0.782 2.359 1.496 2.036
Slip, per cent. oo e 1877 | 25,92 | 47 13.84 | 85.35 80.14 17,18 4.99 15.25 13.78 6.14 156.99 14.32 7.85 20.06 14.21 15.99
Speed* x P-=-LH.P. ..|l441.4 [4493 [177.7 [670.8 !345.9 312.6 497.2 603.3 448.5 441.4 477.9 579.6 491.5 680.8 430.6 433.4 554.3
Sp_eed‘ XDg <LH.P. ..[155.2 [145.8 69.8 [223.1 (1174 118.9 198.4 173.6 143.7 154.6 186.6 183 138.8 152.8 o
Wind vl e | No.8. Light. | No.2. | Light. No.3. | No.3. | No.5 | No.5to| No. 4to| Calm.
abeam. | No. 6. | No. 5.
S ! R e e we | Smooth. .. we  [Smooth.| .. ..
Remarks ... w. |Bottom| .., . Fully Full;
foul. equipped nggsg
for sea.

Reference to Reports ../ 1862 | 1862 | 1862 | 1862 | 1862 1862 1862 1862 1862 1862 1862 1862 1862 1862 1862 1862 1862
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TaBLE V. (continued).
8.
Groups of a Speed ... .. Between 9 and 11 knots,
. F.
Subgroups of Displacement ... Between 2000 and 4000 tons.
Name of Vessel Ad- [y | Lion. | Simoon. | Phobe* | Goliath. | Phsston |Colossus.| '™~ |London. |Aboukir. | Nelsone. | Windsor| oo | Royal | Chesa-
b ***| venture. ulcan. 100. 1 i périeuse. Castle. ° Goorgs. r.‘k .
Length in water-line, in feet ...| 282.87 | 220 192 246 240.6 190 220.26 | 190 212 215.25 | 204 216.25 | 204 207.833 | 205.57 | 212
Breadth (extreme), in feet ...| 86.37 41.42 57 41 51.5 56.75 49.83 57 50 54.29 60 64.5 60.04 56.06 54.04 50
Tomﬁﬁuﬂder’s measurement|1793 1764 261 1980 2848 2590 2396 2590 2855 2687 8091 2736 3101 2767 2616 2356
Mean of water, in feet ..| 17.21 17.20 19.75 15.95 17.95 20,04 19.87 21.04 20.49 19.83 20.5 19.66 20.25 21.04 20.17 21.66
Area of immersed midship sec.,
uare feet ... ™ ] 461 558 635 528 578 684 657 708 . | 688 785 740 750 770 726 760 746
Displacement, in tons of 35 c. ft.2388 2520 2540 2660 2700 2787 2840 28565 3044 3115 3150 31568 3245 82560 3270 3334
ENGINEs,
Description ... ... «w.H.S.Tr.| Hor. |[H.trunk| Hor. Hor. |H.trunk.| Hor. |H.trunk.H.truck.] Hor. (H.trunk.| Hor. |H. trunk.|H. trunk./H.trunk.| Hor.
Number of cylinders ... 4 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Diameter of cylinders, in inches| =45.16 64 =58.11 62.5 65 =58.11 64 =58.25 |=55 70.07 [=58.25 71 =64.33 |= =58.11 64
Length of stroke, in feet 3 3 3.25 3 3 3.25 3 3.25 8 3 8.25 3 3.38 3.25 8.2 3
Number of revolutions per min.| 51.75 48.375| 66 57 50.5 60 57,83 61.83 68 49 62.3 54.66 68.5 60 60.38 52
W:lﬁht per 8q. in. -on safety-
ve, in pounds ... o 10 10 20 20 20 20 22 20 20 20 20 20 20 22 20 20
Nominal horse power ... 400 400 400 500 400 400 400 360 500 400 500 500 400 400 400
Indicated horse power o 8249 857.3 |[1771.2 [1255.3 8443 |1487.5 [1566.2 [1420.6) |1199.8 878.7 (1533 1190.8 [2052.3 1420 1397.9 [1159.2
PROPELLER.
Diameter, in feet .o 17.18 17.08 17 15.92 18 18.5 17 17.12 15.96 18 17 18 17 17.12 17 17
Pitch, in feet ... ot . 22.62 22.87 18.5 24.57 22 17 24 18.46 17 20 17.6 20.16 18.5) 18.89 18 22.5
Length in line of shaft o 2,75 8 3 2.71 8.25 3 3 2.89 2.61 3 3 8.75 3 2.96 3 3
Immersion at bottom, in feet 8.33 10.67 10.42 8.08 7.5 10.57 10 10.42 11.25 9.88 10.16 9.83 10.75 11.42 10 , 11.76
Number of revolutions, per min.| 51.75 48.375| 66 57 50.6 60 57.83 61.83 68 49 62.3 54.66 63.5 60 60.38 b2 .
Speed of ship, in knots per hour | 10.316 9.5611| 10.911| 10.861 9.959 9.16 10.466 9.66 10.111 9.508 9.56 10.863 [ 10.955]| 10.274 9.568 9.658
gf)eod of propeller s ] 11,6556 10.915| 12.044| 13.822| 10.959| 10.949| 138.573| 11.258| 11.408 9.667| 10.754| 10.875] 12.5608| 11.183] 10.712| 11.541
ip, in knots per hour o 1.239 1.404 1.133 2.961 1 1.789 3.107 1.698 1.292 0.159 1.204 0.512 1.548 0.909 1144 1.883
Slip, per cent. .., e | 1072 12.86 9.41 21.42 9.12 16.34 22,89 14.19 11.33 1.64 11.20 4.71 12.38 8.18 10.68 16.32
Speed? X P=ind. horse power [ 618.5 554.9 | 465.7 |)688.9 | 670.8 865.7 | 480.9 | 485.4 592.7 [ 719 4204 | 700.9 | 49883 | 564.6 | 476.2 | 579.8
Speed?x D* §-+ind. horse power | 237.8 185.8 186.5 190.5 226.8 104.6 146.8 134.9 181 208.6 122.1 201.2 140.4 " 188 173.4
Wind .. .. w.] No.4. |No.5to| Light |No.5to| No.4 | No.8. | No. 5to e No.4. | No.4. |No.7to| No-8. | No.4. | No.1. | Calm. |No. 4to
No. 6. | breeze. | No. 6. No. 6. No. 8. No. 5.
Sea P! Little we  |Moderate| ... e s Little | Hea: e e e Smooth. e
swell. swell, swell. | swel
Remarks e een eee|  eee Supply o . e o oo . o e e e
of steam ]
ient.
Reference to Reports ... ...l ... e e oo e e e e s

* Half boiler power.
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TasLe VI.—MEN-OF-WAR (Groue 4).

Groupsof a Speed 4

pe Between 11 and 13 knots.
s of Displacement E. F.

ubgroups Between 1000 and 2000 tons. Between 2000 and 4000 tons,
. - ! .
Name of Vessel... .. ..| Clio. rfbl:l.‘u. Orpheus.| Orestes. | Barossa. | Cadmus.| Racoon. | Jason. 1 m:f’ Urgent. | Forte. | Transit. | Severn | Phosbe. g::l:" Emerald.
Length in water-hne, in feet ...[ 200 200 225 225 225 200 200 225 272.58 | 273.90 | 212 800 240.5 240.5 287 237
Breadth (e xtreme), in feet .. 40.33 40.33 40.67 40.67 40.67 40.33 40.83 40.67 88.5 38.54 50.08 415 b0 51.5 52 H2
Toonage, builder’s measurement (1462 1462 1702 1702 1702 1462 1462 1702 1967 1981 2364 2522 2712 2848 2852 2852
Mean draft of water, in feet ...| 14.87 14.92 15.25 15.49 15.83 17.71 18.87 18.5 18.04 18.37 17.74 18 18.57 17.95 18.53 18.91
Area of immersed midship sec-
tion, square feet ... 419 421 443 453 466 537 568 575.5 500.5 513 550 528.5 536 573 568 586
Displacement, in tons of 85 c. fl. 1565 1572 1672 1720 1780 2065 2192 2294 2299 2370 2370 2628 2638 2700 2741 2835
ENGIxEgs.

Description . ...| Hor. Hor. Hor. Hor. Hor. | Hor. T.| Hor, Hor. | Hor. T.| Hor. Hor. | Hor. T.| Hor. Hor. | Hon. T.| Hor.
Namber of cylnnden 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Diameter of cyllnderl, in mchee 64 64 64 60.75 64 =58.11 64 64 =55 64 64 =358.5 66 65 =70.75 76
Length of stroke, in feet o 8 3 2.67 8 3 8.25 ] 8 3 3 8 3.25 3.5 8 3.5 3.5
Number of revolutions, per min.| 57.83 61.5 65 65 66 58.25 58.66 54.5 b7.6 59.25 56.33 56.75 67.166| 62 59 b4
Weight per square in. on safety-

ve, in pounds ... | 20 20 20 20 20 20 21 20 16 15 20 15 20 20 20 20
Nominal horse-power ... o] 400 400 400 400 400 400 400 400 360 400 400 400 500 500 600 600
Indicated power ... «.|1639.2 [1580.6 [14456.2 |1521.6 (1798.2 (1424 1651.1 |1549.2 911.8 |1226.8 |1538.9 |1234.8 |1977.6 (1779.9 (2171.4 [2060.9

ProOPELLER.
Diamster, in feet . | 16 16 16 16 16 16 16 16 16.06 17 17 17 18 18 18.04 | .18
Pitch, in foot oo . .| 26 26 23 23 24 28.5 26 26 21.97 22.33 22.5 24.25 20 22 25.02 28
Langth in line of lluﬁ... . 3 8 8.81 8.81 8 3 8 8.57 8.02 8.5 3 8 3 8.25 3.88 8.5
Immersion at bottom, in e 6 4.83 6.16 6.08 6.57 8.33 9 9.67 8.6 9.42 7.5 9 8.67 7.5 7.08 7.83
Number of moluuom, per min.| £7.83 61.5 65 65 66 58.256 58.66 54.5 57.6 59.25 56.83 56.75 67.166 | 62 59 54
Speed of ship, in knots per hour| 11.96 11.752 | 12.449| 12.2656| 11.92 11.294 | 11.416] 11.632| 11.297| 11.996| 11.485| 11.909| 12.132| 119 12.486| 12
S of propeller . | 14.831( 15.778| 14.747| 14.747| 15.625| 18.503| 15.046| 18.977| 12.460| 12.858| 12.503| 15.676( 13.2561| 13.455| 14.562| 14.915
Slip, in knots per hour... 2.871 4.021 2.298 2.482 8.705 2.209 8.630 2.845 1.163 0.862 1.018 1.666 1.119 1.530 2.126 2.915
Slip, per cent. .. 19.36 25.49 15.58 16.83 23.71 16.36 24.18 16.78 9.33 6.70 8.14 12.27 8.44 11.230 | 14.60 19.54
Spe ed'x Q)—mdlaud H P. ...| 465.7 432.3 591.4 549.3 488.9 548.8 502.8 584.6 791.4 721.9 541.4 723.2 484 548.5 508.1 491.4
Spoed’x Dt§indicated H.P. ...| 149.8 138.8 188.1 1741 138.3 164.1 152.1 176.7 275.4 250.1 175 260.6 172.4 185.6 173.5 168
Wind oo e e en] e e e No. 5. Nﬁ. 28to No. 4}. | Calm. | No. 4. [ Calm. | No.2. e No.4. | No.4. | No.4. | No.3 .
o. 8.
Sea e ae [T o e oo Smooth.| Smooth e Smooth. . . Mod.
swell.

Remarks . . . .. e . . .
Reference to Reports ... . . . . e
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© Tawiz VI (continued).
Groups of a Speed ... .. . From 11 t) 13 knots.

Subgroups of Displacement ...

F.
Between 2000 and 4000 toms.

Name of Vessel I"i'ﬁ']’:t' Topaze. | London. | Rodney. | Nelson. %ﬁ%ﬁk f;{;;:i“ Waterloo.| Hood. | Algiers. cl?::t-e. Ig;ﬂ‘g‘ Doris. III;';'."' Diadem.
Length in water-line in feet ... e 190 235 215.25 | 214.33 | 216.25 | 214 217 218.20 | 238 218.57 | 235 251 240 340.42 240
Breadth extreme) in feet ... .| 56.75 50 54.29 54 54.5 60 58.12 55.33 55.75 60 50 52.08 48 46.14 48
Tonnage, nﬂderameasurement .ee|2642 2651 2687 2770 2736 3241 3129 2845 3232 3347 2651 3059 2479 3453 2489
Mean draft of water in feet ... .| 21.08 18.71 19.83 20.12 19.66 20.25 20.90 20.79 20.58 21.07 21 21.45 20.49 18.83 20.54
A’:; o ;2';‘"’“ midship section,) |\ 705 | 6385 | 785 |77 |750 |770 |85 |so7 |esr |89 [750 |717 |72 | 652 763
Displacement in tons of 35 cubicl logss [so00 [si5  Is126  Is1s8 |35 |se00  |ssdo  |sero  |sse2  [sest  sess  [si2e 357 | 3880
ENGINES.
Description ... «..| Hor. T. | Hor. Hor. Hor. Hor. Hor. Hor. Hor. |Hor.T. | Hor. Hor. Hor. | Hor. T. | Hor. T. Hor.
Number of cylinders ... .. .| 2 2 2 2 2 2 2 2 2 2 2 2, 2 2
Diameter of cyllnders. in inches «.|=58.11 76 70.875| 66 71 66 64.125| 7 70.75 76.125| 76 76 =82 =78 82
Length of stroke, in feet ... ..| 825 8.5 3 8.5 3 3.5 3 3 2 8.5 3.5 3.5 4 3.5 4
anhr of revolutions per min. | 66 49 60.75 71.666 | 65.83 72.66 58 62 62 57.66 55 55 53.71 55 56.33
Wei ';Z'El;"p:qn;j‘,? inch on '“f“y'} 20 20 20 20 20 20 20 2 | 20 20 20 20 20 12 20
Nominal horse power ... e o 400 600 500 500 500 500 400 500 600 600 600 600 800 700 800
Indicated horse power ... s ..|1668.5 [21314 [1804.1 (2245.6 [2101.8 ([2276.3 (1491 1889.9 (2385.3 |2518.4 (2490.1 |2392 3005 1830 2978.5
PROPELLER.
Dla.meter, in feet oo w| 17 19.33 18 18 18 18.12 17.08 18 18 18.12 19.33 19.42 20.08 18.08 18
Pitch, in feet ... e e | 17 29 20 16.5 20.16 17.79 264 20 23 26.08 25.79 25.5 30 28 83.42
‘1 in line of shaft... 3.33 3.5 3 3 3.75 3.22 3.75 3.16 3 3.25 8.39 4.20 4.75 8.57
lmmerslon at bottom, in feet... | 1125 7.5 9.83 9.67 9.83 10.92 9.79 10.33 9.42 10.83 10.33 9.5 9.75 9.92 10.42
Number of revolutions per min. | 66 49 60.75 17.166 | 65.83 72.66 58 62 62 57.66 55 55 53.71 55 56.33
Speed of ship, in knots per hour o 1101 12.16 11.522| 11.479| 11.533| 11776 11.031| 11.329| 11752 12.191| 12.074| 12.538| 12.158| 12,5 12.003
S of propeller e .| 1L068| 14.017)| 11.985, 11.583| 13.096| 10.124| 12.324| 12.231| 14.066| 14.835| 13.993| 13.834| 15.894| 15.191 18.568
Slip, in knots per hour... o o 0.058 1.857 0.463 0.104 1.563 |- 1.652 1.293 0.902 2.314 2.644 1.919 1.296 3.736 2.691 6.665
Slip, per cent. ... o . 0.52 13.256 3.86 0.90 1193 |-16.32 10.49 7.37 16.45 17.82 13.71 9.37 23.51 17.71 35.36
Speed® X P = mdlcated H P. ...| 566.3 536.7 623.2 496.4 547.4 5562.4 724.7 620.9 474.3 589.2 530.1 601.6 437.8 695.9 443
Speed? X D'y = " indicated H. P. .| 161 175.6 180.8 144 157.1 157.2 175.3 156 167.8 167 197 143.4 262.5 143.4
Wind .. . e [0 R No.5to| No.4. | No. 1to| No. 4. No.' 4. |No.8to| No.2to| No.3. | No. 5. |No.2tof No.2to| No.1to| Little Calm.
No. 6 No. 2 No. 5. | No.3. No.8. | No.3. | No.2. | breeze.
Sea e - .. .. [0 R Consid. | Little e e Smooth. | Slight . . Smooth.
swell. | swell wave,
Reference to Reports ... o e
Groups of a Speed . 4.
ps POEC aemeeee From 11 to 13 knots.
Subgroups of Displacement ... .. . G.
groups Between 4000 and 8000 tons.
Royal |. Prince of St. Jeane Marl-
Name of Vessel... ee e | Sovereign Gibraltar.|” 1o v es. | Anson. | Edgar. | Hero. | Howe* | Donegal. "5y ~ | Revenge.  Renown.| Mersey. |, = gh.
Length in water-line, in feet e .| 240.5 252 252 244.75 | 280.25 | 234.25 | 260 240 238 244.75 | 244.75 | 300 245.5
Breadth (extreme), in feet P e | 60 58 60.16 55.83 55.83 55.33 61 55.33 55.833 55.33 55.33 52 61.20
Tonnage, builder’s measurement v.| 8759 3716 3994 3317 8086 8127 4236 3224 3200 3318 3318 3727 4000
Mean draft of water, in feet ... . .| 20.54 20.25 20.42 20.16 22.42 22.70 21.62 23.16 24.25 24 24.33 22.57 26.25
Area of immersed midship section, sq. ft. . 802 832 800 856 977 993 949 1004 1067 1065 1082 917 11.89
Displacement, in tons of 35 cubic feet... .| 4023 4120 4170 4190 4614 4765 4770 4960 5340 5446 55.20 | 5678 60.35
ENGINES.
Description ... .| Hor. Hor. |Hor. Tr.| Hor. Hor. Hor. |Hor. Tr. | Hor. Tr.|Hor. Tr.| Hor. |Hor.Tr.| Hor. Hor.
Number of cylinders ... e 2 2 2 2 2 2 2 2 2 2 2 2 2
Diameter of cylinders, in inches .. .| 82 82 =82 82 76 76 =92.5 |=82 =70.75 82 =82 92 82
Length of stroke, in feet . 4 4 4 4 3.5 3.6 4 4 3.5 4 4 4 4
Number of revolutmns, per minute ... | 54 59 57.4 59 54.83 56 45.75 52.5 61 54.5 56.5 57.66 54,66
Weight per 8q. in. on safety-valve, in pounds...| 20 20 20 20 20 20 20 20 20 20 20 20 20
Nominal horse power ... ..| 800 800 800 800 600 600 1000 800 600 800 800 800 800
Indicated horse power ... e e | 2795 3504.8 | 8352 8582.6 |2474.5 |2662.1 |2186.7 |2832.3 |2136 8028.2 |3182.6 |3877.8 |3054.3
PROPELLER.
Dmmeter, in feet . . | 19.12 19 19.08 19 18 18 20 19 18 19 19 20 19
Pitch, in feet ... . | 27.52 27.5 29.27 27.5 25.5 25.5 28 28 21.67 25 28 29.42 27.25
Length in line of shaft sou 8.59 4.33 3.97 4.16 8.04 8.5 4.5 3.5 3.5 3.5 3.5 4.25 3.61
Immersion at bottom, in feet ... . 9.08 10 10.16 7.67 10.16 11.67 9.25 11 18.25 11.67 12 11.42 14.5
Number of revolutions, per minute ... . 54 59 57.4 59 54.8 56 45.75 52.5 61 54.5 56.5 57.66 54.66
Speed of ship, in knots per hour e o 12253 1248 12.569| 12.984] 11.371 11.35 11.161f 11912, 11.199| 11.53 11.815| 12.796] 11.217
Speed of propeller e .| 14.659| 16.005| 16.5673] 16.005| 13.792 14.086| 12.636/ 14.500{ 13.037| 13.440/ 15.605| 16.728 14.692
Slip, in knots per hour ... e 2.406 8.525 4.004 3.021 2.421 2.736 1.475 2.588 1.838 1.910 8.790 8.932 3.475
Slip, per cent. ... | 16.41 22.08 24.16 18.89 17.55 19.42 11.67 17.85 14.10 14.21 24.29 23.51 23.65
Speed3 X (D-+indicated horse power ... .| 527.7 461.4 473.9 523.1 580.5 545.4 603.4 599.2 701.6 589.1 506.7 495.5 549.4
Speed? X Dt§--indicated horse power ... .| 166.4 142.5 153.5 158.7 164.7 155.5 180.2 173.6 158.6 161.9 172 155.2
Wind ... e e e o ws| No.2. | Light | Calm. |No.2to| Calm. | Light | No.8to| Calm. | No.1. |No.6 to e No. 2. | No. 2 to
breeze. No. 8. breeze. | No. 4. No. 7. No. 8.
Sea vor Smooth. Smooth. Smooth. Smooth. e e Smooth.
Remarka... . e
Reference to Reports ... .o s

* Half-boiler power.
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Tasre VII.-MEN-.OF-WAR (Gzrovue 5).
Groups of a Speed ... Between 18 and 15 knots.
Subgroups of Displacement ... F. G.
Between 2000 and 4000 tons. Between 4000 and 8000 tons.
Names of Vessels ... w.| New Castle. Sutlej. Atlas. Duncan. Ariadne. Howe. Orlando.
Length between the perpendiculars ... 250 254.5 244,75 252 280 260 300
Breadth (extreme) ... 52 51.67 55.83 58 50 61 52
Tonnage 8027 3065 8317 8716 3214 4236 3727
Mean draft of water ... 17.20 18.70 19.37 19.83 21.33 21.61 21.87
Area of immersed ... 581 530 810 808 771 949 880
Displacement s e e e vos e 26565 2760 8940 3985 4426 4770 5416
Excrvzs. .
Description ... o «..| Horizontal. Horizontal Horizontal. Horiz. trunk. Horizontal, Horiz. trunk. | Horiz. trunk.
Number of cylinders e 2 2 2 2 2 2
Diameter of cylinders 76 66 82 =82 82.06 92.5 92.5
Length of stroke ... e 8.5 3.5 4 4 8.67 4 4
Number of revolutions, per minute ... e .. . 60.166 70.5 60.838 55 61.6 57.8375 50
Weight per square inch on safety-valve ... oo e 20 20 20 20 20 20 20
Nominal horse power 600 500 800 800 800 1000 1000
Indicated horse power 2452.2 23238.8 3781.56 8217.5 8850.3 4523.8 3616.6
~ PROPELLER.
Description ... . Common, 3 blades.
Diameter ... 18 18.08 19 19.08 20 20 20
Pitch ... 26 20.42 27.5 27.83 25 28 82.6
Length oo o 3.57 3.16 4.16 8.5 3.5 4.5 4.5
Immersion of centre at trhl 8.67 8.01 8.08 8.92 10.57 9.25 10.25
Number of revolutions s ses . . 60.166 70.5 60.333 b5 61.6 57.875 50
Speed of ship, in knots e 18.287 18.067 18.022 13.289 13.087 18.565 13.001
15.431 14.198 16.866 15.000 15.191 15.847 16.029
Slnp. in kuota 2.144 1.131 3.344 1.811 2.104 2.282 8.028
Shp, Eer e oes . o 13.90 7.97 20.43 11.99 13.85 14.40 18.89
X +mdlctted horse power 555.5 508.9 479.3 589.4 515.8 523.6 534.7
Speed'x n}-!—mdwated horse power . 183.3 188.9 147.6 188.3 180.3 156.4 187.4
Wind e eee s e ee . No. 8. Calm., No. 5. Calm, No. 2. No. 3 to No. 4. | Light breeze.
Sea ... e e Smooth. Smooth.
Remarks e oo e e e oee e e e e ves one e e
Tasre VIIL—MEN-OF-WAR OF WHICH THE QUANTITIES OF BOILERS ARE GIVEN.
Grour 5. Group 3. Grovr 3.
St George, Col  Chesapeak Bullfinch. oD, Lee. Loven. Algerine
Length in foet .. we e e ewe e 206.5 194.33 207 108 24.75 125 125 125
Breadth in feet, . oo e o 55.46 56.42 50 22 55.38 23 2 23
Mean draft of wnter. tn foet 24.85 12.32 21.93 6.75 23.67 8.08 8.35 8.12
Ares of immersed secﬂon. ln'sqnne toot 1012.4 911 758 132 1050 150.5 154.5 1515
Displacement, in .o o e 4559 3785 3402 266 5320 367 378 370
Enomu.
Description we  we s | Horizontal Hor. Trunk. Horizontal. H. P.doub. trunk.| H. doub, acting. Hor. H. Pr. Hor. H. P. Hor. H. P.
Number of eyllnder! ee o . 2 2 2 2 2 2 2 2
Diemeter of cylinders, in Inehu - . 7 88.25 64 22.93 89.6 & 36 18 18 18
Length of stroke, in feet ... e 3 3.25 3 1 4 15 16 LS
Number of revolutions, per minute " 46 53 . 194 435 154 156 158
Speed of ghlon. in feet per minute . 276 3445 . 388 342 463 468 474
Nominal power . 500 400 400 80 800 80 80 80
Indicated horse power . 1ns 1020 897 M148 1429 303.6 209.5 292.9
Pressure of steam in bofler, ‘intb. |, e o 17 20 . 60 20 60 60 60
Pressare in cylinder, in Ib. .. e o 165 18.7 . 36.02 12.83 426 41.5 40.2
Pressure from vacuum, in 1b. ... o 12 10.38 . . 8.88 . . .
Total weight of engines, in tons ... . 115 70 93 6.25 163 8.5 6.05 6.06
PROPELLER.
Description ... .. .. .. w  ees o . .. Griffiths. e . . .
Diameter . 8 17.12 17 6 19 6.5 6.5 8.5
Pitch . . ol 20 18.46 2.5 5.67 28 7.67 7.67 .67
Length in Itne of shaft e . ol ] 2.89 3 106 35 . o
Number of blades 2 2 2 2 2 2 2 2
Depth of immersion from topo! bisde to surface
of water .. or e e o 548 5. 279 0.08 183 0.61 120 0.87
Boss, in feet ... e e .o 3.75x1.83 3.26x2 3x175 l.81xl75 35x2 116x.75 116x.75 1.16x0.76
Welght of acrew, in tons ... 6.6 6 8.55 10.75 0.612 0.612 0.612
8 of ship, in knots per hour . 4.5 (] 7.2 R 624 9.145 9.270 9.270 9.30
umber of revolutions of propoller, per hour ... . . ve 194 43.5 154 156 158
BoILERS.
Description .., e eer  wes  ees Tubnular. Tubular. Tubular, Cyl tubnlar. Com. tubular. 1, tubul; Cyl. tubular, Cyl tubular.
fnfeet... .. we e e e 15.5 12.08 13.08 13.67 13.67 16.95 16.25 16.25
Breadth, in feet e e o e 11.33 1175 1.5 4.33 1125 4.67 4.67 4.67
Height, in feet .., ws e e 1108 1167 115 . 13 . . .
Steam-room, in cublo feet . 1996 1288 1568 127 3562 131 131 131
‘Water-room, in cubio feet .., we e 2170 1680 2100 360.5 3780 46 446 446
Number of farnaces .. e e 20 13 16 3 . 24 3 3 3
Grate surface, in sqm.re (eot o . . 337.6 253 217 33.75 544 33 33 33
Total heating surhee. in square feet e .o 8449.5 6644 7887 1096.26 14,854 1517 1517 1517
Number of bollers ... e e 4 4 4 3 6 3 3 3
Weight of boilers, total, in wn- e o o 128 90 112 135 179.8 14.25 14.25 14.25
‘Weight of water in holleru. in tons . . .o . . 103 108 12.75 12,75 12.75
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TasLe VIIL. (continued).
Grour 3. Grour 4. Group 6.
Slaney. Marlborough. Flying Fish. Renown, Diadem. Doris. Orlando. Mersey.
Length in feet .., .. s oo .o .o 125 245.5 200 244.75 240 240 300 300
Bmdthhl‘n feet . 23 61.20 30.33 56.33 48 48 52 52
Mean draft of water, In feet 8.08 1126.24 l};.42 10125%67 7?;2.67 7312).49 83;.79 8:;.57
Area of immersed section, in square fee! e 150.5 69 22 .
D'l:;hcemem. in tons on'--- 'q . e e 367 6035 1033 5320 3918 3716 5456 5308
ExoINgs. X X
Desoription ... . v e el e Hor. H. P. Horizontal. Horizontal H, donbéwdng. Hodxgnhl. H, doub.aacﬂng. H. doub.;whng. H. doub:‘nchng.
f cylinders ... . e 2 2
¥|’1mber oo‘cy cylind in inches ... " .. 18 832 58.5 89.6: 36 82 89.54& 36 100 f 38 92
Length of stroke, in feet ... v 1.5 -4 2.25 : ~
Number of revolutions, per minute ... 155 54.66 79 54.5 55.25 . 8371 53 ﬁy.zs
Speed of piston in feet per minute e 465 437.33 855.4 436 442 429.68 424 2
ominal horse power . 80 800 350 800 809 800 1000 1000
Indicated horse power 299.8 3054.26 1049.68 2754.64 2685.04 3009.03 3992 4044
Preasure of steam in boller, in Ib...., ... 60 20 19.5 20 18.5 ?0.6 19.67 20
Pressure in cylinder, in 1b. .., 41.8 21.82 18.44 19.74 18.98 21.88 22 22.71
Pressure from vacaum, in Ib, . 9.7 6.86 9.9 9.39 1? 9.87 -10.09
Total weight of engines, in tons ... 6.05 160 49 163 160 162 1 200
Description ... PB.(.’."LL.!:' . Maudsley. C . Grifiths, Grifiths.
Diameter e e s e e e 6.5 19 13.16 19 18 20.08 20 ?0
Pitch ... s o . v .o 7.67 27.256 19.96 28 18.08 20.75 29.4‘;’
Length in line of shaft . . 3.61 3.01 3.5 . 4.20 4.5 4.25
Nnm‘ge;fot er;i” i k) £ biade to surtens 2 2 ' 2 2 2 2 2 2
immersion from top o o to surface . .
D?l' water ven p oer . e 1. 4.75 0.08 1.83 135} 0. . 0.16
Bosa, in feet ... . e .ee . 1.16 x0.75 383x2 3x15 3.5x2 8.75x5 3.67%5 383x225 .
‘Weight of screw in to; . 0.612 12 8.85 10.75 10.20§ 11.38 12 13
8] of ship, in knots, per hour ... .se 9.350 11.217 11.536 1143 11.899 12158 13.16 13.290
umber of revolations of propeller, per hour ... 155 54.66 79 54.5 55.25 53.71 53 55.25
Description ... Boress. v we | Oyl tubular. Com. tubular. | Highand low tub,| Com. tab bular, | Oom.tubular. | Com.tubular. | Com.tubular.
Length, in f60te v e e e o 16.25 3.92 10.25 13.67 13.83 18.65 14.42 14.67
Breadth, in feet . . ee oo o 4.67 1L.75 10 1L26 11.61 11.26 12.25 1L5
Height, in feet... s s . . s . 13.38 1 13 12.67 1L75 11.83 12.08
Steam-room, in cubic feet ... .. .. .. 131 2700.8 1528 8562 2454.4 2263 3316 263.7
‘Water-room, in cubic feet ... e e . 446 3920 1365 3780 3920 4620 5740 138
Number of na 8 ... R 3 24 . 2}? 52‘1 53: 24 Ggg 7%
Grate surf; uare feet e 83 544
Total hmﬂﬁwge' lurfs:ee, in square feet ... 0 1517 15,166.8 7005 14,854 15,166.8 14,749 19,431 18,881
Number of bollers ... . 3 6 [] (] 6 [] 8 8
Weight of boilers, total, in tons ... we e 14.25 211.8 76,6 179.8 19225 172 228 263.7
‘Weight of water in bollers, in tons e s 12.76 112 39 108 112 132 164 136
ON CERTAIN NEW PROCESSES IN cooling, and is then placed in contact with an ordinary | War Department. He produces them by salting the fabrics

PHOTOGRAPHY.*
By J. SeiuLes, F.C.S.

I mAVE the pleasure of submitting to the notice of the
section several interesting results and improvements in
photography, based, it may be said, on the chemistry of
gelatine. The processes to which I refer are the various
modifications of the Woodbury type, including the new
method of micro-photo-sculpture, the art of photo-lithogra-
phy, as practised in the Royal Arsenal at Woolwich, and
some illustrations of the use of gelatine or albumen, on a
foundation of silk, satin, or cambric, the work of Mr. H. B.
Pritchard, of the War Department. The Hon. H. Fox
Talbot was one of the first to describe and make a practical
use of the action of light upon a mixture of gelatine and a
soluble bichromate, and after him Colonel Sir Henry James,
Mr. Swan, of Newecastle, and Mr. Woodbury, of Manchester,
have applied the same chemical principle in new directions.
It is known that the chemical rays of light have the effect
of rendering insoluble gelatine to which a bichromate has
been added. It would appear that this oxidising salt
hardens the animal substance, by forming with it a combina-
tion of chromic oxide. In proof of this view, it may be
stated that Mr. Swan has lately devised a mode of working,
in which a minute quantity of chrome alum or sulphate of
chromium is used instead of the red chromate, and it is found
that when dried this mixture is not again affected by water.
The carbon prints of Mr. Swan, which were exhibited and
80 much admired last year at Nottingham, are illustrations
of the use of a chromate in conjunction with gelatine and
pigments. Mr. Woodbury’s process is also based on the
nsolubility of the chromo-gelatine after exposure to light,
and upon the subsequent action of water upon a sensitive
film, which has been in different degrees influenced by in-
solation under an ordinary photographic negative. The
depths of tint in the original are represented by variations
in the thickness of the film of gelatine left unacted upon by
water, and thus dried may then be used as a matrix to produce
corresponding series of depressions upon a surface of lead or
type metal by the aid of a powerful hydraulic press. The
blocks so produced serve for printing offa great number of
proofs when they are liberally “inked” with warm gelatine,
highly charged with Frankfort black or other suitable
pigment, and pressed down upon a smooth sheet of paper until
the excess of ink is forced out on all four sides of the block
and so removed from the space constituting the area of the
picture, which, when set, is, lastly, protected with a varnish
of collodion. (Specimens of the Woodbury type were ex-
hibited.) A glass plate may be used instead of paper to receive
the ink, and this, backed with another (opal) glass, gives an
excellent result, suitable for a variety of ornamental purposes.
(Specimen shown.) Mr. Woodbury has lately perfected a
modification of his process, which is applicable to the re-
presentation in high relief of microscopic objects. The
method consists in spreading a warm solution of gelatine,
containing a little sugar and bromate of potash, over aglass
plate previously coated with collodion. The film sets on

* Paper read before the British Association at Dundec.

-script in lithographic ink of the original photograph. All

photographic negative of the microscopic objects to be de-
lineated, exposed to light, submitted as before to the action
of water, and the soluble portions washed away. When the
surface moisture has evaporated, a mixture of plaster of

containing a small proportion of alum, is poured over
the relief to the thickness of half-an-inch, and left to set.
When dry it will be found, owing to the alum in the plaster
hardening the surface of the gelatine directly on coming in
contact therewith, to leave the gelatine easily, without any
fear of adhesion. To give a finished appearance to the re-
sulting casts, this intaglio, when dry, may be placed in a
lathe, and a suitable border twined on it, which will be re-
presented in the resulting proofs by a raised border, similar
to what is seen on medallions or plaster casts. The name
of the object may also be neatly engraved on the intaglio,
to appear in raised characters on the reliefs. This intaglio
should then be well waxed to fill up the pores, and is ready
for taking any number of impressions in plaster; or a
better plan is to take one in plaster, and, having smoothed
away any defects, to mould a reverse in sulphur, which will
give a greater number of fine impressions. (Specimens ex-
hibited.) Great progress has been made during the last
year in perfecting the details of photo-lithography, and the
results which I now exhibit are illustrations of the practical
use of this art as a means of procuring on a reduced scale
printed reproductions of the large series of lithographs
issued for the use of the British army by the Royal Carriage
Department. Negatives of the required size are taken in
the first instance by the collodion process, this service being
performed in the photographic establishment of the War
Department at Woolwich under my supervision. The
pictures are then copied upon a sensitive surface, prepared
by floating a sheet of bank post paper upon warm chromo-
gelatine solution, made as follows :

L Gelatine, 3 oz.; hot water, 40 oz.

II. Bichromate of potash, 2 oz. ; hot water, 10 oz.

The two solutions are mixed together, and should then be
kept from the light. The prepared side of the paper is,
when dry, laid against the negative, and for a short time is
exposed to light. It is then greased all over by spreading
a thin layer of ¢ litho-retransfer ink” upon stone, and
passing it through a lithographic press, and the whole sur-
face is in the next place submitted to the action of warm
water thickened with gum. The ink resting upon the un-
exposed portions of the print.is thus removed, the gelatine
in these parts still remaining perfectly soluble, and the paper
is washed with dilute gum water, using a sponge to assist in
detaching the loosened layer of ink, and finally washed with
warm water alone. This sheet of paper is an accurate tran-

the lines should be clear and sharp, and there will be no
difficulty in transferring to stone and printing off any re-
quired number of impressions by following the details of the
ordinary lithographic process. The cost of production is
very trifling, and a large number of prints, both plain and
coloured, have been executed in this manner by Mr. Henry
Butter, of the Royal Carriage Department. I have, lastly,
to show a few specimens of photograph printing upon silk,
satin, and cambric, the work of Mr. H. B. Pritchard, of the

with the following solution : Common salt, 5 grammes ; water,
500 cubic centimetres; albumen, the whites of four eggs.
The air-dried fabric is then sensitised, printed, and fixed, in
the ordinary manner, but with as little delay as possible. This
method furnishes a means of reproducing photographs upon
a stronger and more flexible basis than paper, and is parti-
cularly applicable to diagram purposes, architectural plans,
and we have used it in the Royal Arsenal for preparing
sketches and illustrated descriptions for military instruction
and use in the field.

INDICATED HORSE POWER.
To THE EDITOR OF ENGINERRING.

S1r,— Mr. Moorsom’s solution of the problem of finding cut
the speed of piston is exceedingly clear and satisfactory, and I
am much obliged for the trouble which he has taken; there is,
however, yet wanted some glnn of integrating the speeds at the
different points of the stroke in connexion with the pressures at
those points, and I trust that Mr. Moorsom will be good enough
to do this also. At the present time, interests of the greatest
importauce connected especially with steamships are dependent
on the right understanding of “the difference between real and
nominal horse power; and I think I have shown that the power
developed in the cylinder when the engine is working extEa.uxively
is less by from 6 to 10 cent. than is given by the usual
method of calculating indicator carde. It is probably of less
importance to ascertain the inaccuracy exactly than just to keep
in mind the fact. If you calculate the 'j:owet by multiplying
the l.verufo pressure shown on one card by the average speed of
Dpiston, only two shapes of card will give a strictly accurate
result, viz., a perfect triangle and a perfect rectangle, or a figure
which is on these forms in & symmetrical way. In all
cards with concave lines, as in i:fansion cards, the result
attained by the usual method of calculating indicated horse
power will be too high, whereas cards with convez lines (say a
card wheresteam is cut off at three-fourths) will give too low a
result. Cour obedient Servant,

Newcastle, September 13, 1867. J.W.R.

RAarLwAy Staristics.—The statistics of the railways in the
United Kingdom show how large is the capital now invested in
that description of prc;]perty, and the conseguent extent of per-
sonal interest in the financial condition o railway companies,
At the end of 1865 the total of the capital paid up in shares and
loans was returned as 455 millions, an increase of nearly 200
millions upon the capital since 1852. The capital in 1865, for
lines in England and Wales, amounted to 380 millions; for
lines in Scotland 50 millions, and for lines in Ireland 254 millions.
The length of lines opened in the United Kingdom at the end of
1865 was 18,289 miles, an increase of 6000 miles upon the
length of lines in 1852. In 1865 there were 9251 miles of rail-
wayin England and Wales, 2200 in Scotland, and 1838 miles
in Ireland. ~ These figures refer to both double and single lines,
but the proportion of single lines was about one-third of the
total length in England and Wales, rather more than one-half
in Scotland, and nearly three-fourths in Ireland. The total of
the traffic mceifu in the United Kingdom has increased from
154 millions in 1852 to 85} millions in 1865; of the latter
amount 18} millions were net receipts. It is satisfactory when
80 much distrust of railway investments prevails, to find that
in 1865 the net reeeuilpts show an aver;ge interest ;)ffa litl:lne over
4 per cent upon the aggregate paid-up capital for lines in
England, nearPyo-i} per_cent. for lines in Scotland, and 34 per
cent. for lines in Ireland.
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WHITNEY'S WOOD-WORKING MACHINERY AT THE PARIS EXHIBITION

Wz bave in a previous article noticed the originality of de-
sign and the excellence of workmanship which characterise the
wood-working machines of Mr. Whitney, in the American de-
partment of the Paris Exhibition, and a few weeks ago we de-
scribed and illlustuted ﬁr. Whitney’s machine fol:- turning small
ornamental pillars, whilst we now represent on the present page
and page 28'2 the three other machines exhibited by this maker,
all equally well worthy of notice. Fig:. 1 and 2 represent Mr.
Whitney’s machine for planing wood. ~This tool is designed for
planing one surface of the wood only, by means of a revolving
cutter, shown in section at £, Fig.1. This cutter is provided
with two continuous straight hlades as knives, one set against
a couuter blade, like the finishing cutter of a joiner's plane.
The spindle carrying the cutter is held on bearings fixed to the
framework of '3:. machine itself. and does not allow of any
movement in a vertical direction, like the spindle of most other
wood-planing machines. The difference of thickness to be planed
is, in this machine, allowed for by a provision for raising and
lowering the table or bed upon which the timber is placed. This
bed, , is, a8 shown in Fig. 1, placed upon an inclined Elan m,
of which it forms the counterpart, and upon which it slides lon-
ﬁ_itndinslly, when moved by means of the screw, m¢, and nut, ms.
] he movement of the table, [, forward and backward upon the

d plane, the horizontal plane, which forms the
top of the table, to rise or fall in a correeponding proportion, and
the whole is geared so that one revolution of the band wheel and
screw, m¢, will raise or lower the top of the table vertically } in.
Mr. Whitney prefers the adjustment of the table to that of the
spindle, as adopted by most other machine makers, because he
is thereby enabled to secure the bearings of his cutter-spindle
more firmly to the framework of the machine, and thus avoids
the hﬁrincip;l source of vibration in the action of his machine.
. Whitney is careful to arrange all Lis gearing 50 as to ob-

tain no vertical strain upon his rolls from tfu gearing in either
direction ; there is, of course, equal danger in a tendency of the
gearing to lift the rollers, as, in a pressure downwards upon the
work, as in either case the inequalities of grain or structure in
the wood produce an irregular effect upon the rolls, and the re-
sult is the Xroduction of a more or less undulating or uneven
surface. Another important point about Mr. Whitney’s planing
machine is the manner in which the feed rollers are geared, for
the purpose of effectively avoiding any accumulation of pitch
and other gummy substances upon the surface of the feed
rollers. The wood and lhn'gndp. after being fresh cut by the
revolving planer, have the tendency to cause a quantity of such
gummy substances to adhere to the surface of the rollers, and
to accumulate upon the latter 8o as to cause indentations in the
planed surface, in uence of the irregular and vibrating
movement of the whole, and the irregularity of the roller surfuce
itself. Mr. Whitney avoids this effect by giving to the surfaces
of the feed rollers in front of the revolving planes, and to those
behind the latter, a slightly different speed of motion, o as to
effect u constant slipping of the back rolls upon the surface of
the wood. This stopping or rubbing action very effectively pre-
vents any irregular accumaulation of adhesive inatter, and very
pletely preveuts the observed to take place
without this precaution. Mr.\Vhilney patented this mode of
gearing the feed rolls of a wood-planing machine a few months

ago.

Figs. 3, 4, and 5 (page 854) represent a novel machine con-
structed by Mr. Whitney us « supplement to his planing ma-
chine, for fine and highly finished work. It is a scraper, for
clearing off from the planed surface of the wood the last and
finest irregularities and roughness left by the cutting edges of
the planing machine. This effect is produced by the action of »
scraper blade, shown in detail in Figs. 9 and 10. The edge of
the scraper, r, is got up simply by raising a burr upon the blude
by means of a burnisher, and the whole is set so as to allow only
this burr to project over the: surface of the guide iron, 4, and
of the back stay, r'. The wood is traversed across the scraper
by means of two pairs of feed rollers, 9, 9,, 9, 95, F ige. 8 and 4.

The feed rollers are adjustable vertically,by means of four screw
spindles. u', u!, all geared together and worked from one band
wheel, u2. The thickness of the material being in this

Fig. 9, and this again is fixed upon a lever, »', Fig. 4, which bears
against an adjustable spring, v®. The support, v, allows the
scraper to place itsslf in any slightly inclined position that may
be required to date the irregularities of the board in
any given section, and the lever and spring. v*, v*, allow of the
scraper being raised or lowered, ing to the requirements
of the different successive sections of the board rming through
this machine. The work produced by this tool is remarkably
smooth and good, and surpasses in its appearance all that we
have been as yet accustomed to see produced by wood-planing

machinery.

Figs. 6, 7, and 8 represent Mr. Whitney’s circular-saw bench.
This machine carries two different circular saws, £ and g, mounted
on & double armed bearing, 4, which is turned round a fixed spindle,

J» by means of a worm and worm wheel, I m, worked from a
handle at the side of the machine framiug, a. The rotating
movement of the fixed spindle, 5, causes either of the circular
saws to rise or fall in the narrow slot of the table through
which the saw projects, and a still farther movement will cause
the saw at the top to disappear entirely, and to change places
with the other saw, which will then come up through the slot, and
allows of beings set to any required height m the same manner as

e other saw. Both saws rotate in the same direction, and they
are driven from a belt, m, having its driving pulley below the
table ; but only that one of the two &nlleys and saw spindles
which ds above is in contact with the belt at one time, so that
ooly one of the saws is in rotation while working, and the other
below the table is at rest until it is brought up in its turn when
wanted. The object of fitting up two saws is to provide for the
different requirements of the wood, when cut parallel with the
grain or acroes the latter. The two saws, accordingly, have
teeth of different size and shape, one being adapted for parallel
and the other for cross grain. The feed motion for the wood in
a straight line is obtained through that part of the tuble which
carriesit. This table is mounted upon a slide, 4! 5, and can be
traversed horizontally in a straight line. A set of adjustabla
gauges aud guides make this machine very complete and useful
for a variety of work, all of which it finishes with great nicet
and accuracy. There is a circular gauge for cutting the worl
to any required angle acroes its end, as shown in Ehn at p p.
Another guide for gauging ;the width of long, ﬂn ol, or t.urer
Ppieces is shown in at u g, and this is adjustable also vertically.
as shown in Fig. 8, at r s, 80 a8 to cut a bevilled side of‘:sanl
piece. Furnished with all these adjustable guides tem-
plates, and finished with nicety and accuracy, as this machine
18, it allows of the production of unusually ‘neat and delicate
work, and recommeuds itself as a model for very general imita-
tion in England and on the European continent. We have oace
before observed that European makers of wood-working ma-
chinery are indebted to Mr. Whitney for a useful lesson on this
present occasion, and we believe that our readers, on inspecting
the drawings of the tools just described, and of that re ted
in our previous number, will agres with us in this opinion.

MeaT TRANSPORT IN THE UNITKD STATES.—A company,
which proposes to transport to the New York market. fresh meat
from tge Western States, has just submitted for public examina-
tion a model of the wagons n’lhich it intends to employ in order
to attain this object. The points of the Western States nearest
to New York are at a distance of 300 to 375 miles from that
city; and the company will collect meat for conveyance over
distances of 600 and even 750 wiles. One of the wagons shown
had brought meat from Newark, in Ohio, a distance of 750
miles. The meat hud been four days en route during warm
weather; but when it arrived it was in excellent condition.
The wagons are lined with a thickness of 3 in. of cork intended
to absorb bumidity, and prevent contact with the atmosphere.
This is placed between sn outer chest and an inoer chest, and
with the belp of ice and a continued current of fresh air, the
desired object is said to be effectually obtained. The wagon
exhibited was capable of receiving the flesh of six beasts and
122 shee;

THE BoMBAY AND BARODA RalLwAY.—About 120 ft. of

provided for, it is still necessary to allow for any slight variations
and irregularities. This is done by giving to the scraper itself
the possibility of {lelding und adjustiog its position within a
simited degree. The scraper is mounted upon a support, v,

the embank of the southern extremity of the bridge over
the Nerbudda river on the Bomlay and Baroda Railway has
been washed away by a flood. The "country south of the Ner-
budda is flooded for miles. The line of telegraph has been washcd
away for a distance of four miles.

ON IRON AND STEEL IN THE PARIS
EXHIBITION.*

By Mr. FERDIXAND KoHN.

In the discussion which followed Mr. Fernie's interesting
paper on “Iron and Steel in the Paris Exhibition,” the
president of this section did me the honour to address to me a
question about the processes now followed in this country and
abroad in manufacturing steel castings and castings of

lleable iron. Considering the importance of this subject,
and the great variety of such processes now in existence
and in practice, I did not, at that moment, think myself
sufficiently prepared to address this section, but I proposed
to draw up a few notes on that subject and upon some others
closely connected with it. Having done so in the short
space of time afforded me, and almost entirely from memory,
I do not venture to bring this communication forward in
the form of a complete paper, but I present it as an ad-
dition to the valuable paper read by Mr. Fernie a few days

0.
The collection of iron and steel at the Paris Exhibition
is one of the most complete and instructive representations
of the present state of iron metallurgy in all its branches
which could have been brought together at any one spot
under any circumstances, The rapid progress which the
science and practice of iron and steel manufacture bave
made during the last few years, and the state of transition
into which the whole iron industry of the world has been
placed in oonsequence of these great and sweeping innova-
tions, are the natural causes which made the display of iron
and steel on this occasion more than usually desirable to ex-
hibitors and attractive to the professional visitors.

I commence with the main cause of the great industrial
revolution which we now witness, an invention with which
the British Association has a historical connexion, viz., the
Bessemer process. The importance and extent which the
Bessemer process has acquired during the eleven years of its
existence I cannot better illustrate than by qnoti.ng an
approximate estimate of the present rate of produch?n_of
Bessemer steel and of the productive power of the existing
Bessemer steel plant in the different countries. My quota-
tion is from a report made to the Austrian Government by
Professor Tunner, one of the greatest authorities on metal-
lurgy on the Continent, and one of the jurors in the iron and
steel department at the Paris Exhibition. According to
Professor Tunner's estimate, there are now in England
fifty-two converters in operation, capable of producing, col-
Jectively, 6000 tons of steel per week. 1'russia has 24 con-
verters, with a capability of make equal to 1460 tons;
France, with 12 converters in operation, can produce 880
tons; in Austria, 14 vessels can turn out 650 tons; and
Sweden, with 15 vessels, has a productive capability of 530
tons per week. There are two converters at Seraing, in
Belgium, and two more in Italy, also one or two in Russia,
making the total power of production now available for
Bessemer steel making in Europe equal to about 475,000
tons per annum. To this we must add America, with at
least 50,000 tons, glving a total exceeding half a million
tons of steel. The actual production of this present year
does not of coursé come up to this figure; butit iu,.in all pro-
bability, considerably above 200,000 tons. In this estimate
we find England’s power of production fully twice as great
as that of the rest of the world put together, and its actual
manufacture of steel follows very nearly the same proportion.
English Bessemer stcel is not very well represented at Paris,
but that purely accidental circumstance cannot mislead the
judgment of anybody who is at all acquainted with t.he
standing of this article in the markets of the world, with
the quality of steel now turned out by the Bessemer steel
works of this country, and with the extent of the trade dong
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by them. The finest specimens of Bessemer steel exhibited
at Paris are those made at Neuberg Works, in Austria, and
at Fagersta, in Sweden. In both these works the raw
materials consist of the purest ores known in Europe. The
ores are smelted with charcoal, and the liquid iron is run

from the blast furnaces direct .into, the converters; no|

spiegeleisen Is required, but simply a small quantity’ of
liquid ironifrom the same furnaces is used for adding the
requisite earben after complete decarburisation of each
charge. “'In thése localities, the Dessemer process exists in
that ideal form "Tn which it was first’ imagined by its
inventor, but which Mr. Bessemer himself has been obliged
to modify in order to make it suit the inferior qualities of
ore existing in this country. That he has been eminently
successful in this respect may be inferred from the fact that
English hematite irdn is exported in large quantities to the
- Eontinenty and used By steel-makers in France and in Ger-
¢ <many in preference to the iron made in their own respec-
~'tive localities. I-must confine myself to these general re-
marks upon the. Bessemer steel in the Paris Exhibition, but
1 have given numerous and detailed accounts of the principal
‘exhibits in the columns of ENGINKERING, vols, iij, and iv.
I now come’ to those much-admired steel castings of
Rhenish Prussia which raise so much interest and curiosity,
both by their extraordinary sizes and qualities, and by the
secrecy and mystification which surrounds their manufacture.
Prussia is a country practically without ‘any patent laws.
Inventors therefore are at war with society there, and that
war manifests itself by the closed doors of all great indus-
trial establishments, and by an amount of jealousy with re-
gard to technical information which is entirely unknown in
any other place. This explains the position of those cele-
brated steel-makers, like I. Krupp, the Bochum Company,
and} som¢ others, who have succeeded in making im-
portant improvements in steel manufacture, and are now
obliged in self-defence to protect their mental property
from piracy in this barbaric manner. I have already stated
it as a suggestion that the steel castings of the Bochum
Works may have been produced by running into the moulds
a metal which contains more carbon than steel, and is
in fact, cast iron, and by subjecting the finished casting to a
subsequent process of decarbonisation. There are many
other steel-makers who make use of a similar process for
obtaining sound malleable c¢astings of great strength. The
process of making malleable cast iron long practised in
England consisted in surrounding the cast iron with a
quantity of pure iron ore, or oxide of iron, and exposing it
to a high temperature for a length of time which was pro-
portionate to the thickness of the mass of castiron. By
this process of cementation carbon was removed from the
metal, and combined with the oxygen contained in the
ore. This process is necessarily imperfect, since carbon is not
the only impurity contained in cast iron, and the majority of
the other elements is left in the mass. It has been therefore,
ound necessary to use exclusively charcoal iron made with
cold blast for this process, since this material contains less im-
purities and a smaller percentage of silicium than coke iron.
An improvenient upon this process is that now practised
by Messrs. McHaffie, Forsyth and Co., in Glasgow. This
I understand to consist in melting hematite iron in a cupola
with some addition, the composition of which is kept a
secret. The iron, when cast, is very hard, white, and brittle,
but after decarburisation it very much resembles cast steel
in all its properties. . According to this description of the
process, I should suppose that the admixture in the cupola
may principally consist of an oxide of manganese, which
would deprive the iron of a part of its silicium, and thereby
make it more suitable for being converted into steel by
cementation. Still it remains doubtful whether any amount
of admixtures will sufficiently purify the iron in the cupola
for producing good steel by cementation, and the inferior
tenacity of that material, to which Professor Rankine re-
ferred a few days ago, seems to be due to this cause. One
of the most scientific methods of producing steel castings is
that invented by M. Pierre Martin, of Sireuil, in France.
M. Martin melts pig iron of a good quality, such as is used
in the Bessemer process, in a Siemens furnace. ' He works
at a very high temperature, and, by the action of a slightly
oxidising flame upon the surface of the iron, succeeds in
removing the silicori and other impurities from the iron,
leaving only an excess of carbon in the liquid mass. Thls
is then tapped from the furnace and cast. The castiogs,
after being sufficiently cooled, are placed in another Sicmens
furnace, having a lower temperature and a flame slightly
overcharged with gas. This flame effects the process of
cementation in a very perfect and uniform manner, the
carbon of the iron being taken up by a part of the carbonic
acid contained in the flame. As the process continues, the
temperature of the furnace is raised, the flame being always
maintained in its neutral character to prevent oxidation of
the surface of the metal by the action of free oxygen.
After a certain time, which depends on ‘the thickness of the
article operated upon, the process of cementation is com-
pleted, and the casting converted into steel. M. Martin
has exhibited some very fine castings of that kind at Paris,
and his process attracts a great deal of attention on the
part of steel-makers. Dessrs, Emile and Pierre Martin
have also introduced another new steel process, which is
now making rapid progress in France under the name of
the Martin process. This consists in melting pig iron in the
Siemens furnace, as described before, and in adding to the
molten mass a suitable proportion of wrought iron, steel or
pure iron ore, a process patented and described long before

this by several inventors, but never as yet practically and
successfully carried out. The Martin process, as far as is
known at present, is a practical success. It has been re-
cently introduced in several of the largest establishments in
France—the Creusot works amongst these—and it is work-
ing to satisfaction everywhere. The principal advantage of
this process consists in the facility which it affords for using
up dld iron and converting it into steel.
' T'have only to mention one more new process for making
steel represented in Paris. This is a recent invention rhade
by Mr. Siemens, and consists in making steel direct from the
ore in a regeherative gas furnace. Mr. Siemens has ex-
hibited a model of his proposed furnace, and a small piece
of steel made by his new process, showisig that his experi-
ments have been so far successful. L

In concluding these notes 1 wish to make a few remarks
upon that vague notibn now existing in this country, that
the superiority and predominance of British iron manufac-
ture had ceased to exist, or was threatened to be overthrown
in the future by Continental competition. There are
certainly no indications of such a state of things in the
Paris Exhibition. - If we look at the elements upon which
all iron industry'is based, we find British coal, although
rising in price, still cheaper and better than that of most
other countries, we find British hematite and other ores of
similar purity abundant in this country, in close proximity
to the great coal districts, while the French are importing
iron ores from Elba, Sardinia, and even from Africa, and the
Swedes and Austrians, who have good ores, are restricted to
use charcoal as their fuel. With regard to the better
qualities of iron, this country has, therefore, an advan-
tage over all other iron manufacturing localities in the
first cost of materials, which cannot fail to secure its
superiority for sometime to come. Equally so are the districts
which produce the cheapest kinds of iron capable of hold-
ing their position in the markets of the world against any-
thing that has been produced on the Continent, or shown in
this Exhibition. ' From the finest Styrian Bessemer steel
down to the cheapest rolled iron made in the Saar district
of Prussia, or in Belgian ironworks, there is nothing which
can compete with British iron in the long run. Krupp's
steel is the only article, perhaps, that makes an exception ;
but this has been so for a long time past, and it is, therefore,
no more likély now to interfere with the general superiority
of British iron manufactures than it did many years ago.

Having yesterday heard the very valuable and interesting
report presented to this section by Dr. Fairbairn, I desire to
add a few remarks with regard to some tests of iron and
steel which I have noticed in the Paris Exhibition. There
are many fractured steel bars of varying degrees of hardness
exhibited by different parties, and in all these a striking re-
semblance presents itself with regard to the appearance of
the lines of rupture. The fibres in tension break in a straight
line, while in that portion of the bar where the fibres are
compressed, a wedge-shaped piece (Fig. 1) is forced out.

)
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The shape of this wedge, and the relative position of the
point where its two sides meet, and which point seems to
represent the neutral fibre of the bar, appears in all speci-
mens to be strictly dependent upon the degree of hardness
of the steel. The tests in which this is most prominently
shown are those made by Mr. David Kirkaldy for the
Fagersta Works, in Sweden ; and these are all the more in-
structive, since the exact chemical analysis—so far as con-
tents of carbon are concerned—is given with each specimen.
It is clearly visible that the point representing the neutral
fibre lies nearer to the line, a & (or top flange), in the harder
specimens, and it descends towards the line, ¢d (or bottom
flange), in the specimens of a softer kind, until at last, in
the softest specimens, the wedge disappears altogether, since
they double up without fracture. This seems to indicate a
varying proportion of tensile and compressive strength in
steel of different degrees of hardness, which will be best illus-
trated by a kind of diagram (see Fig. 2). Suppose the datum

FIC. 2.

ling, A B, to be graduated in the divisions corresponding to de-
creasing percentage of carbon in the steel, and the line, A C,
to be proportionate to the tensile strength of the hardest
steel, then the decrease in tensile strength with decreasing
contents of carbon will be represented by a curve, C D, the
law of which has, of course, not been ascertained as vet.
If, further, A E represents the strength of the same hardest
specimen of steel in compression, it scems from what has
been observed hitherto, and also to some extent from Dr.
Fairbairn’s tables, that the line, E F, which represents the

decrease of strength in compression in softer steel, will fall
more rapidly than the first, and ultimately cross C D, so that
for wrought iron, which must be supposed to be the last
element of this series, the resistance to compression will be
only half that which is offered to a tensile strain. The
softest kinds of steel' now in use seem to range somewhere
about the point where the two lines cross each other, while in
the hardest kinds it appears that the strength in compression
may be about three times as great at that in temsion. I
think, therefore, that it would not be advisable for engineers
to rely in all cases upon the average proportion arrived at
by Dr. Fairbairn, and which is expressed in his abstract of
results, viz., that the strength of steel in compression is
about double its tensile strength. This proportion seems to
be correct only for those kinds of steel which on the diagram
tepresented the medium quality of the specimens tested, and
might be refiresented by the line m2.  With regard to
some of the ‘roffest specimens of steel, which, according to
Dr. Fairbaitn’s tables,-have given the highest results, I
wish to draw attention to the fact that these specimens come
from two different makers, viz., Messrs. Cammell and Com-
pany, and Mesers. H. DBessemer and Company. These
18pecimens appear to be Bessemer steel of that quality usually
made for beiler plates. I can find no better proof of the
scientific perfection and reliability of the Bessemer process
as practised in England than the close correspondence of the
results obtained with these samples. There are two different
establishments having no connexion with each other, entirely
independent in their practical management; they both make
a certain quality of steel to be used for boiler plates, and
the results shown by their products under the tcst are so
nearly alike, both in tensile and in compressive strength, as
to fall almost within the limits of observation.

The President said he quite concurred with the anthor of
the paper in his remarks on the patent laws. He instanced
the reaping machine invented by Mr. Bell, which, he said,
was, in consequence of no patent having been taken out for
it, allowed to lic over along time. Had Mr. Bell taken out
a patent, some of the agricultural implement manufacturers
would have taken to the invention, and the country would
have had the benefit of its excellent qualities twenty or
thirty years sooner. With regard to the diagram illustra-
ting the relative proportions of tensile and compressive
strength of different kinds of steel, he thought the curves,
if continued on the other side, 80 as to represent iron with a
greater percentage of carbon, would follow a ¢ourse as in-
dicated by the dotted lines, C M and E N, and the line RN
would then represent grey cast iron, the tensile strength of
which is below that of wrought iron. The strength in com-
pression would fall less rapidly, as indicated by the
curve, EN. This would then complete the diagram for the
entire range now in existence between cast iron on one side
and wrought iron, in which the percentage of carbon comes
down to zero on the other side. He concluded by stating
that the idea of constructing such curves was very useful,
and that in future such curves should be constructed from
the data already in existence in the Reports and tables.

THE PRESENT STATE OF THE
MANUFACTURE OF IRON IN BRITAIN.*
By Mr. I. LowrHIAR BELL,

( Continued from page 263.)

IT is & mere repetition of a truth admitted on all sides,
that the modern blast furnaces, forges, and mills abroad
are in principle and in most details identical with those
of this country, of such excellent construction as to have
placed their owners on a level with ourselves so far
as perfection of machinery is concerned. Itis, however,
not to be expected that those conditions which prevail
here should find an exaet counterpart abroad; and wher-
ever a deviation from things as they exist with ourselves
occarred, the foreign ironmaster was found, of course, adopt-
ing his mode of procedure so as to suit the change of cir-
cumstances. The chief difference between other countries
and this is in the important matter of fuel. Here regular
lying beds of coal, generally of great purity, and in very
accessible positions, have furnished us with abundant sup-
plies of this element for the production of iron, and upon
terms more favourable than those within reach of the Con-
tinental ironmaker, who very frequently has to work with
a combustible costly in itself, and containing a considerable

.| amount of impurity. Long before it was thought of here,

because the same necessity did not exit, our neighbours
occupied themselves with devising ingenious methods of
washing out the dirt contained in their coal, aud after-
wards in constructing ovens so as to coke the purified pro-
duct with the least possible waste. They also conceived,
and now practise on a very large scale, the idea of securing
the advantages of large coal by cementing together in very
well contrived machinery the improved small coal thus
placed at their disposal. To meet the increased demand
for pitch, which constitutes the cement used in this last-
mentioned process, coke ovens are now in use abroad for
condensing all the products of distillation, both of a tarry
as well as those of an ammoniacal nature. In like manner
the excess of heat, which passes away from the puddling
and balling furnace, instead of being:permitted to escape,
was made available in France for raising the steam for
driving the forge and rolling-mill machinery ; but perhaps
the most elegant and interesting application of a waste
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product was that effected by employing the gases which
formerly flamed at the tops of their blast-furnaces for a
variety of purposes for which hitherto solid fuel had been
used. Now, it may be asked, were our own ironmasters
indifferent spectators to those valuable ameliorations con-
tributed by other nations to an art in which Britain might
be supposed to occupy the first rank? The answer is, that
no sooner did a change in the price of our fuel enable them
to adopt, with profit, the puritication of coal and the imn-
provements in its conversion into coke than both processes
were imported into this kingdom; and at the present day
there is scarcely an ironwork in it of any consideration
where the machinery is not driven by the wasté heat from
its own furnaces in the manner suggested by the example
of our neighbours.. As regards the use of the blast-furnace
gases, not only have our furnace-owners availed themselves
of the lesson taught them by foreign industry, but the
mode of collection has been so improved as to afford, in
many cases, results better than those obtained by the ori-
ginal inventors, At this time not less than 500,000 tons
of coal are annually saved in the Cleveland iron district
alone, by the state of perfection to which this admirable
discovery has been carried. For many years past such are
the advantages possessed by this country for the economical
working of mctals that, although the raw material for the
finer kinds of steel had to be imported from other nations,
we have been able, notwithstanding, from our position in
other respects, to rank first a3 manufacturers of this modified
form of iron. The rapid spceds attained on our railways,
and the great strain which the machinery there, as well as
on other occasions, is exposed to, has rendered increased
strength of material, combined with lightness, an object of
the highest importance.  Metallurgists have thus been led
to devise some more ready and less expensive methods of
producing steel, this substance being, as is well known,
possessed of the desired qualities, unequalled by any other
known condition of iron. It is needless to dwell on the
various projects which huve been suggested for securing this
desideratum, inasmuch as every one appears to have been
driven out of the field by that last great discovery by
Bessemer, the success of which still maintains for this
nation its old position in an industry in which it has
laboured so incessantly and to such good purpose. It is
true in Prussia there exist gigantic steel-works—those of
Krupp and others—where the process is carried on by
methods confined, it is alleged, to themselves. Whatever
these methods may be, they are not of that character to
have prevented the directors of the establishments named
from adding the converters of Bessemer to any appliances
or modes of procedure of which they have the merit of
being the original inventors. In concluding this endeavour
to trace, in its main features, the progress of the manufac-
ture of iron, I may be permitted to mention that during a
personal acquaintance with the works of this and other
countries, extending over twenty-five years, I can detect
no change in the relative position of ourselves and Conti-
nental nations as iron manufacturers. No doubt abroad
the production of this metal has increased immensely in late
years, but this is due to circumstances entirely disconnected
with any greater comparative proficiency than that possessed
in former days. During the whole of the period named
the existing ironworks were equal to similar establishments
of our own, and, certainly, those which bave been con-
structed of late have no pretensions whatever to be other-
wise considered. The present depressed state of our own
iron trade, and its recert extensions abroad, have probably
countenanced the idea that the distress here has some con-
nexion with the nature of the progress of the Continental
manufactures. It becomes, therefore, not unimportant to
ascertain upon what grounds such a supposition is based.
The first question to which an investigator would address
himself in such an inquiry is the powers possessed by
different localities for obtaining the raw materials required
in the works themselves. Immediately connected with this
matter is the right of ownership in the minerals. In foreign
countries generally this charge is one of trifling extent,
which is far from being the case with ourselves, where, on a
ton of pig iron worth about 45s., the manufacturer will con-
tribute about 4s. for royalty to the owner of the soil;
while, on the Continent, one-fourth of this sum will some-
times cover all that is levied for the right of working the
coal and ironstone for the same quantity of iron. In spite,
however, of these disadvantages, and of others connected
with the extraction of coal in Britain, the purity of the
produce of our collieries, and the favourable conditions
under which it occurs, conduce to place this country, so far
as fuel is concerned, in a position rarely approached by that
of any European nation, When the ore itself has to be
considered, much greater difficulty meets us than is experi-
enced in the case of coal. In addition to price, we have to
look to the percentage of iron they contain, and also to the
widely different qualities of the metal they yield, Any
very lengtheued exposition of facts, however, would
not only be tedious, but would lead to some confusion.
We must, therefore, content ourselves with the state-
ment that the advantages in cost and quality of iron
ore possessed by Scotland, Staffordshire, Wales, and
the Wert of Englaud, are all to be severally met with
on the Continent, and from the gencral statcment we
cannot even except the Cleveland iron field, for a similar
deposit i3 extensively wrought in the Moselle district, and
at a price fully below that paid in North Yorkshire. Con-
ditions, however, immediately connected with the economy

of producing pig iron obtain in this kingdom, which are
rarely met with abroad. The ore which has to be smelted
is hero either often got from the same strata which furnish
the coal, or the span of country which separates the ¢wo
is inconsiderable. The distances, on the other hand, which
as arule intervene between the coal fields and theiron mines
abroad are so great as to prove a source of considerable
outlay for conveying the produce of the one to the other.
With regard! to the application of science to those sections
of our.operations which are dependent on chemical action,
viz., the blast-furnace and the puddling process, the iron-
master abroad, as here, can only lament how little chemistry
has hitherto been able to effect for either. The labours of
Karsten, Scheerer, Tuuner, and others abroad, have thrown
great lizht on the intricate and interesting problems con-
nected with the working of our blast-furnaces. We have
been informed by means of their investigations, and
those of philosophers in this country and elsewhere, that
differchces we knew to exist between certain qualities of
iron were duc to minute quantities of silicon, phosphorus,
or sulphnr; but these experiments have never taught us
how to separate, economically, those almost infinitesimal
amounts of substances, and to rid our produce of which has
defied their science and our practice. Both on the
Continent and in this country, the success attending the
use of the blast and puddling furnaces rests with the
workman ; -and so far as waste of material, quality of
produce, or any other test enables one to judge of the results,
it is a3 absurd to impute any superiority to either side, as
it is impossible to find a higher degree of science, where both
British and foreign artisans are equally uninstructed in
regard to the truc nature of the process under their control.
It may be well, at the same time, for our own workpeople
to know that, although we had the start in this particular
field of industry, there is not one department, from rolling
the finest wire iron and the thinnest tin plates or hoops, to
turning out the largest rails or heaviest armour-plating, in
which these operations are not performed quite as well hy
foreign labour as by the most expert rollers in the best mills
in this country. Reverting now to the relative facilities
enjoyed on the Continent and here in the manufacture of
iron, it may be remembered that ours have heen stated to
lie in the possession of mines yielding coal upon more
favourable conditions, and in "the more convenient geogra-
phical distribution of our minerals. To the last may be
added the easier transport of our manufactured produce to a
seaport, due to the insular character of our country. Against
this we have to set the lesser charge for royalties on coal
and ironstone abroad, together with the fact, not previously
noticed, that there railway transport is somewhat less costly
than with us, reckoned for equal distances. The saving
thus effected in France and other places cannot account for
the disappearance which occurs to a great extent of the
effect of those natural advantages placed at the disposal of
the iron manufacturers of this kingdom. So far as a care-
ful examination of ironworks producing above one-half
of the collective make of France, Belgium, and the Ruhr
district has enabled Mr. Lancaster the ironmaster, of
Wigan, and myself to judge, this is due neither to greater
science possessed by the ironmaster, nor to greater gkill on
the part of the workmen, but i wholly to be ascribed to the
cheaper rate at which labour i3 obtained abroad than with us.
To ascertain as exactly as possible whether the foreign
artisan could, from surrounding circumstances, dispose of
the work of his hands upon cheaper terms than persons of
his own condition are able to do with ourselves, I made
myself acquainted, while in Sweden, France, Belgium, and
Prussia, with the cost of the necessaries of life consumed by
the working population. It is alnost superfluous to say
that the creation of additional industry abroad, and, above
all, the equalising effect on prices by the introduction of
free trade here, have entirely changed the aspect of affairs,
and that, in consequence, provisions are at least 20 to 30
per cent. dearer to the foreign labourer than they were
twenty years ago. Without guing into details, it may
suffice to say, that animal food is only 8 per cent cheaper
in the chief seats of Continental manufacture than with us
—house rent and clothing are about the same in value with
both. On the other hand, at the present moment wheat is
fully lower in England, and our own workmen do not pay
half the price charged to persons of their own class abroad,
for firing employed for domestic use. Notwithstanding this
almost perfect equality in the cost of the necessaries of life,
labour on the Continent is, in very many instances, 30 per
cent. below the price it commands in this kingdom. This
estimate is based on calculations where there is no room
for any great difference in the nature of the work per-
formed, common brick-making being assumed as one of
the standards of comparison. 1In the manufacture of
iron itself this difference i3 occasionally still more remark-
able. Colliers, miners, mechanics, ironworkers, in short,
every one engaged in the process appeared to be receiving
20 to 30 per cent. below the rates current in this country,
and in some cascs double, and more than double, the wages
paid abroad are earned in our English ironworks. The
ironmasters here have endeavoured to meet what would be
an intolerable burden in the production of an artitle made
up almost exclusively of labour by adopting means for re-
ducing its amount, often considerably in.advance of those
met with in foreign establishments. After all this has been
done, however, it leaves us to contend with an extra
charge of at least 15 to 20 per cent. in the item of wages,
which, in the majority of instances, will be found to anni-

hilate any advantage of position we may otherwise possess.
It must be clear that when this country has to compete with
foreign nations in articles involving a still higher amount of
labour, such as steam-engines and other kinds of machinery,
the difference in wages just alluded to acts still more preju-
dicially to the advancement of our national industry. To
the political economist, the question of the future of our iron
trade, from its magnitude, cannot fail to be one of great
interest. The extent, also, to which steel has recently taken
the place' of iron in the arts necessarily confers upon this
material a conspicuous position in any condideration he or
the metallurgist may Bestow on the subject. This becomes
more necessary from the fact that only a very Jimited
number of ores are capable of affording iron of the necessary
quality for the "production of ‘steel hy dny of the processes
now in existence.” It 7s of importance therefore to know
that even in Austria, Sweden, and Germany, where suitable
mineral for this purposé docs occur, it is found in quan-
tities quite as limited in éxteut as- prevails with us. In
France, also, where preparations for manufacturing Besse-
mer steel on a very extensive- scale are being made,
large quantities of ore are required to be imported from
Algeria and elsewhere to obtain that kind of pig iron
which their own miiierals slone are found incapable of
supplying. The great strength, however, of our own posi-
tion as iron manufacturers, it appears to me, must be sought
for in those incomparable fields of coal which constitute so
important a feature in our mineral wealth. I am very san-
guine that the advantages thua secured to us will, notwith-
standing present difficulties, maintain the iron trade among
the most prominent of our national branches of commerce.
This conclusion i$ arrived at from a consideration of the
various circumstances connected with the use of coal and
the means possessed Ly different nations' in satisfying the
constantly increasing degmands this use creates. In Great
Britain we raise annually something like:100,000,000 tons
of this mineral, of which 10,000,000 tons are exported,
and about 20,000,000 tons are devoted to the use of our
ironworks, leaving thus 70,000,000 tons for consumption
in other descriptions of manufactories, purposes of locomo-
tion, and for domestic use. In France and Belgium to-
gether, less than one-fourth of our production is obtained,
and this only by great exertions being made to obtain the
largest possible quantity their mines are capable of afford-
ing. After satisfying the requirements of the iron-
works of these two countries, not much over 15,000,000
of tons would remain for carrying on those operations in
which, with a smaller population, we are consuming seventy
millions of tons of coal. Now, when we remember the
various purposes to which coal is now applied, and when
even a considerable augmentation of price will not preclude
its use, we must at the same time perceive the serious effect
any great change in the value of fuel must exercise on the
production of an iron railway bar requiring five or six tons
of coals for its manufacture. Ia reality, this disproportion
between the value of coal and iron as compared with this
country is already perceived abroad, where, notwithstanding
greater mining difficulties than we have to contend with,
fuel commands a price sufficient to .cover. this and also leave
a greater margin of profit than falls to the share of the
coal-owner in this country. Favoured thus, as we un-
doubtedly are by Nature, there seems nothing wanting for
our success in this noble brauch of manufacturing science
than a continuance of that still unflagging spirit of enter-
prise on the part of the masters, and the exercise of that
operative skill on the side of our workmen which is still
unsurpassed in any iron-producing country of Europe,
but in this alliance a correct knowledge by both of the
competition we have to mecet, and a thorough belicf in the
inseparable union of the interests of each, is indispensable.

Tae NEw YorRk PAnamA RAlLRoAD.—The overthrow of
President M a, in New Granada, has been rupidly followed
by a cession on the part of the new authorities of that republic
o¥t.he long-sought extension of the privileges of the New York
Panama Railroad Company. Under the original contract the
rights conferred upon the company would expire in 1875, but a
prolongation has now been granted for 99 years from that date.
For this the company are to pay 200,000 in gold immediately,
and an additional 50,0004, per annumuntil the expiration of the
term. The contract, which has been signed by the Executive
and ratified by Congress, also grants to the conpany the islund
of Manzanilla in fee. The eompany, it is said, will now extend
the road two or three milesout into the Bay of Panama, so that
the largest ships and steamers, inay load and discharge alongside
the track. They will also immediately maké other improve-
ments, necessitating in all the outlay of aboyt 500,000l The
new privilege of the comp.ny is exclusive, o company being
allowed to muke any road or candlacross the I:thmus without
their consent or the payment to them and thé republic of such
amount as they may demand for permitting such construction.

Tue PLACENTIA AND CAPE BreToN TeLkGRAPH CABLE.
—It is announced from Capo Breton that the new cable hetween
Placentia, Newfoundland, and North Sydney, Cape Breton, has
been successfully laid, thus completing a new route from Nova
Scotia to the Atlantic cables, by which the delapidated New-
foundland land lines are avoided.

Borprauvx.—In the course of 1866, the Bordeaux chamber
bad an interview with the Emperor Napoleon at Biarritz, in
ordet to detail to his Majesty the wants of that great port, and
to solicit the execution of the works required to promote its
development. These works have just been decreed, and in a
few years it is expected that Bordeaux will' offer to the com-
merce of all nations facilities on the banks of the Gironde similar
to those existing on the banks of the Thames and the Mersey.
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steel through the series of hammers and rolls in the
same straight course in which the materials pass
through the works in the course of their manufacture,
Of the eleven blast furnaces now existing at Barrow,
ten are, at present in blast, whilst the oldest furnace,
No. 1, is in course of reconstruction, after having been
in continuous service an unusually long time. On pages
175 and 217 of our third volume, we described these
blast furnaces and their working, so that we now must
confine ourselves to a reference to this previous descrip-
tion. Of the steel works we have also given a de-
tailed description in our former volume, and we shall
now only notice some additions made since the time at
which that description appeared. With regard to
these, we consider as one of the most important the
construction of Mr. Ireland’s cupolas for remelting
the pig iron, and of this we give some further
account on the present page. The plate-mill, which
we described some time ago, is now working with
great success, making hoiler-blates, which, with re-
gard tobeauty of surface and quality of material, are said
to be equal to the best steel -p(iatcs made anywhere. This
powerful mill has been constructed so as to be capable
of rolling steel armour-plates, hut it has never been
made use of for this purpose, as the value of stecl as a
material for armour-plating has not yct been estab-
lished. The reheating furnaces throughout the whole
forge are Sicmens gas furnaces. The generators are
placed in two parallel rows outside the building, and
two large gas-pipes are carried all along the side
walls of the large sheds at a height of about 12 ft.
above the ground, branching off to all the different
furnaces as required. The Siewens furnace has been
very successful at these works. According to a
statement made by Mr. J. T Smith, these furnaces, as
compared with the ordinary welding and reheating
furnaces save in cost of repairs fully as muchjas the
royalty for their use amouuts to, so that all the economy
of fuel and the convenience of management must be con-
sidered as a clear gain to their users, The Siemens
furnace has also anothe® advantage, whicb, in practice,
is very important, viz., the waste of steel by oxida-
tion is much less in it than in the common furnace,
and the chances of overheating or burning the steel
aro also less, since the temperature can be regulated
with great facility, and is maintained uniform all
over the area of the furnace—conditions which do not
exist in_the common reverberatory furnace fired with
coal. Four new steam-hammers, two by Messrs.
Thwaites and Carbutt, and two by Messrs. Musgrave
and Sons (Condie’s patent), have been added to the
plant at the Barrow Works. They are all of a
moderate size, as the original intention of going in for
the manufacture of very heavy forgings has been given
up from commerciul reasons. The hammers of Messrs.
Thwaites and Carbutt have wrought-iron frames and are
similar in construction and appearance to that exhibited
by the same firm in Paris. A new circular saw, 6 {t. in
diameter, for cutting off the erop ends of steel rails,
was started for the first time on the occasion of the
visit on the 19th jnst. This machine is an improve-
ment on the design of the rail-cutting saw mentioned
in our first description of these works. It has been
designed by Mr. E. Moreton, the chief engineer of the
Barrow Steel Works, and made at those works. We
expect, at an early date, to publish a drawing of this
machine, and will therefore postpone the description of
its details. The beautiful testing-machine, on Mr.
Kirkaldy’s plan, is now in regular employment for
testing the products of the Barrow Works. This
machine is the make of Messrs. Greenwood and Batlcy,
Leeds. It has a cast-steel hydraulic cylinder, made
by Messrs. Naylor, Vickers and Co., of Sheffield, and
the whole machine is of excellent workmanship and
finish. The tests made with this machine aud the
samples of tested steel placed all round it cannot fail
to impress every visitor with the conviction of the ex-
cellence and reliability of Bessemer steel in every form
and in all modes of its application.

BESSEMER STEEL PLANT AT BARROW.

TuE new set of converters at the Barrow Hematite
Steel Works was brought into operation a short time
ago. These converters are placed together in groups
of three in one pit, each converter being capagble of
holding from 7 tons to 8 tons of liquid metal. The
pinion fixed to the trunnion for turming each vessel is
worked by a vertical rack and hydmuIic ram, in lieu
of the horizontal rack usually employed, this altera-
tion allowing the vessels to be brought closer together,
and occu}:ying less space on the floor. The original
idea in planning these sets of converters was to work
the liquid pig iron from the blast furnaces direct
by tapping it nto a ladle placed on a railway truck

and transporting it to the converter while in the
liquid state. It would have been possible in this
manner to dispense with the remelting furnaces, which
are usually placed behind the converter, and sufficient
room was consequently found for placing a third con-
verter in each pit. After some experiments made at
the Barrow Steel Works, it was found, however,
that the quality of pig iron tapped from the furnaces
is not sufficiently uniform and regular to be at all
times relied upon for the Bessemer process without
any further control and rectification, and that, in con-
sequence, the quantity of waste or inferior material
which was likely to accrue. from direct working would
have been more than a balince to any economic advan-
tages which could have been derived from the saving
of the remelting process. The idea of working direct
has, therefore, becn given up, and another method
resorted to. The Bessemer pig iron tapped from the
furnaces is, after each pig 1s broken and examined,
divided over a very large surface in many heaps, so that
each single heap contains no more than one half of a

pig, or about 2 ecwt. of iron from one charge. The
virtual composition of cach heap of pig iron stored
in this manner is the average of a very large number

of casts divided over a very long time of working.
The occasional productions of irregular or more or less
unsuitable iron disappear in this mixture, and a kind
of general average quality of pig iron is obtained,
which in reality shows an amount of uniformity of
character and a regularity in its chemical composition
which is far superior to the unmixed make of any blast
furnace, however well and carefully conducted. The
Bessemer pig iron sold by the Barrow Company to
Crewe, Sir John Brown and Co., and to somé other great
steel works in this country, is taken from the same
mixed stores. The pig iron used in the stcel works at
Barrow is remelted in Ireland’s cupolas. There is
one of these cupolas placed behind each of the con-
verters, and they are blown by the spare blast of the
great blowing-engines which work the blast furnaces,
this blast being carried to a considerable distance in a
large pipe. The pressure of blast in the cupolas is
about 11lb. per square inch, and the charges of 7 or
§ tons ate melted down with the same coke as is used
iu the blast furnace. The consumption of fuel, includ-
ing the starting of each charge, is 21b. of coke per
ton of pig iron, and the waste of iron, as compared
with the air furnace, is reduced considerably. The
cupola is by this experience found to afford a most im-
portant cconomy in the making of Bessemer steel, and
the quality of the Produce is in no way impaired by its
use. Mr. Ireland’s cupolas were first employed for the
Bessemer process in the Mersey Steel and Iron Works,
at Liverpool. Another cupola, constructed on Wood-
ward’s -patent, is employed at the Manchester Steel
and Plant Company’s works; and at the Neuberg
works, in Austria, a cupola worked with charcoal was
employed for the same purpose before these works
succeeded in working from their blast furnaces direct.
At the Barrow Stcel Works the spiegeleisen is also
melted in a small cupola, there being two of these
latter provided for each set of three vessels. A special
blowing-engine is to be constructed shortly for work-
ing all these cupolas so as to avoid the mecessity of
carrying the blast to the great distance through which
it is now conveyed.

Brick-MAKING KiLNs.—At Barrow-in-Furness new brick-
works have been rccently erected by Mr. Woodhouse, the
builder employed by the Hematite Iron and Steel Company for
all the brickwork required in their extensive establishment. = Mr.
Woodliouse has erected one of Messrs. Platt Brothers' brick-
muking machines, capable of turning out 20,000 bricks per day.
These are dry-cla{.'l_nicks of a very superior quality. F?)r burn-
ing these bricks a large kiln has Iju:st', been com letedv on Hoffinann
and Licht's patent principle. This kiln is of an elliptical form,
and bas twenty-four compartments, divided from each other by
movable partitions. The products of combustion, and heated
gases from the chambers where the burninghof the bricks is in
full operation, are led ively through bers containing
bricks in earlier stages of the operation, so that the gases come
in contact with less intensely heated groups of bricks in succes-
sion, until at last they pass over green bricks, which they dry
and prepare for the process of burning proper. The heatis in
this manner utilised more completely, and an important economy
ot fuel obtained in burning bricks. The Hoffmann kiln offers,
in fact, to the brick-maker precisely the same advantage which
the Siemens furnace has been found to give to steel-makers and
other manufacturers employing the latter. The Hoffmann kiln
is coming into very general use in this country, there being a
considerable number of such kilns now at work, and a still larger
number in progress. The first Hoffinann kiln erected in Scotland,
we believe, is that of the Merryfut Brickworks, Glasgow.

CoAL 1IN FrANCE.~It is worthy of note that the imports of
English coal into France this year have increased, while those of
Belgian coal have decreased.” Thus, in the first seven months
of this year, the imports of Belgian coal amounted to 1,868,000
tons, as compared with 2,112,000 tons in the correspondin
period of 1866. On the other hand, the imports of English co
ncreased to 1,228,510 tons to July 81, this year, as compared
with 1,074,124 tons to the corresponding date of 1866.

NOTES FROM INDIA.

TaE expenditure of the municipality of Bombay during
1866 amounted to the enormous sum of 577,480l and the
income to 536,826

Colonel Rundal, late chjef engineer to the East India
Irrigation and Canal Company, has been appointed to the
newly created office of chief engineer and joint secretary to
the Government of Bengal in the irrigation branch of the
Public Works Department.

The prospects of the cotton crops in Central India are
reported most favourable. The plants, generally, are in
excellent condition, except in some of the low-lying dis-
tricts, where damage has been done by the rain.

‘Under instructions fram the Secretary of State, it is
notified that officers desirous.of studying at Roorkee, with
the view of qualifying for the Pablic Works Department,
and eventual admission 'to the Staff Corps, will not be
allowed to enter on the course until they have completed
the prescribed period of regimental duty, as laid down in
the Staff Corps warrant, viz,, three years—two of which
must have been spent in India.

Arrangements are being magle by the officiating Director-
General of Telegraphs in India for the supply, for the use of
Government, of a daily telegram from London, which, in
addition to being forwarded to the Viceroy, at Simla, is
also to be supplied to all the local Governments and Ad-
ministrations.

The Government have determined on erecting two tele-
graph houses in the premises of the Military Male Orphan
Asylum, Madras, the line of communication running from
one house to another, for the purpose of instructing the lads
of the institution in that line of business preparatory to
their admission to the Government Telegraph Department.
They will be instructed by one of the officials of the depart-
ment appointed for that purpose.

A building is to be erected in Calcutta for the Telegraph
Department, between the new P’ost Office and the river;
the new Government offices are being planned on a site
near Dalhousie-square. The works at the new Migh
Court are progressing rapidly. The lower story is to be
completed and fit for occupation before the walls are
carried up for the second story. The carving of the
capitals of the twenty-seven pillars, which are of Caen
stone, is stated to be really very fine.

The Meerut and Delhi line of Railway will not, it is now
stated, be opened before October. )

There were 136 railway accidents in the Bombay Pre-
sidency during 1866, as compared with 95 in Bengal. The
killed and injured number 157 in the former Presidency,
and 95 in the latter.

The Bengal Government has decided upon the ejectment
of 8000 villagers from their homes in the gamo, or bamlet,
of Rishra, to make place for the erection of an engine
station of the East Indian Railway.

The widow of Mr. Fenwick, one of the victims of the
Nimbora accident on the Great Indian Peninsula Railway,
is about to sue the company for damages to the amount
of 60,000 rupees. This will be the first action of the kind
in India.

The shareholders of the East Indian Railway have deter-
mined not to build a bridge for their railway across the
Hooghly. The necessity for a bridge over the Hooghly has
long been felt in Calcutta, and strongly urged by the public
there.

The Rajpootana Railway will, it is expected, most pro-
bably run from Neemuch direct to Delbi, passing through
the territories of Kishnaghur and Ulwar, and following
for the first half of the route the old road from Neemuch
to Ajmere.

There have been serious floods on the south-western coast
of India. The railway has been damaged at the 377th
mile by unusually strong freshes, which caused the river
Thootu to overflow between Puttamby and Cootypooram,
and the flood carried away a portion of one of the railway
bridges. The company have been obliged to stop running
trains beween Puttamby and Beypore.

The open sectior: of the Delhi and Lahore Railway from
Meerut to Ghazeeabad has given way in one place, owing to
heavy rains. Mr. H. Stone, the district engineer, who went
on an engine to survey the line, has died from the effects of
injuries received from the engine falling into the gap within
five miles of Meerut. The line, though new, ought to have
been better constructed,

The Central India Times relates the following amusing
anecdote: ‘A branch in the Madras Presidency runs
through a wild region, the inhabitants of which are un-
sophisticated savages, addicted to thievery. The first day
the line was opened a number of the Arcadians conspired to
intercept the train and have a glorious loot. To accomplish
their object they placed some trunks of trees across the
rails; but the engine-driver keeping a very sharp look-out,
as it bappened to be his first trip on the line in question,
descried the trunks while yet they were at a considerable
distance from him. The brakes were then put on, and when

‘the locomotive had approached within a couple of feet of

the trunks, it was brought to a standstill, Then, in-
stantaneously, like Roderick Dhu's clansmen starting from
the heather, natives, previously invisible, swarmed up on all
sides, and, crowding into the carriages, they began to pillage
and plunder everything they could lay their hands upon,
While they were thus agreeably engaged, the guard gave
thesignal to the driver, who at once reversed his engine
and put it to the top of its speed. The reader may judge
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of the consternation of the robbers, when they found them-
selves whirled backwards at a pace that rendered escape
from the carriages wholly impossible. The few who at-
tempted it were killed on the spot. Thus were our Arca-
dians nicely caught ; and as they were transferred from this
novel man-trap to the jail they were, no doubt, convinced
that this ‘fire-bandy’ can move progressively and retro-
gressively with equal facility.” - - . .

LORD REDESDALE AND MR. BRASSEY.
To thr EpiTtor oF ENGINEERING.

Sir,—1I ventured to conclude a former letter to you on this
subject by a mild hint that the exhibition which Lord Redesdale
has lately been making of himself before an admiring public is
not altogether without parallel, if not in mere matter-of-fact
prose, at least in poetical romance.

Since then, however, the noble lord has adopted means of
making good his claims to public adrhiration that entirely mar
this striking parallel. No doubt Goldsmith’s hero succeeded
in astonishing, and even (in a few cases) scaring his beholders;
but then there is no record that he slandered their characters
as well, and I therefore hasten to offer an apology to his
illustrions memory for having in any way connected it with
Lord Redesdale's recent proceedings.

Having been driven from one absurdity to another, notwith-
standing bis astonishingly reckless and wholesale charges against
several leading gentlemen of different grofessions, his lordship
has seen fit to wind up with as scandalous an attack as he
could possibly have made on one who holds a prominent place in
the engineering world. ‘

This is matter that so deeply and widely affects every mem-
ber of this profession, that I am sure you will lend your power-
ful aid to expose such conduct to the reprobation and contempt
it so justly merits.

I think the shortest and best wa
fore your readers is to quote entirJ
the Times of the 21st inst.;

To THE EDITOR OF THE TniMzs.

Sir,—Some days since Lord Redesdale insinuated in a letter
to you that I had been obliged to resign my position as engineer
to the Great Eastern Railway Company, in consequence of some
discreditable discoveries by the late committee of investigation.

By your indulgence I was enabled to show the entire untruth-
fulness of this statement, but Lord Redesdale now thinks it right
to attack me on another side, and in his letter to you of the 18th
inst. hebroadly states that, being remunerated by a percentage
on the cost ,of making the Dunmow line, I allowed prices
enormously in excess of the original estimate, and he more than
insinuates that this was done for the purpose of increasing the
amount of the remuneration I was to receive.

Could there be anything more disgraceful to a man than this,
if true, and can there be anything more disgraceful than to make
such a charge without foundation ? and yet that is what Lord
Redesdale bas done.

It might well have been that my remuneration had been fixed
at & percentage on the cost of thess works, that being a very
common, dpnhaps the usual mode of paying for engineering
work ; and Lord Redesdale well knaws E:w ifficult it wonld
have been for me, in that case, to have cleared myself of the
suspicion he has raised ; but it is not:true that I have been paid,
and that it ever was intended that I ghould be paid, by a per-
centage on the cost of the works. My.remuneration was
at a certain sum per mile of railway, and would bave been the
same to & shilling whatever the line had cost. As to Lord
Redesdale’s assurance that I will thank him for the opportunity
of explaining this, [ have to say that mo person can liked to
be publicly slandered for the mere gratification of refuting the
slander. .

I blush to have to defend my character from such imputa-
tions; but it remains to be seen whether Lord Redesdale is to
be allowed with impunity to trifle in this manner with the repu-
tation of others; and I will at once place the matter in the hands
of my salicjter to have this decided.

As 0. the clause in the Act of 1865 limiting the Great
Eastern pyrchase money to 80,000%, which Lord Redesdale
assumes 1o have been the result of the directors’ confidential
commuunications with me, I.can only say that I knew nothing
whatever about the clause in question before this controversy
began; and had I been in any way consulted about it, I would
most certainly have pointed gut that the sum named was not
sufficient. .

The increased cost of the line, as has been already explained
in the course of this correspondence, arises from the additional
works and stations required to make it equal to other Great
Eastern main lines; by the purchase of land for a double line;
and by the large amount of interest payable to Mr. Brassey on
accountt of his not receiving‘:n]:yment. until the letion and
opening of the lino for traffic.  MIr. Brussey has also further
pointed out that the prices I fixed with him were similar to thoee
of contracts which he had obtained from the company by public
competition.

These facts, bowever, Lord Redesdale chooses entirely to
ignore in his nnaccountarle anxiety to attack my character.

am, Sir,
Your most obedient Servant,
ROBERT SINCLAIR.
4, Westminster-chambers, §.W., Sept. 20.

This letter places the matter I refer to in so clear a light
that comment from me upon it is unnecessary; a few words
abont its bearing on the profession generally may not, however,
be out of place. First of all, then, I notice the circumstances
which have reduced such a gross and unfounded charge possible,
as well as the object it was supposed to effect,

Even Lord Redesdale, it would appear, can no longer deny
that the insertion of the sum of 80,0004 in the Act of 1865 wasan
oversight(as mentioned in my former letter)which would not have
taken place had proper attention been called to facts. Those who
remember the very strong language which the noble lord has
used on this particular point will ;Fpmiate the tacit admission
(impliad in tﬁr new theory) that Mr. Brassey was right about
it all. 1t would further appear that the circumstance of

of placing the matter be-
y a letter which appears in

40,0001 beyond the anthorised capital being due to Mr. Bras:?
uqdex;i the ‘so-called *illegal ™ contract of 1862 is also now ad-
mitted.

This being so, persons who did not know the wonderful re-
sources of the noble lord might have supposed the matter would
have ended with apologies from him alr round. Instead, how-
ever, of this, the startling theory is published to the world that
the extra cost of the line may be exglain‘ed from the fact of the
enginesr making the prices as high as he can, in order that
bis commission may be proportionately ! - Mr. Sinclair may
well say, in his reply, that nothing could be more disgraceful
than this, if true. For the sake of putting a few paltry pounds
in his own })ocket, the engineer is now accused of having thrown
liabilities of many thousands on his employers!

Mr. Sinclair is to be congratulated on the absolutely conclu-
sive answer he has happily been able to give to this mendacious
insinnation. In most cases, however, it is well known that no
such conclusive answer could have been given, a commission on
the cost of the work being the most usual form of payment
amongst engineers. ’

Let it now, however, be thoroughly understood by every
engineer in future, that when his works, no matter however
obvious the true cause, should happen to cost more than the
contemplated amount, there is a Redesdale ready aad willing to
bold him up to the world as having caused this to eahance his
commission; and, understanding this, he will understand Lord
Redesdale’s last and most unworthy mode of explaining a matter
that is patent and open to the eyes of every one who chooses to
use them.

As a closing instance of the desperate straits which the
noble lord is driven to, in order to make it uppear that his oppo-
nents are what he represents them to be, I may mention that
he lays a sinister emphasis on Mr. Sinclair's having undertaken
such work as the making of the Dunmow line ‘¢ when he was
receiving a fixed salary” from the Great Eastern; and this he
does after Mr. Brassey has published in cne of his letters a Great
Eastern board resolution ordering Mr. Sinclair to take this very
position !

I feel I must now leave the noble lord to the judgment of all
right-minded people, not forgetting Messrs. Bidder and Sinclair'’s
solicitors.

I am your obedient Servant »
Westminster, Sept. 23, 1867. )

etd

DRILLED ». PUNCHED HOLES.
To Thr EpiTor oF ExGINEERING.
SIR,—It has often appeared inexplicable to me that whilst
engineers now-a-days so genera.lly insist on the importance of

-drilling instead of punching the rivet-holes jn girder and boiler

work, the subject has not received the same amount of atten-
tion at the hands of our naval architects.

Some years ago I chanced to see a large Messageries Im-
périales’ steamer which had struck upon a submerged rock in
the Mediterranean, the impetus of the vessel being so great that
she had not been brought to a stand until pretty nearly evenly
bulanced on the rock. :

We are taught that a sea-goinﬁ ship may be considered in the
light of an immense girder, which, under varying circumetances,
may be called upon to carry a load in the tniddle whilst sup-
ported at the ends, or vice versd ; but it was eyident that either
the rules upon which this vessel had been cobstructed, or the

ed workmanship, or both, were at fault. I am disposed to think

both, for no sooner did she begin to fill than she parted amid-

ships, and settled down fore and aft in deep water (I hope I am’

correct, or at least understandable, in my nautical phrueology?.
The rents, of course, commenced at the gulwarks, and gradually
extended downwards, choosing, however, the lines of srivet-holes.
No doubt this would have been the case under any circum-
stances, and that it is impossible by any system of rivetting,
cxee‘pt, perhaps, thickening the edges of the plates, to preserve
the full strength of it. The result of the experiments of Mr.
Fairbairn grd other well-known engineers would appear to
prove that we cannot, in any npgreeiable degree, avoid the loss
of strength occasioned by diminishing the sectional area of the
plate; but, although they show that this loss is further un-
necessarily incrensed by jforcing out the portions of iron
by means of a punch; instead of culting them out with a drill.
T'am not aware that there have been any satisfactery experi-
ments made to test the effects of the subsequent operation of
drifting, which all punched holes must undergo.. -

The manager of one of the largest shipbuilding yards in the
north told me the other day that it was' their practice to punch
the rivet~holes an eighth of an inch less than they were in-
tended. ultimately to be, and to make the two holes (in a
manner) correspond, by forcing throngh a steel drift the size of
the rivess. One advantage attends this plan, that is, it tesfs the
.quadity of the iron. None but a tough strong iron, with a hole
anything like within its own diameter of the edge of the plate
or bar, would stand such fearful treatment as this. But whilst
there may be no crack that even the sharp eye of the inspector
can detect, who shall say how many or how few more blows
would suffice to produce one, how nearly the strength and
tenacity of the iron are exhausted, or how fit it is to fulfil its
proper functions asa portion of the vessel?

Taking into consideration the inevitable loss of strength
occasioned by the diminished sectional area, the avoidable loss
caused by gunchiug, and, as I believe, the still greater loss
which the drifting process entails, is it safe to assume in many
cases that there 15 30 per cent. of the original strength of the
bar or plate left? To remedy the two last-named evils, I would
suggest the practicability of drilling and countersinking at one
operation the rivet holes after the plates are placed in position
on the sides of the vessel, simnltaneously through skin and
framing. This could be accomplished by a portable multiple
drilling-machine, having its own engine attached, of course sup-
plied with steam by means of a flexible or jointecf steam-pipe.

The construction of such a machine with six, eight, or ten
drills of readily variable pitch ¢ presents no mechanical diffi-
culty.” It would not be an expensive machine, and could be
easily applied to most parts of the shell of the vessel, whilst an
ordinary radial drill, also with its own engine, could be applied
to the more inaccessible parts. :

-and, on his return,

The plao might be soumewhat more costly than punching, but
8o is drilled girder work, and the stability of & bridge is not of
more importance than the strength of a ship.

If this suggestion has not been made before, I shall be glad
if you think it worth publishing, and subscribe myself,

‘Yours, &c.,
.G. HurcHINSON.
Skerne Tron Works, Darlingtan, Sept. 21; 1867.

'STEAM HAMMERS,
To THE EDITOR OF ENGINEERING.

Str,—I observe that Mr. Lowthian'Bell, in his paper on ““ The
resent State of the Manufactare of Iron in Britain,” read at the
gto meeting of the British Association at Dundee, and published
in ERGINEERING of this day, says, *The steam’ hammer, a
* French idea, it is said, originally, but indebted for its practical
% application here to Nasmyth.”
he steain-hammer was “invented by James Watt, and de-
scribed in his fifth patent in the year 1784.
On the Gth June, 1806, Williamn Deverell, of London, patented
a steam hammer in which the compressed air at the top of the
eylinder was made to give additional force to the blow,
In 1838-39, James %hsmyth revived the idea of the steam
hammer.

In 1839, Francis Bourdon, of Creusot, invited Nasmyth, saw
his plxus, and, returning to Creusot, set up one.
. In 1842, Nasmyth visited Creusot, and saw this hammer,

patented the Nasmyth-Bourdon hammer in
his own name. . e
| Since that time, Morrison, Condie, and others, have brought
¢ut modifications and various improvemaants in' this.useful im-
plement ; but I think I have shown enough to prove that the
1dea was not originally French.
Your obedient Servant,
Cuarces F. T. Younag, C.E.
7, Duke-street, Adelphi, W.C., September 20, 1867.

NEGATIVE SLIP.

To THE EDITOR OF ENGINEERING.

Str,—I have attentively read the extraordinary prodaction of
your correspondent, *C.,” and, from the first few lines, was
misled into expecting that the paradox of negative slip would
be brillinntl’ cleared up (of course to the utter annibilation of
Mr. Bourne's ideas on the subject), as he commences by dn-
nouncing that he can at once find and show us the immediate
cause thereof. He is then so kind as to give us some verly
nearly incompreheusible dimensions of some very improbable
screws—one with a 1pitch of 4 and another of  of the diameter
—say, of two propellers of 20 ft. diameter each, having pitches
of 10 and 15 ft. respectively. What would aun engineer say to
fitting ships with such propellers? He continues by telling us,
as a discovery, that which every engineer knows, i.e., that if a
screw be too small for the ship it has to propel, great positive
slip is the result, by reason of the small area of 191rmgmg sur-
fuce offered by it. (The foregoing remark is specially intended
for “ C.’s” information.) -

He then says negative slip signifies that the velocity of the
screw exceeds that of the :rl:f' thus confusing the positive with
the negative, in direct contradiction to that which he says above,
and showing a total ignorauce of the subject treated upon. But
even if he were right, what does the * velocity” of the screw
signify? Is it the screw’s progression through the water, or is
it the velocity of the tips of the blades? If the latter, I
imagine it would in any case be considerably more than the
speed of the ship. Take, for instance, his 12fr. screw, with
16 ft. pitch (about the only reasonable one quoted), and drive it
at 80 revolusions rper minute; this would .give 12.619 knots as
the speed of the vessel per hour, but the velocity of the tips of
the blades would be 29.733 knots. X L.

His showing, or ratber asserting, the existence of positive or
negative slip in particular cases does nothing towards explain-
ing why negative slip should exist: he merely states what he
considers a fact, and leaves us to draw our own inference. Ifa
man of a literary turn of mind went mat, he would probably
write nonsense; but the assertion or even proofs of such a_pro-
ceeding on his part would not show.or explain why he did 5o,
or why he becaine insane.

As to “C.'s” last paragraph, I would only suggest that per-
haps he has & few * second-hand” screw propellers which_he
wants to get rid of ; if 8o, I truly admire his tact and ingenuity,
and wonﬁ recommend any one in the same position to met
similarly. oo . :

In conclusion, allow me to apologise for the length of my
letter, and state that its only object was to prevent any one
reading your widely circulated and valuable puhl’ls'anoq from
being misled by the absurdities contained in *C.'s’ delightful
epistle. : .

P Yours respectfully, -

R MICHAEL SPFIL
London, September 24, 1867.

To Tak EprToR or ENGINEERING.
Str,—1 find that I inadvertently described ‘ negative slip” as
implying an actual excess of the velocity of the screw over that
of the vessel. I meant to say just the reverse.
Your obedient Servant,

September 23, 1867.

Tre Frexcra Irox TRADE.—During the first six months o‘f
this year the quantity of iron manufactured in France was 605,082
tons, as compared with 633,958 tons in the corresponding six
months of 1866, being, a decreass of 28,876 tons. There was
also a falling off in the make of. pig, the quantity produced in
the first half of this year being 429,854 tons, a8 compared w"!'
454,406 tons in the corresponding half of 186G, Leing a decrenu;
of 24,5622 tons. These figures show that the iron industry o

France has suffered equally with this country from the general
depression which has prevailed for a consideratle time past.
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EXAMPLES OF VIADUCTS ON THE HIGHLAND RAILWAY.

WE give, on the present and opposite some further illus-
tratwnsg representing works on thgplzghmﬂway. We have
already alluded in this journal to the great taste and skill with
which the architectural ions of these works have been
designed ; and as the works themselves were fully described in
Mr. Mitchell's paper on the Highland Railway, which we
published on page 205 of our last nnmber but one, it will be un-
necessary that’we should add more here.

INDIAN PATENTS.

THE undermentioned specifications of inventions have
been filed, during the second half of 1866, under the provi-
sions of Act-XV.of 1859, in the office of the Secretary to
the Government of India, in-the Home Department. Copies
have been sent to one of the secretaries to each of the
Governments of Bengal, Fort St. George, Bombay, and the
North-Western Provinces. A copy of every specification
is open, at all reasonable hours, at the office of the Secre-
tary to the Government of India, in the Home Department
at the Presidency, to public inspection, upon payment of a
fee of one rupee. A certified copy of any specification will
be given to any person requiring the same, on payment of
the expense of copying.

No, 281. Lieutenant W. J. Carrall, R.E., Assistant
Engineer in the Department of Public Works, formerly of
Fyzabad, in Oudh, now residing at Roorkee, for a new
mode of equalising or regulating the discharge of water
from orifices under varying heads.

No. 289. Mr. Henry Gartner, No. 4, Dalhousie-square,
Calcutta, chronometer, watchmaker, and jeweller, for a self-
acting punkah.

No. 292. Mr. Walter Raleigh Gilbert Hickey, C.E., Cal-
cutta, for improvements in railway slee,

No. 295. Mr. William Riddle, C.E., of Church Gate-
street, and Mr. Alexander Charles Brice, of Colaba, both
in Bombay, for improvements in apparatus for compressing
cotton or other material,

No. 296. Mr. Digby Murray, master marioer, of Dundee,
in Scotland, for a block for lowering boats from steamers
or sailing vessels while the said steamers or sailing vessels
are in motion.

No. 298. Mr. A. W. Campbell, merchant's assistant,
residing at Middle Colaba, in the Island of Bombay, for
compressing cotton, wool, or other substances of a fibrous
nature,

No. 299. Mr. R. Newton, M.E., No. 7, Hummam-street,
Bombay, and Mr. J. Sykes, cotton mill-manager, ofjCoarla,
near Bombay, for an improved arrangement of press and
machinery for the purpose of either half or fully pressing
cotton, wool, or other fibrous substances.

No. 800. Mr. F. J. V. Minchin, of Aska, Madras Presi-
dency, for an improved process for extracting the juice from
sugar-cane, beet-root, and other plants.

No. 802. Mr. J. Gale, junior, of Devonshire-terrace,
Plymouth, England, electrician, for improvements in pre-
paring and treating gunpowder.

No. 808. Mr. James Templeton Wood, of Inner Temple,
London, barrister-at-law, for improvements in the means of,
and apparatus for, compressing ‘and packing cotton, wool,
jute, and other similar bulky articles. .

No. 304. Captain Cowper Phipps Coles, R.N., of Ventnor,
in the Isle of Wight, for improvements in protecting the
bottoms and sides of ships and other structures exposed to
the action of the water.

No. 806. Mr. F. Saintyves, artiste-mécanicien, No. 61,
Cossitollah, for punkah pulling-machines.

No. 807. Mr. Eugdne Pierre Barrabé, of Paris, for im-
provements in apparatus applicable to the clearing and de-
cortication of corn and grains of all kinds.

No. 308. Mr. John Kay Farnworth, of Alderly Edge, in
the county of Chester, for improvements in apparatus for
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raising and lowering the windows of railway and other
carriages, and other windows.

No. 309. Mr. Charles Thieme Liernur, of Frankfort-on-
the-Maine, in Germany, for a p tic method for the in-
offensive removal of all fluids, solids, and gases from water-
closets or privies, and .other conduits, and of storing said
materials so that they may be applied in their natural un-
changed form to agriculture and other branches of industry.

No. 811, Mr. William Boyd Livingstone, Officiating
Assistant-Professor of English Literature in the Presidency
College, and of No. 13, Sudder-street, Calcutta, for using
cotton in certain peculiar ways for all the purposes for which
blotting-paper is now used.

No. 812. Mr. William Boyd  Livingstone, of No. 18,

Sudder-street, Calcutta, for punkah-pulling’and thermauti-
dote-machine.

No. 818. Mr. William Boyd Livingstone, of No. 18,
Sudder-street, Calcutta, for an irrigating and motive-power
machine. .

No. 814. Mr. Henry Clifton, of London, for an improved
churn.

No. 816. Captain Francis John Bolton, of No. 13, Bruton-
street, London, for improvements in the mode of transmitting
messages by the electric or magnetic telegraph.

No. 317. Mr. F. Saintyves, artiste-mécanicien, No. 16,
Cossitollah, and Mr. P. W. Fleury, No. 17, Joratallao-
street, for improvements in the mative power of F. Saint-
yves's punkah pulling-machines.
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PARKHILL BRIDGE.

CALVINE VIADUCT, STRUAN,

ALNFSS8 BRIDGE.
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STEAM-CULTIVATION.

Dr. Jornson and his followers had Latinised the
good old Saxon Zill, tillage, and tiith into * cultivate”
and “cultivation” generations before—with all the
readiness to adopt new terms—we had grasped the
idea that all the operations of tillage are mechanical,
as much so as the grinding of corn, the pumping of
water, the rolling of iron, or the weaving of cloth.
A few years ago it would have only led to a confusion
of ideas to have spoken even of reaping or thrashing
as mechanical operations. The scholar would bave
shown that they were manual only, and that neither
the sickle nor the flail was a true unyavy, since it was
not employed “ to augment or to regulate force or
“ motion,” nor was it “a complex structure, consist-
“ing of a combination or peculiar modification of the
“ mechanical powers.” The same might have been
said of a sewing-needle, of a sail or an oar, a wain or
a pack saddle, and yet the operations of reaping, of
thrashing, of sewing, the impelling of vessels through
the water, and the transport ofn%urdens upon land,
arc now recognised as purely mechanical forms of
work. Even writing, painting, sculpture, and music
involve much mechanical action in their execution;
and if, dismissing the idea of originality implied by
each of these arts, we content ourselves with the mere
reproduction. of the works which they comprise, we
may have mechanical writing, mechanical painting,
mechanical sculpture, and mechanical music. Indeed,
all motion, of whatsoever kind, comes within the range
of mechanical science, and as all material motion im-
plies mechanical power, this can be supplied by mcans
of the steam-engine.

No problem m grinding, pumping, rolling, or weav-
ing, in locomotion on land or the propulsion of vessels
through water, is more completely mechanical in - its
nature than that of the breaking up, inversion, and tho-
rough loosening of the soil, as understood by the term
tillage, or cultivation. 'Whether the power be applied
through the human arm and a spade, or through a
horse-drawn or bullock-drawn I:lough, or through a
steam-drawn implement of any kind, the operation is
equally a mechanical one, being the application of de-
trusive and disruptive forces to overcome the cohesion
and inertia of the soil. As for its inertia, the weight
of loose earth, a foot deep, over an acre of laudi is no
less than 1500 tons. Even in moderately light plough-
ing the draught of a pair of horses is about 3 cwt.,
and in cutting a furrow 9in. wide 8712 foot-tons of
work are thus expended in ploughing an acre. In
other words, as much work is done as if a weight of
1 ton were lifted a mile and five furlongs high in the
air, or if a 25 ton locomotive were lifted to the top
of St. Paul’s. The work, thus considered, appears
large; but the horses walk 11 miles, and occupy at
least half a day in doing it. The force thus expended
upon the land is applied in the simplest manner known
to mechanical science, to wit, by pulh'nE in a straight
line ; not but that the implement might be pushed with
equal effect, but in this casc the application of the
pushing power would be obviously ingonvenient and
disadvantageous.

The purely mechanical nature of the problem
presented by all forms of cultivation, where the im-
plement is drawn through or over the (iground, is more
than ever apparent when we thus regard all the cutting,
pushing, ang otherwise disturbing forces exerted by
the implement as proceeding from the single and
simple pulling or tensile force acting in a right line
upon it. The forces and motions imparted by a
plough or a cultivator to the soil itself may be
numerous and somewhat complicated, and it has
indeed taken a long time to arrive at those forms of
ploughs and cultivators which act best upon the soil
with the least draught, or, in other words, with the
least mechanical power. But, having once scttled upon
the form of plough or other implement to be used, all
ploughing and aﬁ cultivating by whatever kinds of im-
plements become merely a matter of pulling, as much
50 as pulling a railway train, or pulling coals out of a
pit, or pulling round and round the whecls of a factory
by means of driving-straps or the teeth of the spur-
gearing.  Steering may be still required, hut thisis a
simple and an easy matter, as it is in the casc of steam-
vessels driven with thousands of effective horse power,
and yet obedient to the guidance of one or two men at
the wheel.

‘When the whole work of tillage, or cultivation, is
reduced to the simple mechanical 1dca of palling, the
case of stcam as against horse-power is already made
out. Steam can always pull more cheaply than horses.
This might be proved even of the street traffic of Lon-
don, but therc are certain objections to the presence of
steam-engines in the streets which we need not discuss.

It is sufficient that there are no substantial objections
to steam upon the farm, and many thousands of farm
engines are already in use, although but a few hundreds
of these arc as yet used for ploughing. There is no
doubt that many farmers have rcasoned to themselves
that, where the pull is no more than that of a pair of
horses, steam could not show the same advantages as
in the immense traction upon a railway train or a pit
rope, and that the interest on the cost of an enginc and
steam tackle, and the cost of fecding and working it,
and keeping it in repair, would, after all, exceed the
total cost of horse work. But the great value of steam-
cultivation comes from the fact that from three to ten
times the draught of a pair of horses may be effectively
applied by it, in breaking up and stirring the soil, and
that, too, at twice the speed of horse- pulling.
While the pair of horscs are getiing over their one
acre a day, the steam plough will do from ten to
fiftecn, and that to a greater depth, and with more clfect
in knocking the groand completely to pieces, which is
the objeet of all plonghing and cultivating. ~ Aud this
is done without any treading of the ground, whether
before or after the implement has gone through it—a
treading which, in the casc of a pair of horses, leaves
more than 200,000 foot-priuts per acre when cutting
a 9in. furrow—a treading which, for so much of it as is
upon the yet unploughed ground, is known to add about
one-third to the draught of the plough, while that of
the off horse, at the bottom of the furrow, by so much
uudoes what the plough has alrcady done, forming a
hard pan, which, in its turn, ought properly to be
ploughed again.

So long, indeed, as we continue to cmploy horse-

ulling in tillage, so long must we have imperfect and
msufficient tillage—so Piong indeced must we remain
Bractically ignorant of what thorough tillage really is.

Ve are in the habit of measuring the productive
capacity of the arable land of England as if it were
almost of nccessity a fixed quantity, capable of no
considerable increase, except of course by bringing
fresh land under cultivation. Now, the present pro-
ductive capacity of the soil is that only due to horse-
tillage, or, to keep the mechanical idea clearly in mind,
to horse-pulling. Yet the farmer knows quite well
that, if he chooses to expend sufficient labour with
a spade, he can, by turning up and loosening retentive
ground two or three feet in depth, greatly increase its
crop-growing power, giving to a fair ordinary soil
the fertility of the richest wheat lands in Kent, or
that of the famous Carsc of Gowrie, in Scotland. If it
were possible to carry on spade husbandry as rapidly
and as cheaply as ordinary tillage, there can be no
question that all the arable land in the kingdom would
be spaded, nor that the crops taken off, if not doubled,
would be very largely increased. In thoroughly
knocking the soil to pieces, the steam plough, the
steam digger, the steam cultivator, and the steam
harrow, by reason of the great power and high speed
at which they are worked, approach the effectiveness
of spade tillage, and the committecs of the Royal
Agricultural Society on steam-cultivation have found
evidence that steam-tilled land has given, in some
cases, two quarters of corn more per acre than like
land tilled by horses. So far from this being a state-
ment to be suspected of exaggeration (it is, however,
well authenticated), it really expresses but the matter-
of-course result of thorough tillage, as contrasted with
horse tillage, which commonly is not thorough, how-
ever mellow the land may appear at the surface. No
farmer requires to be told that the best tilth gives the
best crops. In the proved cases, thercfore, where
steam tirlagc has given an additional two quarters of
wheat per acre, and worth 60s. a quarter, it would
require but the increased crop on 200 acres, in a
single year, to pay for a double engine tackle of the
first class, or, in other words, it would return 1200/,
additional from but 200 acres of wheat.

Limited, as British agriculture has herctofore been,
by the partial and imperfect character of horse-tillage,
or, in other wards, by the necessity of employing a
costly and relatively weak form of mechanical power,
we are yet imnorant of what the soil is really capable.
I'rom the want of steam power, which alone can pro-
{:crly deal with such work, under-draiming has not

cen carried on to anything approaching the extent
required for good tillage.  When our stiff heavy soils
shall have been drained and thoroughly broken up, so
that the whole of their chemical constituents arc ac-
cessible to the roots of growing plants, the crop will
inevitably be greater, and probably very much greater,
than now. Tt will be, in effect, spade-hushandry, only
other implements and other forees than spades and the
forces of men’s muscles will be brought to bear.  Itis
more than likely, when all tillage is everywhere under-
stood as merely a matter of puiling, and that pulling

by steam is always cheaper and better than pulling by
horses, that horse-drawn implements of all kinds will
come to he regarded in common with the road wagons
and mail coaches and sailing packets of old—with
windmills, horse-mills, the reaping-hook, and the flail.

It is singular that while steam has been so long ap-
plicd to nearly every other form of mechanical work,
1t has been applied ouly so lately and so slowly to the
most important of all forms of mechanical work, that
of tillage; and what is a farm but a great laboratory
and a manufactory of food? Many difficulties have
stood in the way, but the real and greatest diliculty
of all has been the unbelief, on the part of furmers,
that steam could be applied with real practical ad-
vantage to tillage. Even now, after all that has been
done, there are not probably four hundred scts of steam
tackle in the kingdom.  Yet it is a hopeful sign that the
number is nowheing increased at a brisk rate, with every
prospect of ultimately reaching a point corresponding
to oue sct of tackle fgr every 2000 acres of arable land
in England and Scotland, if not in Ireland. There
have, no doubt, bcen those who were willing to
belicve, in the abstract or in theory, that steam-
cultivation was practicable, and that it ough? to have
an advantage over horse work, but these half-believers
were not prepared to make the experiment for them-
selves. Others have been restrained by the want of
capital. Much has been accomplished, however, by
the stcam-plough companies, like those at Hereford,
Whitchurch, Welleshourne, Wakefield, the North
Staffordshire company, &c., who take the whole risk,
and let out their engines and tackle, sending their own
men, to work for whoever likes thorough cultivation
at a moderate price. In this way, and in the hands
of private owners who “let out” engines and plough-
ing tackle, steam tillage has not only now gained a
fine start, but a new and profitable investment is
afforded for the capitalist. Several new steam-plough-
ing companies are now projected, and it is probaT)le
that their number will be greatly increased when once
the business talent and cnergy to which we have
been accustomed in railway and other public under-
takings finds its way into this new chamnel. To the
young pushing engineer, knowing something of men
and of business, perhaps no opening, just now, is more
promising than that which is afforded by the oppor-
tunity of promoting and working stecam-plough com-
panies.  Alas ! we fear that those who already consider
themselves engineers know too little of the field and
of farming for this. But the right kind of talent is being
slowly supplied from among the farmers themselves,
and already we have a numEer of well-known and un-
deniably clever agricultural engincers, makers of
traction and portable engines, and managers of steam-
plough factories and of stcam-ploughing companies,
who, a few years ago, were plain farmers. Some of
these, as is well known, are men of ingenuity and
abundant mechanical resources, and who, in their
works, show excellent mechanical judgment.

It is not to be denied, however, that very consider-
able mechanical diflicultics required to be overcome
hefore steam pulling could be successfully applicd to
tillage. Steam-farming, indeed, presents more natural
difficultics than perhaps any other problem in the
whole range of mechanical cngineering. The engine
cannot work upon fixed foundations like a factory
engine, nor upon evenly laid and uniformly gauged
rails like a locomotive, unless of course Mr. 1lalkett’s
once-famous proposition of guide-way agriculture were
reduced to practice. An ordinary portable engine, if
of sufficient power to work ploughs in heavy soils,
would weigi)h six or eight tons, and the movement of such
an engine by horses is often a difficult matter, as the
ground over which an engine must be taken is often
Impassible, or nearly so, to horses. Portable engines
have becn applied, however, and with fair success, to
the tillage of land of moderate stiffness; but the
requircments of steam tillage in its widest application
point clearly to the necessity of self-moving or locomo-
tive engines. There are obviously, two modes in
which such engines may be employed. One is that
where they travel to-and-fro over the land, dragging the
implement hehind them.  Romaine’s rotary digger,
which attracted much attention a few years ago, was
worked in this way, being indced part, and parcel of
the engine itself. Therc are in all cases scrious
objections, however, to locomotives moving up and
down the field for cach breadth of ground ploughed or
cultivated, and upon wet and greasy soils their use
would be impracticable. In the first place, they
consume a good proportion” of their own power in
moving themsclves about, and the incessant jolting
tells upon theiv structure, and involves an increased
outlay for repairs. To take a 4 ft. brcadth, the engine
would require to travel rather morc than two miles
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for every acre cultivated, and supposing its draught to
be, say, 30 cwt. on firm ground on a level, and its
weight 9 tons, the whole of this draught would be
absorbed in overcoming the mere gravity of the engiue
itsclf on an incline of 1 in 6, leaving nothing for the

implements. Again the engine, welgj}ing, say, 9 tons,
would act as a steam road-roller upon the ground, and
even it were kept off the ploughed portions, the
pressure of its wheels would so indurate the soil in
front of the plough, or cultivator, as to add very
materially to the rcsistances which cither of those im-
plements would have to overcome.  As for harrowing
and cross-harrowing an already cultivated field by means
of an implement drawn direct by a 9 ton locomotive,
any farmer will understand that the engine would do
more harm than the harrow could possibly do good.
The locomotive engine, drawing the implement, would
lose much time in turning at headlands, and could not
work so close up as an implement worked by other
means.

The only other mode of working the implement is
that of drawiug it to and fro, by means of chains or
ropes, by an enginc or engines fixed at a corner or
the sides of the field. Here the objections to the
locomotive engine, working up and down the field,
and dragging the implement directly behind it, are
avoided, and the question is reduced to one of the
transmission of power. This mode of working im-
plements was proposed and patented by a sanguine
inventor, onc John Tulloh Oshorn, more than twenty
years ago. But he proposed to drag the plough or
cultivator by means of chains, and although un inven-
tor, in the carly stages of a great invention, commonly
has a faith which sihould move mountains, we will ven-
ture the opinion that Mr. Oshorn himself, if he be
now alive, will agree that chain-traction is an im-
practicability. And if he dees not, any of our agri-
cultural engincers could assure him, in all sincerity,
that it is so. Going from chains to ropes, we need not
say that a hemp rope, under a draught of 20 cwt. or
30 cwt., and dragging over broken or stouy ground,
would stand a poor chance in the field. It is beyond
dispute that stcam-ploughing owes almost everything
to the invention and successful manufacture of wirc
rope. The steel rope of 1867 is, indeed, one of the
marvels of the Frcsent centary, not merely because of
its wide uscfulness, but for its wonderful strength,
hardness, and pliability. The late Mr. John Fowler,
when bringing out his first stcam-plough, adopted
wire rope, as, indeed, there was nothing clse w‘lich
would have answered the purpose.  But wire for ropes
was then made only of iron, and the ropes werc not
remarkably strong, althouch stronger than hemp ; they
bent readily, and were, of course, injured by bending ;
they were espeeially given to rusting, and they chafed
rapidly whenever they were allowed to drag upon the
ground. The iron of which they were made had a
tensile strength, when in the bar, of less than 30 tons
per square inch; in other words, a weight or dead

ull o‘} 30 tons would pull in two a bar 1 inch square.
Y)rm\'n into wire, the tensile streneth was increascd to
probably 45 tons for an actual scetion of wire equal
to 1 inch square. Attempts were made later to draw
good tongh steel wire, but this was found to be brittle,
although strong at a dead pull.  But, by degrecs, steel,
not only of enormous strength, but of great pliabiliry, has
been obtained, and this is now used for pulling steam
ploughs and cultivators. The mode of makiug this
wire is still a secret, but there 1s no doubt as to its
qualitis when made.  For steam ploughs a rope of
94 steel wires of No. 14 gauge is now used. No. 14
gauge is about fythin., or exactly .085 in., in dia-
meter, and it requires 176 such wires to form a total
scction of one square inch. Their weight is but an
ounce to the yvard, and when laid in a rope, in which
considerably more than a yard of each wire is required
for a vard of rope, the weight is hardly 2 1b. per yard,
or less than a ton for a thousand yards.  Yet cach of
these slender wires will bear a pull of from 2000 ib. to
1 ton, cqual to a tensile strength of from 160 to 175
tons per square inch of metal, a strength never before
attained with any other material known to man.
Every wire used in the best steam-ploughing ropes is
tested, and we have witnessed many of these toests,
showing a remarkable uniformity in the results. Kach
wire is exceedingly stiff; 1t is nearly impossible to
bend it in the fincers, and yet when suflicient foree is
applicd it way be twisted around an iron rod not
larcer than a pipe-stem without breaking. Ropes
made of such wire are at once strong, hard, aund
pliable. 1tis impossible to break them i fair work
they wind perfeetly upon the coling drums without
injury, they will bear considerable dragging upon the
ground without chaling, and they rust but little. A
singlc rope now serves for working over from 2000 to

,a hasty observer might conclude that the whole ‘pro-

4000 acres, the amount varying with the nature of the
soil and the breadth of implement used, and the highest
estimate of its wear and tear is about 10d. per acre.
As to chafing, some farmers even prefer to allow the
rope to drag upon the ground, cxcept upon gravelly

!soll, finding, as they assert, that the wear, whatever
i1t is, costs less than the wages of boys to attend to

the rope-porters commonly employed. This dragging
is attended however with much friction and a loss of
power.

With a portable engine, or rather a self-moving
engine, and with steel ropes such as we have described,

blem of steam-ploughing was solved. So far from
this, it has required, on the part of the late Mr. John
‘Fowler and his assistants, such an amount of ingenuity
and perseverance to perfect this remarkable invention,
as is only to be matched in the history of the locomo-
tive engiue, or in that of some of the more complex
and beautiful examples of spinning and weaving
machinery. The transmission of the power from the
engine to the implement was a nice problem, and new
implements indeed required to he invented. With
steam power cqual to that of from twenty to thirty
horses (for the nominal power at which engines are
rated as “10 horse,” « 13 horse,” &e., bears little re-
lation to their real power), an implement taking a
breadth three or four times greater than that of the
old single-furrow plough was” admissible and was in-
deed required, and as such an implement would
necessarily be of considerable weight, 1t was desirable
that it should not require to be turned at the head-
lands, but be capable of working to-and-fro in_cither
dircction.  There were schemes long ago, and Fiskin’s
was one, for mounting two sets of ploughs in a frame,
one sct pointing in one and the other in the opposite
direction, and these ploughs were so contrived that
cither set could be raised and lowered at the will of
the ploughman. One sct was “right hand,” and the
other “left,” both turning their furrow the same
way. Thus while one sct was in the ground,
and at work, the other, pointing in the opposite
direction, was clear of the ground, and ready to
be lowered, in its turn, at the next headland, the

means employed for lowering cither sct of %loughs
acting to raise the other set. KFowler’s balance
plough was an improvement upon this idea. It con-

sists of a double-ended iron framing, each end mounted
with ploughs pointing towards those on the opposite
end, the whole tipping readily upon a pair of wheels.
It is shown in Figure 6, page 301, and will be recog-
nised in several of the other ficures. The same ar-
rangement is employed also for the steam-cultivator,
the opposite ends of the tipping-frame being mounted
with sets of cultivating tines. As cvery ploughman
knows, it is much casier to take a furrow along the
edge of one already turned, cutting away the soil
from the side, than to open out a cut through solid
ground. The several sets of shares or cultivating
tines in the balauce-plough or balance-cultivator are
sct, therefore, onc behind another, so that the second
share from the front cuts from the side of the first.
furrow, the third share cuts from the side of the
second, and the fourth from that of the third. In
this way no single share or tine is working down into
solid ground, except, of course, the front share or tine
when cutting the first furrow in a field. The number
of furrows is governed by the naturc of the soil and
the amount of power at command. Messrs. John
Fowler and Co. have made a few steam ploughs to
cut six furrows at once, and one, sold some time ago

to a French farmer, who is working it near Paris, has,

eight moulds and shares at each end of the tipping-
frame. It will be seen in the drawings that the
wheels upon which the plough-frame is balanced are
of unequal diameter, and the reason will be at once
understood when it is considered that onc runs along a
road the whole depth of the furrow below thut of the
other. The wheels of course are loose on their axes,
and the inequality of diameter does not tend therefore
in any way to turn the plough out of its course.

\We are not describing the separate features of the
complete system of steam-cultivation in the precise
order in which they were invented, but rather in the
order in which onc new to the whole subject might
have taken it up, first in its general aspects, and after-
wards in its details.  So far we have the general ideas
of stcam-cultivation, the self-moving stcam-engine
giving off its power to the implement through a wire

rope ; and of the implement itself, a ploughing-machine, |

working in either direetion, and turning its four, six,
or even eight furrows all the same way in whichever
dircetion it may be going. The nicer details, upon
which everything depends, and which have been so
adwirably worked out, strike the atrention with equa,

force when once they are carefully examined. The

oint to which the steam-plouﬁhing engineer had to
Hirect his best ingenuity and judgment was that of the
transmission of the steam power, through the wire rope,
to the implement in any part cf the field. To pull
the implement towards the engine was easy enough;
but it was equally necessary to pull it away from the
engine, when but a single engine was employed. It
was necessary also to shift the im{i‘lement into fresh
ground at the end of each bout. To pull the imple-
ment away from the engine, was practicable when the
rope was led around the houndaries of the field, its
direction being maintained by means of sheave pulleys
anchored at the corners. The opposite ends of the
rope were attached to the implement, acd the rope
itself was then alternately driven in opposite directions
by means of winding-drums upon a separate framing,
and driven by the engine. To plough a square field
of 20 acres upon this plan, at one sel.tini; down, would
require at least 1555 yards of rope, the field being
311 yards square. At each bout of the implement
two of the sheave pulleys would have to be taken up
and re-anchored.  This, * the roundabout” system, was
generally adopted in steam-ploughing in the earlier
stages of the invention; but it has now, to a great
extent, been superseded by more direct and effective
arrangements.  Even upon this plnn, however, as upon
all the others, the implement 1s driven at 3§ miles
an hour in ordinary soils; and this, when taking a
breadth of 4 ft., and allowing ouc-tenth of the time to
be lost at the headlands, is equal to nearly 1§ acres per
hour.

A more direct plan of working is that with an engine
travelling intermittently, as each breadth is completed,
along one headland. A pulley is secured to an anchor
capable of being moved at corresponding intervals
ulong the opposite headland. The rope passes
around the winding-drum on the engine and around
the distant pulley, and being secured to the plough,
the latter is drawn to and fro betwcen them. A stil
better plan, now largely adopted, is that of employing
two engines, one at each headland, and drawing the
implement alternately by each. In this case, however,
each engine is standing for half the time.

A further improvement lately introduced by both
Messrs. John Fowler and Co., of Leeds, and by Messrs.
J.aund F. Howard, of Bedford, is that of drawing two
implements in opposite directions between a pair of
engines, which are then both worked continuously, ex-
cept for the momentary stoppage in reversing.

Our illustrations ou page 293 show all these systems,
except the original *“ roundabout »* plan.

"These various arrangements of the engines, imple-
ment, and rope are readily understood ; but it is an
important matter also to wind the rope in uniform
layers upon the coiling drum (where a coiling drum is
used), and also to adjust the length of rope out to the
varying width of the field, where this docs not happen
to have exactly parallel sides. 1t is important, too,
where coiling drums are used, that the one which is
paying off the rope shall let it out under a certain
tension, sufficient to prevent it from fouling its own
cuils, one upon another.  All these are matters of nice
detail, upon which the success of stcam tillage has
been greatly built up, and yet they are hardly matters
which would occur at all to a geueral observer, nor
can their importance be fully appreciated, except by
the mechanical engineer. The engineer will under-
stand, too, that it must be desirable to get rid of coil-
ing drums altogether, and to employ an endless rope,
working like a driving-strap around a pair of pulleys.
This result has been attained by the elegant device of
the “ clip-drum,” which will be described in the course
of the present article.

In Messrs. Fowler’s ploughing-engines the rope-
drum revolves in a horizontal plane, upon a vertical
axis beneath the boiler. Special coiling gear is provided,
thercfore, to prevent the rope from dropping down
while being wound upon the drum. The height or
vertical width of the drum -corresponds to about ten
thickuesses of the rope, coiled side by side, and it was
a neat problem in mechanics to contrive an apparatus
for laying the rope uiformly upon the drum. It was
only uecessary to causc a pair of small guide-sheaves to
traverse uniformly both up and down the face of the
drum, once for every twenty revolutions which it made.
This was cffceted in the mauner shown in Fig. 16, page
301. Centred upon and revolving with the winding
drum is a pinion, I, and beneath it is a pinion, H,
turning loosely upon the spindle, and having one tooth
less than I, Another pinion, J, placed to one side. and
carried around bodily by the winding drum, in which
its own centre is fixed, aud having a width equal to
that of both pinions, I and H, gears into both, and

(Continued on paye 294.)
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STEAM PLOUGHING APPARATUS.
MESSRS, JOHN FOWLER AND CO., ENGINEERS, LEEDS.
( For Description, see Page 290.)
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RANSOME’S PATENT STONE.
(From the Bombay Builder).

‘WE are cnabled, through the courtesy of Government, to
place before our readers Captain Ducat’s official report on the
experiments made by him in the beginning of the year in
making Ransome’s patent stone; as also the report of the
Chemical Analyser to Government on the same.

Our own observations on the specimens we were favoured
with go to confirm Dr. Lyon's analysis. These specimens
become extremely hygrometrical during wet weather, a con-
dition due doubtless to the presence of saline in the sca sand
used, which no number of washings will effectually remove.

Captain Ducat will, we believe, continue these experiments
with river sand obtained from a good way inland; but, in
justice to the inventor, and equally to our Indian experi-
mentor, Government should obtain from Mr. Ransome a fresh
supply of the materials necessary ; those with which the ex-

riments have been carried on have been for some years

ocking about the store yards in Bombay, and have doubt-
less become much deteriorated :

¢ No. 188 of 1867.—PurBLIC WORKS DEPARTMENT,
* Bombay, 26th March, 1867.
“To the Chief Engincer, Presidency Division, Bombay.

¢ Sir,—I have the honour to inform you that, in accordance
with the instructions conveyed in Government Resolution
No. #5%E. of 1866, of 17th Deeember, 1868, I have conducted
some experiments in making stone by Ransome’s patent pro-
cess, some of the results of which I now submit for the in-
spection of Government.

I received the Government resolution above referred to on
the 21st December, 1866, and as soon after this date as pos-
sible I moved some of the chloride of calcium and silicate of
soda from the store-yard of the Executive Engincer Presi-
dency, into my own workshops, brought over and set up the
mill for mixing the material, which was sent out by Mr.
Ransome (without which I found by experience that I could
not mix the material properly), and commenced my experi-
ments. :

“I have now made five complete experiments; but that
Government may not think I have been unnceessarily tardy
in czu'rymg out their wishes in this matter, I must state that
each experiment absolutely oceupies from ten to fifteen days,
and notﬁci.ng could be done towards making a fresh attempt
until the success or failure of the preceding one had been
ascertained.

«Of the five attempts I have made, the first two were utter
failures; the other three, however, may, I think, be looked
upon ag successful, at least as far as the quality of the stone
is concerned. Tho castings arc not as good as they might be;
but this is owing, in & great measure, to the mould, which is
an old plaster of paris mould, having been used inall Captain
Fuller’s experiments, as well as mine now, and being in con-
sequence & good deal worn and injured in parts. The attempt
I have made in colour is also not quite satisfactory, being too
deep ared; but in these minor points I hope to be more suc-
cossful when I next report on this subject to Government.

“I have ordered a mould for a full-sized capital for a 10in.
shaft, and when this is ready, I hope to make some more pre-
sentible specimens of stone, and to give the crushing strength
of it also.

“T should have delayed this report till I could eall it more
complete than it is at present, had it not been that Govern-
ment Resolution No. A%E. of 1867 informs that the Secreta;
of State for India has called for the results of these expen-
ments; and as theso specimens now put before Government,
which are certainly harder than most natural sand-stones,
show clearly that, with proper eare and management, stone
can be mad{a in India as elsewhere by Ransome’s patent pro-
cess, I have thought it right to send 1n this first report.

“In my secons report I propose entering more fully into
the subject of cost of construction, &c.; but I can here state
that the best, because the last made specimen now submitted,
is composed of common sea-sand (washed) from Worlee, and
white clay from Bunder Wara Hill, in Mazagon, of which
there is any quantity about here; that the manipulation,
when onee understood, is nceither difficult nor expensive, and
that the results ere quite certain and free from any risk of
failure.

“T send specimens of my three successful experiments.

“The first, marked number six, is composed of 6 parts sand
and 1 part chalk, mixed in Ransome’s mill for ten minutes,
with 1 gallon of silicate of soda to each cubic foot. At the
end of the ten minutes’ mixing it was taken out, moulded,
and put into a cold solution of chloride of calcium, and when
the solution of calcium had thoroughly penetrated the mass,
the temperature was raised almost to boiling point.

“The second specimen, marked No. 7, consists of 5 parts
sand, 1 part brickdust, and 1 part chalk, mixed with one
gallon of silicate to the cubic foot for fifteen minutes, moulded,
and put into cold solution of ealcium for forty hours, and
then boiled for four hours. These stones took three days’
washing in running water before all salt was removed.

¢ No. 8.—The best specimen I have is composed of 6 parts
of sand to 2 parts white clay or moorum. This was mixed in
mill for ten minutes, moulded, and immersed in cold calcium
for forty hours, and boiled for four hours and allowed gradu-
ally to cool. Washed for seventy-two hours in running water
and dried.

“No. 9 is treated exactly the same as No. & hut differs
from it in the proportion of sand and elay, being composed of
6 parts sand and 4 part white clay. 1t is a coarser stone than
No. 8, and, being very gritty and stiff, is hard to mould into
form.—I have the honour, &e.,

(Signed) “3W. M. Ducar, Licut. R.IE,,
“ Exccutive Engincer for Reclamations.”

“ No. 68 of 1867.—OFFICE 0¥ THE CTEMICAL ANALYSER,
“ Bombay, June 8th, 1867,
“To the Seerelary to Government, Pablic Works Depart-
ment, Bombay.
“8Sir,—I have the honour to acknowledge receipt of resolu-
tion of Government, Public Works Department, No. 169e—

839 of 1867, forwarding certain specimens of artificial stone,
manufactured by Ransome’s process, for opinion and report.

“2. The only way in which a definite opinion as to the
durability of such substances can be arrived at, is by sub-
mitting fhem in exposed situations, for a lengthened period,
to the action of the weather, under conditions smilar to those
to which they would be placed when used as building mate-
rials. I believe that the stone is being submitted to test of
this kind in England, but sufficient time has hardly clﬂPsed
since the introduction of the process to warrant a final de-
cision as to the durability of the stome. All the published
accounts, however, of the stone, which I have been able to
consult, speak favourably of its enduring qualities. Morcover,
judging theoretically from the nature of the materials used,
and the process employed in their consolidation, stone manu-
factured in this manner ought to prove well calculated to
resist the action of the weather.

3. One of the chief points, however, relied on in coming
to this theoretical conclusion is the fact that Ransome’s
stone, being composed almost entirely of siliceous matter, is
capable of resisting the action of most solvents, and hence is
not exposed to one of the great causcs of deterioration of
many building stones. The samples submitted to me, how-
ever (as will Ee scen by the anncxed Table), contain-a very
large proportion of matter soluble in hydrochlorie acid, the

resence of which ean have no beneficial effeet on the dura-
hility of the stone, hut, on the contrary, must, in all proba-
bility, injuriously affeet it.

1. The presence of this large proportion of soluble matter
is, no doubt, due to the kind of sand employed in the manu-
facture of the stone. I would, therefore, venture to suggest
that good silicious sand, if' procurable, should be substituted
for tgat at present employed, and, this condition complied
with, I see no reason why stone should not be made here by
Ransome’s process as good and as durable as that manufae-
tured in England.

No. OFP SAMPLE. .........| 6 7 8 9
Specific gravity of the stone ...] 1.83( 1.90| 1.87| 1.80
Percentage of water absorbed by

each sample after immersion
for 72 hours .....cceeveerenennnns| 148 96| 3.24| 524

Percentage soluble in hydro-
chlorie acid.....ceeceeiaianieeeenn| 7599 78.96| 606.57 | 66.85

Percentage insoluble in hydro-
chloric acid..... veenenneen| 24.01( 21.04| 33.43| 33.15
100.00 |100.00 {100.00 {100.00

“ 1 have the honour, &e.,
(Signed) “J. B. Lyon, Assistant-Surgeon,
“ Chemical Analyser to Government.”

OUR COAST DEFENCES.

TaE Sccretary of State for War and Inspeetor-General of
Fortifications are at present engaged on a tour of inspection
of the const, harbour, and river defences of the kingdom,
more especially on the southern, castern, and western coasts.
It is well known that opinions are vastly divided among
professional men as to the form and disposition of the iron
plating, both for the marine fortifieations—such as the forts
at Spithead—and the embrasure ¢ shiclds” for the const
batteries. The great fault in points of design in the first
instance with regard to most of the works on the coast
that have been expressly planned to carry armour-plating is
the evident overcrowding of cach work with embrasures.
These works, it must be remembered, built of granite, with
an iron ribwork of longitudinal and transverse girders, and
sheathing of outer armour, in the disposition of which cach
embrasure will cost from 1000l to 1500l, are supposcd
to be building to last, not for a few years, but for nlY time.
They can neither, when once planted in the sea—like the
Shovel fort in Plymouth Sound, the Spithead forts, or the
fort on the Isle of Grain—be reconstructed like a fleet,
or materially enlarged upon in any way. The fact
is, these forts were all intended when first designed
to carry the heaviest gun then known—the 23-tonner, or,
as it is generally called, the 600-pounder, which has carned
such fame at Shocbury. it vow that the land batteries at
the Gilkicker, at Sandown, at Sheerness, and other points,
are nearly ready to reccive their iron plating, it is found that
there will not be space for the 23 ton gun, aud a lesser weapon
will therefore have to be substituted. The same conclusions
apply to the marine forts at Spithcad and elsewhere. The
introduction of submarine mines into the system of defence
for roadstcads, harbours, and rivers has, however, rendered
the failure of our marine forts to carry their originally in-
tended weight of urmament a less serious matter than it would
otherwise have been, as it is just possible that all such works
may in future be looked upon as grand torpedo stations, with
their guns protecting the nests of hidden mines lying in the
water channcls and on the edges of the shoals, rather than as
fighting batteries defending, unaided by any secret bedevil-
ments, the passage from the attack of an encmy’s fleet.  But
there are faults of overerowding batteries with gunports in
some of the works that have been, or are about to he, visited
by Sir John Pakington and Sir John Burgoyne that is really
unpardonable and utterly without remedy unless every alter-
nate embrasure is built up, and half® the original number of
guns placed in the work.  Take the costly Hilsen lines, which
were designed to command the entrance to the island of Port-
sea (on which stands all the naval and ordnance establish-
ments at Portsmouth), as an example.  The embrasures have
here been placed so closely tn,l_zvtllu'r that even the earthen
covering for the stone-fronted tace of the hatterics wild not
stand, so acute is the angle given by the short distance be-
tween the ports.  As the carth is piled up over the top of
these batteries the foundations also give way, and huge cracks

may be seen opening up through the brickwork in all direc-
tions. The want of solidity in the base to support the super-
structures is, indeed, also to be found in almost every picce of
new fortification now erecting, or lately ereeted, around our
coasts. In many places this recult may have been inevitable
from the pature of the ground, but in many cases it has most
undoubtedly been assisted by a neglecet of precautionary mea-
sures, or disregard of any consideration of the condition of the
soil, marsh, or shingle on which the fort was to be raised. Forts
are now standing, or rather are trying to stand, which are con-
stantly letting ship large slices of their ramparts into the ditch
below. These forts carry guns, but it is almost needless to
say that not one has yet been fired from their ramparts, nor
could it’be done with safety, for fear of the whole fort falling
prostrate,

The Medway forts are, perhaps, the most curious and in-
structive in their history ot all. " They have no doubt been a
bugbear and a horror to Seerctaries of State for War and the
officers of the Department. The so-called foundations of
these works only were completed, when they split through in
the most fantastic forms from their lowest to their highest
stones, and had to be braced together with stout iron tic-rods
from side to side to keep them from breaking up. This latter
strengthening measure accomplished, the next step was to
build up the superstructure. As the stones for this p se
were lnid on any one side of a work it sunk in the quaking
morass, while the opposite side rose. It was soon evident
that no forts could be finished on the Mcdway's bank, but
the difliculty was got rid of in a most undignified way, and
in a way, too, that was peculiarly cruel to Sir John Paking-
ton when just fresh from his Jabours in the “reconstruction”
ol the navy, and taking up his new duties as Sceretary of
State for War.  Sir John was made to say in the House of
Commons that ¢ it had been determined to abandon the forts
‘ on the banks of the Medway in order that the money with
“ which it had been intended to construct them might.be ex-
¢ pended upon the Spithead forts.”

If Sir John Pakington visits the sites of the abandoned
forts on the Medway during his present tour with Sir John
Burgoyne, he will, doubtless, learn the true cause of their
abandonment, and at the same time the importance of weigh-
ing carefully any statement which he may have to mako
officially on subjects with which he has had no opportunity
to make himselt personally familiar.—7'%mes.

NOTES FROM THE NORTH.
GLAsGow, Wednesday.

State of the Iron Market for the past Week.—There has
been a gradual upward motion in the prices asked and given
for pig iron during the last week. During two or three days
the market has been very firm and strong, and the prices have
been as high as 64s. 6d. per ton cash and 54s. 74d. onc month.
Yesterday the market was still firm, and on Monday scveral
thousand tons changed hands at 54s. 6d., one month ; but to-
day the demand has again been somewhat inactive. No. 1
Gartsherrie and No. 1 Coltness have both been in demand at
61s. 6d. The shipments of pig iron at Ardrossan for the week
cnding 19th September were 6007 tons, including 1988 tons
to supply foreign orders. For tho week ending 21st
September, the Glasgow shipments were 2925 tons, including
2420 tons for forcign orders.  There were no shipments of pig
iron at Greenock last week.

The Ocean Race from China—more Greenock Ships Suc-
cessful.—The Tacping, mentioned last week, is not to be
allowed to claim the victory this year, afterall, in the exeiting
race among the China tea clippers.  On Sunday morning last
the clipper ship, Sir Lancelot, arrived in the Downs from
Shanghai, after a run of 96 days. Now, Shanghai is more
distant by 700 miles than Foo-choo-foo, and consequently the
passage of the Sir Lancelot has put that of the Tacping com-
pletely in the shade. The Sir Lancclot is a vessel of 855 tons,
1s owned by Mr. John McCunn, of Greenock, and was built
by Messrs. Robert Stecle and Company in 1865. She came
home by the eastern passage. The Arnel, 750 tons, also built
by the builders of the Taeping and the Sir Lancelot, in 1865,
arrived home on Monday, and completed the passage in seven
hours less than than the time taken by the Tacping. Sucha
close race over such a long course is, according to the Times,
absolutely unprecedented.  Captain Dowdy, the commander
of the Tacping, is to be entertained at a grand banquet by
the Fishmongers® Comnpany, in honour of his great success.

Another exciting race is expected between two more Clyde-
built China clipﬁx\ra, the Lah-loo, built by Messrs. Steele and
Co., of Greenock, and the Spindrift, built by Messrs. Connell
and Co., of Glasgow. They were to have started on their
first voyage last week simultancously from Gravesend, for
Shanghai; the Spindrift, however, started two days before
ber competitor. The Greenock clipper-building firm Is getting
great praisc.

Further Reduction of Fares to and from Belrast.—Messrs.
G. and J. Burns are determined not {o be beaten off by the
Ardrossan Steamboat Company in the matter of cheap fares.
They have just put on their serew steamer Weascl, in addi-
tion to their two ordinary mail steamers, to run to and from
Beltast at 4d. per voyage by deck passage, and 2s. 6d. cabin,
including railway to or from Greenock. Can travellin
further go in the direction of cheapness? The Weasel ha
upwards of 600 passongers on Saturday last, when she made
her tivst trip from Greenock. The Wolf sailed shortly after-
wands, steerage, s cabin, 125, 6d. Between them they had
considerably upwards of 1000 paszengers. 1t is worthy of
nofe that on Saturday evening lzst no fewer than four sea-
going steamers belonging to Mewors, Burng, were Iying at the
Greenock pier—the Wolf and Weasel for Belfast, the Buflalo
for Londonderry, and the Penguin ior Liverpool.

The nightly average by the Ardrossan route exceeds 400,
at a sixpence each.  To get to Ardressan from this city by
railway, now, at a cheap rate, is to go by way of Belfast, or
atall events to tahe a sixpenny instead of the usnal half-
erown tichet. It is to be hoped that soine good friend of these
competing companics will step in and prevent them repeating
the deed dene by the “ Kilkenny cats.”
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Skipbuilding and Shipping Items, New Contracts, §c.—The
new steamer Baltimore, 2200 tons, lately built at Greenock
for the North German Lloyds’ Company, for their Bremen
and Baltimore line of steamers, has just been towed over to
Gareloch to await the arrival of the steel shaft which is being
made for her in Prussia.

The Jasper, a handsome new iron three-masted schooner,
built by Messrs. Robertson and Co., of Greenock, for the
Mersey and Clyde line of traders, owned by Messrs. MeArthur
Brothers, of Glasgow, has also been over to Gareloch for the
adjustment of her compuasses.

A fine ship of 1250 tons, named the Ardgowan, was
launched by Messrs. Robert Steele and Co., on Thursday last,
for Mr. George Adam, Greenock. IHer dimensions are:
leneth of keel, 212 1t breadth of heam, 35 ft.; depth of hold,
32 {t. She is intended for the East India trade.

Messrs. Seath and  Connell, shipbuilders, Rutherglen,
launched a handsome screw steamer, the Silver River, of
441 tons register, last week. She has been brought down tothe
upperharbour of this city. toreceive her engines and machinery,
and to be thoroughly finished.  Her engines are to have surface
condensers with all the latest improvements, and a high rate
of speed is expeeted of her.  She is two-decked, and is the
largest vessel that has hitherto been built up the river.
When the new Hutchestown Bridge is built (of which more
shortly), and the weir near its intended site is removed, it is
expeeted that the shipbuilding yard at the ancient royal
burgh of Rutherglen will be able to turn out vessels of double
the tonnage of the Silver River. Notwithstanding the
present depression in the shipbuilding trade, Messrs. Seath
amnd Connell have in hands at present one screw steam yacht
of 30 tons, another of 60 tons, and two twin screws of over
209, 1ons each.

As further evidence of the great activity in the Greenock
shipping trade, there were no fewer than seventeen arrivals
from l'm'eign ports, with a total tonnage of 5600 tons, between
Saturday fiight and Monday last.  Four had cargoes of
apples, one had wine, three wheat, four timber, and two
sunr,

The Medora, a finely modelled ship wns launched a fow
days ngo from the shipvard of Messes. Barr and Shearer,
Ardrossan. She is about 800 tons regrister, and s elassed
A 1, thirteen years, at Lloyds’. She is intended as an addition
to the extensive fleet owned by the eminent shipping firm,
Messrs. James and Alexander Allan, of Glasgow.

Theserew-steamer Denmark was recently launched by Messrs,
Henderson, Coulborn, and Co., of Rentrew, for the Bultie
grain trade.  Immediately after being launched, she was
placed in the builders’ tidal basin, under their steam crane,
and received her machinery and boilers,  After taking a short
trial-trip, she sailed to Liverpool, and stcamed to the Bell
Buoy at an average rate of ten knots on a consumption of
0.75 ewt. of conl per hour. The Denmark is constructed to
carry from 4000 to 1500 quarters of grain. She is fitted with
compound high and low pressure engines of 100 horse power
nominal, with surface condensers and other improvements.
Her builders have just received very favourable reports re-
garding the voyage to Japan of the steamer Dragon, built
and engined by them.  Their new system of machinery seems
to have proved to be possessed of very decided advantages,
The Dragon has pertformed what has never been done betore,
the last place she coaled at being the Cape of Good Hope.

Messrs. Robertson and Co., Greenock, have coutracted
for the building of a tug steamer of medium size.  She is for
the Glasgow and Greenock Company, of which Mesars.
Steele, Glasgow, and Cunningham and M‘Caskill, Greenock,
are the managing owners. The engines are to be built by
the Finvieston Steamship Foundry, Glasgow, and consider-
able interest i3 takenin this contract to see it the Clvde eannot
Brwluco a tug-boat as light and cheaply as the Tyne ship-

uilding firms.

Messra, Robert Steele and Co. have contracted with Messrs.
James Richardson and Co., sugar refiners and merchants,
GlasrHw and Greenocek, to build two ships of about 800 tons,
for their Mauritius and West Indian trade. They are to be
similar to the Fleetwood, built this vear by them for Messrs.
Richardson.  Messra. Steele during the past fortnight con-
tracted for other two ships, one of 1200 tons for Mesers.
Shankland and Co., Greenock, and another of 1000 tons for
Mr. . Hendry and others, and they have another sailing
versel of about 600 tons for a Liverpool house on the stocks.

Meossrs. Randolph, Elder, and Company have just con-
cluded a contruct with the Aberdeen, Leith, and Clyde Ship-
ping Company, to build a screwsteamer of 700 tons, for the
passenger trade hetween Leith, Dundee, and Aberdecn.  She
18 to be of 200 horse power, 200 ft. long, 26 ft. 6 in. broad,
and 1t {t. in depth ot hold, and is to have accommodation for
fifty first-class passengers.

New Iron Bridge vear Berwick.—A lattice-girder iron
bridge is at the present time being  erccted across the
Whitadder, about four miles from Berwick, the wooden
bridre having been condemned. The engineer for the work
is Mr. Leslie, C.1., Edinburgh; and the contractors, Messrs.
Cowper and Brodie, Paisley. The estimated cost of the bridge
was upwards ot 35301, and it was to be completed by the end
of this month. However, several causes have operated to
prevent the work being completed at the stipulated time.
Considernble difficulty has Leen experienced in - finding a
foundation, and in-t s of ciehit ex'inders being sutlich nt for
ench piors twehve will be required. Theny againg the bridze
is beine huilt on the site of the old one, znd great ditliculty
was experiencad in dewing the piles on which the wooden
bridie was built, four davs having heen oeeapied in drwing
one pile.  Another delay arose from the fuet that thisis the
first iron bridee of the Kind built in the neighbourhood, and

reat ienorance prevailed among the workmenaas to the sink-
ing of the evlinders. 1 is expeeted that the bridge will he
completed hy Christmag, and that the estimated eost will be
excecded by =00/ R

New Hntchesontoren-bridge over the Clyde.~The estimates
for the butlding of the new iron bridge, in room of the pre-
sent Hutchesontown stone bridge, were opened to-day ut a

meeting of the Bridge Trustees. There were ten cstimates
received, and they all come very close upon one another;
but report has it that in cvery case the estimated cost given
by Messrs. Bell and Miller, the engineers, is exceeded, which
was 42,000/, including the building of the wooden accommo-
dation bridge, which I mentioned, I think, a number of
weeks since, a8 having cost 3600/,  The estimates were opened
in presence of thoe trustees; but they did not come to any
conclusion in reference to the accepted offer.  They will meet
again on Friday.

Clelend and Mid-Calder (Caledonian) Railway—The West
Calder contract of this line, undertaken by Mr. John Waddell,
Bathgate, has made great progress towards completion within
the last two or three months. On Monday an engine was
run all the way between Mid-Calder and Addiewell, and it is
expeeted that the line will be opened for goods tratfic within
two months, and for passenger trafic by the 1st January
next.

PRUSSIAN COAL.

TrE coal-fields of the valley of the Ruhr extend over a
surface of 115 square miles, and are supposed to contain
about 40,000,000,000 tons of fuel. The production in 1855
amounted to 3,252,223 tons (British), and the number of
hands employed was 22,235 ; in 1865 the production reached
8,535,014 tons, having nearly trebled itself in the ten years,
and the number of hands employed had increased to 39,871,
The price of conl at the pit's mouth was, on an average,
for best, 53. 6d. per ton 1n 1866. The wages of the conl
districts vary from 1lsgr. (about 13d.), for boys, to 2s. and
28. 6d. for men for a day of ten hours. Labourers who
earn more do so by extra exertion in the mines where
piccework is usual. The difference between the district
and similar ones in England is that you find there cheaper
wa;in-s and longer hours of work —consequence, cheaper
coal at the pit’s mouth than in Great Britain. The car-
riage of coals on railways being on an average four-fifths
of a halfpenny per ton per mile, and the chief centres of
Rhenish industry being elose to the collicries, machinery
can be driven less expensively there than in England. A net
of railways unites the collicries with all the great towns of
the neighbourhood— Duisburg, Diisseldorf, Elberfeld, Bar-
men, lﬂgon, Iscrlohn, Witten, Dortmund, Essen, and
Ruhrort. A steam ferry takes the coal over the Rhine at
Ruhrort into the silk and cotton manufactories of Crefeld,
YViersen, and Gladbach. At Ruhrort a vast harbour, formed
by the confluence of the Ruhr with the Rhine, serves as port
of shipment for the coal, which is towed up to Mayence
and Mannheim in barges. At Duisburg shipments are
made from the quays of the Rhine. e war of 1806
curtailed the facilitics of transport, and withdrew men from
productive labour, and the hands employed on the Ruhr
coal-fields were reduced to 37,686; but through a more
general use of machinery the production of the year still
slightly increased, and reached 8,583,302 tons. New rail-
ways increase the export of produce, and year by year the
arca over which the export of Ruhr coal takes place is ex-
tended. “It is urgent.” writes Consul-gencral Crowe, of
Leipsie, from whose recent report to the Foreign Ottice these
statements are taken, “that our trade should know that
little or no English coal is now sent inland from Antwerp,
Rotterdam, or any of the Dutch and Belgian harbours. The
Rubhr collieries feed the great industrial centres of the Lower
Rhenish provinees, and compete with England in the Dutch
and North German markets. The coal-owners are striving
for new communications to the westward, and there is no
doubt that if they could rival England in the quality as
well as in the price of coal they might push us {nrd
enough in certain quarters. They admit the superiority
of Lnglish sca coal, but they may, and perhaps do,
ealculate on the possible exhaustion of Great Britain. It is
scarcely possible to describe the pleasure and excitement
caused in the Ruhr districts by the fact that in 1865 and
1866 Wesphalian coal fwas carried with profit to the Bel-
gian coal basins of Charleroi and Mons, and even over the
frontier into France. It is a small matter at present, but
France may not be able to get more out of her own ficlds,
and England and Belgium be unablo to deliver cheaper and
in larger quantities.” A few words concerning tho lebourers
in the ‘Ruhr coal districts will be of interest. A great
number are vagrant. They do not universally keep to
mining as the business of their life.  They are prono to
change, and you will find the same hand turn to two or
three different occupations in the smwe number of years.
They have as yet shown no desiro to combine or to form
trades’ unions. There is nothing organised among them,
except a society for advancing necessaries on a_certainty of
repayment from wages at monthly intervals.  The workmen
complain of competition among cach other. The owners of
mines, on the contrary, complain that labour is too scaree,
and threatens to be too dear, so that there are limits to the
expansion of works. As for the conl mines themselves, there
are none that exceed 150 fathoms in depth; some have
double, most have but one shatt divided by hoardings into
balves for the passage of air and the working of the cars.
Substantial buildings cover the shafts, and contain the neces-
sary stenm-engines and hoilers.  The seams are numerous,
and are worked at varions levels from the same shaft.  Some
seans are as thin as 24 163 the thickest arve rarely above 43 {t,
The quality of the coal is various.—Zanes.

COAL-CUTTING MACIINES.
To Tne EniToR oF ENGINEERING.

S1z,—Under the above head, your correspondent, “J. G.,”
gives a statement of the working of certain conl-cutting
wachinery at West Ardsley, near Leeds, but his very sanguine
anticipations as to the results attainable by the machinery he
deseribes appenr to me to be very far-fetehed, and, taking his
own statements, altogether erroncous.

The mauchinery deseribed by “J. G.”” performs the opera-

tion of holing, kirving, or undercutting at a long bank, and
to this one operation 1ts action is confined, with the further
limitation that the height of the drift in which the machine
is used must be at the very least 3 ft. or more, in order to
admit the attendant, who to set on the machine whilo
working it.

Now%ﬁirving at long walls is only one of the many and
varied cutting operations that have to be performed by hand
labour; it is only of limited application, and is the casicst and
most straightforward part of the collier’s work in cutting.
If the machines will only perform this work, and that, too,
only where the seam is over 3 ft. thick, then it is too much to
say that such machines will “ supersede the present system
of hand-pick labour,” and have * passed the stage of expe-
riments.”  The machinery d(-scri‘gcd by “J. G.” requires
the drift and road in which it has to work to be first made by
hand labour. This is the slowest and most difficult part of
the collier’s work, and cannot be performed by the machinery
described, which requires the completed road to work on.
Until this is accomplished by the coal-cutting machine, it
cannot be considered a success, and * passed the stage of ex-
periments.”

I have already stated that long wall working is of only
limited application. I suppose it 13 scarcely necessary for me
to explain that the systems of working coanl mines have to be
varied considerably, according as the quality and structure of
the different coal strata may render necessary. Hence we
have various modifications of the system known as ¢ pillar
and stall,” as well as modified forms of the long wall system,
in none of which the'West Ardsley machinery, as described
by “J. G.,” could be employed.  Aguin, the Ein seams, some
of which are only 18 in. or less, in which the use of the ma-
chine would be of greatest ;advantage in the making less
small, must be altogether shut out from the use of a machine
which has to be worked by an attendant scated thereon.

«“J. G.” also speaks in terms of approval of the system of
roof-pressure used in one of the West Ardsley machines, in
order to obtain a sufficient “ purchase” forthe action of tho
cutter. This appears to me in itself sufficient to condemn the
machine, as the roofs in most coal mines aro generally danger-
ous enough of themselves, without increasing the risk by
blows from a machine.

The objections I have pointed out are, I think, sufficiently
obvious, and will prevent the general application of the ma-
chinery deseribed iy “J. G We may, however, antici,
some good results from the competitivo trials of coal-cutting
machines, which are to commence in November next, in Lan-
eashire, under the direction of the South Lancashire and
Cheshire Coal Association. In all probability, these experi-
ments will result in the production of a machine which will
performn all the operations above referred to. £Y.2

As the writer of the above withholds his name, it is but
right that we should say he is a patentec of & coal-cutting
machine, whereas “J. G.”” has no pecuniary intcrest in the
question.—Ep. E.]

FRENCH MARINE ENGINES.
To THE EDITOR OF ENGINEERING.

SIR,—Some weeks ago, while perusing, in the columns of
The Engineer, a description of M. Dupuy de Lome's three-
cylinder compound engine for the French ironclad, the Fried-
land, my attention was forcibly arrested by the following

pamgraph: .
¢ In comparing the power cxerted by the high and each of
“ the low-pressure cylinders, we must remember that, whilst
“ the former has a force acting with perhaps 301b. to the inch
“ on one side of its piston, in the latter the piston is propelied
“ by the expansion, and drawn by the condensation, 1with forces
“ which, in the aggregate, fall little short of that which is
“ applied to the hlg%l-pr('ssul'c piston.” (Vide The Engineer,
July 19, 1867, page 58.)

he article in question, which purports to be a general
review of French marine engineering, 1s rather lengthy, and
ranges over a variety of topics, cach in itself of suthicient
interest to claim speetal attention, and room for much thought
to the serious reader; but the novelty of « a piston propelled
“ by the expansion, and drawn by the condensation, with forces,”
ever and avon recurred to my mind, and finally compelled mo
to pause in my studious carcer, in order that I might unravel
the meaning of that sentence.

The Engineer is not necessarily a grammarian, and he may
with impunity, as an cngineer, speak or write of a piston as
being pl'oprlgd by the expansion with forces, or propelled by
the expansion of forces, becauso the reader will gencrally
understand his meaning ; but though not necessarily a philo-
sopher, the engincer in general, and your contemporary in
particular, who writes for the information and for the instruc-
tion of all intcrested partics, ought to have sufficiently clear
notions of mechanical gcience to convey his ideas in language
intelligible to mechanieal scholars of the humblest degree;
and here I would ask the editor of that journal what is meant
by a piston drawn by the condensation with (or of) forces, or
whether he means to convey the idea that the condensation
of steam in front of a piston is a phenomenon gimilar to that
of the muscular action of & horse or a jackass in front of a
common eart, and, if o, what author on elcmentary mechanics
has established the same comparison ?

Absence from home, and the hope that some one better
qualified than myselt might take up the subjeet, has pre-
vented me from ealling the editor off 7%ee Engineer's attention
to this matter, which I must needs do through the columns
of your paper.

I remain, Sir,
Yours very truly,
London, September 25, 1867, J. J. BIRCKEL.

Rams ror Russia.—The John Cockerill Company, of
Seraing, and MM. Blondiaux and Co., of Thy-le-Chiteau, Lave
secured a Russian order for 20,000 tons of rails, with accessories.
The rails are to be used in Southern Russia.
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TRAVERSING CRANE AT THE STEAM-PLOUGH WORKS, LEEDS.

IN the course of the account™which we gave ast week of
the Steam-Plough Works, Leeds, we mentioned a traversing-
crane, which is worked by a steel rope acting upon a clip-
drum. Of this crane, which is made to lift weights up to
12 tons, we now give engravings on the present page. As wtﬁ be
seen by the illustrations, the wire rope, which is  in. in dia-
meter, and isrunata s of about three miles per hour,
passes round guide-pulleys running on studs fixed to the
underside of the crane; and from these it is led round the
clip-drum, which is placed near one end of the crane-girders.
The hoisting and traversing motions of the crane are driven
from the shaft carrying the clip-drum by means of frictional
gearing, thearrangement of which can be readily traced out from
the figures. Every motion is driven by a worm, and a load
is lowered simply by reversing the tion of running.
Eacoltlis of the motions is arranged so that it can bo run at two
speeds.

The endless rope by which the cranc is worked passcs over
a clip pulley at onc cnd of the shop, and a plain grooved
pulley at the other, the driving power being applied through
the former gulley. The return rope is led over the top of the
crane, which latter carries a guide pulley to support it.

The endless rope is kpﬁ)t running continuously, as, at the
moderate speed at which it is worked, but little power is
required to drive it when the crane is at rest. It is, in fact,
the employment of a slow running rope combined with the
clip drum that constitutcs the main feature of the arrange-
ment. At present, the crane which we have described is the
only one driven by the rope in its particular department of
the Steam Plough Works, but Messrs. Fowler and Co. are
erccting another crane which will be driven from the same
rope. fact, any number of cranes can be driven by one
rope, provided that they are in the same building. Our
engravings of the cranc we have described have been pre-
K*[nred from tracing with which wo have been supplied by
Messrs. J. Fowler and Co.

WINCHESTER DRAINAGE COMPETITION.
To TuE EpiToR OF ENGINEERING.

S1R,—Of the many ills which flesh is heir to, and the fre-
tcnt annoyances and vexations that fall to the lot of man, I
think that the most offensive of all to your true Briton is to
be “done,” taken in, promised fair, but played false. Such,
however, has been the treatment which oursclves and eight
other gentlemen have lately received from the Local of
Winchester in the matter of the competition designs for the
drainage of that city.

MESSRS. JOHN FOWLER AND CO., ENGINEERS.

In Scptember last year, the Winchester™ Local "Board ad-
vertised for’plans, sections, estimates, &c., for the complete
drainage of their city, offering premiums of 150%, 100i., and
50L., for the first, sccond, and third best designs respectively,
which were to be in accordance with “printed particulars”
supplied. These set forth various stipulations, but three only
I need now mention as being special, and affecting the engi-
neering part of the question. 1st, that the estimates were
to be divided into three scctions according to the locality ;
2nd, that “the designs were to set forth tEe best place and
“ method of disposing of the sewage;” and 3rd, that “the
‘“ plans and horizontal sections were to be drawn to a scale of
66 ft. to an inch.”

Upon this wo visited and stayed about a weck in Win-
chester, and spent a considerable sum of money, and a great
deal of time and trouble, in getting up our designs, which
trouble was greatly cnhanced by the scale being required to
be so large, and there being no accurate map or levels of the
city to be obtained except from our own obscrvations. On
the 1st January, 1807, eleven competitive designs were sent

in.

After some weeks the Local Board referred all the plans to
their surveyor for his examination. On the 4th April he
made his report, finding considerable discrepancies and faults
with all, more or less, but stating that one (No. 3) *did pro-
“vido for the safe and unobjectionable npplication of the
“ sewage, which was the great desideratum.’

The Board, upon this, took no notice whatever of
their surveyor’s report, but selected four plans (which all
utilised the sewage in the same place), and discarded the other
seven, including No. 3, which their surveyor recommended,
though its retention with the four selected was voted for by
five of the members. These four (Nos. 1, 5, 7, and 11) they
submitted to Mr. Bothams, the city surveyor of Salisbury,
for lnm to select the three best for first, second, and third
premiums.

Mr. Bothams kept these four plang for some three or four
months, and, on July 15th, made his report, sctting forth tho
various qualities of each, and recommending No. 7 as the
best, and, being asked by the committee various questions,
and amongst them one somewhat of a leading question, he
replies that he does not think that Nos. 1, 6, and 11 are entitled
to any premium at all. This is confirmed by the Local Board,
upon which they determine to withhold entirely the 2nd and 3rd
premiums.

There were two amendments proposed at the meeting, one
of which was that the whole of the rejected plans should be

recalledland submitted to a”Government inspector from"the
Local Government Act Office, and the other amendment
moved the adjournment of the question for a month, in
order to consider it more deliberately. The first was nega-
tived by 12 to 5, and the latter by 10 to 7.

Now, Sir, we contend that whatever right the Local Board
had to put a veto on this or that plan, for the first premium
—the one which they intend to carry out—they were not com-
petent to judge on the question (then become purely a

uestion for an engineer) of the merits of the other plans,
or the allotment of the second and third prizes, and they
were unjust to discard the seven without submitting them
to an engincer.

Again, with the four sclected—they selected them them-
selves, with their eyes open, and all their amateur engi-
neerin, knowle;se, combined with an intimate acquaintance
with tio, ¢ printed particulars”’—and now they sneak out of
their obligations with the paltry excuse that the designs are
not in accordance with those “ printed particulars.” How
is it that they did not sce this fact when they selected Nos.
1, 56,7, and 117

As to the few inaccuracies in the levels, considering tho
absence of all reliable information from any plans and scc-
tions existing, it was almost im, ible to avoid some errors
in levelling over so large a place as Winchester in the time
available.

In architectural competitions it is very different, for an
architect (in most cases at least) can sit down at his office
table, and get out his design without even going near tho
locus in quo; but an enginecr must not only go and see tho
place, but must spend a considerable time there, and moncy
out of pocket in addition to that required in getting up the
drawings in his office. Therefore we say that these gentlemen
havs f? tlt:i.ned the work gf hc‘)‘ur brains and hmfxgﬁ mll:l ues,in
good faith on our part, and have most disgracefully played us
false, and kept bnpcal: that which is our due, and whli)ch some
twgl among us have justly earncd, for the sake of saving
1501 !

We don’t hesitate to say, Sir, that there is not a man
among them who in his private capacity would have thought
for a moment of such meanness, and an individual who could
be guilty of such a breach of faith would become the reproach
of his fellow-citizens, and disgraced in the sight of all honour-
abka g(l-ntl.e!nen;‘ i h of aluabl

pologising for occupying so much of your valuable space,
! ngcga.rc, Sir, your obedient Scernts,
1CTIMS OF MISPLACED CONFIDENCE.
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PROFESSOR ZEUNER’S VALVE DPIAGRAM.
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PROFESSOR ZEUNER’S VALVE DIAGRAM.
To THE Eprror or ENGINEERING.
Sir,~—The following particulars of Professor Zeuner's valve
diagrams will perhaps be interesting to many of your readers.
In investigating the action of a slide-valve, we shall have in
the first place to ascertain its travel ; in other words, to find for
any angle of rotation the distance of the valve centre, B, from
the centre of oscillation, X. If the valve be adjusted for equal
lead, the centre line of oscillation, X, must be situated central
between the ports and at a fixed distance from the axle, O.
In Fig. 1, letters denote:
=the centre of the driving axle.
OR=the radius of the crank.
OD=1 —=the throw of the eccentric.
DC={ =length of eccentric-rod.
CB=[1=length of valve spindle.
OZ=axis of cylinder.
3=the angle of lead.
w=the angle of rotation.

We have:
OB=0E+EC+CB,
=r sin (W+8)+4/ 2—r? cos? (w+0)+4,

=r sin (w+8)+1/ 1"(%)"""‘

This, analysed into a series, according to formula
V1—4,4=1—{z+ PR

2 coe® (w+3)
oo ()

gives
OBe=r sin (w+6)+l{ 1— +h

Since the valve oscillates symmetrically on the central line,
X, it follows that at the angles of rotation, w, and 180°—aw, the
valve centre line is situated at eti?‘d distances, but in opposite

] . . .
directions, from the central lin
fsion> l,,lﬁ 5, e

Substituting in the last for w==10', 'v’va h:v:
OBy=r sin o+ {52} 405
and for w=180°, we have

. 2 cos? § '
OB, = —r sin 6+l{ 1— _ZF—} +h;
since )
OB.+OB,___0x’
2
we have .
_ __rs cos
0X=1 {1 -T2+
The travel, &, of the valve for the angle of rotation, w, is:

§=0B—-0X
=r sin (w+8)+'2.'.; {coo' 3—cos® (w+5)}

=r sin (w+6)+;_; sin (20+w) sin w

r and { being usually so slroportionod that the disturbances
caused by the obliquity of the eccentric-rod become practically

inappreciable, we can neglect the value g sin (28+w) sin w,

and have {=r sin (w+3), .
=7 gin 3 cos & co8 & sin w;
or simpler when A denotes r sin ¢, and
nw roosd.
E=Acos w+Bsinw .. .. (I),
which is the polar equation of two tangential circles of equal
diameter, the pole being in the point of contact.

Referring to Fig. 2
"8 l%:!,' co8
=r oo { 90°—(ux 9) }
=r sin (w+4), .
and we have geometrically arrived at the sane equation as

above; therefore the travel of the valve for any angle of rota-
tion is represented lky ils corresponding radius vector.
For the value of A and B we have in Fig. 2,
Famy cos 3=B
OE w7 sin §=A,
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and the co-ordinates for the centre of the circle are
a—4% A and
=1B.

L The action of an ordinary slide-valve driven by a single
ecceniric.

Given the radins of eccentricity (r)=2} in.
s in.

the outside lap =H
the inside lap  * =&;‘ .
the angle of gead [6)) =

To construct the diagram (Fig. 3) draw the system of axis
OY and OX, of which OX denotes the centre line of motion;
then draw the line OZ at an angle of 30° (equal to the angle of
lead) to OY, and upon it and its continuation (OZ) mark off the
amount of eccentricity (r) OP, and 0Q., and over OP, and
0Q, as diameters describe two circles. By means of these
circles (by Zeuner called schieberkreise, or valve circles) the
motion of the valve and the distribution of steam is explained
in the following simple manuer: K

Supposing the crank to be in the position of OR, or in the
first opiot‘s gead centres, and rotating in the direction of the
arrow from R to R,. Arrived in R, , the corresponding travel of
the valve will be OP ; in other words, OP denotes the distance
the valve has travelled from its central position.

For the angle of rotation, XOQ, or (180°+ w) the diagram gives
the same value negative. The upper circle gives us the travel of
the valve to the right-hand side, and the lower circle that to
the left-haund side, from the central line of oscillation.

The valve oscillating symmetrically on a central line, X, it
follows that both circles give similar values, and for the sake of
simplicity we will only consider the upper circle.

he diagram being drawn full size, we need only measare the
distance OP to find the distance of the valves; likewise, by
measuring OP?!, on the line OX we find the position of the valve
from the central line, when the crank is at its dead centre.

To get the opening of the port, describe around the centre, O,
a circﬁae with a radius, OV, equal to the outside lap, and subtract
OV from OP.

The opening of the other port for the release we find by de-
scribing another circle around the centre, O, with a radius, OW,
equal to the amount of inside lap, and by subtracting OW
from OP. . i ,

All other questions can be solved by referring to diagram
Fig. 8.

11. The action of a skide-valve driven by a link-motion.

The travel of the valve, £, is expressed by the equation

=r(sin 5+02%I"’- cos § )cos w+-'clcos 8 sin w,

where r=throw of eccentrics, . X
c=distance from centre of link to point of connexion
with eccentric rod,
u=distance from centre of link to guide block,
I=Ilength of eccentric rods,
o=angle of lead,
w=angle of rotation; L.
the link motion is arranged on Stephenson’s principle, and the
link is connected to the eccentric rods, so that u can be equal
to c.

Ifr (sin ) +°5:r cos a)=A, and
cl
r-z cos §=B,
we have by substitating these values in above formula

Ew=rA cos w+B sin . .
In diagramLFig. 4, we have assumed 4 degrees of expansion or

notches, and by referring to the diagram we can compute the
subjoived Table, where all the values are given full size.
Degree of Expansion.
Dead
centre.
1 2. 8. 4.
Travel of valve... .| OPo | OP, [ OP, | OP, | OP,
Opening of steam-port...| VP | VP, | VP, | VP, | VP,
Opening of release-port | WP, | WP, | WP, | WP, | WP,
Onpide lead ... . leo V.p‘ le' -V.p, v:p‘
Insidelead ... ...|W,p, [ Wip, [ Wip, | Wip, [ Wip,
Maximum travel of valve]| Op, { Oc, | Oes | Oc, | Oc,
Maximum opening of
steam-port ... .| Vap, | b6, | bye, | byc, | Bec,
Mazimam opening of re-
lease-port ... o Wapo | @iy | aye, | aye, | aie,
A. B.

Sheffield, September 12, 1857.

GoLD AND SILVER IN NICARAGUA.—Attention has been a
good deal occupied of late with the gold and silver mines of
Javali, discovered in the mountainous district of Chontales,
which belongs to the Republic of Nicaragua, and which is at no
great distance from the Atlantic Ocean. The part of the mines
already worked is in the hands of English capitalists, who have
nmlpressed Frnt activity on the operations. Specimens of the
Eo dland silver raised are understood to have been forwarded to

ngland
. 'fMNSATLAN'HC Steam SmIPrING.—The number of great
lines of Transatlantic steamers sailing from Liverpool has just
been increased by an enterprise inaugurated by an American
com‘mn between Liverpool and Boston. For some few years,
Anglo-American maritime commerce bas been in the hands of
great English companies, who have succeeded in getting rid of
all foreign competition. But since the close of the civil war of
1861-65, the intercourse between Great Britain and the United
States has acquired so great an extension that, notwithstanding
a recent increase in the plant of the Cunard, Inman, &c., com-
panies, capitalists of Boaton—sa port which required, for the
Test, a direct line with Liverpool—have deemed it right to make
a trial on their own account. Tke first voyage has been made
Ey_th(cé &1})&;0,)&_ m'ew1 of 22819 ':ims. é&nﬁl:&’ steamer, the
rie ons), is nearly completed ; and a third, the Superior
(8000 tons), is in course of construction. P

THE MISSISSIPPI BRIDGE AT ST. LOUIS.

Ix our last number we mentioned the committee of American
engineers which has been convened to determine upon the best
method of constructing the foundations of the great brid
which is to be constructed across the Mississippi at St. Louis.
The committee on the foundations and piers was composed of
Messrs. E. S. Chesboro, William J. McAlpine, George A.
Parker, L. J. Fleming, C. L. McAlpine, and General W. S.
Smith ; and a meeting of this committee was held at St. Louis
on the 2Ist of August last, there being present Messrs.
Chesboro, W. J. McAlpine, General Smith, and C. L. McAlpine.

On motion, Mr. Chesboro was unanimously elected chairman,

and C. L. McAlpine, secretary, and was requested to make | P!

notes of the observations of the members under the direction of
the chairman.

It was decided that the discussion should be with open doors,
and that any member of the convention, or any person interested
in the subject who expressed a desire to that effect, shonld be in-
vited to be present during the discussions.

Messrs. T. J. Homer and J. B. Moulton, of the committee on
the “ Regimen of the River and Character of its Bed,” were in-
vited to attend, when they stated to the committee the results of
their own investigations, and that of others, extending over a
course of many years, as to the following among other points,
namely: The periods and action of the floods in 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 causes, so far as came within their observation; their
opinion as to the extent of tho same, that would be due to the
erection of piers for the proposed bridge; the movement and
effact of ice and ice gorges, and the information gained by Mr.
Homer, during his soundings and borings in the river and its

bed, from the mouth of the Missouri to Jefferson Barracks, and | ¥

particalarly 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,

The practical experience of the bers of the ittee in
the construction of works similar to the cne proposed, the
recorded experience of eminent engineers in this and other
countries, and the particular information obtained in regard to
the case in question, was dwelt upon with preat care and de-
liberation by the committee. Many plans of the latest improve-
ments for foundations and piers were brought forward for dis-
cussion. Among the first considered were those of coffer dams.
Allusion was made to several that had been constructed in deep
water, and under various difficult and perplexing circum-
stances. Among the rest a coffer dam built by Colonel Abert
on the Potomac river at Georgetown, which was about 40 fr. in
depth, another, built by Mr. Jervis for the Croton Aqueduct, at
Harlem river, about 50 ft. in depth, another, built for the U.S.
Naval Dry Docks, at Brooklyn, by Mr. McAlpine, 50ft. in
depth, and several others built in this country and abroad were
cited, and brief descriptions given, and their relative merits
discussed.

It was finally determined that their use here in the rapid
currents, deep water, high floods, and the treacherous nature
gf th% river ﬁed would be attended with great expense and

azard.

The plan of the f of the C ticut River Bridge
and others similar to it was then taken up and fully discussed.
These piers were built upon a massive grillage of timber, which
was suspended by iron screw rods, and lowered to its place as
the masonry was being built upon it. When the grillage
reached the bottom it rested upon wooden piles, previously
driven and cut off under water just above the scour line of the
bed of the river.

It was ascertained by calenlation that two hundred and ten
(210) piles, penetrating to a depth of 28{t. below scour line,
would be required to give the requisite support to one pier of the
proposed bridge and its load.

It was also agreed upon that, in the opinion of this committee,
provision should be made in all of the eg ans that might be con-
sidered for a possible scour in the bed of the stream along the
side of the piers to the extent of at least 40 ft. below low water,
but, to provide for all 5pomiible contingencies, they would con-
sider this depth to be 45 ft.

The weight of on8 of the heaviest piers was

Aat:

ascertained tobe about ... ... 6000 tons.
And the weight of the superstructure, and the

moving load which it would have to support, ’

about we 2500 tons.
Making a total load on the foundation of ... 8500 tons.

Or the load which each of the 210 piles would have to sup-
port would be 404 tons.

At this time (10 p.m.), Mr. George A. Parker, one of the
committee, arrived and joined in the deliberations. The
minutes were read for his information, and also such portions of
the o‘)ening address of the presiding officer of the board—Mr.
McA gine—u related to the consideration of the subjects pro-
perly belonging to this committee, as follows:

““The bed of the river is a loose sand, which changes for a
considerable depth with every stage of water, in freshets and
during their subsidence, scouring out channels and making de-
posits. With the erection of the necessary piers of the bridge this
scouring will be increased, and made it necessary to place these
foundations below such possible future action. The rock lies
at 28 ft. below low water at the west shore, and slopes towards
the east, reaching a depth of 90 ft. at the last sounding two-
thirds of the way across the river, which is nearly 2000 it.
wide. Some of the gentlemen will present plans of foundations
requiring the use of iron pneumatic piles, which strike me
very favourably, as meeting all ot the requirements of the case—
ample supporting power, facilities for rapid execution and com-
parative economy.

“If it should be concluded that these piles shall in all cases
be driven to the rock, the grave question arises, can life be sup-
ported in six atmospheres at more thar a hundred feet below
the surface of the water? or will the knowledge and skill here
present suggest some other practical plan for removing the in-
terior sand and perhaps trees and boulders? and then will follow
the difficulty of busing and securing the piles to the rock. When
this is accomplished, these piles will become columns of support,

and you have to determine how much of their whole length may
be deducted for the support of the sand around them, to give
the proper co-efficient of strength from the ratio of length and
diameter. The question will also present itself, whether a suffi-
cient support can be obtained from these piles without forcing
them to the rock where it lies at great depth. How much su
port will the area at the base afford, and can it be expanded, by
using a bell-mouthed shoe, or by tunnelling after it has been
sunk to any given depth? " Again, how much support will the
exterior cohesion on the piles give? (of course e&gculating only
for that portion below any future possible scour, unless you
decide that this scour can be replaced by masses of rock filled
in, b;xt out of the way of vessels which may pass close to the
iers).
“ Will these rocks silt up and give the same resistance and

cohesion as the sand does below them ?

“ What will be the rate of corrosion of the iron piles under
water? and can that corrosion be lessened or prevented ?

“With what materials shall these piles be bplled?

 How shall they be capped aod spanned to enable them to
carry the enormous weight of the masonry and superstructure,
or ghall the piles be extended up to the bridge seat, and can
they be braced so that, together with their inherent stability,
they will resist the impact of floating ice, drift, or vessels?

“You will also be presented with plans contemplating the use
of an inverted caisson connected with a direct but removable one
above it. This will require dredging to the depth of the possible
scour, and probably curbing, and the subdivision of the inverted
caisson and the use of the pneumatic process for filling it with
masonry. ,

‘““Your attention will also Le called toa plan for building
stone Yiers based upon the rock, the details of which have been
recently published in this city, and which will be laid before

ou.
* This published plan contemplates the use of three spans of
about 500 ft. each.

“You will also be furnished with complete drawings of a
bridge involving the use of two spans of 368 ft. each, and four
spans of 264 ft. each for crossing the river with an iron bridge,
and also of its approaches at its two ends.

* The law requires a bridge to be constructed with the alter-
native of one of its s‘pa.ns of not less than 500 ft. clear opening,
or with two spans of not less than 850 ft.

“You will be called upon to consider whether the saving to
be effected by the long spans in reducing the number of the
piers will be equal to the increased expense of spuns of such
very great length, and whether suitable materials can be pro-
cured and put together so to sustain their own weight and that
of stationary and passing loads.

¢ These and many other Flaus for the sub and superstructure
will become the subject of your discussions, and, from the
previous study which many of you, gentlemen, have already
given to this subject, and the great amount of practical expe-
rience which you combine on all of the matters which will come
before you, it is very certain that you will arrive at conclusions
which will enable the capitalists here and elsewhere to determine
with safety whether they will invest in the undertaking.”

% résumé of the discussion, as far as it had progressed, was
made.

Mr. Parker gave his views, which agreed generally with those
expressed by the other members on the subjects that had been
under consideration. Mr. Parker was then asked for some of
the results of his experience in constructing the bridge across
the Susquehanna, at Havre de Grace, wherc some of the piers
were bult in water 57 ft. in depth. A general idea was given
of the management and position of this difficult undertaking.

The next subject considered was the action of floods and ice
iu the Mississippi, and their probable influence on the piers, and
the general habit of the river above, at, and below St. Louis.
This continued until a late hour, when the committee adjourned,
to meet at 8 A.M., 22nd inst.

August 22.

Committee met at 8 A.M.  Present—Messrs. Chesboro, Wm.
J. McAlpine, Parker, Smith, and C. L. McAlpine.

The general subject of foundations was discussed for a short
time by the members, when it was stated that the board having
resolved to meet at 9 A.M. to receive such gentlemen and citizens
of St. Louis as felt interested in the proposed bridge, or who
had eslans or suggestions to offer in regard to it, it was re-
solved without adjourning that the members of this committee
should meet and accompany them to the river. On this excur-
sion the members of the board examined the several locations
which had been suggested for the bridge, and discussed their
respective merits.  While returning from this trip, Mr. Wm. J.
McAlpine was called upon by the gentlemen assembled on the
boat for a speech, during which he stated the object and purposes
of the convocating here of so many of the leading engineers of
the country. He said that the construction of a bridge at this
place presented many interesting features to the engineer from
their peculiar and unusual nature, and the magnitude of some
of the difficulties which, at first, seemed to present themselves.
Years ago such a project as this would scarcely have been
entertained, but the world had progressed, and with it the
science and skill of engineers. The profession would now under-
take works confidently, that in former years would have been
approached with hesitation. He saw here the leading engineers
oF the country, men who had already met and overcome many
of the same kind of difficulties which would be found here, and
they brought to the board the educated and practical science
which could not be found in any of the text-books. In fact,
the latter did not come down to the present time. The past
quarter century had made such progress in this respect, and
the engineering constructors had been so engrossed in the actual
performance of great works, that the records of their skill and
the description of the works they had accomplished still re
muined each with each, known only generally even to the other
members of the profession; the invaluable details of difficulties
met, only to be finally overcome, the ingenious and interesting
inventions and devices, the results of the careful experiments,
the knowledge gaiued of the laws of nature and the action of
its great elements under peculiar and unusual circumstances, the
plans that under certain circumstances will or will not answer
the purpose, our failures as well our successes, the former

being often as instructive as the latter, none of these can be
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given to the intended constructors of this great work and the
world in time to be of service here except in one way only, and
that method has been fortunately adopted by the gentlemen who
are projecting the construction of a bridge at this city.

The engineers, the men themselves, in default of their pub-
lished records, have been brought together, and with a great
amount of dats in repard to the hatit, regimen, position, &c.,
of the river at this place before them, they are to relate their
experience, compare their methods, discuss their applicability,
modify or combine such modes, and, finally, in full board to de-
termine and present, for the benefit of the men whose mone
builds this work, the best and most judicious, safe and economi-
cal, skilful, scientific, and practical mnethods of accomplishing
this pu ; and he assured the gentlemen, that in the whole
course of his engineering life in this country he had never be-
fore had the pleasure of meeting so many of the great men of
the profession assembled together at one time.

eretofore it had been impossible to draw together so many
of these busy men from their all-engrossing work, for no man
but an engineer can know how thoroughly identified, as part and
parcel of it, he becomes as his work progresses and develops,
with new features, fresh developments, perhaps, new laws pre-
senting themselves daily or hourly. They grapple with grand old
nature, kindly, sometimes, in its disposition, at pthers frowning
and forbidding; successes to encourage him, defeats to stimu-
late, nature's own laws and weapons in his hand to use against,
or in conjunction, with his mighty opponent, until at last, the
battle ended, he has added one more monument to the skill and
triumphs of the present day.

Unsatisfied, however, with one success, he scarcely accom-
plishes it before he is eager to apply the valuable results of the
school through which he has just ed to the other engineering
‘v_vor}ts demanded of him by his i;ls:w-men outside of the pro-
ession,

For purposes of profit and benefit to mankind, the present
intelligent lﬁe asks of the engineer the best products of his
brain, his skill, and his experience. Each work completed
adds to his fund of knowledge, in turn to be made available
for the use of those whose needs demand this information.
In the case before us such wants have been felt, the men of
science and practice have been applied to ; and the latter, attracted
irresistibly towards a project so interesting to the profession,
have, with a unanimity heretofore unknown, laid aside or post-
poned their more immediate and pressing engagements, and
with a harmony of feeling and a desire to learn from each other
the results that have been accomplished by each in his own
special works, and they are prepared to give to this project the
advantage of their intelligent consideration. It can hardly be
doubted that the results of their deliberations will combine all
that is useful, skiltul, judicious, safe, and economical in_the
construction ot foundations at such em below water, in a
material of the character of this river bed, in the erection of
piers ot such magnitude, and, finally, in a superstructure of
nearly an indestructible material which combines strength with
comparative hightness, of a greater span than has ever before
been attempted with trussed beams.

My. McAlgine here said that an apology was perhaps due to
an audience like the present one, composed of many other pro-
fessions and occupations, for confining his remarks so much to
his own; but the nature of the occasion and his interest in the
subject {present.ed to them, necesearily made this address a repe-
tition of many portions of that which he had presented to the
convention o the day previous.

After the return of the party from the excursion, the com-
mittee met, and cn motion Mr. McAlpine, as president of the
convention, by the power delegated to him, was requested to
add the name of A. Anderson to this committee, which was
done, and Mr. Anderson took his seat as one of the committee.

General Smith was then requested to give the committee a
description of the iron pneumatic pile E;ocess for forming
foucdations. The Generul said it would be necessary to first
consider the nature of the material in which such a foundation
was to be placed. From the information before the committee,
it uppeared that at a depth of about 30 ft. below low water a
stratum of hard com material was found. Whatever
character of foundation reaches to and below this, and so gets
beyond the reach of the dangerous scouring effect of the river,
would seem generally to meet the requirements of the case.
This scour has a limit. The velocity of the water usually
diminishes rapidly in all deep streams from the surface to the
bottom.

Mr. Homer has stated that in all his examinstions he has
found no sudden depressions or excavations in the bed of the
river greater than 40 ft. below low water, neither alongside of
any pier nor near any obstruction which may have been thrown
into the stream. The greatest possible scour, therefore, may be
considered sately within the limits agreed upon yesterday by
this committee. The scour may possibly be reduced by the use
of rip-rap. . 5 .

Mr. Parker remarked at this point that the experience of
Smeaton, at Hexham, should induce this committee to use
great caution in the reception of the facts and data relating to
the changeable bed of the Mississippi river, and that all the
circumstances should be well weighed before they are relied
upon. The bridge at Hexham wus founded upon a bed of
coarse gravel, but owing to peculiar circumstances it_scoured
out to such a degree that tiie foundations were undermined and
the bridge was carried away—* almost the only mistake,” said
Mr. Parker, * made by this great father of the profession, and
frankly acknowledged by him to be so.” .

A short discussion took place upon the use of rip-rap and
other methods for preventing the scour from extending beyond
reasonable limits. . . 3

General Smith said it will be admitted that a certain velocity
or fores of impact will carry off, or move, or disarrange rip-rap
even when formed of the heaviest and largest blocks of stone,
and instanced a case that occurred on Lake Michigan, on one of
the Government works which he has in charge, where a lower
timber of a crib filled with stone, becoming broken by the
impact of the huge waves or surf—which continually struck it
under high velocity—the stone inside of the crib was rapidly
abstracted through’the aperture and carried off into deep water.
The crib was again filled, but the same result followed.

Mr. W. J. McAlpine also cited the well-known case at Oswego,
where the shore of Lake Ontario is a smooth shelving roc
sloping gradually away into deep water. The Government
engineers have at various times attempted to protect a long pier
extending into the lake at right angles to the shore by heavy
masses of rip-rap composed of slabs of stone from 10 ft. to 15 ft.
in length, 2 ft. to 4 ft. in width, and 1 ft. and upwards in thick-
ness. So strong has been the impact of the water upon these
heavy masses, that they have been moved to a considerable dis-
tance, and their usefulness destroyed. The smooth sloping sur-
face of the rocky bed of this porti.n of the lake, on an ascending
and gradual rise fromn the deep water towards this structnre—
with less friction and few, if any, of the irregularities met with
at other places—has the effect of concentrating the waval action
with more than usual force upon the pier.

The problem of a proper protection for this pier is cited by
the U.S. engineer as one of the most difficult within the range
of their duties.

General Smith, resuming, said that, although under certain
high velocities of water and peculiar circumstances, which made
the instances named extreme cases, the employment of rip-
rapping did not meet the requirements, yet this kind of pro-
tection against the effects of water in motion was too frequently
used in places where it was serviceable to admit of neglecting
its consideration as one of the aids towards securing the bottom
of the river near the piers, and that if there was a certain
velocity that would disturb this protection, there was also a
certain less velocity ut which the stone would not be muéh
affected.

A discussion took place between the members in regard to the
uses of fascines of loose brush, alternating with layers of stone,
and Mr. McAlpine gave a description of the circumstances under
which they were used on the State works in New York. Mr.
McAlpine said that they had been used with very good results in
mainy cases by the State engineers, in places where they had
proved economical and useful—answering the purpose designed
quite as well as any more costly methods. Its up;‘)ization to the
proposed structure, in order to preveut scouring, was a subject
which deserved attention ; but that until the more complete data,
which would be obtained after the actual commencement of this
work, or at any other time before it was in the possession of the
engineer, this method, as compared with any other, might be
left for future consideration.

In this connexion Mr. W. J. McAlpine remarked that at the
bridge over the Seine, built by Bassompierre, and recently ex-
amined by him in company with the engineer, be was informed
that the entire width of the river under the bridge, and extend-
ing for some distance above and below it, was covered by con-
crete, which made a perfect protection of the bed of the river
against scouring.

General Smith and the Messrs. McAlpine then gave a
description of the process of sinking the pneumatic piles. The
same general methods have been employed by Mr. Fleming on
the Santee and Pedee rivers, by General Smith on the Savannah
river, and by the Messrs. McAlpine on the Harlem river. The
pile consists of & number of hollow cast-iron cylinders 6 #t. in
diameter, 2 in. in thickness, and 9 ft. in length, provided with
flanges on the inside by which they are bolted together, one on
top of the other, until the desired lengtn is obtained. The
lower cylinder is chamfered on the inside at the lower edge
down to about a quarter-inch thickness. From a platform on
tem wooden piles or large scow boats a derrick is placed
which suspends the column and lands it with the sharp end on.
the bottom of the river, in the place where it is to be driven
Another cylinder, called the air-lock, is placed on top of the
column, usually made of boiler-iron sides of the same diameter as
the columns, with a top and bottom plate of cast iron, in which
are man-holes that can be closed at pleasure by plates with
hinges opening on the lower sides and lined wiih rubber at the
joints. Io the top and in the diaphragm or lower plates are
cocks, usually 2 in. in diameter. Leading from the outside of
the air-lock, near the bottom, are two curved tubes 4 in. in
diameter, which also pass through the diaghragm and are closed
by cocks. The air-lock is bolted to the top of the column.
Small air-pumps usually worked by a small steam-engine are
connected with one of the curved pipes in the air-locks b
means of a flexible 4 in. tube. The lower man-hole plate is
then closed, and air is forced into the column. With the first
stroke of the air-pumps the operation of compressing the air
commences, and as this pressure increases it forces the water
out through the open bottom. This continues until the pressure
of air equals that due to the head of water outside the column,
and the water has all been forced outside. The workmen then
enter the air-lock and closing the upper man-hole a cock is
opened in the lower diaphragm, and the com%ree:sed air from
below is admitted. When the pressure has become equalised
the lower man-hole plate falls, and the workmen can pass down
on ladders to the bed of the river to excavate the material,
which is raised in canvas bags to the air-lock by means of a
drum, the shaft of which passes through stuffing-boxes to the
outside, where it i3 worked by hand on signal. When the
column has been entirely cleared down to the bottom, care is
taken to see that no obstructions, such as boulders, logs, &c.,
remain under the rim of the column.

The workmen ascend into the air-lock, and, closing the lower,
the compressed air in the air-lock is allowed to escape through
acock in the upper plate. When the air in the air-lock has be-
come equalised with the atmosphere, the upper valve falls, the
men pass out, and the bags of material are removed. Men are
then stationed at the guy ropes, and the 4 iu. cock in the curved
pipe is opened, and the compressed air in the colurn allowed to
escape quickly. The upward pressure of the air in the column
on a surface 6 ft. in diameter neutralises the weight to an extent
which is governed by the depth of the bottom of the column
below the surface ot water. By allowing the air to escape
quickly in the manner mentioned, this weight is suddenly re-
stored with an effect similar to a blow, while at the same time
the rapid inrush of water at the bottom causes a complete
scouring of the material at and under the sharp rim of the
column, and the resistance to driving the column is simultane-
ously removed.

The friction of the outside of the column against the materia
through which it penetrates is greatly diminished by the currenv

of water passing along its surface from the river on its way to
the inside. If no rocks, trees, or similar obstructions are en-
countered, the column will continue to settle quite rapidly dur-
ing the time the air is escaping, and afterwards until the mate-
rial has stopped scouring under the edges, aud has compacted
itself under the pressure of the water sufficiently hari to sus-
tain its weight. The amount ot scttling in one operation will
frequently amount to 10 ft. or 12 ft., or even more.

a\trlv’hen ulders or Jogs are met with the column stops, and it
is then recharged with air. The workmen descend and remove
the obstruction, and the process already described is repeated.
In this manner, columns of almost any dimension may be sunk
ts any required depth. The above is given merely as the main
governing principle and method that have been used in sinking
these piles, but they are capable of great moditication in size,
shape, and material, and are adaptable to the various require-
ments of different localities, their merits appeariog in the most
striking manner in situations where almost any other plans in
use become costly, difficult, and hazardous. Their firmness
under heavy loads or shocks by impact of water, vessels, ice,
&c., is remarkable. Mr. Fleming, at the Pedee river, had one
pile, which had only then penetrated 8 ft. into the sandy bottom,
and which sustained during a freshet a jam of logs and drift-
wood extending from the pile for a quarter of mile up the river.,

Mr. McAlpine instanced the blow of a steamer, coming down
with the tide, striking full against a column in the Harlem
river, which was unsupported by any bracing, without doing the
slightest damage or causing any movement.

It may be safely taken, then, that these columns will resist
any shocks, particularly when braced against each other, and
filled with concrete masonry, or other material, almost equal in ex-
tent to the actnal crushing force of the cast iron. General Siith
recommended that, without using the air pressure, a sand pump
in open cylinder be used for excavating the inside of the pile
when containing sand, or other material, which is made semi-
fluid in water. The air-lock may be placed on the column, and
the air pressure used whenever a different material is met with,
or when boulders, stumps, or logs arrest the downward course
of the pile.

When working in sand alone, piles havesbeen sunk at the rate
of 20 ft. to 25 ft. in six hours. General Smith prefers piles of 8 ft.
in diameter, as ho can settle them more rapidly, and they fur-
nish more convenient working room. If these piles are used for
the proposed bridge, they can be sunk to such a depth, if neces-
sary, that the iron would crush before the pile could be forced
deeper by weight imposed upon it.

Mr. Parker misesoethe question whether the piles could be
relied on to sustain the pier, if the scouring took place to a depth
reaching nearly to their lower extremity.

All of the members agreed at once that they would not,
because much of their supporting power depends upon the adhe-
sion to the sides of the column of the material through which it
penetrates.

Mr. W. J. McAlpine mentioned that he had increased the sup-
Eorting power of the bottom of the pneumatic piles at Harlem

y expanding it to three times the area of the true column ; this
was done by excavating outwards, more than 2 ft. beyond the
circumference of the pile, and filling in for an extra depth of
8 ft. with a solid mass of concrete—and that this principle was
capable of greater extension by the use of suitable iron roof

iling,

4 All the members of the committee agreed that there was no
doubt that abundant supporting power could be readily obtained
by this process, and that the firmness of a group of piles, as
proposed, properly braced, would be amply sufficient to resist
the shocks of ice, vessels, &c.

Mr. W. J. McAlpine and General Smith both recommended
that if this plan was found most advisable, that, instead of stop-
ping the columns at the:level of the scour line, and building
piers of masonry upon them, that the columns should be carried
up 85 ft. above low water to the level of the bridge seat, as im-
posing less weight on the foundations, and being far less costly
than the use of masonry.

General Smith also recommended for consideration that, in-
stead of iron piles wooden columns, square in section, larger at
bottom than at top, shod at bottom with cast iron, and loaded
to resist the upward tendency of the compressed air, should be
used below water, and that, after these columns had been sunk
to the required depth, they should be filled in with concrete or
other masonry.

Mr. Parker stated that, when it became necessary to build the
bridge across the Susquehanna at Havre de Grace, the expe-
diency of using pneumatic piles was considered, but he was
deterred from their use, owing to the peculiar features of that
particular case. He said that the piers of Brunel’s bridge
across the Saltash were built in 50 ft. depth of water, and the
excavation below this to the rock was from 30 ft. to 40 ft. be-
sides. Brunel thonght that grouped pneumatic piles at this
place were not as euitable as a large caisson, built and worked
on the pneumatic principle, and subdivided into compartments;
this caisson was sunk to the bottom, and the masonry built in-
side of it, under air pressure. At this depth, 80 ft. to 90 ft.
below surface of water, great difficulties and risks were encoun-
tered, but the plan was finally successful. Three years were
occapied in constructing this work, which was considered by
the coinmittee a8 very slow progress. This plan was not found
to be suitable at Havre de Grace for several controlling reasons,
and he was obliged to consider others. He was almost doubtful,
indeed, if his piers could have been built at some of the places
within reasonable cost and hazard by any other than the method
adopted. This was at places where the water was very deep
and swift currents running, with a velocity at times of twelve
miles per hour; the river also was very broad, in fact, being
the northern extremity of the Chesapeake Bay, and liable to
storms in which small boats could not live, and was very danger-
ous for large ones. It was found impossible to excavate the
material in all cases down to the rock. Wooden piles were driven
at some of these places, and left for a time that the action of
the currents might be observed, when it was found that scour-
ing took place about the piles to such a degree that their useful-
ness was destroyed. This scouring effect, however, aided the
plan that was finally adopted by assisting in the removal of the
material which overlaid the bed rock.
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Lor L p to place piers on piles in thus
sondition, and that plan was given ug. The expediency of
asing coffer-dams had besn considered, but they could not be
adopted with safety, owir'llgbto the pecaliar circumstances of the
case already named. e deepest coffer-dam used on the
Thames was 21 ft, below low water. The tides on this river
«re sometimes as great as 30 ft. He was strongly in favour. at
one time, of using the pneumatic piles

Mr. Parker then gave a descriptiou vi the mode finally
suopted by him. He stated that each of the nine piers required
a different treatment—the circumstances in no two being ali
but the ‘ieneral plan was first to dredge away as much as pos
sible of the material in the bed of the river at the pier site. A
three-eighths inch thicker boiler-iron curb was then sunk and
secured in its place. The curb was about 80 ft. wide and 50 ft
to 60 ft. long. and of sufficient heizht to reach above the bed ot

4 tell-tale framework of light timber attached to the
curb, and reaching from it to above the surface of the water
old always the position, inclination, and place of the curb
Sand pumps were then used and the material pumped out of the
curb, which gradually undermined and settled down to the re
quired depth, or on to the bed rock. When stumps, logs, o
boulders were met with, they were removed by divers working
in a bell. After the rock had been thmugbl;lx cleaned off, it
was brought to a uniform level by a solid bed of concrete ex
‘ending over a greater space than the size of the bottom of the
pier, using the diving-bell for this purpose. Sometimes there
would be a heavv sea which interfered greatly with the overa-

Luo WALET 11l 506 Plavco was S81t, deep, and this wus
sreased to 58 ft. by the excavation

l‘hre_e guide piles on each side, and one at each end, were
tixed firmly in position. A strong platform of solid timber, the
size of the bottom of the pier, was then placed in position ove:
the curb, and at the surface of the water. On this is placed a
caisson of iron large enough to contain the pier, and with sides
and ends high enough to reach to the level of high water after
‘he caisson is landed on the bottom. When this caisson is made
water-tight, the bottom was then floored over with masonry and
stone, and laid in mortar up the sides of the caisson to the top.
thus constituting a stone caisson inside of an iron one. This is
secured to the guide piles and the masonry of the pier proper is
'aid up, the caisson sinking as the weight of masonry inside

ncreases until it finally settles upon the bottom, which has been
srepared for it, as already described. It is found necessary to
orace this caisson strongly to resist the collapsing pressure of
:he water on the outside, which, at a depth of 46 ft., equals
aearly one and a half tons on each square foot. The work is
done easily and secured inside the caisson, and it usually occu-
pied onl{ from three to four days to finish the masonry to above
che level of the surface of water. At some of the piers screw
vods were used to suspend the pier and ring attached
zoverned by one man who at pleasure could raise or Iower with-
>ut assistance the whole pier. In one case it me n

%o relay some of ‘the top courses, and one man raised the pier as
high as 10 ft. The rock was reached and the masonry founded
apon it at five of the piers. At the other four, after the dredg-
ing had been finished, and the curb was sunk to the required
depth, woodeu piles were driven, and cut off under water by
machinery just above the ground, and the platform, with its
‘nedmbent pier, lowered upon them.

Che plan described is a suggestion to be considered as to its
mitatwn to the foundations of the St. Louis bridge; but Mr.
Parker might vary and modify his opinion as circumst and
farther data and discussion might suggest. He would advise
basing the foundation piles on the rock, when it is not at un-
reasouable depth below the bed of the river.

A partial résumé of the subjects that had been under discus-
swn was had, and it was determined to ascertain and embody
‘n a resolution the lusions at which the members had

weverally arrived up to this point.

RaoLed, That in the opinion of this committee it is both
saie and practicable to construct a bridge at St. Louis, of the
character of the one which we have had under discussion, with
the £lel'8 first placed vpon foundations of hollow iron piles driven
oa the purely pneumatic principle, either to the rock or, when it
lies at too great depth, by an expansion of their base, or driven
by the use of sand or steam syphon pumps; 2, or both of
sters of masonry carried below the scour of the river by the use
of iron caissons, as was practised at the different piers of the
Susquebanna bridge, and resting on either wooden piles or small
pneumatic piles ; or 3, by the use of a combination of inverted
wnd direct wood or iron caissons, the inverted caisson filled with
masonry by the prieumatic process, and the direct caisson in the
ordinary way ; and 4, with piers laid up either of solid or gul-
leried masonry; or 5, with the iron pneumatic piles extended
upwards to the bridge seat as columns of support, and strongly
sraced on the lines of the river and the axis of the bridge.

'he committee, at this period of the discussion, refrain from
expressing their preference in favour of either of the above plans,
antil further careful estimates have been made upon each, to
show their comparative economy, stability, and facility of exe-

un motion the committes adjourned to meet on August 22,
wien they met pursuant to adjournment.
he further ideration of the questions involved in the
wustruction of the %mged bridfe mknire consultation between
:he Committee on the Regimen of the River, and that on Super-
structure, in order that some of the general points affecting the
zalculations of each of the committees might be agreed upon.
A conference was therefore had with the two committees named,
and a joint meeting was held to consider these points, consisting
of the following named gentlemen:
~ I.J. Homer, J. B. Moulton, H. C. Moore, E. S. Chesboro,
~.S. Smith, Geo. A. Parker, L. J. Fleming, A. Anderson,
3. L. McAlpine, S. S. Post, R. M. Shoemaker, G. Chanute,
[. B. Blackstone, W. J. McAlpine.
Che chairman of the Committee on Superstructure having
unde elaborate drawings, estimates, and descriptions of plans,
snd haviog placed them all before the joint committee, the
members thereof proceeded to discuss the general subjects and
to compare the results of other experiences applicable to the

HYDRAULIC PRESS AT THE PARIS EXHIBITION.

JONSTRUCTED BRY MESSRS. DESGOFFE AND OLLIVER. ENGINEERS. PARIS

vano 80 fa1 AS 10 SAUSTY tnemselves that tne calculations, &c.,
referred were substantially correct, and sufficient toenable them
to proceed with the further general consideration of the
questions involved, which were presented by Mr. MeAlpine,
as follows:

1st. Of the two alternatives for the spaus for the wimu
channels allowed by law, which should be adopted ?

2nd. What spans (within the limits of the law) are the best
for the remainder of the distance ?

8rd. What dimensions and accomouations of bridee are
necessary for the convenience of its traffic ?

4th. What will be the approximate cost on the basis which
shall be decided, in reply to theYoregoing propositions ?

In response to the foregoing questions the committee, after
due deliberation, passed a series of resolutions embodying their
conclusions upon the points involved. Those resolutions will be
s’l::] to the public in the general report, which will be published

y.

EW FORT AT PLYMOUTH

THE foundation of the Shovel Rock Fort, as it has been
hitherto called, inside the breakwater, at Plymouth, having been
completed some two or three years since by the Admiralty, was
then passed into the control of the War Department, whose
groper office is, it appears, to erect all that portion of the forti-
cation which is above high-water mark. It ap) that the
War Office has at length determined to commence operations.
The breakwater is built nearly east and west, and underneath
the eastern part, lying nearly north and south, is the Shovel
Rock. It is upon the inner or northern portion of this rock,
separate from the breakwater, that the foundation is laid. The
lower part of the foundation consists of granite blocks and
cement and conorete blocks faced also with granite; the inner
Kartion is filled in with cement concrete blocks brought up to
igh-water mark in one solid and compact foundation. Upon
this the basement is built, the cill of the casemates being about
16 ft. above high-water mark. The inner, or north, side of the
basement will contain the magazines, and the sea, or south, side
will be fitted up as ablution-rooms and accommodation for men.
From this basement communication will be had by two circular
staircases of stone to the casemates over. We now come to a
description of the new work. Hitherto this erection hus been
called the Shovel Rock Fort; hereafter it will be termed the
Breakwater Fort. Although close to it, the breakwater is un-
connected with it, and there appears no present intention of
forming a connexion. The foundation is oval; the fort will be
the same, and will extend to within 4 ft. of the verge. The
masonry basement is 150 ft. east and west by 120 ft. north and
south. The casemates will be above 45 ft. deep, leaving open in
the centre a space some 50 ft. by 80 ft. The battery will mount

eighteen guns, which will be nearly equidistant from each othe;
and will point in all directions. The face of the battery is to b
11 ft. high, with a rake, like a shig’s side, of 18 in. ; it will con-
sist of three Jayers of bin. wrought-iron plates, bolted against
dicular wrought-iron ribs, about 3 ft. apart. Three feet
hind the ribs there will be at intervals some wrought-iron
cylinders filled with the best concrete. They are to be 7 ft. by
81t., with the broadest part facing the ribs. The roof of the
casemates will consist of arches of brick covered with concrete
6 ft. thick, and faced with Seyssel asphalte to keep the case-
mates dry. The accommodation for artillerymen is not very ex-
tensive; but it is contemplated that, during peace at least, it
will not be n for many to be stationed there. It is
understood that Messrs. Hubbard, who have had several con-
tracts at Plymouth from the Government. will erect the Break-

water Fort.—T'imes

THE GREAT INDIAN F£NINSULAR IAILWAY,—1he Govern-

ment of Bombay has called for an immediate report on the

e state of the viaducts of the Great Indian Peninsular
'WAY

HIDRAULLIC PRESS

#essRS. DesuoFFE AND OLLIVER, of Pans, ure successful
makers of machinery and apparatus for messuring strains, test-
ing iron, &c., and they have supplied sets of testing-machines
to the Conservatoire des Arts et Métiers, and to some of the
mperial arsenals and factories. The machines exhibited at
Paris by these makers show that they generully limit each
machine to the performance of one kind of tests only, instead of
enabling one machine to submit the articles operated upon to a
rariety of trials, such as is the general practice in England, and is
certainly the preferable plan, from a variety of reasons. Amongst
‘he machines shown by Messrs. Desgoffe and Olliver at Paris,
we notice a hydrostatic press, with a peculiar arrangement for
the transmission of force to the ram which presents some origi-
nality, although it is difficult to say at once whether the plan
will be founf ndnnhﬁ:ons in practice. The hydraulic press
cylinder contains at its bottom a horizontal spindle, round which
a thin gut cord is coiled, and this cord passes out through the
iide of the cylinder, packed by a leather or other stnﬁnﬁ, and is
coiled round a small drum or pulley standing close by the press.
The spindle within the cylinder passes out through a stuffing-
box, and carries a crank-bandle outside, and by turning this
handle the cord can be uncoiled from the pulley and drawn into
the press-cylinder, where it coils round the spindle. The cord
drawn into the cylinder displaces the water within, and causes
it to raise the ram with a power corresponding to the proportion
of the area of the ram, and the area of cross section of the cord.
The operation of rnisinﬁ the ram of this press consists, there-
fore, in turning the hand| 1
stroke is effected by turning the other handle connected with
the pulley oatside, and thereby withdrawing the cord from the
cylinder, and coiling it round the outer drum. For a quick
return motion water may be allowed to escape from the press-
cylinder, and afterwards re-snpplied when the cord is uncoiled;
but a proportionately quick return stroke is provided for in the
arrangement itself, the diameter of the outer drum being much
larger than that of the spindle within the cylinder, so that one
revolution of the crank in the return stroke is equivalent to a
considerable number of turns of the other handle, through
which the pressure i3 exerted. The liquid used by preference
in the press cylinder is oil, and the principal application of such
presses, besides testing the strength of materils, is for forcin
railway wheels on and off their axles, for which purpose suc

resses are said {to be in use in several establishments in

rance. The exhibitors also state that the cord can be made
of a diminishing thickness without interfering with the effi-
ciency of the packing in the stuffing-box, so that a gradually
increasing strain may be obtained at any desired stage of the
operation, the application of force at the handle remaining
constan!

UKMENT FUK PATENT FUEL.—Une of the best cements for
the agglomeution of coal-dust and the manufacture of * patent
fuel,” 18 that used in several Continental establishments, consist-
ing of coal-tar, gluten, and starch. The quantities of these
substances are altered according to the quality and properties of
the coal-dust ; but they are very easily ascertained by a fow ex-
periments. About 2 {)er cent. of this mixture (say, containing
2} parts of coal-tar, 1 part of gluten, and § part of starch)
wm{: be suitable for coal-dust of an average quality of bitn-
minous coal. .

CornisH PuMPING-EXGINES.—The number of Cornish en-
gines reported for the past month is twenty-three, which con-
snmed 1477 tons of coal, and lifted 11.5 million tons of water

.0 fathoms high. The following engines exceeded the average
duty of 62,600,000 Ib., lifted 1ft. high by the consumption>t
1121b. of coal: Chiverton, Cargoll, Chiverton Moor, Cook's
Kitchen, Great North Downs, Great Work, North Roakear
Providence, South Wheal Frances, West Chiverton, West Wheal

_ Seton, and Wheal Seton.

e at the press-cylinder, while the return_



Wk give, above, engravings of a hiorse gear or horse-wiieel, de-
signed and 1ecently patented by Mr. Peter Jeosen, the novelty
of the arrangement consisting in the means employed to transmit
the inotion from the wheel driven by the Lorses to the shafting
leading to the machines to be driven. In the illustrations,
Fig. 1 is an elevation, and Fig. 2 a plan, of the arrangement,
and from these its construction will L readily understood. A,
is & wooden frumed bed to which the various stationary parts of
the machine are attached, this frame carrying the upright pivot,
B, on which the wheel, B?, revolves freely. On the pivot, B,
is also placed a boes having a couple of sockets in which the
ends of the horse-poles, b b, fit, these poles beiug connected to
the wheel by the staples, b 5. In the rim of the wheel are
placed, at equal distances, a number of pins, each carrying a
roller which revolves freely on it; these roller pins being at
right angles to the plane of the wheel, or parallel to its axis.
The rollers just mentioned form a substitute for the teeth of
ordinary wheels, and they into & wtought-iron worm, D,
formed on the spindle, E, which is carried by bearings on the
main frame. To prevent any springing of the rim of the wheel,
which may be made very light, three rollers, F, arv arranged to
bear against its upper aide.

The horse-wheel aboVe described works very freely, and is
stated to yield a greater percentage of useful effect when tested
by the dynamometer than the ordinary horse-wheels. 1t also
works very smoothly, and a lengthened trial in nctual work
shows the arrangement to be durable. Mr. Jensen also proposes
to use this arrangement of roller and worm gearing for various
other purposes, the rollers being fitted either to wheels or to a
bar, 80 as to form a ruck. A “roller-rack” of this kind driving
a worm forms a convenient mode of converting a reciprocating
into an oecillating or alternating rotary motion, and there are
many occasions on which it could be advantageously employed.
The * ro'ler-wheel” and worm, arranged as in the horse-wheel,
form a substitute for bevel gearing; and Mr. Jensen states that
they work with less friction than a bevel wheel and pinion con-
structed 80 as to increase the speed in the same ratio.

ANGUS’S BUFFER-PLUNGER FASTENING.

WE annex an engraviog showing af method of securing the
Xlungzrl of railway buffers, which is adopted by Mr. Robert

ngus, the locomotive superintendent of the North Staffordshire
Railway, who designed the plan about ten years ago. The
object of this mode of fastening is to remove the strain from the
ocentral bolt, and thus prevent the fracture of the latter, so often
caused by the sudden recoil of the buffers. This end is obtained
as follows: The pluoger of the buffer has a number of radial
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placed sliding pieces, D, which, when pressed outwards, project
'

beyond the circumference of the plunger, and catch against a
lip or rim formed in the interior of the casing, C. The forcing
outwards of the sliding pieces is effected, after the plunger is in
its place, by means of the bolt, N, which is made with a conical
collar at that part 'MW through the bottom of the
plunger. The bolt is sec by a plate put over its head. The
plan is very simple, and forms a very secure fastening for the
plunger.  Qur engraving of this buar-&suning has pre-
pared from a trucing for which we are indebted to Mr. Angus.}
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the iron, and then decarburising it by a special an
second process. It is also clear that the application
of gaseous fuel will make the quality of iron much
less dependent upon the quality of the fuel, since the
very worst kinds of fuel can be made suitable for
smelting by generating gases, and purifyinglthe latter
before they come in contact with the ore. The forma-
tion of a suitable slag in the process of smelting will,
in an equal degree, lose its importance, since the iron
in the Siemens furnace does not require a similar pro-
tection against any oxidising influence, as is the case
in the blast furnace in front of the tuyeres. The only
condition which seems to come out more prominently
and more forcibly in the Siemens process than in the
present Fractice of iron-smelting and steel-making is
purity of the ore. This, however, seems to become
more and more a primary condition with iron-smelt-
ing in its present form, and will not, by itself, inter-
fere with the prospects of success of the new process,
if all the other necessary conditions will be fulfilled
in a sufficiently practical manner.

Tug CLEVELAND IRON TRADE.—The home deliveries of pig
iron from the Cleveland district have been rather larger of late.
The Continental demand is dull, being checked by expectations
of a monetary crisis in France, coupled with the want of con-
tidence which exists to a large extent on the Continent. There
is a little better inquiry for pipes and castings, the latter in-
cluding railway chairs. Founders complain that prices are low,
but they are not disposed to have the orders taken out of the
district, and they are for the most part successful in securing
work. A further order for chairs for the East has been re-
ceived. Inquiries for rails for home and the Continent are still
going forward, and some of the Inryi: masters are said to have
taken orders toa suflicient extent to keep their mills going during
the winter months.

Messrs. BoLckow, VAUGHAN, AND Co. (LiMiTED).—
This company raised last year from its Estou mines 710,000
tons of ironstone. The extraction of coal from the collieries of
the company also amounted to 1,000,000 tons. The quantity of
pig iron made last year was about 200,000 tons; and of iron,
50,000 tons.
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TUNNELLING AND MINING BY
MACHINERY.*
By HErMAN HAvupT, Civil Engineer, U.S.

At no former period in the history of mining and tunnelling
enterprises has the attention of engineers in all parts of the
world been so generally directed to the necessity of providing
mechanical appliances to supersede the tardy and expensive
hand labour heretofore universally employed, and never before
has such a diversity of machines to tacilitate subterranean
operations been presented to the public.

The necessity of employing machinery to expedite the opera-
tions of tunnelling appears to have been first recognised by the
Chevalier Manns, who, many years ago, boldly avowed his belief
in the practicability of tunnelling the Alps, and proposed to
accomplish this stupendous work by cutting grooves or channels
in the rock, forming prismoidal blocks, which he supposed could
be easily removed by wedges. The power was to be transmitted
by means of endless straps supported upon rollers in the same
manner in which inclined planes are usually operated.

This suggestion was not practically carried into effect, and
subsequently the plans of M. S lier and his iates were
adopted, giviog to the world an actual demonstration of the fact
that mechanical appliances could be made available to reduce the
time if not tiie cost of tunnelling.

The first public eXﬁeriment made by M. Sommelier was in
1857, previous to which time the writer, who had undertaken a
similar work of tunnelling the Hoosac Mountain, in Massachu-
setts, by a tunnel five miles long, passing 1750 ft. below the
summit, had commenced an independent course of investigation
and cxperiment with a view to construct some apparatas by
means of which the work could be fucilitated, and it is to the
results of these labours, extended over a period of years, that
attention is now more particularly directed.

Previous attempts had been made to use machinery for tun-
nelling the Hoosac. About the year 1852 an enormous machine
was constructed and actually put in operdtion at the eastern
portal of the tunuel, which was designed to cut a groove 13in.
wide around the circumference of a circle 24 ft. in diameter.
The cost of the machine was about $45,000. It consisted of a
portion of an iron cylinder 23 ft. in diameter, on the periphery
of which cutters were placed, some projecting inwards and
some outwards, like the cutters in the diamond drill of Leschot.
The cutters consisted of steel discs about 15in. in diameter,
which were pressed against the face of the rock, and as the
cylinder was rotated and fed forward, the rock was ground
away. The machine cut its way into the talccse slate of the
mountain about 25 ft. or 30 ft., but the experiment was not a
success. Although the amount of work to be performed in
cutting a groove 13 in. wide was much less than would bave
been required in cutting or grinding off the whole area, yet the
strain upon the machine was excessive, and it is obvious that great
difficulty must have been experienced in regulating the feed in
proportion to the ability to penetrate the rock, and also in ad-
vancing and withdrawing the machine. .

Although the parties who constructed this machine were
rendered insolvent by its want of success, yet this fact did
not deter others from an expenditure of $25,000 in the con-
struction of a smaller machine, in which an attempt was made
to bore a heading 8 ft. in diameter, to be subsequently enlarged
by hund labour.

‘The second machine was designed to operate on the same
principle as the first, except that the whole area of the circle,
instead of a ring of moderate thickness, was to be ground off
by means of the circular cutter. In both of these machines
steam was to be the.motive power, but there does not appeac to
have been any clear idea of the manner in which steam was to
be generated or applied. . .

Only a single trial was made of the second machine, and with
no very satisfactory results, when it was abandoned, and sub-
sequently both machines were sold for old iron. .

he principle of the rotating-discs for cutting stone,
although the attempt to apply it to tunnelling in America
had not been successful, was nevortheless used in the
construction of machines for dressing sand-stone, and in 1854 a
number of machines were used in the city of New York for this
urpose. These machines consisted of shafts slightly inclined
?ormud from the vertical, and carrying at their lower extremities
arms which supported the discs. In each machine the stone
was placed upon a carriage and fed forward in a manner similar
to the feed of a log upon a saw-mill. The stonc was chipped
off, and the surface left in good condition. It does not appear
that these machines were used for dressing very hard stone, and
even for soft stone their use does not seem to have effected any
very considerable saving, as they are not at present known to
be in use. .

In 1856 the direction of operations at the Hoosac tunnel fell
into the hands of the writer, who, having no faith in the larger
machines previously described, directed his attention to the dis-
covery of the best form of engiue for drilling holes of the ordi-
nary size to be blasted by powder, and also to the consideration
of the most expeditious and practical modes of erecting and re-
moving the macbines, and the most economical and efficient
means of applying power and securing ventilation. The results
of these investigations were given to the l}El\l:olic in a pamphlet

ublished by Messrs. Blanchard and McKean, of No. 3, Rue
gcribe, Paris, in which the construction and operation of the
drilling-engines, and the subjects of power and ventilation are
discussed at length. .

Requir: ts of a Drilling-engine for noring Rock..

A drilling-engine for perforating rock requires three move-
ments:

1. A reciprocating movement.

2. A rotative movement.

3. A feed moveinent,

The Reciprocating M ¢ .

The reciprocating movement in nearly all drilling-engines is
E:oduced by the to and fro motion of the piston. ‘The points to

determined in connexion with this movement are the diameter
and stroke of the cylinder and the form of valve.

* Paper read before the British Association at Dundee.

If the drilling-tool is connected with the piston, and the blow
upon the rock is given by the action of the air or steam, the
pressure per square inch being assumed, the diameter of cylinder
necessary to secure any given total pressure is readily deter-
mined ; a diameter of cylinder of 4%in.,, with a piston-rod of
2} in., will leave an annular ring of 9+, square inches for t
power to act upon; a pressure of ‘60 lb. per square inch wif
give a total force upon the piston of 5601b., and this is found
to be sufficient to strike a blow as hard as the steel used in the
drill points can stand.

The force of the blow is almost entirely independent of the | rock

length of stroke, and it therefore tollows that the stroke should
be as short as will fulfil the other esseitial conditions of moving
the valve, rotating, and feeding. I'or these purposes 4in. is
found to be a convenient length, -and the capacity of the cylin-
der is determined to 4} in. diameter, and 4 in, stroke, allowing a
breadth of piston of 2} in, and a small space for clearance at the
end, the inside length of cylinder is about 8in. Drills con-
structed with larger cylinders involve an unnecessary waste of
power. At each stroke two cylinders of steam or air must be
expended. The travel of a piston per minute should not exceed
a given number of feet, whetﬁer the stroke be long or short, con-
sequently any increase in the length of stroke must diminish the
pumber of blows per minute with a given velocity of gistou.
Assuming 250 ft. per minute as the proper velocity of piston, the
travel at each stroke will be 8in., and the number of blows per
minute 375. 1f a stroke of 10 in. should be given, as in several
drills that have been constructed, the number of strokes with
the same velocity of piston would be reduced to 150 per minute.

The expenditure of steamn or air at each stroke s 94 cubic
inches, and per minute 20 cubic feet.

With 300 strokes per minute, and the arca of the forward
end of the piston reduced to 6 square inclies, the consumption
of air or steam per minute would be but 14 cubic feet. :

At 60 Ib. per square inch in addition to the pressure of-the
atmosphere, the temperature of steam would be 311° Fahrenbeit,
the volume as compared with water as 383 to 1, and conse-
quently the quantity of water to be evaporated per hour for
;ach drill would be three and thirteen one-hundredths cubic

eet. :

As one cubic foot of water evaporated per hour is required
for one horse power, the boiler or reservoir capacity must be
sufficient to furnish three and thirteen one-liundredths horse
power for each drill.

Estimating the actual power upon the -piston as 560 lb.
travelling over a space of 200 ft. per minute, the performance
of the drill engine would Le equivalent to 140,000 lb.” raised one
foot, or abuut four and one-quarter horse power.

1f the stroke should be 10 'in. instead of 4 in., and the number
of strokes per minute be supposed the same, the actual effect
would not be increased, but the expenditure of steam or air
would be seven and eighty-two one-hundredtbs cubic feet per
hour, or nearly eight horses power.

The propriety of a short stroke must therefore be apparent.

Valve.

For ordinary crank-engines, the slide-valve is well adapted,
bat for drilling-engines the ordinary form is seriously objection-
able. Whatever may be the mode of connexion between the
piston-rod and valve, the opening into the cylinder must be by
a gradual sliding movement, which opens the port for the
admissien of air or steam into the forward end of the cylinder
before the stroke is fully completed, and the blow given upon
the rock. It is obvious, therefore, that the steam or air is entering
and retarding the velocity of the piston at the very point where
it should be greatest. It under these circumstances a blow is
given of sufficient force to be effective, it must be secured by a
wasteful expenditure of power to compensate for the retardation
caused by tgz slide-valve.

The valve which has given most satisfactory results
is nothing more than a piece of pipe, on which four rings
are shrunk and accurately turned to fit the cylindrical steam-
chest in which it moves; the twe middle rings open and close
the ports precisely as in a slide-valve when its position is
shifted.

If this valve had a rigid connexion with the piston-rod, it
would be a balauced slide-valve moving with very fitlle friction,
but possessing no other advantage; but the rod, which moves
the valve, is not rigidly attached to it. It terminates in a piston
in the middle of the tube, on each side of which are spiral
springs, held and compressed by rings screwed into the ends of
the tube. When the stops on the valve-rod are struck by the
arm on the piston-rod, the effect is not immediately transmitted
to the valve; but the spring yields, to a certain extent, to the
blow before the iuertia and friction of the valve are overcome.
This gives the piston power to travel some distance after the
stop 1s struck, before its motion is retarded by the admission of
steam, and permits the blow to be struck upon the rqctbefore
the shifting of the valve admits steam or air to. check ifs force.
The extreme eimplicity and effectiveness of such an arrange-
ment must be apparent. '

Rotation. - : -

There are several modes of effecting the rotation of the drill;
but they are nearly all some modification of a ratchet, with a
Faﬂ moved by an arm or projection sliding on an inclived sur-

ace. Instead of a ratchet a strap may be used, so arranged as
to tighten when the arm to which it i3 attached moves in one
direction, and loosen when it moves in the opposite.

The rotation could also be given by means of an arm attached
to a tixed point, and connected with the pawl which moves the
ratchet by a universal joint. Experience proves that, in order
to secure a positive and regular rotation, one ratchet is not
sufficient ; there must be a second ratchet, or at least a sccond
pawl connected with some non-rotation point, to prevent the
drill from turning in the wrong dircction, and losing on the
forward stroke the rotation given on the back stroke.

The Feed- Movement.

Of the three movements required in drilling rock, the feed
appears to have presented the greatest difficulty to inventors,
and the drill, now under consideration, appears to be the only
one in which these difliculties have been overcome, in a manner
entirely unexceptionable by devices at once simple and effectual.

The conditions of feed necessary for a perfoct machine ave,

That it shall be automatic—not dependant in any manner
upon the attention of the operator.

That it shall be self-adjustable and variable, feeding with
precision as fast as the tool has power to penetrate the rock,
,but no faster, varying its feed in the same hole with the vary-
ing hardness of the rock or sharpness of the poiant.

The feed in the Sommelier drill is & very peculiar one.] }The
cylinder is comparativaly long, and the piston does not at each
stroke traverse the entire length of the cylinder, but gradually
approaches the forward end as the drilling tool penetrates the

ck.

When the forward end is nearly reached, a trigger arrange-
ment i8 touched, which, by the recoil of a spring that has been
gradually wound up, throws the cylinder forward a certain
dixigasce, and brings the piston again to the rear end of the
cylinder. .

This exceedingly complicated arrangement involves many
serious disadvantages. Whatever may be the length of stroke
two cylinders of air or steam must be consumed at each move -
ment ; and if the shortest stroke is sufficient to give an effectiv
blow, any increase in the length of the cylinder must involve
waste of power. This would be no disadvantage, where ther
was an excess of power, and air was required for ventilation ; bug
it would be preferable to provide it in some other way.

The variable position of the piston in the cylinder renders
it difficult to work the valves by the simple device of an arm
and tappets, and a separate and independent cylinder is intro-
duced for the purpose of working the valve, involving great com-
plication in the mechanism. }

Other drills. have boen constructed in which the feed was
given by means of a fixed nut attached to some part of the
machinery, usually the rear end of the piston-rod. The drill-
holder passed through this nut, and carried a screw on its
outer surface. As the drill was rotated by the mechanism pro-
vided for that purpose, it was fed forward through the nut at a
uniforin rate of progress.

The objection to this device was that no uniform feed could
be adapted to a variable rock, and in a uniform rock, if the feed
should be too rapid the stroke would shorten, the valve could not
be shifted, and the drill would stop. T'he same difficulty would
occur when the cutting-tool became blunt. If, on the contrary,
the feed should be too slow, the effect produced would not be in
proportion to the power expended.

To overcome these difticulties numerous attempts have been
made to secure a variable feed. The mechanism consisted in a
spiral thread around the tool-holder, and a nut through which
it passed ; the nut being turned by a scparate ratchet, indepen-
dent of the regular rotative movement of the drill, would feed
the drill-holder a certain distance at each partial rotation.

To render this mechanism self-adjusting, a provision was
made that if the drill advanced faster than it could penetrate
the rock, the feed ratchiet would cease to act, while that which
produad the rotation would continue, the two being entirely
mdegendent of each othér in their movements.

This was very beautiful in theory, but the difficulty was that
it would not work in practice, and the cause of the failure is
easily explained.

At the forward end of the stroke, a ring, or projection on, or
moving with the piston-rod, came in contact with the end of a
lever, the opposite end of which carried the pawl which turned
the feed ratchet. If the stop did not come in contact with the
end of the lever, there could be no feed, and this would be the
case whenever the feed was too rapid for the penetration of the
drill. But here lay the difficulty; the feed was necessarily
given at the instant when the point of the drill was in contact
with the rock at the end of the forward stroke, and consequently
when it was impossible to screw it forward without great
violence to and strain upon the feed apparatus, nothing did
stand and nothing could stand such strain. Breakages were
incessant, and after much loss of time and money; the machines
were abandoned.

In neither of the forms of drill designed by the writer does
this defect appear; the feed is given either {efore the point of
the drilling-tool touches the rock, or afier it has left it on the
back stroke, as will be shown in the description.

Momentum Feed,

In this feed mechanism the tool-holder is firmly grasped
by wedge-shaped pieces of steel, called grippers, firmly
pressed by a rotate spring, and enclosed in a metallic box called a
gripper-box. The feed is given by ﬁrojections on the gripper-box
coming in contact with stops on the cylinder head; this causes
the drilling tool to be projected forward until it strikes the rock,
when the recoil of the rotate spring forces the gripper pieces,
which have been thrown forward, back into their laces, and
they grasp the drill-rod further back than before the concus-
sion.  The force of the blow is relieved by a gum-ring, and the
pieces which receive the blow are easily®etacted and renewed ;
they are made r?um hard and do not wear or batter rapidly.
This feed is perfectly self-adjusting, and it is given before the
drilling-tool comes in contact with the rock; consequently the
strain referred to as a fatal objection to other contrivances for

feed is avoided.
Screw Feed.

Although the momentum feed performs well, and none of the
parts connected therewith have broken in any of the experi-
ments that have been made for a long time, it is less simple and
effective than the self-adjusting screw feed.

The attempt to feed at the end of the forward stroke by the
rotation of a nut proved a failure; but by rotating the nut on
the back stroke the difficulty is obviated.

Nothing could be more simple than the mechauism by
which this .very important result is secured. It cousists
simply in allowing the forward movement of the piston, instead
of rotating the nut directly, to compress a spring which on the
back stroke produces the rotation y its recoil, and thus gives
the desired movement at & time when there is no strain what-
ever upon the

The parts are so proportioned and adjusted that if the
drilling tool feeds forward too rapidly the movement of a rod
and the throw of a ratchet are lessened, and a perfect com-
pensation is secured, thus fultiling every condition of a perfect
self-acting and self-adjusting movement.

The drilling-engine which has been described appears to
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fulfil everi condition that conld possibly be required. Its
total length is only about 80 in., width 6 iu, and height 8 in., so
that it cun operate in the smallest space possible for any effective
machinery, and can be placed in any desired position. its weight
is only 125 Ib., consequently one man can carry it or move it
about at pleasure. The number and force of the blows per
minute which it is capable of delivering are dependant simply
upon the pressure aud area of piston, and are limited only by
the power of steel to resist the force of the blows. This ts
equally true of every other form of drill in which the blow is
given by the direct pressure of air or steam upon & piston, and
nearly all are constructed on this principle; rapidity of pene-
tration, therefore, being simply a question of power and steel, is
no criterion by which to judge of the merits of a machine, but
there is a vust difference in the economy of power, the economny
of space, the liability to derangement, and the cost of repairs,
as also in the facility for adjustment and operation.

In other drilling-engines the cylinder which contains the
piston advances on a frame or support as the drill penetrates
the rock.

In the drill now under consideration, the cylinder is stationary,
and the drill-rod aloue advances, thus dispensing with
the sliding-frame altogether, and greatly simplifying the
mounting.

In all other drilling-engines the tool is inserted in a socket
from the forward end ; asa q the machines must stand
at a distance of several feet from the face of the work, they must be
advanced or removed by means of a carriage, generally on rails.
If several drills ure working at the same time, in case one point
should break, all must be withdrawn before a fresh drill can be
inserted, or the machine must be dismounted.

All this difticulty and delay is avoided by passing the drill-rod
through a hollow piston from the near end. Whatever be the
number of drills at work, any one tool can be readily withdrawn
and another inserted without interfering with any other. No
carriage is required for mounting the drills, they stand close to
the face of the rock, and can be immediately replaced after a
blast, to remove drilling without waitiug for the removal of the
ddbris which the blast had detached. This is an important
consideration to secure & rapid advance, and it is claimed to be
an advantage that no other plan possesses.

Mode of Mounting the Drills.

The satisfactory prosecution of mining or tunnelling operations
Tequires not onlIv that a drill or perfurator should be provided
that is applicable to the purpase, but it must be so mounted as
to permit its convenient use.

he conditions to be fulfilled in mounting the drills are,

1. That the plan adopted shall admit of the erection and
removal of the drills in the shartest possible time.

2. That it shall permit the resumption of drilling operations
a8 quickly as possible after & blast, so as to secure the greatest
number of blasts in a given period of time, the progress being
in :ro rtion to this number.

3. That the drilling of the holes should interfere as little as
possible with other operations, especially with the removal of
the débris.

4. That the most perfect mobility should be secured, admitting
of drilling in any position, at any angle, or at any elevation.

5. That the adjustment of the drills, and the fastening of
them in any desired position, should require the least possible
period of time.

6. That the manipulation should be effected with the smallest
number of attendants.

7. That if any drill should break, another can be inserted
without delay, and without stopping any other machine.

‘The Mont Cenis drills are mounted on an iron frame of con-
siderable size and weight, which is supported upon wheels, and
runs forward upon a railroad track. The perforators can be
moved horizontally or vertically on arms which admit of these
motions, but their extreme length does not permit holes to be
drilled at an inclination varying much from the direction of the
gallery.

The machine is so large, and the spaces on each side conse-
quently so small, as not to permit the convenient removal of the
débris when the perforators are at work, consequently there is
considerable delay in resuming operations after a blast, inde-
pendently of that which is caused by the defective system of
ventilation. In consequence of these ditliculties, it has
been found practicable to blast only two or three times in twenty-
four hours.

In the experiments made by or under the direction of the
writer, several modes of mounting drills were "tested, but only
that which gave the most satisfatory results will be described.

The final result of many improvements is exhibited in a
stand with two hollow columns, the base of which rests
on a cast-iron tripod, in which are three steel points,
which, by means of & thil-and-socket Jjoint, accommodate them-
selves to the inequalities of the surfuce, and require no adjust-
ment whatever. When steam is to be used, the base should be
hollow, and divided oy a transverse purtition into two apart-
ments, into one of which the live steam is admitted, and into
the other the exhaust.

The size of the columns should be about 4 in. exterior dia-
meter, the thickness 3 in., and the material wrought iron.

The connexion at the top is by means of a strap 2 in. deep,
$in. wide, with rings{to embrace the columns tightly. To
obviate the loss of time and the instability which result from
too great length of the top screws, a second tube is provided to
slide inside the column, like the tube of u telescope, ‘This tube
may be extended a foot or 18 in. at one movement, and held by a
pin, which passes through holes in the column, and upon which
the bottom of the inner tube rests.

‘The inner tube at its top end carries a nut to which it is
rivetied, and through this nut passcs the steel-pointed set screw,
secured, when in place, by a jum nut. or by passing a rod
through the holes in the screws of the two columus, which fur-
nishes a convenient mode of locking them.

Each stard may contain three or four drills, but threeisa
convenient number for driving a tunnel gallery 6 ft. high. The
diztance between the columus of each stand is 10in., or 18 in.
frem out to out.  The number of stands in use wiil depend upon
the width of the galiery. In a Leading 61t. bigh and 10 ft.

wide, it might be expedient to use four stands mounting twelve
drills, in order to secure the most rapid progress possible; but
two stands with six drills would give very satisfactory results,
as two or more sets of holes could be drilled before blasting.

It will be observed that there is not a single screw connected
with any of these movements; that keys have been substituted
in every instance; that the keys are placed in a direction at
right angles to the direction of the jar or strain, so that there is
bat little tendency to rattle loose; that every clamp-piece has a
transverse notch, through which the key passes; and that every
key is wired.

‘The advantage of effecting the adjustment by meauns of keys
instead of screws, became evident after a short course of experi-
ments at the Franklin Tungel, in Pennsylvania. The screws
required to be turned in effecting the adjustment were not all of
the same size; wrenches had to be adjusted to fit. Sometimes
they would be mislaid, and time lost in looking for them. The
annoyance from this canse was considerable: those who experi-
enced it can appreciate the advantage of a system in which all
the fastenings can be loosened in a few seconds by three or four
light taps with a hammer, or a stone if the hammer is mislaid,
and tightened again as readily.

As the distance beween- the columns is 10in., while the width
of the drill cylinder is 6in., and its length 10 in., thereis a play of
4in, to the right or left; and as the point of rotation at the for-
ward end is about 4 in. in advance of the line of the columns,
the rear end of the cylinder when placed on one side will awing
clear of the column on the other side. This will admit of a
range of horizontal movement exceeding 90°, a degree of mobility
which would be impossible with any other than a very short
machine, and in securing it stability 18 not sacrificed.

I a vertical direction there is no limit to the movement; the
drills may be placed at any angle, from vertical upwards to
vertical downwards.

As the drill cylinder can be placed in contact with either
column, it is nssible to work as closely to either side of the
tunnel as may be necessary. A narrower stand could possess
20 advantage in this particular.

To shift the position of a drill it is not generally necessary to
move the forward pivot it is only required to loosen the two
column clsmp keys; and the two rod clamp keys to secure a
movement both horizontal and vertical. A minute should suffice
for this adjustment.

The india-rubber pipes which carry the live and exhaust steam
or air to and from each drill are not disconnected, except when a
drill is to be sent to the shop for repairs ; they remain attached to
the drills and stand, and do not interfere with the movements.

If a drill point should break or become so dull as to require
sharpening, the box at the rear end which holds the feed-nut is
thrown open, the drill rod with the nut attached is drawn out,
and another rod and nut inserted; there is no necessity for
losing time to back the drill-rod out by unscrewing tho feed-nut
as in other drills.

If it should become necessary to remove one of the machines
from the stand and substitute another, this too is very rapidly
effected. The key in the plug at the forward end of the cylin-
der must be knocked out, the wires removed from the pins at
the rear end, and the bose disconnected. As the hose couplings
are made upon an improved plan without screws, the whole
operation is performed with great celerity. All the couplings of
pipes and hose are ted by simply pressing them together
with the hand, and disconnected by pressing a spring and pulling
them apart.

In ordinary tunnelling, the most difficult portion of the labour
and that which consumes the most time, consists in drilling the
boles for the blasts. At the Hoosac Tunnel, where accurate re-
cords of all Illlm operations have beelz: kept by statisticians em-

loyed for the purpose, it appears that the average progress in
Sriﬁing by hm?d in the talcose slate rock, a rock pot average
hardness, s 46 in. per day of eight hours, or about ten minutes
to an inch. In the same rock the machines should readily drill
at least 2in. per minute.

The substitution of machine for hand labour in drilling is
therefore very important, if other essential conditions can be
also complied with ; these are:

1. A mode of erecting, applying power, and removing the
drills expeditiously.

2. Facilizies for resuming drilling operations immediately
aftera blast without waiting until the material blown down has
been removed on oars, and without interfering with its re-
moval.

3. Ample power for operating the drills.

4. Pertfect ventilation at all times.

Other conditions of accclerated progress which may be con-
sidered secondary are,

5. A convenient mode of furnishing light.

6. A convenient mode of inaintaining the alignment and

€.
7. The best mode of loading and blasting holes.
8. The most safe and powerful explosive agent.
9. The best 1node of protection against stonc projected by
the blasts.
‘These subjects will be considered in the order in which they
have been stated.

Machinery to aid in erecting and removing the Drills.

The drill which has been described in this paper weighs about
12) Ib., and the staud 180 lb. Three drills, mounted with stand
would weigh about 600 Ib. This i3 a very manageable weight ;,
six men, three on each side, would find no difliculty in carry-
ing a stand with its attached drills, without any machinery
whatever, and a single drill could be readily lifted to change
position, or carried away for repairs by one man.

These are great advantages over heavier forms of drilling en-
gines; nevertheless, to avoid manual labour as much as possible,
several plans for handling the stands were devised. The
one to which a preference has been given consists of a low
car with wheels twelve or fourteen inches in diameter.
On the floor of the car is laid a circular track on which the
two wheels of a trussed lever revolve. A centre pin kecps the
wheels on the circle. The trussed lever is about 20 ft. long
from the centre to the forward end, aud 15 fr. at the rear end; at

tLe top are two ties of angle iron, which also serve as rails for the

wheels of the small roller which carries ‘the counterbalance
weight. Four braces support the ends, and form the trass.

At the forward end is a swivel, from which are suspended two
short pieces of chain, with hooks to clamp the columus, and
grasp them at any point. The counterbalance weight is ran
out, by means of the crank, to a sufficient distance on the short
arm, to balance, or nearly balance, the weight of the drilkstand.
The angie-iron is piem«i with holes, and & pin holds the weight
in any position; when the stand is laid on the car, the counter-
balance weight is then rolled to the centre, when the lever can
be removed from the stand, and another picked up and trans-
ferred to the car in a similar manner. i

To understand the advantages resulting from the use of this
apparatus, it must be observed that, when u blast is made, the
great mass of rock falls immediately in frout of the face, and
very little of it is projected more than two or three yards. A
movable seetion of track can therefore be laid to within
15 or 18 ft. of the face, by turning over a few stones, if any are
in the way. The long arm of the trussed beam will then
reach entirely over the pile of stones, and place the drill-stands
just where they are required. The base of the stand occupyin,
a space of only 8 in., and its distance from the face of the rocﬁ
being less than 2 ft., the stones within this distance can be
thrown back in a very minutes, without waiting to load them
upon cars. If any piece of rock is too large to be readily
removed, it can be picked up by the trussed beam in the sume
manoner as the drill-stands. As soon as a space of 2 ft. from
the face of the rock has been cleared, the stands can be placed,
the pipes connected, and the drilling resumed; and while this
operation is progressing, cars can be brought forward, and the
material removed before the next set of hLoles shall be prepared
for tlasting. .

In this operation will be perceived a striking advautage in
the present form of drill over E:rtomtou, in which the drillin
tool is inserted in a socket at the forward end of the pimnorofﬁ
Allowing only 1 ft. for the projection of the piston-rod when at
the forward end of the stroke, and the length of the drilling tool
not less than 8 ft., the front of the drill-cylinder must be at
least 4 ft. from the face of the rock, and, in some, 7 or 8 ft.
This great projection of the dnllmg tool also requires that its
forward end shall be supported when the hole is commenced.
With such machines it is almost impossible to resume the drill-
ing of a new set of holes until the material from the former
blast has all been carried out, and thus thess two operations,
which, to secure rapid progress, should be carried on simulta~
neously, must be performed successively.

By dividing the frame as in the plan of working adopted b
the State Commissioners at the Hoosac Tmmﬁ, 80Me ld{
vantage is gained, as one-half of the s can be cleared, the
track laid, and the balf carriage run forward to recommence
drilling with a portion of the machines, before the balance of
the space is cleared; but it is believed that no other plan that
bas ever been proposed will permit the resumption of drilling
operations after a blast, with as little loss of time and as little
manual labour as the use of the tubular stands and the trussed
lever for handling them.

When the trussed lever is not in use, it is ran off upon a side
track, which also serves asa place of deposit for cars, to keep the
main truck clear.

The second condition which has been enumerated as essential
to secare the most rapid J)I'OEM in tunnelling is the possession
of facilities for resuming drilling operations immediately after a

last.

In the consideration of this subject, it will be assumed that
the heading or advanced gallery is of the same sectional area as
that given to the Hoosac Tuunel, which is 15 ft. wide and 6 t.
high, und that the problem to be solved is to determine the mode
by which the most expeditious progress possible can be secured
in a gallery of these dimensions.

One condition of rapid progress is satisfied in the use of the
trussed lever for expeditiously erecting and removing the drills,
and placing them in position before the loose material is carried
out; but tomake these facilities available, there must be,

1. A properly constructed car, on which to transport the
drills, .

2. A means of quickly removing the powder smoke.

. A ient means of attaching the pipes which convey
the power, and preventing leakage of steam.

4. A maans of supplying fresh air.

5. A supply of water for the holes.

6. Such a disposition of pipes, tracks, and machinery, as not
to interfere with operations, or be exposed to damage.

The car upon which the drill-stands are removed consists of
a frame 12 ft. long, supported on low wheels; on the top are
several cross pieces 4 ft. long. As the drill-stands are 6 ft.
long and one foot aud a half wide, the top of this car would
afford ample room for four stands. The trussed lever takes
hold of the back of the stand, and as it is turned on the swivel
the fuce which was next to the rock is presented to the car, the
front of the drill cylinder projects dowiwards, and the rear u
wards. Thus they lie in perfect security, the columns only
being in contact with the car.

‘The power used is supposed to be steam, and the manipulations
described have reference to its use; but it compressed air should
be employed, they would be very similar.

In the use of steam it is desirable that the joints shonld be
tight, and the glands all accessible, sothat they can be tightened
if found to leak, also that the exhaust steam, instead of being
allowed to escape into the tunnel, should be carried away by a
separate Lipe. i

The car upon which the drill-stands are tr rted is con-
nected by rigid couplings with the portable boiler, and carries in
a secure position beneath the axles the steam-pipe which supplies
power to the drills.

The end of the steam-pipe projects about a foot beyond the
front end of the car, where there is a globe valve, and the con-

It will be observed that the only connexions to be made in
tinuation of the pipe is by about 10 ft. of india-rubber steam
hose, and terminated with 10 ft. of metallic pipe having upon it
as many nozzles as it is proposed to use stands.

To each nozzle is attached 2 or 3 ft. of inch and a quarter
india-rubber steam hose which connects the steam-pipe with the
base of each stand.
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applying steam will be a single one at the base of each stand.

e gum pipes belonging to each stand are not disconnected, ex-
cept when a cylinder is to be removed from a stand and another
inserted. The short pieces of hose connected with the 10 fi. of
metallic steam-pipe, which lies in front of the stands, remain
permanently attached thereto; and when the stands have been

upon the car ready for removal, the piece of
pipe with its attachmentsis laid on top, the flexibility of the
gum hose permitting this to be done without inconvenience.

The pipe to carry away the exhuust should be larger than
the steam-pipe, say 5 or 6 in. in diameter. This pipe is also
10 ft. long, Les in front of the stands beside the steam-pipe, and
i s farnished with the same number of nozzles and short pieces
of hose. The exhaust-pipe and hose may be light and thin, as
the pressure is very slight.

0 continuation of the exhaust-pipe into the vacuum-boz, to
be hereafter desaribed, should be by short pieces of gam-pipe in
lengths of 10 ft. or 12 ft., 80 as to admit of convenient exten-
sion as the work progresses without extending the vacuum-
box more frequently than in lengths of about 16

This piece of exhaust-pipe, with its attachments, is also to
be gmoved with the stands preparatory to a blast, and placed
on the car.

The track upon which the car runs is a temporary one, com-
posed of sections of two rails, each 12 ft. long, connected by
cross-rods. The rails are dowelled into each other at the ends;
they are laid upon the bottom without croes-ties, and levelled
roughly with a few blocks or stones where support may be

s the car is run back, these sections, which are very light
and readily handled, are lifted and placed upon the car to the
extens :t; about six sections, beyond which there is not much

It bas been stated that the car is attached ently to the
boiler or steam-generator, and to this must be also attached a
tender with fuel and water. Twelve drills would require a 40
horse power boiler, weighing about 8500 1b., water in boiler
16001b.; water to run d.nﬁa an hour, 22001b.; drills and
stands, 2000 Ib.; fuel for an hour, 500 1b.; car, tender, &c.,
8000 1b. Total weight to be moved, say, 7 tons.

By the aid of a pinion and crank appfied to the driving-wheel,
the train can be removed by one man to a distance of 150 ft. in
a period of time not exceeding five minutes.

Mumi_l:ﬁ to resume , it is obvious that the train can
be moved with the crank quite as fast as the rails can be laid
and adjusted.

1t is proper to obeerve that space in a tunnel is very limited in
two dmotwmi in height and width, but in length there is
practically no limit. By the propmo(i Elm of operations, the
i{:’og mg:ﬁiauly I)eh‘inn;}l the drills, ; ere the pile of débris

is entirely unoccupied by any machinery or pipes, exceptin,

a small | of one corner w] mthevwnugmia
The_boiler and tender, car and contents, take up only 4 ft.,
leaving 11ft. unocoupied, which would be amply sufficient for
two tracks; but it must be observed that the track oocupied by
the boiler extends back, say, about 300{t., beyond which the
whole tunnel is unoccupied by any machinery connected with
the arrangements for mechanical drilling.

It cannot be doubted, therefore, that the proposed machinery
and plan of operation afford facilities for quickly erecting and
removing the perforators without interfering with the removal
of material.

The means proposed for removing the powder-smoke are the
8ame ag those for ventilating the tunnel and furnishing draft
for the boiler, which will be more fully considered under the
head of Ventilation; it is sufficient to state here that an air-box
is carried in the ;n%lo of the tunnel to the very face of the rock,
that it is protected by piling stones or logs upon it, that a vacuum
is produced in the pipe by suitable means on the outside of the
tunnel, that the powder-smoke and vitiated air are drawn into
this ¥lpe, and carried out without being allowed to poison the
air of the whole tunnel, as is the case where air is forced in by
compressors, the smoke driven out at the end.

The means of applying the power are very simple. In the
first attempts of the inventor to use steam in tunneling, the
boiler was stationed about one hundred and fifty teet from the
qgrfonton, and the steam carried for this distance in pipes.

o accommodate the length of the pipe to the advancement of
the work, the lust joint was made with a smaller pipe sliding
within a larger one, and a section of hose, or rather several
sngees of smaller diameter, connected the steam-pipe with the

rill-stands.  This arrangement was much more inconvenient
than that which has been described, in which no extensions of
steam-pipes are necessary, but only a gradual advance of the
steam-generator on the track as the work This
permits firm and permanent joints except at tbe stands; and if
one of these connecting-joints should become detached, and
permit the escape of steam, the men are in no danger, for they
are behind, and by the system of ventilation adopted, the air
moves towards the face of the work, aud the escaping steam
would be drawn into the vacunm box before it conld escape into
the tunnel to any considerable di ; besides the supply-
valve at the boiler would be immediately closed by the attendant,
and the steam shut off.

The supply of water for the holes while drilling does not re-
quire that a constant jet should be injected into each hole while
being drilled. A supply at short itervals is sufficient. The
report of the commissioners on the Hooeac Tunael states, that
the provision for injecting water into the drill holes was only
partially availed of. Practically, the most simple and con-
venient mode of furnishing water for the drill holes would be to

a small tank upon the forward end of the car, where it
w be very accessible, and inject the water by means of large
3ri.ngu, one of which to each stand would be amply sufficient.

r, if preferred, a close tank could be suspended the axles
or the middle of the car, connected with an air-chamber
into which air could be pumped by a hand-pump attached to the
car, 50 as to prodoce a pressure upon the surface, or still more
simply a portion of steam could be admitted to the tank above
the water, 80 as to produce a moderate preesure; the water
could then be thrown into the holes by means of a hose. The
water question is & very simple one, and presents no difficulty ;
it is, moreover, independent of the system of mechanical tunnel-
ing that may be adopted, and is as necessary for oue as for

another. The car, however, oﬂ'er:ot facilities for s i ia;ho
, which oth: ight not as conveniently 8
“g‘m' lo‘,r Opere 'y%ll:.‘g—hEngmm‘ who have heretofore
attempted to solve the problem of determining a practical mode
of lppgying machinery to facilitate the operations of tunneling,
bave nniformly assumed that the creation of the power inside of

metallic | the tunnel was impossible, and that it must necessarily be trans-

mitted from some source of power on the outside, if machinery
for drilling rock be used in any manner. In this consists a
radical di between the system proposed by the writer
and all others ; he does not assume the impossibility of gene-
rating power ina mine or tunnel, but does generate and apply it
just when and where it is required for_use, and that, too, as
effectively, conveniently, and simply as if the operations were
conducted on the outside. .

Before committing the Governments of France and Sardinia
to the great expenses required in the introduction of the system
ofworﬁ::mwhineryby-, d air, elaborate experiments
were made by a properly constituted commission to e
its practicahility. .

Assuming that a machine could be.invented, capable of drill-
ing holes in rock Ly the agency of compressed air, it became
necessary to determine, .

1. The number of perforators that it would be desirable to
operate at one time. .

2. The quantity of air at the required tension necessary to
operate them. .

3. The additional 3u&ntity of air necessary for ventilation.

4. The amount and kind of power noeem? to furnish the
air at the proper tension, and the best mode of providing it.

5. The capacity of the reservoirs necessary to contain the
compressed air, and maintain uniformity of tension while

working.

6. Tﬁe allowance to be made for loss of power by transmis-
sion through the pipes. i

The number of perforators used at the Mount Cenis Tunnel
is nine, and the aversge number of blows per minute is 270,
with an average consumption of air at each stroke of about 185
cubis inches.

Nine perforators making 270 blows per minute would consume
190 cubio feet of air per minute at a tension of five atmospheres,
equivalent to 950 cubic feet per minute, at the ordinary tension.

The amount of air required for veutilation was estimated by
assuming, as the resultof experiment and observation,

Ten cubic metres of air per hour as requisite to furnish ven-
tilation for each man. .

Seven cubic metres of air per hour to support combustion for
each lam

250 cn%ic metres of air per bour to dilute the gases generated

by the explosion of one kilogramme of powder to an extent suffi- | PO

cient to permit them to be breathed.

The consumption of powder was estimated at 24 kilogrammes
in 24 hours.

It was found that the quantity of air required for ordinary
working at the atmospheric tension was 2118 cubic feet per
minute, to be increased after a blast.

The power required at both ends of the tunnel to work the
hydraulic compressors was estimated to be 650 horse power.

The apparatus required to compress air at the Mont Cenis
tunnel consisted of cylinders into which the water was admitted
at the bottom, under a sufficient head, forcing the air into a
smaller space at the top; when the proper tension was attained,
the air opened a valve and escaped into the reservoir.

As the horse-power expended is measured by the space passed
over under a given pressure, it is evident that if air is com-
pressed by this system into one-fourth of its original bulk, the
power expended 1n oomLEming ‘it will puss over a space repre-
sented by four, while the air oecnzin a space represented by
one. Therefore the power secured by the use of the compressed
air cannot be more than one-fourth of the power expended in
compressing it; to be reduced still further when triction and
other resistances are considered. -

Under other systems of compressing air the loss may be
reduced, but when power must be provided exclusively for the

of compressing air the loss must always be considerable.
Whm air can be com by the use of power already exist-
ing, and not otherwise utilized, it is the best aud moet ecouomi-
:ﬁngent posgible. If the uniformity of motion and resistance
is maintained by heavy fly-wheels, the loss in compressing air
by the agency of steam will be reduced. -

Whatever may be the plan adopted for compressing air inde-
pendently of the loss of power attendant upon this operation,
there must be another serious loss in its transmission if the
velocity be great.

To obtain data by means of which to determine this loss a
series of extremely valuable experiments were made at the
Mont Cenis Tunnel, by a commission of gentlemen of eminent
scientific attainments, -pﬁointnd by Government, consisting of
Messrs, De Nérache, Giulio, Ménabréa, Rura, and Sella.

After having satisfied themselves that the hydraulic air-com-
pressors could furnish a large quaantity of air at high pressure,
the commission undertook to determine carefully the diminution
of tension, which, near the drilling-machines, would result from
the resistance of the sides of the pipes to the motion of the
air. With this view, speclal experiments were instituted on a
system composed of 301 metres of metallic pipe, continued by
98 metres of india-rubber hose. Mercurial gauges were used to
ascertain the tension of the air simuitaneously at different points,
and observations were also made on the time of passage and the
velocity of the air which escaped. These data, compared with
the dinmeter of the pipe, enubled the observers to determine
the force of the elastic fluid at the comnmencement and at the
end of the pipe, and enabled them to trace accurately a curve
for the interpretation of the results. In extending and com-

ing these calculations, the experimenters formed the follow-
ing Table, which gives the results of their observations:

Two laws will be observed by an inspection of this Table.

1. The loss of tension or resistance is inversely as the diame-
ters of the pipes.

2. The loss of tension is directly as the squares of the
velocities.

The quantity of air retinind per minute at the Mont Cenis
Tunnel was 2118 cubic feet per hour, equivalent to 85.3 cubic
feet per second at the ordinary tension.

If this air is passed through a pipe 8in. in diameter, the
velocity must be 101.6 ft. perng:eeons‘ in the pipe, or 31 metres
per second at the ordinary tension, or, conde: under & pres-
umnsf four atmospheres, the velocity must bo 8 metres per
8ecol

Loss of Tension for one thousand meires of pipe, expressed in

miltimeters of a column of mercory .
Diameter of Pipes in the clean
Velocity of air at the entrance|  expressed in decimals of a
of the pipe in metres per metre.
second.
0.10.'0.15. o.2o.|o.25.|o.3o.|ox5.
1 .. o ol 6 41 38| 8 2 2
2 . ..| 26| 18] 18| 11 9 8
3 .. . .| 62] 42| 81| 25| 21| 18
4 .. . «  ...|108] 72| b4| 44| 36] 81)
5 .. . ..|167 1112 | 84| 67| 56 | 48
6 .. ..|2881156(117) 94| 78| 67

It will be perceived from an inspection of the Table that the
loes of t:lnuo:h i8 nearly in pi pomonsu the oqnu;s of th& :;lm
city ; and aé the supposed diameter, 8 in., is nearly one-! of
a metve, the fourth column should be used. Y

The loes of tension in 1000 metres, with a velocity per second
of 8 metres, would be 216 millimetres of a column of mercury,
equal to 8% in., or more than one-fourth of an atmosphere.

It carried 4 miles, or 6437 metres, the losg would be one and
eight-tenths atmospheres, or 27 Ib. per sq; inch, reducing an
mﬁu pressure of 60lb. at the reservoirs to 831b. at the

8.

If by the system of hydraulic compressors only one-fourth of
the expended in compressing air can be utilised in the
air thus compressed at the reservoirs, and if an additional loes
of nearly 50 per cent. is sustained in the transmission of the air
to the middle of the Mont Cenis Tunnel, only one-eighth of the

iginal power would remain as available for operating the per-
forators at that distance from the reservoirs, and in this calcu-
:;u::dﬁ-iction and other ordinary resistances have not been con-

A serious objection to the use of compressed air as a motive
power in tonnelli g arises, therefore, from the great loss of power
in compression and transmission, from which steam, if applied
directly and without transmission through long pipes, would be
entirely exempt.

If only & small number of drilling-engines are in operation, so
as to reduce the velocity of transmission, then will the loss of
wer also be reduced ; and if the air is not in use, and no esoape
permitted, the pressure at the reservoir would be transmitted to
2 t distance without diminution.

n consequence of the loss of tension which results from the
transmissions of air to long distances through pipes, it follows
that when a gallery in subterranean operations is extended to a
distance of several riles, expedients must be used to compensate
for this loss.

If the perforators require a pressure of 60 lb. to the square
inch, they cannot be advantageously operated with 301b. or
85 Ib., and therefore it will become necessary either—

To reduce the number of perforators in involving a re-
duction in the rate of progrees, or increase the iitial tension by
an increase in the power at the reservoirs, or increase the num-
ber o: diameters of the pipes which carry the air into the
tunnel.

Water may be used as a motive power, and could no doubt be
applied advantageously in miving coal, and similar operations,
by means of a water engine, the power being carried in pipes,
and the conuexions mude with india-rubber hose; but the
movements of such engines must be slow ; the number of blows
in a given time much than can be attained with some form
of pneumatic power, and the resistance in the transmission of
the power much greater. The problem of the application of
water to tunnelling will not therefore be discussed at this time.

It remains to consider the application of steam as a motive
power in tunnelling.

Why steam should have been so gemerally rejected by en-

ineers as inapplicable, it is difficult to understand; probably
use opinions were formed hastily, without investigation.
The apparent difficulties are far from insuperable.

What are the supposed difficulties in the way of the direct
application of steam as a motive power in tunnelling, and what
are the conditions of success?

1. If steam is generated outside a tunnel, it cannot be carried
for any considerable distance without great losses by conden-
sation.

Very true, and the remedy is, not to generate the steam out-
side, and not to carry it in pipes more than 20 or 80 feet.

2. If generated inside, we encounter,

The inconvenience of a boiler in the tunnel, with the occupa-
tion of space required for other purposes.

The necessity of carrying fuel and water into the tunnel.

The difficulty, usually considered au impossibility, of creating
& draft for the boiler.

The escape of smoke aud gases generated by combustion.

The escape of steam into the tunnel.

The heat of the boiler, pipes, and escaped steam yendering it
impracticable for the men to work. .

he damnﬁe to such bulky machinery from blaste. 7 -

The difficulty of removing such machinery to a safe distance.

The danger of explosions.

Can any other objections be thought of ? If not, an attempt
will be made to show either that there is not the slightest force
in any that have been stated, or that the remedy is simple and
inexpensive,

The key to the solution of this important problem of the
direct application of steam to tunnclling consists simply in the
combination of a steam-generator with a vacuum pipe, a combi-
nation whioh fulfils every condition required in the economical
and convenient generation and application of steam, and at the
same time secures a ventilation incomnparably more perfect than
any other system can furnish, even at an expenditure in con-
struction aud maintenance of machinery many times greater.

(To be Continued.)
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THE INSTITUTION.

. THERE can be but few English engineers who would
not acknowledge to some degree of pride in the Insti-
tution of Civil Engineers, even although not them-
selves members of this, the single representative body
of our profession. It is honoured, too, and respected
abroad, and that in every part of the civilised world.
Besides its present and practical advantage as a focus
and repository of engineering knowledge, and as
affording some guarantee of the qualifications of its
members, the Institution has a history of which the
whole profession is proud, and which invests the unpre-
tending house in Great Georgeé-street with many
cherished -associations. None who have sat in its
theatre when Stephenson and Brunel presided over
and took part in the discussions, could hear, except
with deep pain, of any present dissensions there calcu-
lated to lessen its usefulness and influence. Although
a purely voluntary association, as much so as any club,
and possessing no powers of interference with engi-
neering practice or practitioners, the Institution never-
theless does exercise a moral influence upon, and
impart a tone to, English engineering, to which the
profession and the public alike owe much. Although
engineers have been said to be rough and rugged in their
natures, as are the materials with which they deal, the
Institution, as much as, if not more than, any other
influence acting upon its members, brings out the price-
less qualities of the gentleman, and shows that only rea-
son, forbearance with opposition, and courteous demea-
nour can carry conviction, and propitiate good feeling.

In material prosperity, the Institution was never in
a more flourishing condition than now. It has a con-
siderable accumulated property, some 25,0001., besides,
of course, the benevolent fund of about the same
amount, and it has au annual income much in excess
of its total expenditure. So highly, too, are the ad-
vantages of membership now valued, that there can
be no doubt that the number of members and asso-
ciates would increase nearly as rapidly as heretofore,
even were the annual payments considerably greater
than they now are.

The Institution has long needed a more commodious
home. The present house in Westminster is not only
wanting in many of the essentials of due accommoda-
tion, but it is altogether unbecoming the wealth and
influence of the profession. The library is not one-
third as extensive as it should be, especially now, when
professional books, professional periodical literature,
and parliamentary proceedings upon private bills have
become so numerous and voluminous. Accommodation
is required also for models and plans, and, we may
just add, for statues, busts, and portraits of engineers,
and for paintings of merit of the more important works
of our profession. Once provide for these, and with
the present nucleus they would steadily accumulate,
and in time become a collection of priceless value.
‘We need not point out to any one knowing the present
building, that the waiting-room is altogether unfitted
by its darkness for even a third-rate solicitor’s office,
or a waiting-room of the meanest character. Even
the meeting-room of the council, used as it also -is for
the secretary’s office, is by no means what it might be.
As for the lecture-theatre, it is very often overcrowded
on the occasion of any discussion of apecial interest,
and scores of visitors are often unable to get inside the
door, to say nothing of finding no seats. On the occa-
sion, too, of the president’s annual conversazione, the
crush and discomfort are simply outrageous. Grow-
ing as the Institution now is, it requires an altogether
better and larger building, and in no case should the
members permit the patching-up of neighbouring houses
for their use, as was proposed last year. The move-
ment then made to obtain funds for the erection of
such a building, upon freehold property, resulted in
the promise of 25,000/. ; and, but for the strong oppo-
sition of some of the members, the undertaking would
have, doubtless, been now well in hand. Considering,
however, the general collapse of engineering un-
dertakings since that time, the temporary abandonment
of the scheme is not so much to be regretted. The
necessity will be felt, in greater force, in a few years;
but when, possibly, members may be neither so ready
and liberal as they were last year, and when another
freehold site so desirable as that then available cannot
be had for twice the money. No one in the profession,
and knowing the Zabitat of the London engineer, will
dispute that the most desirable of all sites for a per-
manent home for the Institution is that occupied by
the houses 15 and 16, Great George-street, a site com-
manding a full view of the Houses of Parliament,
Westminster Abbey, Westminster Hall, Westminster
Bridge, close to all the public offices, and most acces-
sible to all having business at the Institution.

1t is to be hoped, too, and that most earnestly, that

another inquiry, like that conducted in private by the
council, last winter, may never again, no matter what
the occasion, be attempted. No doubt the case wasa
most unpleasant one, and, on its face, greatly against
the [i]erson implicated ; but it is, we may say, certain
that he committed no legal offence, and that his past life,
his own explanations, and very much of his conduct in
the affair itself were wholly opposed to the presump-
tion of any moral delinquency. No doubt, however,
that acting as a merchant merely, and not at all in a
ition of trust, as was so persistently represented,

e committed a serious error of iiudgmem, and brought
upon himself a commercial misfortune, under circum-
stances, certainly, inviting unfavourable comment.
We do not wish, however, to re-open the case—our
readers know how fully we dealt with it at the time;
but we would Foint to 1t merely to repeat how essen-
tially unsuitable is such a tribunal for hearing such
cases, and awarding punishments so fatal in their
nature. Indeed, in all so-called * courts of honour”
there is an element of danger which does not exist in
courts of law. While an ordinary criminal jury feel
themselves in no way prejudiced in acquitting a
prisoner in the absence of sufficient evidence, even
under very suspicious circumstances, a jury of peers
feel that anything approaching a grave suspicion resting
upon one of their own number must react in a damag-
ing manner upon themselves. So in the case in ques-
tion. There was much in it that had never been
explained at all; there was good law to defend all that
was explained ; and yet the case undeniably had a bad
look. PWho will not believe that many members, really
not understanding more than the general bearing of
the matter, and anxious only to preserve the honour of
their body, as much for their own sakes, too, as for that
of the Institution, were ready tosery “ Vote! vote !”
even before the accused bad been allowed to speak in
his own defence? May no such occasion ever arise
again, no matter what the pretext, so long as the case
is within the scope of the civil or criminal law, except
as the result of proceedings at law. Cases not within
the scope of the law, but demanding inquiry, may
sometimes arise, and in these alone let the right of in-
quiry be exercised. And let the members have the
courage to enact a by-law, that whoever brings for-
ward what is in its nature a case for the law, upon

merely J)rivate testimony, shall himself be thereby
rendered liable to expulsion.

Another point. It isto be regretied, for the sake of
the good feeling and harmony which should always
prevail in the profession, that the late opposition to
the application of a junior body of engineers for a
charter, empowering them merely to hold a moderate
and necessary amount of property in their corporate
capacity, should have been opposed by the Institution.
This opposition can be defended upon no ground of
justice or policy, but only by the admission of jpro-
fessional jealousy, and the Council of the Institution
have already had the opportunity of reading in our
columns the spontaneous and energetic condemnation
which their course has drawn from one of the ablest,
most high-minded; and popular engineers in France,
M. Eugeéne Fiachat himself, the president, and for the
seventh time since 1842, of Lz goca'e’le’ des Ingénieurs
Civils, the representative body of the profession in
that country. Indeed, nodispassionate man could take
any other view, and even the President of the Institu-
tion, in his recent letter to us, admitted that he warmly
desired to see kindred bodies increase in number and
importance, while yet most strangely and illogically
thinking that to empower these bodies, as they should
all be empowered, to hold sufficient property for their
own necessary purposes was to * establish” a “rival,”
although the so-called “rival” has been fully “ esta-
blished” since 1856. Now that the occasion has
passed, many members of the Institution will t
this mistaken policy. Several have privately asked us
already whether the Institution and the younger so-
ciety cannot “work together.” Certainly not, and
there is no weifhty reason whatever why they should.
The members of the latter have a genuine respect for,
and even a pride in, the former, many of them, indeed,
being also members of the Institution. But they
desire to act so far independently, just as at least a
dozen other enginecring bodies are now doing, with
real advantage to themselves and to the profession.
Let them continue to do so, placing no obstacle in
their way, and much unpleasant feeling will be avoided,
while the older society, as heretofore, will have
nothing to fear.

THE CLEVELAND IroX TRADE.—There is not much change
to report in connexion with this trade. The manufactured iron
trade is looking somewhat better, and during the last few days

a Middlesboro’ firm has booked a considerable Continental order
for rails.

THE GARTSHERRIE IRONWORKS.

THE notion of there being an aristocracy of pig iron
may seem a strange and far-fetched idea, yet it will un-
doubtedly impress itself upon the mind of any observi
visitor to those great and celebrated ironworks whicE
form the subject of our present notice. The Gart-
sherrie works form the first and original establishment
of Messrs. William Baird and Co.—a firm which now
owns upwards of forty blast furnaces in various parts
of Scotland, together with all ‘the necessary append-
ages of mines, collieries, and land for working such an
enormous concern. . It ‘is not, however, the size and
extent of this commercial establishment which gives
rise to the idea of an aristocracy of iron, but it is the
rel}lmtation and celebrity of the brand “ Gartsherrie” to
which this expression refers. A ton of pig iron
marked “Gartsherrie” will command a price in the
market which not only is above the ave of the
general quotations, but which is also entirely un-
affected by the smaller fluctuations in the prices of
pigs, the general variations between supply and de-
mand having no influence upon that select brand.
The same pig iron, taken to any djstant port, will find
itself in a similar position by virtue of 1ts brand, and
the act of effacing this brand, although it could not
possibly alter the intrinsic value of the material, would
reduce its market price by something like 10 or 12
Eer cent. It is such a fact, granted and acknowledied

all the world, which conveys the idea, and justifies
the expression, “ aristocracy of pig iron.”

The Gartsherrie Ironworks are situated between
two main lines of railways, the Caledonian and the
North British Railway, and are connected by sidings
with each of the two lines. The works consist of six-
teen blast furnaces placed in two parallel rows, eight
on each side of the navigation canal, which passes
through the works, and forms one of the main
arteries for their traffic and locomotion of materials.
The two rows of furnaces are placed face to face, with
their pig-beds bordering the canal, and the lines of
rails for the supply of raw materials placed at a higher
level behind each row of furnaces. The two lines
of rails are connected with each other by a rail-
way bridge which crosses the canal and the
lower level of the works, and the trafic is
carried over this bridge and on the lines in the
works by means of several small locomotive engines
and the usual coal and ore wagons. The eight fur-
naces on one side of the canal have been erected at
different periods, and they accordingly vary in height
—between 38 ft. and 60 ft.—and afso in other dimen-
sions. The opposite row of furnaces is a set built from
one pattern, and all alike in every respect. They are
40 ft. high, open-topped, and worked with raw coal
and hot blast. The blowinﬁngine supplying these
eight furnaces is a single-cylinder beam-engine, con-
structed in its valve arrangement similar to that
of Cornish pumping-engines. The steam-cylinder is
58 in. in diameter, with 10 ft. stroke, and works with
71b. to 8 1b. of steam pressure. The steam is supplied
by six double-flued Cornish boilers, 10 ft. in diameter
and 35 ft. long, and both the engines and boilers were
constructed by a Scotch engineering firm, which ceased
to exist many years ago. The condenser is placed
below the steam-cylinder, and the blowing-cylinder
stands at an equal radius of beam at the opposite side
of the main centre. The blowing-cylinder has a
diameter of 120in. and a stroke of 10ft. The speed
of piston is, in both cylinders, 300 ft. per minute, giving,
in round numbers, abqgt 3000 cubic feet of air for
each furnace Eer minute, This blast is heated to about
800° in hot-blast ovens of the * pistol-pipe” form, in-
vented by Mr. Baird, and now very generally used in
the Scotch ironworks. The stoves are fired with coal-
slack, and are placed behind the furnaces at the level
of the railways supplying the coal. Mr. Baird’s
original plan was to place the hot-blast stove on the
top of his blast furnace, and to utilise the large flame
escaping from the latter for heating the blast. Plans
of that kind have been successfully introduced in
Swedish and German charcoal blast furnaces; but at
Gartsherrie this arrangement seems to have failed, and
it was abandoned after some shoré experiments. The
system of working resorted to, and the one universally
followed in the ironworks of Scotland, is the chargin
of an abundance of raw coal along with very rich cal-
cined ore and a small proportion of limestone, and
wasting all the gaseous products of distillation and of
partial combustion of the coal, which escape in the form
of a large and brilliant flame at the top of each furnace.
An independent and additional supply of coal is there-
fore required for firing the hot-blast ovensand the boilers
for the blowing-engine and hoist, the material used for
this purpose being the coal-slack or * dross” screened
out of the coal as it is delivered at the pit’s mouth.
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The iron ore used at the Gartsherrie works is pure
blackband, which is delivered from the mines in the
calcined state, and.an enmormous store of which (we
understand about 120,000 tons) is always kept on
stock at these works. There is also a large stock of
red hematite ore kept at Gartsherrie at this present
moment, but this has been an exceptional purchase
only, and does not enter into_the carrent mixture of
the blast-furnace charges. The calcination of the
blackband ironstone is effected in open heaps of about
2000 tons of ironstone thrown up to a thickness of
5ft. or 6 ft. and covered with small material all over
the surface so as to exclude any excessive supply of
air. The burning is effected in a similar manner to
coking in open heaps; it requires constant care and
attention, and occupies about three weeks for each
heap of 2000 tons, if the calcination is carried on suffi-
ciently slowly and uniformly to insure a good product.
There is no fuel required for this process of calcina-
tion, as the blackband ironstone contains a sufficiency of
free carbon for completely calcining itself. Before being

into the blast-furnace, the calcined biackband
ore is carefully sssorted, and all visible pieces of im-
matter and other admixture picked out by hand.
Eni‘: the amount of eare and attention bestowed upon
this process of purification which constitutes the
principal element in the maintenance of the high
quality of the Gartsherrie brand. The workmen em-
ployed in the picking of ore are paid by the quantity
of dirt which they remove, and this quantity, on the
other hand, controls the quality of the origival supply
of ore delivered from the caleining heaps, there bein
a certain percentage of impurities allowed for eac
kind of ironstone, which, if exceeded, would snb}'ect
the contractor at the ironstone mine to a fine. The
iron ore, when carefully purified, is the richest
iron ore mow smelted in any locaiity. Its charge
is about 32 cwt. to the ton of iron, ss an ave-
w, and ocoasionallhy it co:a;sh even slightl)}
ow this figure. This very hi tage of
iron in the g at the same time reg:ces the de-
mand for limestone to a very small quantity. There
are two kinds of limestone used at Gartsherrie,
both drawn from the coal measures at a very moderate
expense. The charge ton of iron made is 6 cwt.
of pure limestone, or 10 cwt. of limestone containing
a high percentage of aluminia, which is occasionally
referred for forming a surptus of qniec(ilf melted slag.
hese charges are made up with the m quantities
of about 30 cwt. each, and hoisted to the top of the
furnace mvug simple arrangement. The cage is
counterbalanced by a water-tub at the end of a chain,
which works over a pulley at the top of the hoist, the
water-tub, when filled, ramsing the cage and its charge,
and when emptied at the bottom end of its course
being overbalanced and raised in its turn by the de-
scending cage. The water required for filling the tub
is pumped iato a large reservoir by a pump attached
to the great bkwnng.enﬁlm The furnaces are tapped
every twelve hours, an each about 12 tons
of irom at each cast. The weekly produetion of one
furnace, ineluding the e on Sunday, gives an
average of 160 tous. There are fourteen es in
blast at present out of the sixteen existing at Gart-
sherrie works, and their total muke is about 120,000
tons of pig iron per ammum. Of this quantity aboat
eighty per cent. is “ No. 1 Gartsherrie,” or the standard
quality of foundry iron known in the market, the rest
being marked No. 2 and No. 3, and sold at a lower
price. The production of f pigs is only occa-
sionally undertaken at these works, and this to special
order at an exceptional price. The supply of coal for
this great establishment is partlioprowded for by a
coal-pit placed at a distance of about 150 yards from
the ces. A very ingenious apparatus for haul-
ing the coal-trucks from the pit’s mouth to the sereen,
:ﬁich latter is placed close to the furnaces, has been
arranged by the late engineer of these works, under
the superintendence of Mr. John Alexander, the prin-
cipal manager of the Gartsherrie Ironworks. The
trucks are moved in a horizontal direction by the
winding-engine of the coal-pit, and simultaneously
with the cages which go up and down the pit. The
trucks with coal are sent forward to the screen and
return empty to the pit’s mouth, all movements being
self-acting, so as to make the working of the pit eoin-
cide exactly with the transport of the coal in a hori-
gontal line. The colliery belonging to this establish-
ment has been for some time past the scene of nume-
rous trials of coal-cutting machines of very different
constructiom, an air-engine, very similar in eve
respect to that exhibited in Paris by Mr. Philander
Shaw, and described in our columns, some weeks ago,
being at work there for supplying compressed air to

this prime mover. Very little practical success has,
however, attended these experiments as yet, and not
one of the numerous schemes tried at this colliery for
cutting coal by machinery has, up to this time, been
sufficiently successful to be introduced for commercial
working.

The ﬁarge number of workmen employed at the
Gartsherrie works (who, with their families, and with
all the tradesmen employed by the wants of the latter,
form a considerable population) stand in a much more
suitable position to their employers than is found in
the majority of works in England, The proprietors of
these works, at an early date in the history of their
establishment, considered it to be their duty, and to their
advantage, to provide for the education of the rising
generation of their workmen, and to see to the wants

of those employed by them in a very liberal and com-|

prehensive spirit. There are several schools main-
tained by the firm of Messrs. Baird and Company, and
placed under the special supervision of Mr. Campbell,
one of the managers of the Gartsherrie works. These
schools, which accommodate a very large number of
children of both sexes, and Erovide for a very complete
elementary education of their pupils, stand in con-
nexion with other educational establishments in the
town of Coatbridge, where a more extended course of
schooling may be obtained by the children of the
employés of the Gartsherrie works at so moderate an
expense that this system of education may be called,
practically, gratuitous. There is, moreover, for any
young man who shows particular talent and zeal for
the pursuit of study a provision made by the liherality
of this firm to afford to him the means of attending a
coll There are several of the sons of Gartsherrie
workmet who have been professionally educated in this
manner now holding Pery respectable and lucrative posi-
tions in their native place and elsewhere. A co-operative
store has also been established under the patronage
of the firm for the benefit of their workmen. This
store belongs entirely to the workmen, and is managed
by & committee appointed by them. The articles are
sold at comparatively moderate prices, and all pur-
chasers participate in the profits to the proportion of
purchases made by them at these stores. The profits
realised are partly divided at the end of certain periods,
and partly remain for constituting a sick-fund for the
workmen, and a fund for pensions to the widows and
orphans. It has been found by experience that these
provisions very effectively prevent the workmen em-
ployed at Gartsherrie from joining trades’ unions, and
although they do not entirely destroy the effect of the
great movements in the case of sirikes and disputes,
they still mitigate these evils and reduce their sad
effects on both masters and men. With regard to this
philanthropic and sensible way of establishing a direct
interest and attachment between employers of labour
and labouring men, the Gartsherrie works nﬁproaoh
more closely to those large establishments on the Con-
tinent, of wlich we gave some accounts a short time
ago, than any other works in England. This single
instance affords a practical proof that most of the
arrangements which have have been found so emi-

nently s on the Continent are practieable in
this country as well, and that their universal adoption
would gradually, but without fail, abolish the present

evils of trades’ unions more certainly, more effectively,
and in a more suitable manner, than any interference of
legislature will be able to do.

Corron.—The average weekly consumption of cotten in the
United Kingdom was 46,850 bales last year, as compared with
89,180 bales in 18656, The average weekly deliveries from
Liverpool to the trade last year were 45,460 bales. In the first
nitlle months of this year the corresponding average was 44,910
bales

THE FLORIDA AND CUBA CABLE~—It appears that the
Spanish Government has accorded to the Internationa! Ocean
Telegraph Company, which has laid down the Florida and Cuba
cable, the exclusive right of establishing and working during a
period of twenty years telegraphic lines between Cuba, the
United States, and all other countries. Florida has given the
compauy for the same space of time the privilege of construct-
ing a Jand telegraph on the territory of that Stawe. The Repub-
lic of Panama, and several of the colonial or independent Govern-
ments of the West Indies and South America, have guaranteed
analogous favours to the compall:‘y. It is proposed to carry a
line from the northern frontier of Florida to the port of Cherrara,
sitnated at some leagues to the west of Havanoa. Various
branch lines are also contemplated. One of these will pass from
the islands of Cuba, San Domingo, Porto Rico, St. Thomas,
Guadeloupe, Martinique, and Trinidad, so as to terminate at
Demarara, on the coast of Brazil. Thence itwill be extended to
San Roque, which a submarine wire will unite to the Cape de
Verd islands, the coast of Africa, and Cadiz. Another line,
commencing at St. Jacques de Cuba, will unite Jamaica and
Aspinwall, and will be the means of patting the north of the
American continent in commaunication with the Pacific eoast.
The works of this Aspinwall line are to be speedily commenced.
Generul Smith, the director of the company's lines, is an old

several of the machines working below ground with | pupil of the military school of West Point.

RECENT PATENTS.

TnE following specifications of ecompleted 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-
ane. .

(No. 158, 8d.) William Arena Martin, of 90,
Cannon-street, patents an apparatus for consuming
smoke and feeding furnaces. This consists of a fire-
door carried by a horizontal axis along the upper edge,
the door being capable of being opened either inwards
or outwards, 8o that it can be used for pushing fuel
forward into the furnace, as well as for the admission
of air. The coal is, in some forms of the apparatus,
supplied from a hopper formed by the upper part of
the casting to which the firedoor is fixed.

(No. 159, 1s. 2d.) Jean Chrétien, of 150, Boule-
vart Richard Lenoir, Paris, patents a form of steam
crane in which the lifting-chain passes round a pulley,
which is directly connected to a piston working in'a
lon%Isteam-cylinder forming the jib of the crane. One
of M. Chrétien’s steam cranes is now at the Paris -
Exhibition, and this crane was illustrated and fully de-
scribed on pages 296 and 297 of our third volume.

(No. 161, 8d.) William Clark, of 53, Chancery-lane,
patents, as the agent of Albert Philippe Adrien
Accarain, of Qutreaux, an arrangement of calcining or
heati ap‘raratus a:{)plicable to blast-furnaces worked
with closed tops. As applied to a blast-furnace fitted
with the “ cup and cone ” form of charging apparatus,
the arrangement is as follows: The top of the furnace
is provided with a cylindro-conical chamber, to the
lower part of which the closing cone or bell is fitted in
the usual way, whilst the upper part is surrounded by
an annular pipe which is supplied with air by a fan or
blower. From this annular pipe a number of short
lengths of pipe or nozzles extend downwards to just
above the junction of the chamber and closing cone,
these nozzles havinﬁ each two lateral holes at their
lower ends, through which the compressed air can
escape. This apparatus is used in the following
manner : Supposing the furnace to have just been
completel ged, and the cone to be closed, a pro-
portion of flux 1s placed in the chamber, and over this
a charge of ore, both the flux and ore being as equally
distributed as possible. The closing bell is then
lowered an inch or two so as to allow the waste gases
to pass up up into the chamber, where, being met by
the air from the nozzles, they ignite and effect the
heating of the charie of ore and flux. When the fur-
nace has to be re-charged, the blast is shut off from
the nozzles, the closing bell is raised, and a charge of
fuel is placed npon the heated materials in the
chamber. The closing bell is then again lowered, and
the contents of the hopper disehnrgeg?:bo the furnace
in the usual way.

(No. 165, 10d.) Henry Bridgewater, of Watford,
patents improvements in the construction of railway
turntables. This patent refers to peculiarities in the
constructive details which could scarcely be clearly
explained without reference to drawings.

0. 173,10d.) Joseph Standring Dronsfield, of
ham, patents a machine for grinding “ card” rollers
and cylinders, the maim feature of this machine beinﬁ
the arrangement employed for moving the * eard’
roller to or from the emery-covered grinding roller.
According to this plan, the axes of the roller which is
being ground are mounted in beannis carried by arms
fixed on a transverse shaft beneath the roller, this
shaft being capable of having an oscillating motion
imparted to it by worm gearing, so that the * card”
roller can be approached to or removed from the grind-
ing roller, and at the same time kept with its axis
parallel to that of the latter.

(No. 178, 1s.) Fitzmaurice Palmer, of Old Derrig,
Queen’s county, patents some war vessels of fearful
and wonderful form. These vessels have a midship
section, the outline of which greatly resembles that of
the urns which were at one time so largely used by
architects for decorative (?) purposcs. The resem-
blance is increased by the keels being provided with
bottom flanges of a width equal to about half that of
the vessels themselves ! .

(No. 193, 10d.) Thomas Berney, of Bracon Hall,
Norfolk, patents what we fear is an impracticable form
of armour for vessels, forts, &c. This armour consists
of white or spathic cast iron run into wrought shells
so as to form blocks which are packed together over
the surface to be protected, and are secured by bolts
screwed into sockets formed on their bases. The
hlocks are also connected by joggles formed on their
sides. A system of backing for these blocks, and
some forms of bullet-proof shields for portholes, are
also included in this patent, in which it'is stated that
the space behind the backing may be filled with water
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%30 as to assist in spreading the impact of projectiles
« over a larger area!” We presume that the idea was
thus to get a moderate pressure over a large area in

ce of an intense pressure on a small one; but if

r. Berney had studied the laws of hydrostatics, he
would have known that no such end could be obtained
by the means proposed, the pressure transmitted by
the water being equally intense in all directions, and
being equal in intensity to that imposed upon it by the
action of the shot.

(No. 196, 10d.) William Gray, of the St. Phillip’s
‘Works, Sheffield, patents an arrangement of rolls for

roducing ribbed Ean Accarding to this plan, & steel

isc or collar on the upper roll is ‘arranged to work
into a corresponding groove in the lower roll, this disc
or collar having a namber of teeth or ribbed projec-
tions formed on its periphery. The bar, passing between
the edge of the disc and the bottom of the groove in
which it works, is notched or indented on its upper
surface, and the arrangement can thus be used for pro-
ducing tootbed bars for the beaters of thrashing-
machine, lathe-racks, &c.

No. 208, 10d.) Peter Jensen, of 4, Gordon-grove,
Holland-road, Brixton; patents, as the agent of Carl
Vilhelm Schroder and E’rederick Julius Jorgensen, of
108, Vesterbrogade, Copenhagen, the arrangement of
“roller-and-worm” gearing, of which, as applied to a
horse-wheel, we gave an engraving and description on

ge 309 of our last mumber.

(No. 220, 1s. 8d.) Charles Wheatstone, of 19,
Park-crescent, Portland-place, patents various im-
provements in electric telegraph apparatus. This
specification will be of interest to electricians, but the
various details claimed in it are too numerous for us
to even enumerate them here.

(No. 221, 1s. 10d.) ZEric Hugo Waldenstrom, of
Manchester, and Isaac Gray Bass, of Worthington,
patent an arrangement of bolt-making machine, to
describe which, without reference to drawings, would
require more space than we can give it here.

0. 228, 1s. 10d.) George Haseltine, of 8, South-
ampton-buildings, t.patente, as the agent of Samuel
‘Whitford Tyler, of Troy, U.S., a machine for pulling
flax and similar crops, this machine taking up the
crops by the roots and depositing them so l:fmt 1t can
be conveniently bound into sheaves.

(No. 230, 1s.) Francois Constant Cambrelin, of
Brussels, patents an arrangement of apparatus for
lighting railway-trains with gas. The patent refers to
numerous points of detail which we cannot describe

here.

(No. 233, 8d.) Alphonse Donnet, of Lyons, patents
a method of obtaining an increased supply of water
from wells by exhausting the air from them.

(No. 235, 4d.) John Hopkinson, of Leeds, patents
the use of jets of superheated steam for producing an
upward current in the up-cast shafts of mines. The
employment of jets for ventilating purposes in this
manner is far from new ; but we cannot say whether
the steam so used has been highly superheated, or
whether means have been previously adopted for drying
the air, as Mr. Hopkinson proposes, for the purpose
of maintaining the steam in an anhydrous state until
it has completely escaped from the shaft.

(No. 243, 1s..2d.) William Edward Newton, of
66, Chancery-lane, patents, aa.the agent of Adrien
Houget, Bmile Bede, and Laurent Roufosse, of
Verviers, Belgium, an apparatus for feeding steam
boilers and inﬁicating the quantity of water supplied
to them. This apparatus could not be described with-
out refercnce to drawings.

(No. 244, 8d.) William Edward Newton, of 66,
Chancery-lane, patents, as the agemnt of Nicholas
Pootceloff, of St. Petersburg, a method of casting
articles in two kinds of metals, such as steel and cast
iron, combined so that part of the article, when cast,

be hard and the rest soft and tough. 1If it be re-
quired to make part of an article of hard cast iron,
and the remainder of soft or Bessemer steel, the two
metals are melted simultaneously in separate crucibles ;
and when they are ready for pouring, one of them, say
the cast iron, is ponred‘ first into the mould, and then
the other. The patentee states that a perfect junction
of the two metals is formed in the mould; but we
should think that considerable experience in the use
of the process would be necessary to ensure a
thoroughltv reliable result.

(No. 235, 8d.) Bristow Hunt, of 1, Serle-street,

atents, as the agent of Joseph Summers Wood, Joln
gackson Carberry, John Baker, junior, and Oscar
Dunreath McClellan, of Philadelphia, a form of gas-
regulator or governor, the peculiarities of the appara-
tus consisting in arrangement of the inlet and discharge
pipes, and in some other details.

(No. 261, 2s. 2d.) Charles William Siemens, of 3,

Great George-street, Westminster, patents arrange-
ments for producing electric lights at sea, and other
electrical apparatus. The apparatus for producing
the electric hight—which is applicable to the illumina-
tion of buoys, &c.—was described in a paper read
before the British Association on the occasion of their
recent meeting at Dundee. This paper was published
on page 196 of the present volume of ENGINEER-

ING.

(No. 267,10d.) John Henry Johnson, of 47, Lin-
coln’s-inn-fields, “patents, as the agent of Albert
Bchmid, of Parts, some details in the construction of
traction  engines. The claims include guidini the
engine by a single wheel in front, the wheel being
carried by bearings at the lower end of a vertical
shaft, which can be turned by a band-lever. Another
point claimed is the discharge of the blast into a
superheating chamber in the smokebox, from which
chamber' it is allowed to escape continuously ; and
another detail is a kind of differential motion for
working the driving wheels -and allowing them to
revolve at different speeds when the engine is being
turned. We fear that there is very little, if anything,
that is new iu all this. .

(No. 269, 1s. 4d.) Edward Thomas Hughes, of 123,
Chaneery-lune, patents; as the agent of Henry Bascom
Brown, of New Haven, U.S., a screw cutting-machine,
the construction of which could not be explained with-
out reference to drawings.

(No. 271, 2s.. 8d.) David Alexander Halket, of
Newcastle-on-Tyne, patents an ingenious but some-
what elaborate machine for making nails and spikes.
As in the case.of the patent last noticed, it would be
impossible to clearly desoribe this machine without
reﬁrence to drawings.

(No. 277,10d.) gcs:orge Russell;of Glasgow, patents
working the swinging or sluing gear of steam and
other cranes by means of an endless chain or band

passing over suitable pulleys. The chain or band is sl

kept tight by means of weights or springs, the tension
being adjusted so, that although the chaiu bas sufficient
grip to work the sluing gear under ordinary circum-
stances, it will yet slip if the crane is accidentally
checked whilst the sluing motion is in gear. A crane
fitted with chain-gearing of this kind is exhibited by
Messrs. Russell, at Paris, and it was described by us
on page 269 of the third volume of ENGINEERING.

};‘lo. 278, 10d.) Isham Baggs, of High Holborn,
patents obtaining motive power by means of the gene-
ration and expansion of hydrochloric acid gas, which
latter is applied to drive a suitable engine. The gas is
generated by bringing a solution of it'in contact with
sulphuric acid, and it is condensed after it has per-
formed its work, by passing it through a receiver con-
taining water.

(No. 290, 10d.) John Gilbert Robinson, of the
Ainley Fireclay Works, Elland, patents the application
to kilns and ovens, for burning bricks, Eottery, and
other articles, of an anoular flue in the floor of each
oven, and of a system of counecting flues for enabling
the waste heat from one kiln to be utilised for drying
or warming the others.

LOCOMOTIVE FOR THE FESTINIOG
RAILWAY. .

‘WE give, on the next page, engravings representing a longi-
tudinalga‘cction and plon,x::gethergw?th e%d elgvn,tiona uid mﬂ-
verse sections, of one of four small locomotive engines, designed
and constructed by Messrs. George England ane Co., for the
Festiniog Railway—a line remarkable for tho extreme narrow-
ness of its gauge, whichisonly 2 ft. The Festiniog Railway was
commenced in 1832, its construction having been undertaken
under several peculiar conditions by a company incorparated
in that year. The gbjects of the line were stated to be to open
out “a more direct, easy, cheap, and commodious communi-
“ cation between the interior of the principal district of slate
“ and other quarrice of tho county of Merioneth and the
“ various shipping-places at and within the said several coun-
“ ties of Carnarvon and Merioneth;” and to “ greatly facili-
*“ tate the conveyance of coals and other heavy articles to
“ the several slate and other quarries and mines in the said
“ district, and tho conveyance of the slate, copper, and other
“ ores, and other productions of the said 5.&0 ,and other
“ quarries and mines, and of the surrounding country, to the
“ seasido ;" and that it should be in other respects ““a work
of great public utility.” = Amongst other restrictions imposed
upon the company, it was determined that all the steam-
engines cmployed on the line should consume their own
smoke; that no lands taken or used for the p 8 8peci-
fied in the company’s Act were to exceed four ym width,
except where it was necessary for carriages or wagons to
“turn, remain, or
wharves, goods stations, embankments, or cuttings had to be
erected or constructed ; and that no work or building was to
exceed 60 yards in width at any place, except on commons or
waste lands, or by consent of owners. The company was also
not to occupy more than was absolutely necessary of the
Tracth Mawr embankment, near Portmadoc: the gauge of
rails on that embankment was not to exceed 3 ft.; the surface
of the embankment was not to be disturbed more than 1 ft.;
and the ordinary traffic upon it was not to be interrupted.

pass cach other,” or where buildings, '

. Thili.neéwhich t.l::o be;weenhmthirbee; and fourteen miles in
ength, and runs through a hilly and extremely picturesque
country, commenced at a guay near Portmadoc, ux\, the pansh
of Ynys-cynhainain, in Carnarvonshire, and ended at the
Rhiwtryfdw and Duffws slate quarries, in the parish of
Festiniog, in the county of Merioneth. In 1832, when the
company was formed, the district through which the railway
was to pass was but thinly populated, and, with a view to
economy, the line was constructed as a horse tramway of the
very narrow gauge of 2ft. The estimated cost was 24,1851
10s., and the company was authorised to raise 10,000l by
loan. Eventually the company was authorised to raise fur-
ther sums of 12,000l. and 4000l., the former by shares and
the latter by loan, the total Parliamentary capital of the
company being thus increased to 50,185/, 10s.

As at first constructed, tho curves and gradients on the
Festiniog line were very severe; but, as the traffic increased,
improvements were, from time to time, made in this respect,
in some cases at considerable expense. Between the terminus
at Portmadoc and the mountain terminus at Dinas there is a
differcnce of level of 700ft., and the average gradieat for a
distance of. 12} miles between the latter terminus and the
Traeth Mawr embankment, at Portmadoc, is 1 in 82. The
stoepest gradient on which locomotive engines are employed
is 1in 00, and on that portion of the line used for nger
traffic the steepest inclination is 1 in 79.82. e curves
have radii varying from 4 chains to as'little as 2 chains, the
maximum super-clevation of the exterior rail on curves of
the latter us being 2} in. for a s of eight miles per
hour. The line is at present laid with rails weighing 301b.
per yard, and in leng&p of 18ft. and 21 ft., these rails being
sup) by cast-iron chairs, seccured by 44in. spikes to
larch sleepers. Tho joint chairs weigh 131b., and the inter-
mediate chairs 101b. each, and the slecpers are 4 ft. 6in.
long, and average 10in. wide by 5in. deep under the joints
of the rails, and @¥n: by 44 ‘eheewibre.” The sleepers on
each sido of the joints are placed 1fV. 6in. apart, and they
are 2 ft. 8in. in the intermediate spaces. The railway passes
through two tunnels, one of these being 60 yani long,
through hard shale, and the other 730 yards long, throug

enite rock sufficiently solid to require no lining. Amongst

e other works on the line are seventeen under and five
over bridges, the latter being for foot-passengers only, and,
besides these, there are numerous stone viaducts over valleys.
Most of the smaller openings are spanned by heavy slabs of

te.

As the slate quarries are situated at different elevations, the
slates are first brought down the quarry inclines to the rail-
way, and the trucks are then made up inte frains which are
allowed to run down to-Portmadoc by the force of gravity,
and in charge of brakesmen. These trains consist of from
fifty to sixty trucks each. Up to the year 1863 the return
trains, consisting either of empty trucks or of trucks contain-
ing coals, goods, or materials for the quarries and neighbour-
hood were: up by horses which were eonveyed to Port-
madoc in the down trains. Eventually, however, the traffic
increased so much that it became advisable to substitute
steam for horse power, and after considerable discussion as to
the possibility of successfully employing locomotives on a
line of such narrow gauge, Mr. England was employed under
Mr. Spooner, the sectetary and engineer to the company, to
design and construct an engine suitable for working the
tnﬂg:. The result was the placing on the linc, in 1863, of
two engines on the plans which we now illustrate, and these
engines were found to perform their duties so efficiently, that
they have since been supplemented by two others of the samo
construction.

As will be seen from our engmvinFs,
pairs of coupled whoels, these wheels being 2 1t. in diameter,
and bemg oed under the barrel of the boiler at a distance
apart of b ft. from centre to centre.” The cylinders, which
are outside, are 8 in. in diameter, with 12 in. stroke, and the
connocting-rods take hold of mnk-pins in the hind pair of
driving wheels. The frames arc inside, and the two stcam
chests of the cylinders meet under the smokebox, and are
bolted together, a plan which greatly stiffens the front end of
the engine. The boiler, which is worked at the high pressare
of 200 1b. per square inch, contains 140 brass tubes, 1} in. in
diameter outside, and 7 ft. 8 in. long, these giving an external
surface of 366 square fect, making, with a firebox surface of
22 square foet, a total heating surface of 8377 square feet. The
firegrato has an area of 4 square feet. The link motion is of
Allan’s straight-link kind, arranged as shown in tho sections.
The feed water is carried in a-saddle tank covering the top
and sides of the boiler, this tank being capable of contain-
ing 414 gallons. The boileris fed by a pair of Giffard's
injectors. The small quantity of coal roquireg by each engine
is carried on a four-wheeled truck attached to it, the truck
serving as a tender. The heaviest of the engines weighs
ab:l‘:“ 7% tons in working order, and their cost was about 900L.
each.

The designing of an efficient and, comparatively speaking,
powerful engine to work on a line laid to such a narrow gauge
as 3 fi. presents oonsiderable difficulty, and Mr. England
deserves much credit for the manner in which he has accom-
Q}iﬂhed the task in the case of the engines we have described.
Mr. En(il;:ld has had great experience in the construction
and working of small locomotives, and when, in 1862, parlia-
mentary powers were being attempted to be obtained to allow
of the Festiniog line being widenened to 4 ft. 8} in. gauge,
he strongly recommended in his evidence before the com-
mittee that such engines should be adopted on the 2 ft. gauge.
This was in opposition to the opinion of the late Mr. Robert
Stephenson, who, writing to Mr. Spooner, the secretary of the
company, on the practicability of using locomotives on sonarrow
a gauge, had said, “ The thing is impossible.” The widening of
the line was strongly opposed by Mr. Spooner, and eventually
the Bill was thrown out, and powers granted to the company
to work the 2 ft. gauge line with locomotives.

Mr. England, when applied to to design the cngines, gua-
ranteed that they should take a load of 25 tons gross over the
line at the speed of ten miles per hour ; but their actual per-
formance has greatly exceeded this. The average load taken

the engines have two

i up by each engine in regular work on the ascending journey,



