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THE RODMAN GUN.

TuE “big chunk of iron with a hole in it,” as the
American driy arnd Navy Journul admiringly desig-
nates the 15-inch, or, as the American ordnance engi-
neers have it, the XV-inch Rodinan gun, was again
tried, last week, at Shoeburyness, not agaiust a target,
however, but with 1001b. of American powder, and at
32 deg. elevation, as a test, we suppose, of its strength.
When last tried with 60 lb. of American powder, an
initial velocity of 1170 ft. was obtained. Had the
1001b. charge produced the same amount of work for
cach pound of powder, the velocity would have been
15101t.; but it was actually somewhat greater, being
1538 ft., this being a very high rate of velocity, and
about the same as that from the 6S-pounder gun fired
with 161b. charges. A cast-iron 4501b. shot at this
velocity would possess 7405 foot-tons of work, whereas
the 2501b. shot of the Yin. rifled gun, fired with
43 1b. of powder, has but 3100 foot-tons of work. Why
was not this terrific amount of work thrown upon a
tarzet ? The strength of the gun would not, it is truc,
have been so severely tested, inasmuch as on the trial
the gun wus elevated 32 deg., whercas in firing at a
target it would be laid point blank. Are the ollicials
at Shocburyness afreid of their targets? 1f they are,
let them wait a month, till the Yankee newspapers
have reached us with their spicy comments, and, as in
the great Ierring-Chatwood competition, proclaimed
another great American victory over the Britishers!
Let us take the strength of the gun as proved, and
blaze away at the old representative target—the
Warrior’s. Tt is clear that the “ XV-in. gun” dows
not burst so easily as was supposed. It is not much
more than a ycar since an American ordnance cn-
gincer, of some note, said to us, concerning these
guns, “ Bust! why, d—n ’em, they bust laying on the
 geound ; they bust in the /ethe. Yes! fire ’em! I
“ guess so.  Why, they bust every three shots!” A
gun, however, that will bear 1001b. even of American
powder, with a 450 Ib. shot over it, and laid at 32 des.
clevation, is not to be despised. 1t sent its huge shot,
the other day, 7680 yards, or nearly 4 miles 3 furlongs,
by far the greatest range to which a round shot was
cver thrown in this kingdom. As a matter of fact, we
believe no one of these big guns was cver burst in
service ; but, of course, likc cverything else, they
have their limits of endurance; and when they do go,
in action, God help the gunners '—everybody, indeed,
within the turret.  For they will go all ‘at once, like a
boiler explosion.

The cast-iron shot, even when driven by 1001b. of
powder, would, it is rcasonable to suppose, break up
on striking the target. But there is noneed of specu-
lation when the trial can be so readily made; and,
again, we ask why has it not been made? Why arc we
still in our third month of ignorance as to what the
American gun will really do, and really stand? True, itis
a costly su%_lilect for experiment, but we bought it for the
double purposc of testing its destructive power and its
own resistance to powder. If cast-iron srmt break up,
steel can, of course, be used ; and it is not even cer-
tain that their cost would prevent their adoption. Let
us see what the 100 Ib. of powder can do, both against
the 453 1b. cast-iron shot and the 498 Ib. stecl shot.

THE 15-INCH ARMOUR PLATE.

Sik Joux Brown has signalised his new knight-
hood by rolling an armour plate 15in. thick, and
weighing 21 tons, a plate over 20 ft. long and 4 ft.
wide. The plate is pronounced sound, although this
can only be fully ascertained by cutting it up, and it
is not impossible that a portion of it may be brought
under the fire of the 9in. gun, firing Palliser shot.
"The plate, it is to be remembered, was produced with
the same furnaces and rolls as those put up for
making 4}in. to 9in. plates, and it cannot therefore
be said to represent any new attainment in the means
of producing heavy plates. Such plates have not been
herctofore rolled, only becausc they have not been
asked for. No ship yet built could carry them ; but it
is now possible that they may be adopted for casing
forts. Messrs. Cammell and Co. have alrcady made
sample plates 14 in. thick, and, with the same plant, it
is of coursc as easy toroll a 15 in. plate at the Cvelops
Works, or at Barrow, as at the Atlas Works. The one
rolled on Friday consisted of five 3in. and one 6in.
{;latcslaid up in apile 21 in. thick and welded together

y rolling down with a reduction of hardly more than
one-fourth the original total thickness. The absolute re-
duction in thickness is indeed hardly greater than that
in rolling 44in. plates, which are rolled down from
four 2% in. plates piled together, and having therefore
a total thickness of 10in. To bear this distinctly in mind
is in no way to really disparage the feat of rolling a

15 in. plate; but we are not to forget that there
arce uninformed persons who imagine that the difficulty
in making tough rolled plates increases at least in pro-
portion to their thickness; if not, like their resistance
to shot, as the square of their thickness. Only let
the War Office or the Admiralty order 15 in. plates,
and a number of firms would be found ready, with long-
existing plant, to supply them. .

The Times has a really clever article describing the
rolling on TFriday last—an article after the manner of
Victor Hugo, and likely to produce a sensation, and a
desirable and genuine sensation, among the multitude,
who know so little of iron-making. It hardly nceds
correction where it says the plates are rolled be-
tween steel rollers, as our readers know they are of
chilled iron. The Zimes gives the credit of the vietory
of rolled v. hammered plates to the Atlas Works, not
undeservedly, we think. But we are reminded of the
cffusion of a certain poctic wag, in Sheffield, in 1861,
who sang, to the aic of “The King of the Cannibal
Islands :”

“ Now hammer'd iron’s brittle stuff;

When roll'd, it’s tibrous, strong, and tough—
At least they say so—tnat’s enough—

At the Atlas Steel and Spring Works."”

The article to which we have referred thus deseribes
the provisions for obtaining a good heat among the
slabs of which the single plate is formed :

“One of the great difficulties in making these thick armour-
plates was found to be that of securing  uniform heat—that is
to say, a heat which should penetrate to the centre of the mnass,
50 as to secure a perfect weld without being so great and long-
sustained us to melt the upper layers. This ditficulty is over-
come most ingeniously at the Atlas Works. Detween each layer
of slabs & number of cubes of highly carbonised iron about an
inch square are placed, 8o a8 to keep each slab apart from the
others. This allows the whole mass of flame and heat to circu-
late {reely between them, so that all attain the same degree of
heat at almost the sime time. As the intense ardency of the
furnace increascs these cubes are gradualiy melted. In the act
of melting they restore to a certain degree the carbon which has
been burnt out of the slabs by previous processes, und as they
melt ailow each slab to settle down, when, like a cemeunt, their
melted metal forms a perfect weld. It is not till this has been
effected, und the now perfect plate is heated to an almost blind-
ing whiteness, that the mass is withdrawn from the furnace and
hus to be rolled.”

ALPINE CLIMBING.

Narorro¥ TuE FirsT had no railway engineers to
help his troops, either over or through Mont Cenis,
into Italy. The present emperor, with the grander
resources of modern science at his command, has
promoted the great tunnel line, under that mountain,
from the first year of his reigu—as far back as the
days of the Chevalier Maus, who was to have bored
through at the rate of a mile and a half a year. No-
where clse was a railwdy cver attempted in the face of
a greater single obstacle. The mountain rises 6700 ft.,
or say a mile and a quarter, above the sea, 2700 ft. of
this elevation being attained within four miles of either
side of the summit. M. Sommeilier (by no means a
sleeper in his works) is boring straight through on a
line of rather more than 7} miles. The work is
carried on at a great expenditure of time and moncy,
and when finished it will have a gradient of 1 in 45 for
half its length, and although there is a diffcrence of
level of 439 ft. between its two ends, the ventilation
can hardly be all that is desired, especially as there
will be no shafts, and as there is a summit at the mid-
length of the tunnel, although this is but 12 ft. higher
than the Italian or Bardonneche end. Mr. Brunlees
aud Mr. Fell, in the mean time, have already opened a
line over the mountain, 48 miles in length, and of
which no less than 9 miles are in covered way. This
line is of but 3 ft. 74 in. gauge. While Sommeilier
was boring through, they resolved to climb up, fol-
lowing the zigzag diligence road already made—like
that which runs to and fro up St. Boniface Down,
at the back of Ventnor. Much of the ascent is at the
rate of 1in 12, and the ends of the zigzags, instcad
of being connected by switches, arc bent to two-chain
curves. In onc place, we believe, 1700 ft. rise is
gained in this way, with a line of nearly four wiles,
although the straight distance up the slope of the hill
is hardly morc than a mile.

But when it comes to climbing mouutains, there are
many ways, and we have much reason for doubting
whether Mr, Fell’s is altogether the best. That it is
mechanically practicable there is of course no doubt;
indced this was proved long before Mr. Fell adopted
it, for the well-known centre-rail and gripping-rollers
is an old plan, first patented by Mr. Vignoles, and
first practically worked out, in 1830, by George Escol
Sellers, of Cincinnati, U.S., who built several locomo-
motives, with five eylinders and gripping rollers, for
the mid-rail. Some of these engines we personally
and carefully examined in 1853, and others in 1866.

1t is to be remembered that locomotives having all
their wheels (eight in number) coupled together have
worked by their own adhesion up mclines of 1 in 10,
drawing their tender and a railway wagon behind them.,
A series of temporary inclines of 1 1in 10, connected
by zigzags, were thus worked, in the winter o
1852-53, on the line of the Baltimore and Ohio Rail-
way, U.S., during the construction of one of the
tunnels of that line, in the Alleghany mountains. This
mode of working continued for several weeks, and
without accident. But our present purpose is to
consider special modes of working railway carriages
up very steep inclines. .

First of alr, there is rope traction. We have collicry
engines winding 1000 tons of coal daily, or say 2000
tons of total weight, from a depth of even 1700ft.,
the same as Mr. Fell’s principal rise; and the engines
at the Dukinfield pit wind from a depth of 2060 ft.
Here are more than 4,000,000 foot-tons of work done
daily, and with comparative safety, although the ropes
do break sometimes, as was the case, indeed, the other
day, at Dukinfield, the deepest pit in the whole world.
Going from coal-pits to railways, Mr. Brunlees himself,
the engincer to the Mont Cenis Raiiway, has a con-
nected series of passenger railway inclines at work up
the Serra do Cubatilo, in Brazil, nearly five miles in
total length, and rising 2550 ft., the average inclination
being 11 93. ‘The objections to the rope are its
liability to wear and crystallisation, and the fatal con-
sequences of its breakage. The steeper the incline,
however, and supposing the same given strain on the
rope in all cases, the less the meckanical wear ; indeed,
ropes winding vertically, on large drums, wear very
slowly, although they fail nevertheless after a certain
time, and it is always, perhaps, with some little mis-
giving that the engineer trusts passenger trains to a
rope at all.

‘There is another mode of using the rope, that pro-
posed and patented by Mr. David Greig, of the Steam
Plough Works, Leeds. Itis to have a fixed rope,
and to climb up it by means of a travelling eng:ne
with a clip drum. Mr. Greig, indeed, hit off this
ingenious application of the invention of his former
partner, the late Mr. John Fowler, while himself cross-
ing Mont Cenis. But it is an object, in usinga rope,
{to get rid of the travelling engine altogether, with its
i weight and resistance from gravity. Mr. Fell’s 17
ton engines throw away 28,900 foot-tons of work in
overcoming their own gravity on the 1700 {t. rise to
which we have referred, aud of their whole weight,
23 tons is special gear for working on the mid-rail,
and which is literally dead weight on all other portions
of the line. It is not improhable, however, that Mr.
Greig’s expedient was intended as a substitute for
the mid-rail. In this case, we fear it could not well
be worked around the curves, as unless the rope were
divided into separate lengths for the straight portions
only, it would require spccial and probably compli-
cated and unsatisfactory arrangements for working it
around 2-chain curves. In this case, too, the engines
would work, not only by their bite upon the rope, but
by the adhesion also of their driving wheels upon the
outer or ordinary rails. And here a fresh difficulty
would arise, for the rope would stretch, to a certain
extent, when the clip drum first grasped it, and by its
own inherent elasticity the rope would alternatcly
extendand contract, to a certain extent, while the
engine was working up its length; a result duc to
the combined effects of varying strains and to a con-
siderable compensation always going on in the rope
itself. But as the rails would neither stretch nor
contract, and as the driving wheels ought never to slip
(and if they did, and the clip drum was worked from
the same motion, that would slip too), it is clear that
a strife would often be going on between the rail and
the rope, sometimes one and somctimes the other
doing the whole work. "The rope, too, would be
found to crystallise, or, at least, to undergo the
molecular change commonly desiguated by that term,
with nearly the same readiness as if worked
over winding drums.

Another mode of climbing steep gradicnts is that
of making the whole weight of the train available for
adhesion, instead of rclying only on that of the
locomotive. M. Flachat proposed, in 18539, to work
over the Alps with rolling stock, of which each
carriage had steam cylinders and driving gear, the
steam being taken through jointed pipes from a single
large boiler, mounted upon a carriage also fitted with
cylinders and ariving gear of a strength to work up
its own adhesion. Another plan is to make cach
carriage a complete locomotive, supporting it upon
two steam-worked bogies, which would readily work
around short curves (2 chains radius on the 3 ft. 7§ in.
gauge) even if placed at a considerable distance apart.
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The begies might have cither four or six wheels each,
according to the distribution of weight required, the
present 17 ton cugines at Mont Cenis resting upon
four wheels ouly. ‘Tlic objections to M. Flachat’s plan
are the greater complication as compared with ordinary |
engines, and the loss for the purposes of draught of the
steam worked in the carriages, as well as the certainty
of a considerable loss in winter by condensation in
a lone series of jointed pipes, and probably a constant |
considerable loss by lcnl:agc. The objections to the |
other plan are fewer, and, unless it be an objection |
on the part of passengers to ride in sucfx near
neighbourhood of the boiler, this would probably !
be found the very best system of working inclines 0f|
|

from 1in 10 to 1 in 20, the limit of inclination up
which such a steam-carriage could work on a good dry
rail being perhaps 1in 5. Passengers make no ob-
jection to their proximity to the boiler on board
steamboats, and they would doubtless soon rcconcile
themsclves to the locomotive boiler, separated from
them by the water-tank and coal-buuker and by a
luguage compartment. But onc boiler would be re-
quiretT for working both bogies of the carriage. lnl
favourable weather such a carriage could draw an |
ordinary railway carriage, or possibly two, behind |
it, and that up a gradient of cven 1 in 10 or 1 in 12.

Other plans for stecp climbing are those for in-
creasing the adhesion of the wheels of ordinary locomo-
tives. One is that of one or more V grooves in cither
the tyre or the rail. This plan would no doubt
sccure a powerful *“bite;” indecd, Mr. Robertson,
of Giasgow, has his V-groove frictional gearing in use
for driving rolling-mills. But for railways the plan is
open to many objections.  Tirst, it requires the
maintenance of an absolute uniformity of gauge, to a.
niccty unattainable, we fear, upon a railway. Onc
inventor, we are aware, proposes to allow one tyre of
each pair of driving or coupled wheels to slide laterally
on the wheel, so as to adjust itsclf’ to any slight in-:
cquality in the gauge ; but this sliding of a tyre, fitting
its wheel with cven tolerable closcness, and having its
full load of four or five tous upoun it, would be clearly
impossible, especially as the force from which sliding
is expected would be applicd at but one point in the
circumference. e are saying nothing of the safety
or otherwisc of tyres fitting so loosely as to admit of
even the idea of lateral shding. A further obvious
objcetion is that of the grindiag of V’s and V-grooves
duc to the diffcrence of diameters, and that in some
cascs one wheel of a pair would be found bearing on
the larger and the other on the smaller diameter of
the groove, making one wheel, in cffect, 2, 3, or
more inches larger than the other, and probably
rolliug the engiue out of the grooves and off the line.
The grooves, if made in the rails, would fill up,
and also probably cause the rails to split. If the
tyres were grooved, they would inevitably split.  The
whole scheme, indeed, although frequently proposed,
is one which cannot bear consideration. Another
mode of increasing the adhesion of the driving wheels
is that proposed by Mr. Page, who has worked a
loaded model locomotive up an incline of 1 in 24, in
our prescuce. While he would reserve ordinary rails
for the carriages he proposes to run the engine up
broad tramways of timber, the surface of the driving
wheels beiug somewhat roughencd to secure a bettcr
bite. It is clear, however, that the timber would be
rapidly destroyed, the joints giving especial trouble,
and it is not certain even that the full adhesion could
be depended upon with snow and icc on the wood.

It has been proposed to run the -carriages on
ordinary rals, and to draw them by traction engines
workivg on the ballast betwcen or outside the rails.
As the specds on the Mont Cenis Railway are siow,
not more than ten miles an hour on the steep inclines,
this plan would be feasible, no doubt, although it would
involve changes of engines on a journey, as traction
engincs would be too slow and wasteful upon the flatter
portions of the line.

The plan of magnetising the tsres of the driving
wheels has been tried with but indifferent success.

Finally, there is another mode of climbing in favour
of which much may be said, a mode which answers
best un the very steepest inclines, or rather on vertical
lifts.  This is by the pncumatie hoist. Inal0 ft. tube,
with a pressurc of but 1 lb. per square inch, we have |
a propelling force of 11,310 ib., which would carry a
gross load of 20 tons up an inclinc of 1 in 4, supposing
the mountain to be as stcep. To drive this load at
ten miles an hour would require about 300 horse power,
irrespective of losses by friction of engines, leakage of
air, &c. ; but the cffort would be but for a few minutes,
as, at this rate, 6500 ft. of tube, rising 1700 ft., would
be traversed in less than cight minutes. A blowing-
engine having a 15 ft. air-piston, and a 40 in. steam-

piston, working with 50 Ib. of steam, would follow up
atrain at ten miles an hour, or §S0 ft. per minute, the
blowing-piston moving at about 400 ft. per minute.
And only a blowing-engine would answer, a fan upon
Mr. Rammell’s plan being wholly out of the question
for such a pressure. It might be preferred to store
the compressed air in an air-holder, rising and falling
in a tank like a gas-holder, and to send up trains from
this. A 10 ft. tube, 6800 ft. lonz, would require
534,072 cubic fect of blast, equal to the capacity of an
air-holder 120 ft. in diameter and 47 ft. 6 in. decp, the
holder weighing 725 tons, to balance the pressure
within it. It would be only by the use of an air-
Liolder at the foot of cach incline that the system
would be rendered entirely independent of accidents
to the blowing-enciues, the only danger then remain-
ing being that of the explosion of the air-holder, which,
if 120 ft. in dinmeter, and made of §in. iron, would
have n diametrical strain of 1440 Ib. only per square
inch of the solid plates, or, say, 1 ton per square inch
of net section betwen the rivet holes. 'The upper
portion would be made hemisuherical. Even if made of
3 in. iron throughout, the holder would require about
450 tons of additional weighting, or to weigh 725 tous
in all, in order to keep down against the pressure, and
to force out the blast at 1 1b. per square inch.

When a train of the regulation weight, for the
weight would require to be regulated nicely, was run
up to the mouth of the tube, a suitable piston with a
slight amount of windage would be aflixed to each
end carriagze, and the doors of the tube wonld then
be shut.  Exeept for the train lizhts, the passengers
would be in durkness; but the windage of the pistons
would sceure plenty of ventilation, and no doubt the
cescape of blast past the pistons, even at 1 Ib. pressure
per square inch, would make a good deal of noise.
When the train reached the short level at the summit,
a communication would be opencd betwecn the ascend-
ing and descending tubes, giving a mean pressure of
uncarly # Ib. per inch in both, thus preventing over-
running ; the communication would then be closed,
and the carriages would then be let down by their
own gravity, checked at first by their brakes, and im-
mediately afterwards by the compressed air, which
when the train had moved through about sth the
length of the tube, or 230 ft. in a tube of 6800 ft.
length, would have a pressure of 11b. on the lower
side of the train. This compressed air would then be
let into the air-holder at the foot of the tube, and at a
rate which would exactly regulate the speed of the
descending train.  The amount of air-pumping thus
required would never be considerable after the first
tram had gone over. Tiic skilful engineer will perceive
for himsclf much of the detail required for working out
such a plan, and, just as safety gear is provided in
many mine-cages, he will sce the applicability of much
the same contrivances in the tubes toact in case of the
failure of the air-holders, or in any other improbable
emergency. The objection to the whole system is the
lirst cost of the tubes, air-holders, and blowing-engines ;
but considering that the length of the tubes would be
but one-third that of a railway overcoming the same
clevation by inclines of 1in 12, and but onc-seventh
that of a railway line inclined at the ratc of 1 in 28,
and that in the present Mont Cenis line nine miles
are in covered way, it is not certain that the cost
would be much greater, while it ¢s certain that the
working expenses, as well as the time of transit, would
be mueh less.

The mid-rail system is avowedly a temporary expe-
dient for working an exceptional line, which will be
superseded in a few years by the great tunnel, and we
believe its success must be as temporary as its expe-
dieney. It will be found, no doubt, that the adhesion
is sufficient, in most cases, without working the
gripping wheels at all, the engine taking up a load
equal at least to its own weight. When, Towever, the
gripping wheels arc used, it will be found that the cight
tyres arc of unequal diameter, the ordinary driving-
wheel tyres always wearing much faster than those of
the gripping wheels. 'The lost motion, too, in all the
wonderful zear we illustrated at page 254 of our last
volume, and the inmumerable and almost inaccessible
parts requiring oiling, lead us to look with much
doubt upon the whole system of the mid-rail and
gripping wheels. As we have already said, the line,
cven with its present gradients of 1 in 12, may be, and
probably will be, worked without it ; and it will be
used, if at all, only as a “brake,” for which, even
where no brake is wanted, the whole system appears
admirably well designed.

IroN 1N FrANCE.—Tho make of iron in France declined in
the first six months of tkis year to the extent of about 4 per
cent, ay compared with the corresponding period of 186U,

BESSEMER STEEL.-WORKS.

TrRERE are now upwards of a dozen makers of
Bessemer steel in the kingdom, employing very nearly
fifty converters of from 3 tous to 10" tons each. The
largest works are at Barrow, where, by the way, there
arc to be great doings on the 19tk inst., on the occa-
sion of opening the Barrow and Furness Railway.
There are at Barrow ten converters, six of these of
7 tons each, and four of 5 tons. The next largest
plant is to be found at Dowlais, where there are six
converters of 5 tons, and at the Atlas Works (Sir John
Brown and Co.), Shefficld, where there are two 10-ton
and two 5-ton converters. Messrs. Cammell and Co.
may be said, however, to have a still larger plant,
although not at a single establishment ; for they have
four 7-ton converters at Penistone, and two 4-ton con-
verters at their Cyclops Works, in Sheffield. . The
Lancashire Steel Works, at Manchester, were laid out
for eight converters of 5 tons; bhut we believe only
two have been set to work. The two next largest
establishments are the Crewe steel-works of the Lon-
don and Nortb-Western Railway, at Crewe, and the
works of the M:nchester Railway Plaut Company, at
Mauchester, each of which has four 5-ton couverters.
Next are the Bolton Steel and Iron Company’s Works,
at Bolton, and the Ebbw Vale Company’s, at Ebbw
Vale, with a pair cach of 5-ton converters. Messrs.
Henry Bessemer and Co., of Shefficld, have a pair of
converters, but we cannot at this moment say of what
size. Messrs. Samuel Fox and Co., of Deepcar, near
Sheflild, have a pair of 3-ton converters, and there is
a pair of the same size at the Old Park Ironworks,
Wednesbury.  Mr. John M. Rowan, of Glasgow, has
a single 3-ton couverter. Bessemer plant was fitted
up some vears ago at Tow Law, in Durham; but we
believe it has never been set to work.

Besides the above-named works, a new establish-
ment, with a pair of converters, and possessing the
most improved plant, will shortly commence working
at Bast Greenwich. These are the works of Messrs.
Bessemer Brothers (the sons of Mr. Henry Bessemer),
and have becn erected under the constant superinten-
dence of the last-namcd gentleman himself.

THEORY OF DIAGRAMS OF FORCES AS
APPLIED TO ROOFS AND BRIDGES.*

DBy Proressor J. CLERK MaxweLL, F.RS.

Ix the construction of roofs and bridges, tke general practice
of ascertaining the strains upon the different elements of these
structures by calculation involves a great deal of inconvenience
and loss of time on t of the ity of carrying the
arithmetical operations far beyond the limits ot accuracy which
are actaally wanted in practice. It has therefore been proposed
by several writers to solve the problem graphically, and various
modes of constructing diagrams of forces may be found in
books on suspension bridges, &c. A further extension of the
principle of the diagram ot forces to polygonal frames has been
made by Professor Runkine in his ¢ Applied Mechanics;” but
the author has succeeded in generalising this theory, and
making it applicable to all kinds of franes. The abstract
mathematical theory of these diagrams has been first published
in the Philosophical Magazine in April, 1864. The diagramsin
question are reciprocal figures. They are arrived at by redu-
cing the frame to be constructed to a skcleton of straight lines,
and supposing all the weights applied at the joints, a supposi-
tion which i3 perfectly admissible, since the stitiness or strength
of each single part has nothing to do with the problem under
consideration. ‘'To explain the nature of reciprocal diagrams,
the Figs. 1 and 2 give an illustration of the simplest form. In
Fig. 1 a triangular frame, A BC, is supposed to be acted upon
by three forces—say a stiff triangle pulled by three strings

FIC./. FlGa.3

Flc.2.

joining in one point. If we draw Fig. 2, the line, g, parallel to
Q, p parallel to I’, and r parallel to R, we have the outlines of u
reciprocal figure which can be completed by drawing the lines,
band ¢ parallel to B and C respectively, and meeting at one
point. It can be proved by geometry that the third line, a,
which connects this point with the corresponding corner of the
triangle must be parallel to A, in Fig. 1. These reciprocal
diagrams have therefore all lines parallel to each other, but all
lines that form the outline of the polygon in one figure meet in
one point in the reciprocal; and ull lines which meet in one
point in the first figure become the outlines of the second or re-
ciprocal polygon. . 3

Not every figure admits of the construction of a reciprocal
figure, and these cases in which no reciprocal diagram of
forces can be drawn are precisely those in which the forces are
incapable of remaining in equilibrium amongst themselves, so
that the method of constructing diagrams ot forces contains in
itself a control of its correct application. Suppose Fig. 8 to

* Paper read before the British Association at Dundec.
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represent a triangular frame, having another triangular frame
within it, and the corners of both to be connected by strings in
tension. There can be no equilibrium in tkis, except on the
condition that the three lines, p, ¢, r, representing the forces,
meet in one pointy if continued to o. In general it can be
proved that only such figures admit of a reciprocal diagram,
which are perspective representations of solid figures with plane
sides. Fig. 3, for instance, represents a truncated pyramid,
having its point at 0. In supplying the above principles for
constructing a diagram of strains for any given structure, say,
for instance, for & roof such as that represented in Fig. 4, the
first will be to ascertuin the total weight resting upon the two
side walls. The resistance of the side walls is represented in
the diagrams as an equivalent force drawing the whole upwards,
while all the other joints of the figure are sup‘;-med to be pulled
parallel downward with forces F,, Fa, F, Iq, and g1, g3, fn
9. The forces g, g, representing the resistance of the walls,
are shown slightg' ont of parallel, in order to prevent the lines
of the diagram of forces covering each other, but in practice
such covering of lines is perfectly admissible. To construct the
diagram of forces, Fig. 5. draw the vertical line representing
the actions of gravity, which are marked off upon it in propor-
tiouate lengths, F,,” F,, Fo, F;. From the two ends of this

vertical line, A B, the lines g, and g parallel to those forces, and
of corresponding lengths, are drawn, and the vertical line,
g» and g,, connecting the two ends, and closing this part of the
diagram, must then correspond to the strains g and ga.
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Now, to find the strain in A,, drawn the line A, (Fig
6) parallel to A, (Fig. 4), through the point Fi, and
the line B, parallel to B, through the point g.. These
two lines meet at z, and in this point the line C, parallel
to C. is drawn. In a similar manner draw A? parallel
to A,, and at the intersection with C, draw C, parallel
to C,. This process continued until all lines of Fig. 4 have
their parallels in Fig. 5, the diagram will be completed, and if
all lines are correct, it will close in one point. The length of
euch line will then represent the strain in the correspondin,
element of the roof, and the direction of the strain can be foun
at any moment by cormencing with any vertical downward
action of gravity, and then following the continuous figure
until the line in question is reached. This mode of graphical
representation of strains admits of a very essy and convenient
application in practice, as it involves no other work except the
application of a parallel ruler and a slight amount of attention
in drawiog the lines. It has moreover the advantage of con-
trolling itself, since, in case of an error, the diagram will not
close, and in this way mistakes are prevented.

THE Nicoral RaiLway.—Mr. Willism L. Winans, of Lon-
don and St. Petersburg, has presented us with an original
drawing, magnificently coloured, of the imperial railway carri-
age, constructed in 1850, and still in service for the use of the
Czar when journeying between St. Petersburg and Moscow.
The carriage is 84 {t. long and 9 ft. 6in. wide. It is supported
upon sixteen wheels—two eight-wheel bogies, one under each
end. The interior, shown in longitudinal section and in ?hn,
is furnished in superb style, and is divided into a grand saloon,
24 f1. in length, special cabinets for the emperor and cmpress,
waiting-rooms, &c. We shall, in due time, prescut this
sglendid drawing to our readers, either in line engraviug or in
chromo-lithography.

Tue MipLAND RAmLway.—The great extension of the
Midland Railway into London has been opened for goods traffic,
passengers stil( arriving at King’s-Cross from Bedford and
other stations on the Midland line.

Tue Mont CeNis RaiLway.—The Official Gazetle of Flo-
rence publishes the usual montbly statistics relative to the
works for tunnelling Mont Cenis. On the 81st of July, 7268
metres had been pierced, and during August 189 more were
completed, making a total of 7402 for the 1st September. The
whole length being 12,220 metres, there only remains about
one-third, or 4828, to be accomnplished. Hopes are en
of being able tocomplete the work in three years more.

RESULTS OF EXPERIMENTS ON THE
RIGIDITY OF GLASS, BRASS, AND STEEL.*

By Dr. J. D. EVERETT.

THESE experiments were conducted in the Physical Labora-
tory of the Glasgow University, upon a plan devised by Sir W.
Tk ) b tly improved by the author.

Cylindrical rods, about one-third of an inch in diameter, of
flint glass, drawn brass and steel, were alternately bent and
twisted by known couples, so applied that the couple (whether
of flexure or tension) was always uniform through the whole
length of the rod. The amounts of bending and twisting thus
produced in s given portion of the rod were measured by the aid
of two mirrors clamped to the rod. In the earlier experiments,

centre of the crosspiece (Fig. 4) fits the cylinder, m, and the
crosspiece can either be rotated about it or slipped off on loosen-
ing or removing the nut. The four arms of the crosspiece are
all of equal length, and each of them has on the upper side near
the end a cone or point for supporting a weight by means of a
ring. FF is a cast-iron box, on the top of which the cyliuder,
C, rests in two notches one at each end, in which it turns freely
when not secured by the clamp, G. H is a graduated circle for
turning the cylinder (and with it the rod, AB) through any

uired angle. K L are two mirrors clamnped to the rod, and
adjustable by footscrews into any position nearly parallel with
the rod. One of them is shown on a larger scale at Fig. 5. By
partially releasing the clainps, it was easy to rotate the mrrors

about the rod without longitudinal sliding.

FlaG.l

these mirrors were made to reflect a dark line placed in front of
a lamp flame, and the displacements of the images were mea-
sured on a screen. In the later experiments two telescopes
were placed almest vertically over the two mirrors, so as to look
down into them, and a sheet of paper (cross-ruled) was fixed in
a horizontal position overhead. The displacements of the lines
on this sheet, as seen in the telescopes, were then observed.
From the measurements of flexure and tension thus obtained,
the coefficients of elasticity and rigidity for the substances
operated on were calculated. The values of Young’s modulus
and of rigidity, in kilogrammes per square millimetre, were thus
found to be respectively 6143 and 2442 for obe specimen of
glass, and 5851 and 2390 for another. For the specimen of
brass operated on, the values were 10,948 and 3729, and for
steel 21,793 and 8341, Rods of wrought iron, cast irop, and
copper had more recently been operated on, but the experiments
were not yet reduced. The experiments had, for the firat time,
established the ratio of lateral contraction to longitudinal exten-
sion for a bar stretched longitudinally, this ratio being dedncible
from the foregoing numbers by dividing Young’s modulus by
twice the rigidity, and then subtracting unity.
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Similar apparatus tothat employed might be used for testing
the quality of metal rods, especially as it does not involve
breaking or injuring the rods.

The improved apparatus is represented in Fig. 1. A B is
the rod ?antcd on, entering a socket in the cylindrical
iron bar, C, in which it is firmly secured by screws (three in
each set) which clamp it at two places about 2 in. asunder.
The other end, A, passes through a brass socket (shown in cross
section at Fig. 2), to which it is also secured by screws in two
places. This socket forms part of a piece of brass, which is
shown on a larger scale in longitudinal section in Fig. 3, where
n is a point or cone to be supported by a ring (M, Fig. 1) hang-
ing from one arm of a balance, while the lower part consists of
a short cylinder, m (for receiving the crosspiece shown in Fig. 4,
and indicated by dotted lines in Fig. 3), terminated by a screw
which receives the nut, pp. The circular hollow shown in the

—
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The point, #, Fig. 3, is supported by the flat brass ring, M,
which h]::lgs by the wire, N, ﬁP:m oneyarm of tho balance, D,
and a counterpoise is placed in the pan, P, just sufficient to keep
the rod, A B, free from strain.

(To be continued.)

Ra1.wAYS 1IN BADEN.—The Baden Government have brought
out a loan of 12,000,000 thalers, or nearly 2,000,000, for railway
purposes.

RorrEp v. HAMMERED PLATES.—The Secretary of State
for War, Sir.John Pakington, has caused a letter to be written
to the Thames Iron Company, stating that there is no impor-
tant difference in the quality of good rolled and good hammered
armour plates as re resistance to shot, and intimating that
future tenders for armour plates may specify hammered iron as
well as rolled.

CLEVELAND BLAST FURNACRS.—The number of furnaces
in blast in the Cleveland district is 89, and there are 46 out of
blast. There are nine furnaces building, seven of which are
nearly ready.

SoDA WaASTE.~—At the meeting of the British Association at
Dundee, Mr. I. Lowthian Bell read a paper on “ A Method of

Recovering Sulphur and Oxide of Manganese, used at Dieuze,
near Nancy, France,” which was illustrated and supplemented
by Mons. Burton, who exhibited the products recovered by the
process. Mr. Bell having spoken of the great loss which
annually occurred through the inability to turn to good account
the immense amount of soda-waste and the liquid refuse which
were obtained as unprofitable residues in soda-works, entered
into practical detuils of this French process by which tbese in-
convenient and disa, le products might, to a certain extent,
be got rid of, and, at the same time, return a handsome
roﬁ:,d from which only the expense of labour was to be de-
ucted.

THe PorLrurion oF Rivers.—The third report of the
Rivers Commission has been printed. It is devoted to the hear-
ings and conclusions upon the cases of the rivers Aire and
Calder. Its recommendations ave simple and only what could
have been expected, viz., that the water-shed of each river
valley should be placed under some authority, independent of
artificial boundaries, and that all pollution of the rivers should
be prevented by intercepting sewers and by sewage irrigation.

¢ REFRIGERATING CARs."—Railway wagons carrying dead
meat packed between layers of ice have long been common on
the American railways. A ton of ice is packed among a * car”
load of dressed carcases, and when once renewed on a four-
d-yg’ suinmer journey, it maintains the temperature at about
45 deg.

Tni East Loxpox RAILwAY.—This line from Liverpool-
street, and including the junction on the south side of the
Thames, is to be seven and a balf miles long, and is to
cost 1,866,000L, a sum safficient, it is believed, to cover .
all the works originally planned. The line is to be made
through the Thames Tunnel, which has been purchased for less
than one-fourth its original cost. It ap] at one * financial
company " originlllt{ demanded 250,000L for * bringing out”
this company, but that a more accommodating firm of go-be-
tweens finally managed the matter for 27,0604
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EXPERIMENTAL RESEARCHES*
On the Mechanical Properties of Stec in its present im-
Dproved state of Manufacture.
Dy WiLLras Famsaen, LL.D., F.R.S.

Turre is probably no description of material that has
undergone greater changes in its manufacture than iron ;
and, judging from the attempts that are now making, and
have been made, to improve its quality and to enlarge its
sphere of application, we may reasonably conclude that it is
destined to attain still greater advauces in its chemical and
mechanical properties. ‘Lhe earliest improvements in the
process of the manufacture of steel and iron may be at-
tributed to Cort, who introduced the process of boiling and
puddling in the reverberatory furnace, and the more recent
improvements to Bessemer, who first used a scparate vessel
for the reduction of the metal. To the latter system we
owe most of the important changes that have taken place;
for by the comparatively new and interesting process of
burning out the carbon in a separate vessel, almost
every description of stcel and refined iron may be pro-
duced. The same results may be obtained by the pud-
dling furnace, but not to the same extent, since the arti-
ficial blast, of the Bessemer principle, acts in much greater
force in depriving the metal of its carbon, and in reducing
it to the state of refined iron. By this new process in.
creased facilities are afforded for attaining new combina-
tions by the introduction of measured quantities of carbon
into the converting vessel, and this may be so regulated as
to form steel, or iron in the homogeneous state, of any
known quality.

By the boiling and puddling processes steel of similar
combinations may be produced, but with less certainty as
regards quality, as everything depends on the skill of the
operator in closing the furnace at the precise moment of
time.” This precaution is necessary in order to retain the
exact quantity of carbon in the mass in order to produce by
combination the requisite quality of steel. It will be ob-
served that in the Bessemer process this uncertainty does
not exist, as the whole of the carbon is volatilized or burnt
out in the first instance, and by pouring into the vessel a
certain quantity of crude metal containing carbon, any per-
centage of that element may be obtained in combination
with the iron, possessing qualities best adapted to the varied
forms of construction to which the metal may be applied.
Thus the Bessemer system is not only more perfect in itself,
but admits of a greater dezree of certainty in the results
than could possibly be attained from tho mere employment
of the eyes and hands of the mnost experienced puddler.
‘Thus it appears that the Bessemecr process enables us to
mauufacture steel with any given proportion of carba or
any other eligible element, and thus to describe the com-
pound metal in terms of its chemical constituents.

Linportant changes have been made since Mr. Bessemer
first announced his new principle of conversion, and the
results obtained from various - quarters bid fair to establish
a new epoch in metallurgic manipulation, by the production
of a material of much greater general value than that which
was produced by the old process, and of, in most cases, double
the strength of iron:

These improvements are not exclusively confined to the
Bessemer process, for a great variety of processes are now
in operation, producing the same results, and hence we have
now in the market homogeneous and every other description
of iron, inclusive of steel, of such density, ductility, &c., as
to meet all the requircments of the varied forms of con-
struction.

The chemical properties of these different kinds of steel
have been satisfactorily established ; but we have no reliable
knowledge of the mechanical properties of the different kinds
of homogeneous iron and stecl that are now being produced.
To supply this desideratum, I have endeavoured, by a
series of laborious éxperiments, to determine the compara-
tive merits of the difterent kinds of steel, as regards their
powers of resistauce to transverse, tensile, and compressive
strain.

These experiments have been iustituted, not only for
those engaged in the constructive arts, but also to enable
the engineer to make such sclections of the material as will
best suit his purpose. In order to arrive at correct results,
I have applied to the first houses for the specimens experi-
mented upon ; and, judging from the results of these expe-
riments, I venture to hope that new and important data
have been obtained, which may safely be relied upon in the
selection of the material for the different forms of construc-
tion.

For several years past attempts have been made to sub-
stitute stecl for iron, on account of its superior tenacity and
increased security in the construction of boilers, bridges, &c-

There can be no doubt as to the desirability of employing '

a material of the same weight and of double the strength,
provided it can at all times be relied upon. Some difticul

ties, however, exist, and uutil they are removed it would
not be safe to make the transfer from iron to steel. These
difficulties may be summed up in a few words; viz., the
want of uniformity in the manufacture, in cases of rolled
plates and other articles, which require perfect resemblance
in character, and the uncertainty which pervades its produc-
tion, require careful attention. Time, and close observation
to facts in connexion with the different processes, will, how-
ever, surmount these difficulties, and will enable the manu-
facturer to produce steel, in all its varieties, with the rame

* Read at the meeting of the British Association,

certainty as he formerly attained in the manufacture of
iron.

In the selection of the different specimens of stecl, I have
endeavoured to ebtain such information about the ores, fuel,
and process of manufacture as the parties supplying the
specimens were disposed to furnish. To a series of ques-
tions auswers were, in most cascs, cheerfully given, the
particulars of which will be found in the Tablss.

I have intimated that the specithens have been submitted
to transverse, tensile, and compressive strain, and the
summaries of results will indicate the uses to which tha
different gpecimens may be applied. Table I. gives for each
specimen the modulus of elasticity and the modulus of re.
sistance to impact, together with the deflection for unity of
pressure.  From these experimental data, the engineer and
architect may sclect the steel possessing the actual quality
required for any particular structure. This will be found
especially requisite in the construction of boilers, ships,
bridges, and other structures subjected to severe strains,
where safety, strength, and economy should be kept in view.

In the case of transverse strain some difficulties presented
themselves, in the course of the experiments, arising from
the ductile nature of some part of the material, and from
its tendency to bend or deflect to a considerable depth with-
out fracture.

This is always tha case with tough bars whether of iron
or steel, and hence the necessity of fixing upon some unit of
measure of the defiections, in order to compare the flexi-
bility of the bars with one another, and from the mean
value of this unit of deflection to obtain a mean value of
the modulus of elasticity, E, for the different bars. "This
unit, or measure of flexibility, given in the Table, is the
mean value of all the *deflections corresponding to unity of
pressure and section. The modulus of elasticity has also
been calculated from the deflection produced by 112 pounds
in order that it may be compared with the results of experi-
ments on cast iron, given at pages 73 and 74 in my work
“On the Application of Iron to Buiiding Iurposes” In
order to determine the resistance of the bars to a force
analagous to that of impact, the work in deflecting each bar,
up to its limit of elasticity, has been calculated. Thesc re-
sults differ considerably from each other, showing the
different degrees of hardness, ductility, &ec., of the material
of whicl the bars are composed. The transverse strength
of the different bars, up to their limit of elasticity, is shown
Ly the amount of the modulus of strength, or the unit of
strength calculated for each bar.

Table 1L, on tensile strain, gives the breaking strain of
each bar per square inch of section, and the corresponding
elongation of the bar per unit of length, together with the
ultimate resistance of each bar to a force analogous to that
of impact.

Table IIL, on compression, gives the force per square
inch of section requisite to crush short columns of the
different specimens, with the corresponding compression of
the column per unit of length, together with the work ex-
pended in producing this compression.

Having relected the requisite number of specimens from the
different works, the experiments commenced with the trans-
verse strains, which were conducted, as on former occasions,
by suspending dead weights from the middle of the bar,
which was supported at its extremities, the supports being
4 ft. 6 in. apart. The apparatus for this class of experiments
consisted of the wooden frame, A, to which was halted two
iron brackets, B B, on which the bars were laid. Immedi-
ately over the centre of the bar, at a point equidistant
between the supports, the wheel and screw, C, was attached
to the scale, D, on which the weights were placed, 56 Ib, at
a time; after each weight laid on, the deflections were taken,
and the experiment was continued until a large permanent
set was obtained. The permanent set was ohserved at in-
tervals in the following manner: After the deflection pro-
duced by the load had been ascertained, tuc screw, C, was
turned so as to raise the scale and relieve the bar of the
load, thus enabling the experimenter to ascertain the effects
of the load upon the bar and register the permanent set.
This operation was conducted with great precision, as may
be seen on consulting the Tables in the following cxperi-
ments,

The mathematical formnula of reduction on the trans-
verse, tensile, and compressive strains has been deduced
from the experiments by my friend, Mr. Tate, 2s follows :

ForyuLE or Revucrion.
For the Reduction of the Erperiments on Transverse Strain.

When a bar is supported at the extremeties, and loaded in
the middle,
vl
_— .
45Kd? @,

where Lis the distance between the supports, K the area
of the section of the bar, d its depth, w the weight laid on
added to five-cighths of the weight of the bar, 8 the cor-
responding deflection, and E the modulus of elasticity.
When the section of a bar is a square,
wl

. (@)
4dus

These formulre show that the deflection, taken within the
clastic limit, for unity of pressure, is a constant, that is,

4
o= D, a constant.

o — o .

E=

D )

é : é, .
Let 1, i‘-‘, -« . % bea seiics of values of D,
w, w, w,

determine by experiment in a given bar ; then,
1 ¥ 2 4

p=> (_'+_1.+ .. +‘) . .6
n wl w, w.,

which gives the main value of this constant for a given

bar.
Now, for the same material and length,

3 1
_u_:’orD‘K(Tf S )
and when the section of the bar is square,
é 1
—orDa . . . .., . X
2 orD a 7 (5).
If D, be put for the value of D, when d=1, then,
D,=Dd’.
1 LI 3,
= (w,+w,_, R LIRNO!

which expresses the mean value of the deflection for unity
of pressure and scction. This mean value, therefore, may
be taken as the measure of the flexibility of the bar, or as the
modolus of flexure, since it measures the amount of deflection
produced by a unit of pressure for a unity of scction,

Substituting this value in ey (2), we get,

b
E=4D—1 e e - ()

which gives the mean value of the modulus of clasticity
where D is determined from ¢g (6).

The work, U, of deflexion is expressed by the formula,

wd
= - (8),

U=} xwx 3w . e
12 24

where @ is the deflexion in inches corresponding to the pres-
sure, w, inlb. If » and & be taken at or near t» the
clastic limit, then this formula gives the work, or resistanco
analogous to impact, which the bar may undergo without
suffering any injury in its material. This formula reduced
to unity of section becomes

o e

U= "0 ).
24K
If C te a constant determined by experiment for the
weight, W, straining the bar up to the limit of elasticity, so
that the bar may be able to sustain the load without injury,
then

W,
ks (10),

where C=1S, or } of the corresponding resistance of the
material per square inch at the upper and lower edges of the
section.

'—cka. .. ..

wi
S C=-0 000 L arn.
4Kd an
When the section of the bar is a square,
. WI g
C.._Mu ce e . (1),

which gives the value of C, the modulus of strength or the
unit of working strength, W, being the load determined by
experiment, which strains the bar up to its elastic limit ;
this value of C gives the comparative permanent or working
strength of the bar.
Tensile Strain, de.
The work, u, expended in the elongation of a uniform
Lmar, one foot in length and onc inch in section, is expressed
y ‘

U=1

l
=t g-p=ifho. .. @3,

P .
where Pl-_—R:the strain inlb. reduced to unity of section,

! . .
and 7, =L=the corresponding elongation reduced to unity

of Iength.

This value of w, determined for the different bars sub-
jected to experiment, gives a comparative measure of their
powers of resistance to a strain analogous to that of impact.

By taking P, to represent the crushing pressure per unity
of section, and /, the corresponding compression per unity of
length, the foregoing formula will express the work ex-
pended in crushing the bar.

AssTRACT or THE RESuULTs oF TABLES I, 11,
AND I1[.%
Transverse Strain.—Table 1.

THE results of these experiments show that, within the
elastic limits, the deflections are in proportioa to the pres-
sures.  Kor example, in Experiment 1, the deflections are
almost exactly expressed by the formula, ¢=.001361 »,
where the constant .001361 is the mean, D, of all the de-
fleetions for a unity of weight, derived from formula (3).
By aid of this principle the value of the weight, w, with its
equivalent deflection, corresponding to the elastic limit, was
determined.

The mean value of the deflection corresponding to unity
of pressure and section wmay be taken as the measure of the
flexibility of the different bars. In general, the least flexible
bars give the highest values of E and C, and, other things
being the same, ot nearly the same, the most flexible bars

. 1}Vc sholl publish these Tubles in tacir complete form next
weelk.
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give the highest values of wu, the work of deflection cor-
responding to unity of section.

The bars of some of the experiments, with more than an
average flexibility, gave very high values for C, the work-
ing unit of resistance to transverse strain, showing their
great value when applied to the springs of carriages and other
constructions, where flexibility and strength should be com-
bined. Such bars as those of other experiments, with less
than an average flexibility, gave at least an aversge value
for C, showing their applicability to all constructions where
rigidity and strength are required. And so on to other
cases.

The mean value of E, the modulus of elasticity, given in
col. 5, taken for thirty of the best specimens, is 31,000,000
nearly, whilst the mean taken for a like number, in col. 4,
is about 32,000,000. This modulus exceeds that of wrought
iron by more than the thirticth part. Steel, having & much
greater flexibility than wrought iron, accounts for the
approximation of their values for the modulus of elasticity.
The bars that have the greatest flexibility, or the greatest
value of D, other things being the same, have the least
value for the modulus of elasticity.

The values of u, or the work of deflection for unity of
section up to the elastic limit, may be taken as measures of
the qualities of bars where flexibility and strength are
required.

The bars generally exhibit very high powers of resist-
ance to transverse strain. The mean value of the unit of
working strength, C, given in col. 9, taken for one half the

Produced by a strain of 38} tons per square inch, is only
about the fiftieth part of this average.
Compression.—Table II1.
Thirty-two of the bars supported each a pressure of

"100.7 tons per square inch of section, withéut undergoing

any sensible fracture, whilst twenty-threo bars were more
or less fractured with this pressure. The mean value of the
compression per unit of length, taken for twenty-four of
the best specimens, is .372, whilst the mean, taken for the
remaining specimens, is .232, giving a gencral mean deflec-
tion of .302. The work expended in crushing the material
in short columns is remarkably large. The mean value of
u, taken for twenty-six of the best specimens, is 41,300,
whilst the mean, taken for the remaining specimens, is
25,400, giving a general mean value of 33,400.

If 6000 be taken as the value of «, in the case of tensile
strain, then the work expended in rupturing the material
by compression will be 53 times the work expended in rup-
turing the material by extension.

Tensile and Compressite Resistances Compared.

Taking the mean tensile resistance to rupture at 47.7
tons per square inch, it follows that their resistance to com-
pression is more than double (2.1 times) their resistance to
1‘:)__0'77 —=2.1. Hence it follows, that the

.
most economic form of a steel bar undergoing transverse
strain would be a bar with double flanges, having the area
of the bottom flange about double that of the top flange.

extension : thus,

number of experiments, is 6.83 tons, and for the remaini

This concl is borne out by the results of experiments

half (omitting the last two experiments) this constant is 5.23
tony, giving a geueral mean of 6 tons. In the model tube
of the Britannia and Conway bridges, the value of this con-
stant for breaking weight is 6.7 tons.

It was next shown that, taking 11 tons per square inch
as the mean value of the compressive and tensile resistances
of wrought iron at the elastic limit, the value of C, in this
case, will be leas than 2 tons, and thence it followed that
the trensverse strength of these steel bars will be about
3L times the strength of wrought-iron bars of the same
dimensions.

In order to determine the relative valae of the two kinds
of material undergoing transverse strain, he then supposed
two bars of the same length, one steel and the other iron,
having the same strength, to be similar in their transverse
scctions, the strengths of bars of similar section are as the
cubes of their depths,

d,='\/%xd=3.5gxd,
where d is the depth of the steel bar, d, that of the iron bar,

C
and U:s 5, the ratio of their units of working strength.

1
But as the areas of similar section are as the squares of
their like dimensions,

Secction iron bar  8.5% d? i
Section steel bar—  d¥ =3.5§=2.8052.

Now taking the cost of iron at 7L per’ ton, and that of
stecl at 12/, we have, for the relative cost of the two
materials of the same strength,

Cast iron  7Xx2.3052 16.1364

Comtrted— 12 = 12— 1847,
that is, the cost of the iron would be about 1} times that of
the steel.

In the case of railway bars and such constructions, be-
sides this saving in the cost of material, it must be borne in
mind that the steel rail would last four times as long as the
iron rail,

T'ensile Strain.—Table 11.

Taking the mean of the results of the experiments on
thirty of the best specimens, we find the mean tenacity per
square inch=47.7 tons.

Now if we take 25 tons per square inch as the tenacity of
the best English hammered iron in bars, it follows that the
tenacity of these steel bars will be about twice (1.91 times)
that of the iron bars.

Economic Use of the Material.

For bars of equal strength, undergoing tensile strain, the
iron bar should be about twice the section of the steel bar ;
now if the cost of steel be 12/, per ton, and that of iron 7,
then the cost of the iron would be more than 1445 times that
of the steel ; in this case, thercfore, the steel would be the
more economical metal. The saving per ton of material
would be 1.37L, or 1. 7s. 43d. The work producing rup-
ture in the different specimens is very variable, owing pro-
bably, to some extent, to the errors arisiug from the deter-
mination of such exceedingly small clongations. This
irregularity would have becn avoided, if the specimens had
been of greater length, so that the elongativns might have
been ascertained with greater accuracy.

The greatest value (6400) of this work of elongation is
given in Experiment 14, where the breaking strain of the
specimen is below the average, being only about 40 tous per
squarc inci.

The specimen which had the greatest tenacity, viz., about
60 tons per square inch, required only 670 units of work to
produce rupture ; this arises from the very small elongation,
viz., .01, which the bar sustained at the point of rupture.

The ultimate elongations are unaccountably variable, and
acem miuch helow what might have been expected ; even
the greatest elongation, 1437, given in the Table, is below
the average for iron bars, whilst the least elongation, .0037,

on transverse strain, where the strain per square inch of the
material at the elastic limit is equal to 40.98, or 41 tous
nearly, but the mean breaking strain per square inch by
extension=47.7 tons, clearly indicating that the compres-
sive resistance in the former case was cousiderably in excess
of the tensile resistance.

ON MOVABLE SEATS FOR SLIDE-VALVES.®

By JaMmes R. NApieR, F.R.S., Marine Engineer, and
W. J. MACQUORN RANKINE, C.E., LL.D., F.R.S.
| Abstract.])

Tue great practical convenience of the slide-valve and link-
motion, as means of varying the rate of expansion in steam-
engines is well known. An objection to their use, however,
arises from the fact that the points of admission, cut-off, release,
and compression are related to each other in such a manner that
in designing a slide-vulve motion, the fixing of any three of those

ints for a given position of the link fixes the fourth point also.

‘or example, suppose that, in a certain position of the link, the
positions of the eccentrics, and thee lap or cover at the induc-
tion edge of the cylinder port are 8o adjusted as to give a certain
rate of expansion, then the only element remaining capable of
adjustment is the cover at the eduction edge of the port, and
that element, when it is fixed, fixes at once the relesse and the
compression ; and it often happens that the best positions of the
points of release and of compression are inconsistent with each
other, so that a compromise has to be made. That objection, in
some examples of slide-valve motions, Las been overcome by the
use of double slides; but in all the double slide-valve motivns
hitherto introduced there exists the defect of complexity in con-
struction and working; for, in addition to the ordinary handle
of the link-motion, u second handle has to be used in varying
the rate ot expansi The authors of this paper propose to
accomplish the same result in a very simple way, by giving a
small sliding motion to that part ot the valve-seat which con-
tains the induction edges of the cylinder ports, so as alternately
to contract and enlarge those poris at each stroke of the engine.
The only mechanism required, in addition to the ordinary slide-
valve gear, consists in the movable seat, with a rod and a third
eccentric to givo it motion. The rate of expansion is varied
when required by shifting the lnk in the ordinary way by the
use of the ordinary handle alone; yet the effect is the sane as
if the admissivrand the exhaust of the stenm were regulated
by two different slide-valves, each with its own link-motion and
pair of eccentrics. Hence, in designing the valve-motion, the
points of release and compression can be adjusted to the beat

wsitions, independently of the points of admission and cut-off.

be autkors cousider that the movable seat which tiiey propose
ought to be used, together with a kind of slide-valve, on which
the pressure of the steam is balanced, such as that introduced
by Mr. Thomas Adams, in order thut the diffcrent rates of travel
o{ the slide-valve over the fixed and movable parts of the valve-
seat may not produce unequal wear.

Tue GLASGOW Towx CouxciL ANXD THE GAs COMPANIES.
. A

TIIE SOCIETY OF ENGINEERS.
To T™HE EDITOR OF ENGINEERIXG.

Sir,—It is with much regret that I have to advert to the
misapprehension nrgnrently entertained by the president «f the
Institution of Civil Engineers as to a supposed rivalry existing
hetween the Society of Engincers and thg Institution of Civil
Engineers. Mr. Fowler remarks that the Institution has long
been recognised s the single representative of the profession.
I, in common with neariy all the members of the engineering
profession, am fully sensible of the high estimation in which
the Institution of Civil Engineers is justly held, and quite agree
with the president that it is most desirable in the interests of
the profession that it should be muintained. I air, theretore,
mnore at a loss to discover in what way the recent application of
the Society of Engineers to become incorporated should have
led to the conclusion that it is in contemplation to establish a
rival society.

The Society of Engineers wa3 established some few years
after the Institution of Civil Engineers had become incorporated,
following the Institution of Mechanical Engineers, and I
cannot but observe with pleasure the cordial praise bestowed by
the president of the Institution ot Civil Engineers upon the
valuable institutions and associations connected with the
engineering profession, which have taken their origin since the
Society of Ingineers itself was founded. The wish, moreover,
expressed by Mr. Fowler, that theso socicties might becoine
extended in number and importance, renders it still more
difficult to account for the exhibition of any spirit of hostility
towards one of its oldest contemporaries.

As one of the earlicst members of the Society of Engincers,
and acting president for the current year, I feel called upon
to stute that the proceedings of its council and body with
regard to its recent application for a charter of incorporation
were entirely free from any feeling of rivalry towards the Insti-
tution of Civil Engineers.

It was greatly to my surprise that I discovered that the
Institution was in opposition to the incorporation of the Society
of Engineers, instead of extending that support and co-operation
which, from the enlightened views cxpressed by Mr. Fowler on
bebalf of other surrounding societies, might have been expected.
I trust that with reference to the views expressed by the presi-
dent as to the encouragemnent accorded to other bodies, thut the
council of the Institution of Civil Engineers may be instigated
towards rescinding their opposition to the claims of a society
having as much influence as many of those institutions to which
Mr. Fowler has made such bappy allusion. The Society of
Engineers hes laboured, and with great success, towards the
advancement of engincering science and practice, and has been
the means of distributing valuable professional aid to its mem-
bers both at home and abroad.

The Society of Engineers has succeeded in bringing into con-
tact those elements which seemed to call for some special oppor-
tunities of associstion.

As stated by the president of the Institute of Civil Engi-
neers of Frauce, its Transactions are held in much estimation by
engineers abroad, and are considered to be of value and impori-
ance by foreign bers of the professi

It is to ba hoped that instead of fostering professional hostility
or disagreement, the controversy which scems to have arisen
between the Institution of Civil Engineers and the Society of
Engineers may rather induce Mr. Fowler, as president of the
Institution, to take the initiative in brioging together the repre.
sentatives of the various engineering societies of England, Ire-
land, Scotland, and Wales with a view towards discussing the
Brmnt and future position of engineers, in order that they may

e pliced on an equality with other learned professions.
I aw, Sir, your obedient Servant,
Wit H. Lx Fruvre,
President, Society of Engincers.
18, Great George-strect, Westminster,

Tik Iron MANUFACTURE.—On the occasion of the meet-
ing of the DBritish Association at Dundee, Mr. I. Lowthian Bell
read a paper on * The Present State of the Manufacture of Iron
in Britain, and its porition, as compared with that of somne other
countries.” The paper was supgested by the opportunity
afforded in the Paris Exhibition of comparing the position held
by English and foreign manufucturers, which had led many to
believe that our country was not advancing so rapidly as many
Continental nations. Mr. Bell referred to the past bistory of
the art a3 showing which nation had contributed most to its
present advanced state. Deginning with the introduction of
mineral tuel by Dudley, he spoke of Cort's rolling-mill, and
Neilson's application of heated air to aid in reducing ore as being
really revolutions in the manufacture of iren. He further
noticed the improvement of furnaces introduced by the Durham
aud Yorkshire ironmasters, which at once raised the tempera-
ture and etfected s saving in fuel ; the introduction of the steamn
1 for the manufacture of armour plates, and the dis-

—At their meeting last Thursday the town i ly
resolved to take measures for bringing the gas supply under their
owu control, and named a committee of their number to ne-
gotiate with the two gas companies for that purpose. In the
course of the discussion it was stated, by way of illustration,
that the gas supply of Manchester yielded the corporation of
that city lust year the sum of 52,523l and in dividing that
revenue they had paid 13,2520 of interest upon moucy bor-
rowed, and had reduced their debt by 19,7814 In Manehester
the gas costs 3s. 2d. per 1000 fr., whereas the price in Glasgow
is 48, 7d. per 1000 ft. It wus also stated thai for the year
1866-67 tue amount paid, or to be paid, by the town authorities
to the gas companies is upwards of 23,000L, and that the
illuminating power of the Glasgow gas is 28 candles, while in
Aberdeen 1t is 35 candles; Edinburgh and Greenock, 28;
Paisley, 30 ; Manchester and Liverpool, 22; London, fully 12;
Vienna, 9; Paris, 12; Berlin, 15. It is thought by some per-
sons that when the authorities have made the supply of gusas
well as the supply of water a duty of the corporution, tle ex-
expense of the public lighting will be well-nigh, if not alto-
gether, saved.

* Papcr read hefore tho British Association at Dundee.

covery by Sanderson that rolled plates would be more suitable.
We hope to give Mr. Bell's paper tn extenso in our next number.

THEK PATENT LAWS.—On Monday last the Mechanical Science
Section of the British Association reccived the report of the Com-
mittee on the Patent Laws, in reference to which the president
said that a letter had been received from Mr. Thomas Webster,
Q.C., the chairman, which was to the effect that the absence of
the members in London and Paris during July and Aungust had
prevented the completion of the report in time for the Dundeo
neeting of the Association. Consi:lerable progress, however,
hud been made, and it was recom led that the ittee
be re-appointed. ‘I'he committee was accordingly re-appoiated.

JArkow,—Messrs. Palmer and Co. (Limited) are about to
proceed with an armour-plated monitor for the English Govern-
ment. The vessel will be fitted with engines of 250 hocse
power, to be also supplied by Messrs. Palmer.

GAS AT Mancnester.—Although the quantity of gas sold
in 1866-67 trom the Munchester Corporation Gas Works in-
creased to the extent of about 4 per cent. as compared with
1865-6, the net profits realised in 1866-7 declined to 47,000/,
as compared with 62,0004 in 186G5-6. The dccline in the pro-
fits is attributed to the increased sums paid for coal,
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DESCRIPTION OF THE MANCHESTER
WATERWORKS*.

By Mr. Joux FREDERIC BATEMAN, of London.

Tue works by which the city of Manchester and its
suburbs are now supplied with water were originally
designed in 1846, and were commenced in the autumn of
1848 ; and the water was first introduced into the city at
the end of 1850. Previously to this date the water supply
had been gathered from various sources: for some twenty
vears the greater portion had been obtained from a limited
tract of gathering ground within a few miles of Manchester ;
a small additional quantity had recently been procured
from a well sunk into the new red sandstone at Gorton ;
and urgent deficiencies were made up by occasional supplies
from the Ashton and Peak Forest Canals. The supply,
however, was very inadequate and very impure. The
present water supply is brought from the river Etherow,
which divides the counties of Derby and Chester, deriving
its supplies from the western slopes of the great chain of
hills commonly called the backbone of England.

A general plan showing the drainage area and the
entire course of the works to Manchester is given in Fig. 2,
and Fig. 3, page 237, is & longitudinal section along the
line of the works. The drainage lies nearly midway
between Manchester and Sheffield, and extends over about
19,000 acres. It rises in parts to an elevation of about
1800 feet above the level of the sea, and about 1200 or
1300 feet above the deep and romantic valley of Longden-
dale, in which the main collecting reservoirs are situated,
as shown to a larger scale in the plan, Fig. 1, page 237.
The district consists of the shales and sandstones which
constitutes the lower portion of the coal series, the upper
millstone grit forming the cap of the steep escarpments on
each side, while the lower millstone grit, which may be
said to separate the coal measure shales from the limestone
shales, is found in the bottom of the valley. The water
yielded by this geological formation is some of the purest
in the world, being equal in general character to the water
of Loch Katrine which supplies Glasgow. The spring
water is especially brilliant, highly a¥rated, containing
little or no forcign matter, and varying from about 14° to
2}° of hardness according to Dr. Clark’s scale, in which
1° of hardness is that corresponding to 1 grain of lime
dissolved in 1 gallon of distilled water. The spring water
is at all times most abundant, the district yielding much
more than the usual quantity in proportion to the area from
which the springs issue.

The average rainfall is about 50 in. per annum, and the
average amount of water which may be collected about
40 in., the net produce of three or four consecutive dry
years being about 33 in. in each year. This quantity if wholly
stored would afford a gross supply of about 39 million
gallons per day ; from which a certain stipulated guaranteed
quantity has to be given as compensation to the mills on
the streams interfered with, amounting to nearly 13 million
gallons per day on the average of every day in the year;
this leaves as the supply available for the city and its
suburbs 26 millon gallons per day. The quantity at
present supplied is about 13 million gallons, so that there is
water for double the population at the same rate of con-
sumption.

Pure and beautiful as all the water is in dry weather,
and when unaffected by recent rain, the river and most of
the principal streams are coloured by peat in floods and
wet weather, especially in the summer and autumn months
of the year. These circumstances determined several of
the more important arrangemcnts of the works. The
average quantity of pure uncoloured water was more
than sufficient for the wants of the city, but the actual
amount was sometines less than required, and at other
times too much. A system of separation was therefore
adopted, by which the pure spring water, and the stream
water when uncoloured, should either be taken direct to
Manchester; or, when there was more than was wanted for
the daily supply of the city, should be stored in reservoirs
set apart for the storage of pure water. The turbid or
coloured water, being the water of floods, was to be stored
in reservoirs specially allotted for the purpose; and after
becoming comparatively pure by settlement and exposure
to the atmosphere, it was either to be discharged into the
river as compensation to the mills, or decanted off into
the pure water reservoirs for the supply of the city. The
means adopted for carrying this object into effect were very
simple and certain, and have proved perfectly successful.
Each stream, whether large or small, separates itself by a
simple arrangement, so that the pure water flows on direct
to Manchester, or into the pure water reservoirs, to be there
stored for future use ; and the turbid water flows into the
turbid-water reservoirs, or runs to waste down the river.

In Fig. 4, page 237, is shown the manner in which the
separation of the water is effected in a large stream, the
Crowden Brook. A weir, A A, is erccted across the stream,
with a passage, B, for water within the masonry beneath
the top. In front or on the down-stream edye of the weir,
a narrow transverse slot, C, opens into the passage beneath,
When the stream is small, as indicated by the lower water-
line, D D, or rather when not swollen by rain, and the water
consequently perfectly pure, it drops through the slot into
the passage, B, beneath, which communicates with a conduit
to convey the water to Manchester or to the pure water

* Paper read before the Institution of Mechanical Engineers,
at Manchester, August, 1866,

reservoirs. The slot, C, is constructed of such a width as
to admit the whole stream, when it consists only of the
pure water ; but when the stream is swollen, as indicated
by the upper water-line, EE, the velocity with which it
passes over the weir is sufficient to earry it clear over the
slot and down the face of the weir, into the ordinary river
course or to the reservoirs for turbid water. Figs. 5 and
6 show the separating arrangement adapted to thecase of a
small stream, where the object is effected by a transverse
slot, C, in a trough, F, crossing the pure-water conduit, B.
The water, when small in quantity, and consequently pure,
falling from an elevated ledge at the back of the slot,
drops through the slot into the pure-water conduit, B;
but overshoots the slot when the quantity is large, and is
then carried by the trough, F, in another direction.

The main impounding reservoirs, shown in Fig. 1, page
287, are constructed in that beautiful part of the valley
known as Longdendale, and are five io number. Three of
them, namely, the Woodhead, Torside, and Rhodeswood
reservoirs, are constructed along the course of the river
Etherow in the main valley, which they occupy for about
five miles in length. The other two, the Arnfield and
Hollingworth reservoirs, are placed on tributary brooks.
The bighest, the Woodhead reservoir, is at a level of 790 ft.
above the sea. The point at which the water leaves the
lowest or Rhodeswood reservoir to be conducted to Man-
chester is about 13 miles distant from the city. To this
point also is conducted all the spring water and pure water
collected by the various conduits constructed for the pur-
pose; and the joint volume of wateris conveyed away by a
common aqueduct® for the use of the city, as shown in Figs.
2 and 3.

This aqueduct is principally a covered conduit. It hasa
fall of 5 ft. per mile, and passes under the Mottram ridge
by a tunnel of about 8000 yards length, Fig. 8, and termi-
nates in a reservoir at Godley, near Hyde, about 8 miles
distant from Manchester, and 314 ft. above the centre of
the city. From this reservoir the water is conducted by a
single line of cast-iron pipes, of 40in. diameter, to two
service reservoirs at Dentom, about 4 miles from Man-
chester, and 163 ft. above the centre of the city; the
average fall of the pipes from Godley to Denton is 43 it.
per mile. The Denton reservoirs are used for the service of
the higher parts of the city, while the old Gorton reservoirs,
the lowest of which is 77 ft. lower in level, are employed
for the sapply of the lower parts; and a pipe of 80 in.
diameter is now being laid direct from the Godley reservoir
to supply distant localities and various elevated suburbs,
such as Pendleton, Broughton, Cheetham Hill, and Newton.
From the Denton reservoirs to Manchester there is a line
of pipes of 36 in. diameter; and a culvert of 4ft, diameter
conveys a portion of the water to the old Gorton reservoirs,
from which the lower parts of the city are supplied. From
these latter reservoirs two pipes, of 24 and 18 in, diameter,
convey the water to the city. .

The total capacity of the five reservoirs in Longdendale
is about 550 million cubic feet when full to the level of the
overflow weirs, and their area about 400 acres. The heights
of the embankments and the capacities of the several reser-
voirs are given in the following ‘Table :

cal3sl53 . .
Name of Reservoir.| 55 |2 38 £| Capacity of Reservoir.
=93 <g
ft. | ft. |acrs.| cubic feet. gallons.
Woodhead ......... 90 | 72 (185 |198,000,000 | 1,235,000,000
i 1 84 {160 236,000,000 | 1,474,000,000
. 68 | 54 | 80,000,000 | 500,000,000
Arufield ............| 67 | 52 | 39 | 33,600,000 { 209,000,000
Hollingworth ......| 70 | 52 | 13 | 11,660,000 | 78,000,000
Godley covvvereerannes] oo | 21 | 15 | 9,800,000 61,000,000
Denton No. 1 ......| ... | 20| 7 | 4,800,000 30,000,000
o No.2 ... .20 6| 8700000 23,000,000
Gorton Upper......| ... | 26 | 84 | 19,500,000 | 123,000,000
. Lower...... .. | 29| 28 | 16.000,000 | 100,000.000

The Manchester Waterworks were at the time of their
execution the largest works of the kind which had been
constructed in this country, and in some respects the largest
which had ever been constructed in any part of the world.
Much, therefore, had to be specially considered, and nothing
more 8o than the best form of the large valves, and the
easiest mode of opening them under great pressure. There
was little which then existed that could be advantageously
imitated ; everything had to be designed anew, with special
reference to the work to be performed. In order to arrive
at the best mechanical contrivance, public competition was
invited upon a clear description of what was required, and
a short specification of certain conditions that were to be
met. This resulted in many valuable suggestions, which
were either adopted exactly as they were proposed, or modi
fied and improved by subsequent consideration; and alto-
gether a mass of information was in this way collected
which could not perhaps have been obtained otherwise. It
is but justice to say that, amongst the designs for the larger
apparatus, by far the best proposals and the best designs
for the objects to be attained, taking all circumstances into
consideration, were those received from Sir William Arm-

* In Fig. 1, for * Line of Pipes " read “ Line of Aqueduct.”

strong, who was accordingly the maker of all the large
valves required for the works.

It was laid down as a principle that, whatever the size of
the valve or the pressure under which it had to be worked,
it should be so contrived as to be easily opened and shut by
one man, No large valve then existing met this condition ;
and it frequently happened that a valve of no greater dia-
meter than 24 in,, if it had to be worked under any con-
siderable pressure, needed the combined power of half-a-
dozen men. This requirement was met in all the large
valves by dividing the valve into two and in some cases
into three compartments, one of these being reduced to such.
a size as would be equivalent to a small valve, which could
be easily opened by one man. This smaller division is first
?pened, and when it is open, the pressure behind the larger
is to a great extent destroyed by the friction of the water
flowing through the pipe beyond the valve; and the pres-
sure is reduced to an amount equal to the extra head (never
more than a few feet) required to pass the whole quantity
through an aperture of the size of the small opening; or if
the pipe beyond the valve merely requires filling, as soon as
it is filled the pressure will be the same on both sides of the
large valve. In either case the large valve can then be
opened by one man. In Figs. 7, 8, and 9, page 237, is
shown the cons‘ruction of the 48 in. sluice valves employed
for taking off the water from the large reservoirs, the whole
valve being divided into the three compartments, A, B, and
C, which can be opened one at a time by the power of one
man. . "

Another point of much importance was the adoption of
means by which the water could be immediately shut off in
case of the bursting of a large main; and this object was
effected by the self-acting closing valve invented by Sir
William Armstrong. Several of these valves were con-
structed and were brought into action on several occasions,
when they proved most efficacious in arresting the escape
of water and preventing serious damage. These valves
were afterwards introduced in the Liverpool Waterworks,
and a description of them is given in the paper on those
works by Mr* Duncan, at a former meeting of the Institu-
tion (see Proceedings Inst. M. E., 1863, page 174); they
were also introduced in the Glasgow Waterworks, as men-
tioned again in the paper by Mr. Gale on the subject (see Prc-
ceedings Inst. M. E., 1864, page 134). The great value of
these valves is in the early stage of the works, when the
pipes are first filled and subjected to the pressure they will
ultimately have to sustain ; but the valves should always
be kept in working order, as pipes occasionally burst after
years of work, without anything to account for the occur-
rence. In the Manchester Waterworks some of these valves
are discontinued ; but others in suitable situations are kept
in constant adjustment, and are made to comwunicate with
an alarum in the waterman’s house, 8o that in the event of
a pipe bursting and the valve closing, he is instantly
apprised of the accident. :

In order to provide against the shock caused by stopping
a large column of water many miles in length and flowing
at a speed of several feet per second, a momentum valve
opening outwards is placed upon the main behind each of
the large stop valves and self-acting closing valves; and a
description of this valve is also given in the former paper
already referred to (see Proceedings Inst. M.E., 1863, page
175). These valves were also first used in the Manchester
Waterworks.

Self-acting valves, called reflux valves, are placed in the
large pipes at the foot of all hills rising in the direction in
which the water flows, for the purpose of preventing the
water from flowing back again in the event of a pipe being
emptied behind the valve by an accidental burst or other-
wise. One of these valves in the 40in. main is shown in
Figs. 10 and 11, page 237, the flaps being made of leather,
backed with cast-iron plates. The valves open with the
current of water in the direction in which it ordinarily flows,
as indicated by the arrow in Fig. 10, and close if the cur-
rent is changed into the contrary direction.

A very important point in arranging water pipes on a
large scale is the provision of ample means both for the
rapid escape of air from the pipes during the time they are
being filled with water, and also for the subsequent dis-
charge of the air which escapes from the water in its pas-
sage through the pipes and accumulates in the upper part
of the bends formed by inequalities of the ground. Both of
these operations, in order to be effectual, should be sponta-
neous or self-acting ; and they are accomplished by means
of the self-acting air valve, shown in Fig. 12, page 237,
which is mainly the invention of one of the writer's early
assistants, Mr. Alfred Moore, to whom also is due the
system of separating clear and turbid water, as previously
described. The construction shown in the drawing com-
bines two air valves in a single casting, the large aperature,
A, of 3} in. diameter being intended for the escape of the
large quantity of air while the pipes are being filled with
water, and the small hole, B, of }in. diameter for the
escape of the air accumulating in the pipes when fall of water.
‘The gutta-percha balls, C and D, forming the valves are
each 5 in. in diameter, and when the pipes are empty they
drop into the positions shown by the dotted circles; but as
soon as the water reaches them they are floated upwards,
and close the aperatures A and B, preventing the escape of
the water. The ball, D, closing the small hole, B, is made
of such specific gravity that its own flotation, together with
the small pressure corresponding to the area of the minute

orifice, B, is only just sufficient to hold it up against the
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Orifice ; and, ocomsequently, whenever the flotation is
dimimshed by the slightest accuimulation of air at the valve,
the ball falls away from the orifice and allows the air to
escape, after which the orifice is again closed by the ball
rising with the water.

A simple form of hydrant or fire-cock has been con-
structed, as shown in Figs. 13 to 15, in which a gutta-
percha ball, E, is employed as the valve, being closed by
the pressure of the water, as shown in Fig. 14, against a
leather and vulcanised india-rubber seating. The cast-iron
box, G, containing the valve is bolted to a vertical branch
attached to the water main, and when not in use the outlet
of the valve is closed by a loose stopper, and the whole is
protected from injury by a cast-iron cover similar to the
ordinary cover for protecting street cocks. For opening
the fire-cock, the top cover is removed, and a standpipe,
H, is attached, through which the wateris drawn off. The
screwed collar, I, on the bottom of the standpipe fits under
two lugs, K, on the top of the valve-box, and the stand-
pipe being then screwed down forms a water-tight joint by
means of a leather washer on the bottom. A spindle, J,
passes down the centre of the standpipe, working through a
stuffing-box and screwed bearing at the top and through a
guide below, and terminating at the bottom in a cup which
fits the ball-valve, E, so that by turning the spindle by the
handle at the top, the ball is depressed, and the water
flows out through the standpipe, H. This standpipe is
attached in a few seconds, and as the opening and closing
of the valve is effected gradually by the employment of the
screwed spindle, J, all concussion is avoided.

The sluice-valves shown on page 287, for discharging the
water of the large reservoirs in Longdendale, are fixed at
the outer end of the outlet pipes, which are 48 in. diameter.
They consist of three slides or compartments, A, B, and C,
Fig. 9, forming together a complete circular area, which
may be opened either separately or together. Each slide is
opened by means of a gun-metal spindle, D, passing through
a stuffing-box, the upper portion being cut into a square-
threaded screw working in a gun-metal bush fixed in head-
stocks. They are opened and shut by worm-wheel gearing,
as shown at G in Fig. 16, page 400. One man can with
some difficulty open one compartment at a time when the
valve is under 70 or 80 ft. of pressure. Two men can do
the work easily; but at the two deepest reservoirs, the
‘Woodhead and Torside, the operation of closing and open-
ing is performed by the ageucy of a small turbine-wheel,
supplied with water for power from watercourses above the
level of the reservoir. This is shown in Fig. 15, and to a
larger scale in Fig. 17. Theturbine, H, of which a plan is
given in Fig. 18, is geared by the spur-wheel and pinion, J,
to the worm-wheel gearing, G, working the valve-spindles,
D D D; and the water for driving the turbine is admitted
to it through the pipe, K, by a hand stop-valve at L, in the
supply pipe, M. A self-acting slide-valve is placed at I,
connected to levers worked by tappets upon the valve-
spindles, D, whereby the water is shut off from the supply-
pipe, K, of the turbine, and turned into the waste-pipe, N,
as soon as the main sluice-valve is either fully opened or
fully closed; this arrangement prevents the possibility of
accident, should the attendant neglect to stop the turbine
in time by the hand stop-valve, L.

On each separate conduit for colleeting spring water, or
for conducting water from the large impounding reservoirs
to the city are placed gauge sluices, shown in Figs. 19 to
21, page 240, which act not only as stop-gates, bl'lt also as
gauges for determining the quantity of water passing along
each conduit. This is effected by gauging-rods placed
before and behind the sluice, A, which is of definite dimen-
sions ; and by an index, B, which rises with the door of the
sluice, and indicates the extent that the sluice is opened.
This index is shown to a larger scale in Figs. 22 and 23.
By taking the difference in the level of the water behind
and in front of the sluice, and the area of the opening
through which the water is discharged, the application of
the proper formula determined by experiment affords at all
times the means of ascertaining the quantity of water pass-
ing through.

‘Where the water is finally discharged into the Godley
reservoir it is passed through a basin, A, Fig. 27, page 240,
in one side of which a gauge plate, B, is erected, whereby
the quantity of water passing is daily measured. T!\is
plate contains three rectangular openings, each 6 ft. vyxde
by 6in. high, but with the approaches to tbe openings
varied, as shown in the vertical sections, Figs. 24, 25, and
26. The first opening, Fig. 24, presents a flat surface. and
knife-edge to the water lowing out through it in. the dlr_ec-
tion shown by the arrow, and has a curve outside, which
is the quadrant of a circle of 24 in. radius; the second
opening, Fig. 25, is made with a curve of the eame radius
placed inside, s0 as to facilitate the discharge of the water ;
and the third opening, Fig. 26, has a double curve of tl.xe
same radins, so as to present a curve to the water both in
entering and leaving. These three different openings were
arranged for the purpose of careful experiment, and the
facts determined by the experiments made are very important.
The ordinary rule for determining the practical v;eloclty ?f
the discharge of water through an orifice in a thin plate is
to multiply the square root of the head or pressure by the
coefficient 5.1 or 5.4. The coefficients for velocity, how-
ever, determined by the experiments made with these three
openings were 5.6 for the opening with the curve outside,
7.0 for the curve inside, and 7.6 for the don-xb!e curve bqth
inside and outside ; the third opening thus giving a velocity

nearly equal to the whole theoretical velocity due to the
height of fall, for which the coefficient is 8.04. The
openings in the gauge plate were entirely submerged
on the inside, the depth of water in the basin, A, Fig. 27,
varying from about 1ft. to 4ft. above the centre of the
openings, and the water had a free discharge on the out-
side, as indicated in Fig. 27, falling into a tank, C, of a
given size, so that the quantity passing during any time
was correctly measured.

Before the water service leaves the Godley reservoir, and
again before it leaves the Denton reservoirs, it is strained
through copper wire-gauze strainers, the whole vertical area
through which the water passes being about 800 square feet.
The copper wire-gauze first tried consisted of 72 strands per

square inch, but that was found to be too fine, as the aper-
tures got rapidly closed, and the gauze became as tender as
brown paper, and was easily torn and broken. The gauze
now used consists of copper wire made with 40 strands per
square inch, which seems well suited for the purpose. No
other filteration of the water is attempted or needed, as the
water is always perfectly pure. The service reservoirs are
from 18 to 20 ft. deep, carefully paved on the slopes and
bottom, and there is no vegetation in the reservoirs or in
the conduits ; and the only object of the strainers is to pre-
vent extraneousfloating matter in the water from passinginto
the pipes. The system of separation adopted as previously
described wholly supersedes the necessity of filtration.
There remains to be noticed the means adopted for
gauging the compensation water that has to be given off
the millowners. This is shown in Fig. 28, which is a
general plan of the arrangement, and Fig. 59 is a longi-
tudinal section through the gauge basin and test basin;
Figs. 80 to 84, page 240, show the principal details to a
larger scale. The water is first admitted into the masonry
gauge basin, A, in which the level is carefully regulated
by means of sluices, B. It then passes through two
apertures in vertical gauge plates, C, by which the quantity
of water passing through may be accurately computed ac-
cording to the pressure on the aperture, by employing the
coefficient determined by the Godley experiments. In
order to ensure a uniform discharge of water under a
varying head, the gauge plates, C, Figs. 80 to 32, are each
fitted with a slide actuated by the float, D, whereby the
size of the gauging orifice is rendered self-adjusting, and
varies inversely as the height of the water in the gauge
basin, A, thus giving a constant dischargy. But in order
to prevent the possibility of dispnte, the water discharged
from each gauge aperture, C, into the river below is carried
by a trough, E, across a square test basin, G, 30 ft. square
and 10 ft. deep. In the bottom of each trough, E, Fig. 30,
is placed a tumbler, I, in a horizontal position, turning on
an axis in the centre, and this tumbler ordinarily forms
the floor of the trough, and the water passes over it, as
shown enlarged in Fig. 33. But on drawing back the
hand lever, H, into the position shown by the dotted line,
80 that the extremity of the tumbler just clears the edge,
F, of the trough, the tumbler is instantaneously reversed
by the stream of water and turned vertically across the
trough, where it is caught by the stop, J, as shown in
Fig. 34. In this position the water is discharged through
the opening in the bottom of the trough into the test
basin below, and at the same time the tumbler opposes an
effectual barrier to its passing along the trough beyond
the opening. The previous level of the water in the basin
being noted, together with the time at which the stream is
turned into it, the tumbler is again replaced at the end of
a given interval in its original position, shown in Fig. 83,
by raising the stop, J, by the handle, K, so as to release the
tumbler ; the discharge of the water into the test basin is

thus instantly arrested, and the water allowed to pass along

the trough, E, as before into the river below. The height
to which the basin has been filled during the time noted is
then ascertained, and the quantity discharged is thereby
accurately determiued. This gauge is opened to the in-
spection of all who are interested in the supply of the com~
pensation water, and the quantity discharged may at any
time be tested by this means.

THE CORLISS ENGINE.
To ThE EDITOR OF ENGINREERING.

Sir,—In your number of August 31st, one of your corre-
spondents made considerable mention of my initials, but with-
out, as I thiok, much reference to the substance of my previous
short rote.

It is stated by “J. W.” that my letter is founded on my
ignorance. This may be 8o, but the assertion is never considered
a very strong argument to use against those who differ from you
in opinion, and in this discussion it has been 80 often used as to
have lost any force it may once have bad.

‘¢J. W.” states, among the claims of this Corliss valve motion,
*the exhaust ports being separate,” &e., and “the steam ports
being close to the end of the cylinder.” "As my knowledge tells
me these were in use long before the date of the Corliss inven-
tion, it is uselees to discuss them as novelties.

I am further told that * a long way within the hourds of the
¢ speed with which the valves can be closed, there is practically
‘ an end to all wire-drawing.” Now, Sir, this was precisely the
opinion which induced me to snggest that some means should be
taken to taken to show if this rapid cut off is necessary, and
(however stupid it may be of me to persist in my opinion) the
rapid cut off 1s the essential feature of the Corliss motivn, aud
the one which causes the objectionable details.

With the letter from a * Yarn-Spiuner” in your columns, I
cannot understand how it can be asserted of these engines that
“all are giving satisfaction to their owners,” unless, indeed, un-
palatable evidence is to be ignored. This mode would certainly
get over the difficulty, but itis well to remember that owners of
steam-engines do not readily condemn, and when they do so, the
fact is not very generally published. The st: of Mr.
Stuart is quoted to prove the facility with which the Curliss
engine adapts itself to its work. I have heard of quite as gogd
results being obtained by other governor-regulated motions, and
those who inquire into the subject can hear the same. With
reference to the uvinE of fuel, “J. W.” states it to be from
15 to 85 per cent., but the economy effected by the Corliss
motion, per se, must be a definite amount, not su ject to such
variations as from 16 to 85 per cent. The fact 18, that very
many causes unite to produce theso stated results, but all are
swept ioto the credit of the Corliss motion. I thiuk careful
engineers will want more uniformity in the data before they base
any safe opinion on them, even though the hesitation may incur
¢ J. W.'s” displeasure.

Mr. Inglis ﬁives a case where the ¢ Corliss” uses 38 per cent.
less than a * horizontal engine of the usual construction fitted
Y with slide valves, with cut-off slides working on the back of
“ the main sides.” If this statement is of any value, it means
that snpml have a horizontal engine, as described, say one
of the ing Ironworks Company's, working, as stated in
ENGINEERING, at 2§ to 2} Ib. per horse power, I can save
88 per cent. by substituting a * Corliss motion.” Is it one of
the claims of this engine that it works at about 14 Ib. per horse
power? It is the general fault of partisans to injure their
cause by claiming too much. I fear this is no exception. The
Corliss engine has some points, but they are not new. It
has other qualities which should prevent its advocates an-
nouncing, with such a flourish as they do, that it is under all
circumstances the best, and from asserting advantages which
cannot be realised.

I am, Sir, your obedient Servant,

London, September 5, 1867. J. C. E.

THE OPENING OF THE OQAKs CoLLikny.—There was a
good deal of excitement in the neighbourhood of the Oaks
Colliery on Tuesday morning on its being made known that on
the previous evening two men, incased in dresses on the diving-
bell principle, had been enabled to go into the workings to some
extent. The men who went in on Monday afternoon proceeded
about 16 yards without finding the slightest obstacle or the
smallest indication of fire. On Tuesday morning, on going
down, the length of the air-pipe was extended, so the two men
in their gas-proof dresses went past the No. 2 shaft, and then
aloug the engine plane. On reaching some 36 yards up they
found a purt of the arch towards the end had fallen in, but not
to such an extent as to stop them proceeding even further.
They also found that the chamber in the engine plane used for
pulling the corves had been blown away. The south level was
made up to a considerable extent, while the box-hole, in which
some four or five bodies are kuown to be, was completely blocked
up with spoil, and nearly as firm as stone. In the stone-drift,
which many persons considered to be the seat of the explosion,
the men in groping their way—being without lamps und the gas
overpoweringly strong—found a good deal of water, rather
favouring the idea that the shot, instead of going through the
drift, went into the steps. So far everything indicates that
there is no standing fire in the workings—at least, in the
vicinity of the bottom, and there is now a strong feeling that
there should be extra shafts and more energy displayed in re-
covering the bodies, seeing that on Tuesday the men Were only .
down some three or four hours altogether, ~ What the explorers
will have to endure may to some extent be imagined from the
fact that there are the carcases of no less than 42 horses in
various parts of the pit, the first stables being about 100 yards
from the box-hole. With regard to the numnber of bodies in the
workings, it may be stated that at the time of the first explo-
sion, on the 15th of December, there were 340 persons at work
in the mine. In addition to that number there were 27 persons
—four belonging to the colliery and 23 volunteers—who were
killed by the following explosions. ~Of that total of 367 persons
there were got out altogether 81, of whom 19 were alive and
burat, 1 alive and not burnt, 25 dead by burning, and 36 dead,
but not from burninﬁ. Of those got out alive only 6 now sur-
vive, 50 that there will be at the present time no less than 286
bodies buried in the workings.
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THE HISTORY OF REAPING-MACHINES,
By the Rev. PATRICK BELL.

In the outset of his paper, ‘read before the British
Association at Dundee, Mr. Bell gave an account
of the reaping-machine in the various forms through
which it had gone down to the present day. Noticing
the two sickles from Egypt in the British Museum, he
said that they were much like our own reaping-hooks.
with smooth-cutting edges; and after remarking that
from the earliest times down to our own day there had
been little if any alteration made upon the reaping-hook
since its invention, Mr. Bell described the ani-ani, a
rude implement used in Japan for cutting corn, which
was inferior to the reaping-hook in point of execu-
tion, though the principle of cutting was that of scissors,
the same as in the reaping-machine. The heads of the
grain only were cut off by the ani-ani. He then noticed
the earliest real machines constructed for reaping, de-
scribing the principle adopted in each machine. He said
that no fewer than thirty contrivances had been at-
tempted to construct an efficient reaping-machine upon
the principle of a circular cutter, though he was not
sure that any of them ever reached maturity. Coming
down to 1852, he said that in that year no fewer than
thirty patents were taken out in this country for reap-
ing-machines. In America, from the beginning of this
century to the end of 1851, 98 contrivances were pa-
tented at Washington, embodying, like those in this
country, almost every conceivable principle. The reaper
which bore his (Mr. Bell’s) name was invented in 1826,
and used in the fleld in 1827, and had been in successful
operation every season since. The most successful Ame-

can reapers were upon his principle, and were patented
at Washington in 1833-34, seven or eight years after his
invention was known to the world, so that his neighbours
in the Far West had ample time to make up their minds
whether they would think for themselves, or quietly
take & hint from a brother. Mr. Bell concluded his
paper with the following account of the difficulties he
experienced in completing his own invention: « Before
I finally conclude, it may be expected of me to state in
a few sentences the rise and progress of the reaping-
machine known by my name. From my earliest years
I had a liking and turn for the study and practice of
mechanics. I am the son of a farmer, and was accus-
tomed from my early youth to witness all the opera-
tions of the farm performed, and in most of them I
engaged with my own hands. Iwas not a Presbyterian
minister during the time in which I invented the reaping-
machine, as is currently stated, but an alumnus of one
of our national universities—the University of St.
Andrews. A farmer’s son in my day, at least, although
an academic, would not have been allowed to study un-
disturbed in his sanctum, and was liable, especially in
the harvest season, to be summoned to wield the fork or
some other implement of toil. At a very early period
of my life I was most painfully struck with the very
severe nature of the toil to which the harvest workers
were subjected—a toil made doubly oppressive some-
times by the heat of tle weather, and always by the
very awkward position in which they were obliged to
stoop when engaged in their work. It may sound as an
empty sentimentalism, but it is nevertheless true that a
desire to mitigate such excessive toil led me to inquire
whether there might not be a possibility of transferring
part of it at least to beams of wood and bars of iron,
supplemented by the bones and sinews of the horse.
Sure I am that I had no intention of taking the people’s
bread from them; and had I been so taunted, I believe
that even then I could have demonstrated that the
multiplication and employment of machinery in agricul-
tural work immediately promotes the increase of the
people’s bread, and does not ultimately tend to diminish
the means of the people to obtain that bread. For years
I had thought of the matter, and had diligently searched
for some principle ; and, taking up one afier another, I
duly weighed the possibilities of their application to the
object in view, and abandoned them all as worthless.
One evening after tea, while walking in my father's
garden, my eyes caught a pair of gardener’s shears
sticking in the hedge. I seized them by the handles,
which protruded, and I proceeded to snap at the twigs
of the thorns. My mind was full of mechanics at the
time, and many hours were spent in my workshop;
and, contemplating the shears attentively, I insensibly
said to myself, Here is a principle, and is there any
reason why it should not be applied to the cutting down
of the corn? Not altogether satisfled with my per-
formance on the hedge, I brushed through it with
the shears in my hand to a fleld of young oats
adjoining, and commenced catting them right and
left. It was well that no neighbouring gossip saw
me at the unwonted employment, else the rumour
might have been readily circulated that the poor stu-
dent had gone crazed. For weeks and for months, by
night and by day, those shears were uppermost in my
thoughts, and I searched anxiously and indefatigably
for the mode in which they should be employed. Plan
after plan presented itself to me, and were put upon
paper. The merits of each, and the likelihood of its
success, were carefully scrutinised and pondered, and
eventually I fixed upon the plan now successfully in
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operation. This took place in the summer of 1827
The next step was to construct a model, and to ascer-
tain how thoughts would look when transferred to steel
and iron. This was done, and it was during the pro-
cess of making the little wooden frame and my puny
cutters that the idea of a sloping canvas for conveying
the cut corn to the side occurred to me. My first idea
was to place the canvas level with the ground, and it
was merely because that it was more conveniently
situated in the model, and pleascd the eye better, that
the angular position was adopted, so that in reality the
position and the angle of the canvas were more matters
of accident than the result of consideration. Were the
truth always known, I believe that much more impor-
tant improvements in mechanical science would be
found to have a similar origin. Having flnished my
model, and speculated as accurately and deeply as I
was able upon the possibilities and probabilities of the
actual results, I determined to have a machine con-
structed upon the large scale. For this purpose I
had to pass out of my character of inventor into that
of engineer and workman. The plan I took was
this: After making my calculations as to size, &c., I
joined & quantity of rough sticks togethér and called
them a frame. Then I made cutters of wood of every
part that required to be made of iron and steel. I sent
these piece by piece as I required them to the black-
smith, with the instructions to make a thing of iron as
like the wooden oues sent as possible. When I got a
few of the pieces from the smith, Ifinished them with
the file, and secured each to its proper place. I remem-
ber the cutters gave me a world of trouble and vexation.
When they came into my hands they were in a very
rude state, and required much flling, grinding, and
fitting. By dint of patient application I got the whole
into a sufficiently perfect state, as I thought, for trial.
It may amuse you, perhaps, if I give you some
account of the first field I cut. That you may un-
derstand this, imagine an empty outhouse, rather
long and narrow, having in one end a wright's bench,
and in the other a rude-looking piece of mechanism,
an embryo reaping-machine. ¥or my subsequent
operations I chose a quiet day—that is, a day when
there were few people about the place. On that day
an eavesdropper might have seen me busily but
stealthly engaged in conveying earth in a common
wheelbarrow into the workshop. When the place be-
tween the bench and the rude but ambitious candidate
for the honours of the harvest-field was covered to the
depth of some six inches, I proceeded to compress the
loose mould with my feet. I next went to an old stack
that happened to be in the barnyard, and drawing &
sheaf of oats out of it, and carrying it to the workshop,
I ‘]:lanted it stalk by stalk at about the same thickness
which I knew it would have grown in the fleld.
This done, I shut and barred the door, and then going
behind the machine, I pushed it forward with all iny
might through my planted oats. As soon as I recovered
my breath, I anxiously examined how the work had
been done. I found that it had been all very well cut,
but it was lying* higgeldy-piggeldy, in such a mess as
would have utterly disgraced me in the harvest-field.
Upon the whole, however, I was not discouraged, but
rather encouraged by this first experiment. The
cutting was perfect, and that was the great point I
then aimed at. Although by this experiment I had
proved my new invention to be a cutting-machine, it
certainly little deserved to be dignified with the name
of a reaping-machine, and yet it was a reaping-machine
I had set my heart upon constructing. Lad I at this
stage been content to summon a man with a rake to do
the work of wheels and pinions, my machine was com-
plete; and, had I been contented with a combination, I
would have saved myself a host of trouble, and what to
me at the time was no small expenditure of money. My
workshop was again speedily cleared of earth and loam,
und made ready for the jack-plane and piles. 1 proceeded
forthwith to put thecanvas in order. One might naturally
suppose that this would be an easy matter, but I did not
find it so. After the rollers were put in poaition, the
wheels for driving them adjusted, and the canvas
stretched and fixed upon the rollers the proper tightness,
I conceived in my simplicity that the work was done, and
my object secured. ‘The result was otherwise; for, on
pushing the machine forward only the length of the
house, I found that it twisted, and would have been
torn in pieces if it had proceeded many yards forward.
I proceeded now to make grooves at the ends of the
rollers, in which I placed-a small rope. To these ropes,
one at the top and the other at the bottom of the
rollers, I sewed the canvas, expecting that the ropes
and canvas would move together in uniformity, and
that my object would thus be obtained; but, upon
trial, I was a second time disappointed. The ropes,
from inequality in the grooves, moved irregularly, and
the canvas became twisted as before. For a time
I was nonplused and dispirited, but, plucking up
courage, and ruminating over mechanical appliances, 1
thought of the pitched chains. Having made some six
inches of such a chain out of a piece of old hoop iron, I
sent the same as a pattern to the blacksmith, with an
order to muke for me so many feet of chain like the
model sent. Having received the chains, and put them

in their places, the canvas was speedily attached, and
a third trial was prepared for to meet the third alteration
of its construction which had now been made. The
whelbarrow was again in requisition, and another visit
made to the old stack in the barn-yard, and the process
of dibbing another sheaf gone through. Ths door was
again shut, and palpitating with expectation, I pushed
the machine forward. To my unspeakable satisfac-
tion the oats were not only nicely cut, but were lying
almost unanimously by the side of the machine in one
even continuous row, as I had confidently expected.
You may smile, but I now complimented myself,
sensibly, I think, on my success, being convinced that
I had conyerted the implement from a cutting to a reap-
ing machine. All this too place in 1828. Until the
crops were ripe nothing more could be done. I wasin
high excitement and hope, and I waited impatiently for
the ripening of the grain. In the mean time I revolved
in my mind, with anxious and provident hope, every-
thing that was likely to happen when the actual trial
in the open fleld should come to be made. J was fearful
that there should happen to me what had happened to
mauy an experimenter before who performs his experi-
ments to a wish in the laboratory or workshop, but who
utterly fails when he actually adjourns to the actual
domain of nature or of art. I had observed in experi-
ment upon the pigmy and artificial field in the work-
shop, that while the oats upon the whole came to the
canvas, and were regularly removed to its side, never-
theless some seeds straggled away capriciously in dif-
ferent and adverse directions. And yet I could not
forget that in the workshop all was calm, and that I had
the elements greatly under my own control, but that in
the open field the blowing wind might multiply the ca-
pricious stragglers, and fan the flame of disunion, and
damage the success of the operation. It was an antici-
pation of this kind that induced me to think of the reel
or collector. Having plenty of time before harvest, I con-
structed this part of the implement, and laid it past to
be used or not as the emergencies of the field might
require. The period now approached that was to
decide the merits of the machine. That night I will
never forget. Before the corn was perfectly ripe (I had
not patience to wait for that) a younger brother of
mine and I resolved to have a quict and unobserved
start by ourselves. That could not be got while the
sun was in the heaveus, nor for a considerable time
after he was set; and, accordingly, about eleven o’clock
at night, in a dark autumn evening, when every man,
woman, and child were in their beds, the machine was
quietly taken from its quarters, and the good horse
Jock was yoked to it, and we trio wended our way
through a field of lea to one of standing wheat beyond
it—my brother and I the mean while speaking to one
another in whispers. We reached our destination, and
the machine was put in position right in the end of a
ridge. My duty was to look ahead, and my brother’s
to guide the horse. I gave the word of command
to go on, and on the implement went; but it had
not proceeded above five or six yards when I called
upon my brother to stop. Upon examining the
work we found it far from satisfactory. The wheat
was well enough cut, but it was lying in a bundle
before the machine. For a moment we were both
downcast; but, recollecting myself, I had yet great
hope, and said so, the whole of the machine not
being used, the reel or collector having been left
behind. I ran across the field and brought the
reel and everything connccted with it upon my
shoulders, and adjusted it as well as the darkness of
the night would permit, and we were soon ready for a
second start. ‘Taking our positions respectively as
before, the machine moved forward, and now all was
right. The wheat was lying by the side of the machine
as prettily as any that has been ever cut by it since.
After this we merely took it back again to the cdge of
the ridge, and made a cut with the open edge to ascer-
tain how the swathes would lie upon the stubble, with
which being well pleased, we, after some pardonable
congratulations, moved the machine back to its old
quarters as quickly and quietly as ppasible. Ihave ex-
tracted from the paper published in the Quarterly
Journal of Agriculture, which I wrote at the time for that
periodical, these remarks 8o far as relating to myself.
The paper in full will be found in the number of
Januury, 1854. I consider it unnecessary to follow out
the history further, as the implement is now well known,
and may be seen in operation in most parts of the
country every harvest.”

Up THE AMAZON.—At the meeting of the British Associa-~
tion a paper was read, contributed by Messrs, Wallaco and
Mayne, **On the Peruvian Lxpedition to the River Uecayali.”
This expedition was undertaken at the instance of tha Peruvian
Government with the view of discovering w river route to the
eastern slopes of the Andes in Peru, by which the produce of
the country might be sent to Europe without crossing the
Andes. The vessels penetrated two rivers hitherto almost un-
known, and reached towns not far from Lima, thus establishing
a navigable route on the Amazon and its tribataries for 3700
miles, by which goods might be shipped from Peru to Europe
or vice versd. 'The engineering arrangements are under the
management of Mr. Dauiel Clark, who has a small engineering
factory at Iquitos, and who bas steamers runaing on the river.
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BRITISH ASSOCIATION, 1857 : DUNDEE.

RePORT ON ScieNTIFIC EDUCATION IN SCHOOLS.
(Continued from page 194.)

iii. BoTANY has also strong claima to be regarded as a subject
for scientific training. It has been introduced into the regular
school course at Rugby (where it is the first branch of natural
science which is studied) ; and the voluntary pursuit of it is en-
couraged at Harrow, and at some other schools, with satisfactory
resuits. It only requires observation, attention, and the acquisition
of some new words; but it also evolves the powers of comparison
and colligation of facts in a remarkable degree; of all sciences
it seems to offer tho greatest facilities for observation in the
fields and gardens; aud to this must be added the fact that
boys, from their familiarity with fruits, trees, and flawers, start
with a considerable general knowledge of botanical facts, It
admits therefore pre-eminentlys of being taught in the true
scientific method. The teaching of science is mude really
valuable by training the learner's mind to examine into his pre-
sent knowledge, to arrange and criticise it, and to Jook for addi-
tional information. The science must be begun where it touches
his pust experience, and this experience must be converted into
scientific knowledge. The discretion of the teachet will best
determine the range of botany at which it is desirable to aim.

6. The modes of giving instruction in the subjects which we
have recommended are reducible to two. I. A compulsory
system of instruction may be adopted, similar to that which
exists at Rugby, where science has now for nearly three years
been introduced on precisely the same footing as mathematics
and modern languages, and is necessarily taugnt to all boys.
1I. A voluntary system may be encouraged as has been dove
for many years at Harrow, where scientific instruction on such
subjects as have been enumerated above is now given in a sys-
tematic series of lectures, on which the attendance of ull boys
who are interested in them is entirely optional.

Of these systems it is impossible not to feel that the compul-
sory system is the most complete und satisfactory. The ex-
perience of different schools will indicate how it may best be
adopted, and what modifications of it may be made to suit the
different school arrangements. It will often be very desirable
to supplement it by the voluntary system, to enable the boys of
bigher scientific ability to study those parts of the course of
experimental physics which will rarely, if ever, be included in
the compulsory school system. Lectures may also be occasion-
ally given by some non-resident lecturer with a view of stimu-
Iating the attention and interest of the boys. We add appen-
dices containing details of these two systems as worked at
Rugby and Harrow,* and we believe that a combination of the
two would leave little or nothing to be desired.

The thorough teaching of the physical sciences at schools
will not, however, be possible, unless there is a general improve-
ment in the knowledge of arithmetic. At present many boys of
thirteen and fourteen are sent to the public schools almost totally
ignorant of the elements of arithmetic, and in such cases they
gain only the most limited and meagre knowledge of it ; and the
great majority enter ill-taught. 1t is a serious and lasting in-
jury to boys so to neglect arithmetic in their early education ; it
arises partly from the desire of the masters of preparatory
schools to send up their boys fitted to take a lace in the
clagsical school, and from the indifference of the public schools
themselves to the evil that has resulted.

7. With a view to the furtherance of this scheme, we make
the following suggestions:

i. That in all schools natural science be one of the subjects
to be taught, and that in eve? {pub]ic school at Jeast one natu-
ral science master be appointed for the pu .

ii. That at least three hours a week ze devoted to such
scientitic instruction. .

iil. That natural science should be placed on an equal footing
with mathematics and modern languages in affecting promo-
tions, and in winning honours and prizes.

iv. That some knowledge of arithmetic should be required for
admission into all public schools.

v. That the universities and colleges be invited to assist in
the introduction of scientific education, by making natural
scicnce a subject of examination, either at inatriculation, or at
an early period of a University career.

vi. That the importance of appoiuting lecturers in science,
and oflering entrance scholarships, exhibitions, and fellowships
for the ercouragement of scientitic attainments be represented
to the authorities of the colleges.

With reference to the last two recommendations, we would
observe that, without the co-operation of the universities,
science can never be effectively introduced into school éducation.
Although not more than 35 per cent., even of the boys at our
great public schools, Troeeed to the university, and at the ma-
Jority of schools a still smaller proportion, yet the curriculum of
a public school course is almost exclusively prepared with re-
ference to the requirements of the universities and the rewards
for proficiency that they offer. No more decisive proof could be
furnished of the fact that the universities and colleges Lave it
in their power to alter and improve the whole higher education
of Epgland. -

APPENDIX A,
. OXFORD.

The natural science school at Oxford was established in the
year 1853. By recent changes the university allows those who
have gained a first, second, or third class inthis school to gra-
duate without passirg the classical school, provided they bave
obtained honours, or have passed in three books at least, at the
second classical examination, viz., moderations (which is usaally
passed in the second year of residence); honours in this school
are thus placed on un equality with classical Lonours. ‘The
first classical examination, ** responsions,” is generally passed
in the first term of residence. Arithinetic and two books of
Euclid, or algebra up to simple equations, are a necessary part
of this examination.

‘The university offers ample opportunities for the study of
physics, chemistry, physiology, and other branches of natural
science. At present ouly a few of the colleges have lecturers
on this subject; while for classics and methematics every

college professes to have an adequate staff of teachers. At
Christ Church; however, a very complete. chemical laboratory
has been lately opened. .

A junior studentship at Christ Church and a demyship at
Magd‘nleu College, tenable for five years, ave, by the statutes of
those colleges, awarded annually for proécienc in natural
science. _A scholarship, tenable for three years, lately founded
by Miss Brackenbury at Balliol College for the promotion of the
study of natural science, will be given away ever{ two years.
With the exception of Merton College, where a scholarship is to
be shortly given for proficiency in natural science, no college
has hitherto assigned any scholarships to natural science. The
number of scholarships ut the colleges is stated to be about 400,
varying in annual value from 100 to 60l. With these should
be reckoned college exhibitions,* to the number of at least 220,
which range in annual value from 145l to 20L, and exhibitions
awarded at school, many of which are of considerable value.

The two Burdett-Coutts geological scholarships, tenable for
two years, and of the annual value of 751, are open to a]l mem-
bers of the university who have passed the examination for the
B.A. degree, and have not exceeded the 27th term from their
matriculation. Every year a fellowship of 200L s year,
tenable for three years (half of which time must be spent on the
Continent) on Dr. Radcliffe’s foundation, is at present competed
for by candidates who, having taken a first class in the school
of natural sciente, propose to enter the medical profession.

At Christ Church two of the senior studentships (fellowships)
are awarded for pruficiency in natural scieoce: at the examina-
tion for one of these, chemistry is the principal subject, and for
the other physiology.

At Magdalen College it is provided that, for twenty years from
the year 1857, every fifth fellowship is assigned to mathematics
and physical science alternately. In the statutes of this and of
every college in Oxford (except Corpus, Exeter, and Lincolnt)
the following clause occurs:—* The system of examinations
shall always be such as shall render fellowshiga accessible, from
time to time, to excellence in every branch of knowledge for the
time being recognised in the schools of the university.” This
clause, s0 far as it relates to the study of natural science, has
been acted on only by Queen's College and at Merton College,
where a natural-science fellowship will be filled up during the
course of the present year.

At Pembroke College one of the two Sheppard fellows must
proceed to the degree of Bachelor and Doctor of Mediciae in the
university. At the late election to thls fullowship natural

lecturer in natural science; the matter is under deliberation in
other colleges, and it is not improbable that the same considera-
tions will induce them to follow this example.

It must always be remembered that the practice is rare in
Cambridgeof appropriating fellowships and scholarships to special
subjects. At present public opinion in the university does not
reckon scientific distinction as on a par with mathematical or
classical ; hence the progress of the subject seems enclosed in
in this inevitable circle—the ablest men do not study natural
acience because no rewards are given for it, and no rewards are
given for it because theablest men do not study it. But it may
be hoped that the disinterested zeal of teachers and learners
will rapidly break through this circle; in that case the sub-
ject may be placed on a satisfactory footing without any express
legislative provision.

III. Tue Umiversity oF Loxpox.

At the University of London the claims of science to form a
part of every liberal education have long been recognised. At
the matriculation examinatiou the student is required to show
that he possesses at least a popular knowledge of the following
subjects:

a. In Mechanics: the composition and resolution of forces; the
mechanical powers; a definition of the centre of gravity; and’
the general laws of motion.

b. In Hydrostatics, Hydraulics, and Pneumatics : the pressure
of liquids und gases; specitic gravity; and the principles of the
action of the barometer, the syphon, the common pump and
forcing-pump, and the air-pump.

¢. In Acoustics: the nature of sound.

d. In Optics: the luws of refraction and reflection, and the
formation of images by simple lenses.

e. In Chemistry: the phenomena and laws of heat; the
chemistry of the non-metallic element ; general nature of acids,
bases, &c.; constitution of the atmosphere; composition of
water, &c.

At the examination for the degree of B.A. a more extensive
knowledge of these subjects is required, and the candidate is
further examined in tbe following branches of science:

/. Astronomy: Principal phenomena depending on the motion
of the earth round the sun, and on its rotation about its own
axis; general description of the solar system, and explanation
cf Junar and solar eclj

9. Animal Physiology: the properties of the elementary
ammal textures; the principles of animal mechanics; the

science was the principal subject in the examination. The
number of college fellowships in Oxford is at present about 400.

II. CAMBRIDGE.

It is important to distinguish between the university and the
colleges at Cambridge as at Oxford.

There is a natural-science tripos in which the university ex-
amines in the whole range of natural sciences, ond grants
honours precisely in the same manner as in classics or mathe-
matics.

The university also recognises the natural sciences as an
alternative subject for the ordinary degree. As the regulations
on this point are comparatively recent, it will bo well to state
them here.

A student who intends to take an ordinary degree without
taking honours has to pass three examinations during his course
of three years :—the first, or previous examination, after a
year's residence, in Paley, Latin, Greek, Euclid, and arithmetic,
and one of the Gospels in Greek ; the second, or general exami-
nation, towards the end of his second year, in the Acts of the
Apostles in Greck, Latin, Greek, Latin prose composition,
algebra, and elementary mechanics; and the third or special
examination, at the end of his third year, in one of the following
five subjects:—1. Theology; 2. Moral Science; 8. Law; 4.
Natural Science; 5. Mechanism and applied science.

hIn the natural-science ex:imim;lion a choice is given of
chemistry, geology, botany, and zoology.

Themr{nrogz:fyg{ive colleyges in Cambridge that take any notice
of natural science, namely, King’s, Caius, Sidney Sussex, St.
John’s, and Downing. At King’s two exhibitions have been
given away partly for proficiency in this subject; but there
are no lectures, and it is doubtful whether similar exhibitions
will be given in future. At Caivs thereis a ical lecturer

pr of digestion, absorption, assimilation; the general
plan of circulation in the great divisions of the animal kingdom ;
the mechanism of respiration; the structure and actions of the
nervous system ; and the organs of sense.

Besides the degree examination, there is also an examination
for honours in mathematics and natural philosophy, in which,
of course, 2 much wider range of scientitic knowledge is re-

uired.
1 We would veuture to remark that, if a similar elementary
acquaintance with the general principles of sciences were re-
quired for matriculation at Oxford and Cambridge, it is certain
that they would at once become a subject of regular teaching in
all our great public schools.

There are also two specially scientific degrees, a Bachelor ot
Science and a Doctor of Science. Kor the B.Sc. there are two
examinations of a general but highly scientific character. The
degree of D.Sc. can ouly be obtained after the expiration of twa
years subsequent to taking the degree of B.Sc. 'I'he candidate
is allowed to select one principal subject, and to prove his tho-
rough practical knowledge thereof, as well as a general acquaint-
ance with other subsidiary subjects.

IV. Tue CoLLEGE oF PRECEPTORS.

In the diploma examinations at the College of Preceptors, one
branch of science, viz., either chemistry, natural history, or
physiology, is required as a necessary subject for the dipluma
of Fellow. In the examinations for the lower diplomia of
Associate or Licenciate some branch of science may be taken
up by candidates at their own option. ‘The council recently de-
cided to offer a prize of throe guineus lalf-yearly for the candi-
date who showed most proficiency in science, snd who at the
same time obtained a second-class in the other subjects.

In the examiuations of pupils of schools, natural pbilosophy,

and one scholarship given away anuually for anatomy
and rbysiology. t Sidney Sussex two scholarships
annually are given away for mathematics and natural science;
and a prize ot 20/, for scientific knowledge. There is also a
laboratory for the use of students. At St. John's there is a
chemical lecturer and laboratory; and though at this college
there is no sort of examination in natural science either for
scholarsbips or fellowships, it is believed distinction in the sub-
ject may be taken into account in both elections. Downing was
founded with ¢ especial reference to the studies of law and medi-
cine;” there is a lecturer here in medicine and natural science,
and in the scholarship examinations one paper in these sub-
jects; no scholarship is appropriated to them, but they are
allowed equal weight with other subjects in the choice of candi-
dates. 1t is believed that the same principle will govern the
election to fellowships in this college, though no fellowship has
yet been given for honours in natural science. We believe that,
owiug to the new university regulations (mentioned above), the
authorities of Trinity College have determined to appoint a

* At Magdalen College there will bo twenty exhibitions tenable
for five years, and of the value of 75l. a year, to be held by per-
sons in need of support at the university; in the election to these,
“ the subjects of examination, for one exhibition at lcast in each
year, shall bo mathematics and physical science alternately.”

t These colleges exercised the powers of making statutes
{Innted to them by the Oxford University Act of 1854, 17 and 18

ic., cap. 81. In the statutes of Exeter College it i8 provided
that, in the election of fellows, * preference shsll be given to
those candidates in whom shall be found the highest moral
and intellectual qualifications, such intellectual qualitications
having been tested by an examination in such subjecta
a8 the college from time to time determine.” Iv the
statutes of Lincoln College the following clause occura:—** Pateat
autem tocietas non iis tantum, qui in literls Grecis et Latinis se
profecisse probaverint, sed etiam aliarum bonerumartium peritis
Juvenibus.” And in the statutes of Corpus Christi College,
“ Oul

* See Appendices B and C.

se candidatos offerant examinentur in bonis literis et
ident! ot socits videbitur.”

iis, sicut Pr

h

ry, and natural history are optionul subjects only, and
are not reguired for a certificate for the three classes. Two
prizes are given to those candidates who obtain the highest
number of marks in these subjects at the half-yearly examina-
tions; and it is an interesting fact that last year, out of u total
of 631 candidates, 100 brought up natural history, and 36
brought up chemistry as subjects for examination. “I'wo addi-
tional prizes were consequently awarded.

V. THE FrExcH ScHooLs.

In France the ¢* Lycées” correspond most nearly to our public
schools, and for many years science has formed a distinct part
of their regular curriculum. A strong impulse to the ing;-
duction of scientific teaching into French schools was given by
Napoleon L, and since that time we believe that no Frencit
school has wholly neglected this branch of education. The
amount of time given to these subjects appears to average two
lfours in every week.

The primary education is that which is given to all alike,
whatever may be their future destination in life, up to the age
of eleven or twelve years. After this period there is a * bifur-
cation” in the studies of boys. Those who are intended for
business or for practical professions lay aside Greek and Latin,
and enter on a course of ‘“‘special sccondary instruction,” In
this course mechanics, cosmography, pbysics, chemistry,
zoology, botany, and geology occupy a large space; and the
authorised official progrommes of these studies are very full,
and are drawn ug with the greatest care. The remarks and
arguments of the Minister of Public Instruction (Mons. Duruy)
and others, in the ** Programmes officiels, &c., de 'enseignement
secondaire spécial,” are extremely valuable and suggestive; and
we recommend the syllabuses of the various subjects, which
have received the sanction of the French Government, as likely
to afford material assistance to English teachers in determining
the range and limits of those scientific studies at which,in any
special system of instruction, tl:.e]y may practically aim. Th
** Fnseignement secondaire spécial ” might very safely be tuke
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as a model of what it is desirable to teach in the ‘‘modern
departments” which are now attached to some of our great
achools. '

The boys who are destined to enter the learned professions
coutinue a classical course, in which, however, mnch less time
is devoted to classical composition than is the case in our public
schools. Nor is science by any means neglected in this course,
which is intended to cover a period of three years. Besides the
‘‘elementary division,” there are five great classes in these
schools, viz.,a grammar division, an upper division, a philosophy
class, and classes for elementary and special mathematics.

In the grammar division there is systematic instruction on
the physical geography of the globe.

In the second class of the upper division the boys begin to be
taught the elements of zoology, botany, and geology in accord-
ance with the ministerial programmes; and in the rhetoric class
descriptive cosmography (which seems to bs nearly co-extensive
with the German Erdiunde) forms the subject of a certain
number of weeklfy lessons.

In the class of philosophy, the young s{udents are initiated
into the elementary notions of physics (including weight, heat,
electricity, and magnetism, acoustics, and optics), and of
chemistry, in which, at this stage, the teaching is conficed to
* general conceptions on air, water, oxidation, combustion, the
conditions and effects of chemical action, and on the forces which
result from it.”

In the classes of elementary and special mathematics this
conrse of scientific training is very considerably extended; and
if the authorised programmes constitute any resl measure of the
teaching, it is clear that no boy could pass through these classes
withont a far more considerable amount of knowledge in the
most important branches of science than isat present attainable
in any English public schools.

VI. TuE GKRMAN ScHOOLS.

In Germany the achools, which are analogous to public schools
in England are the Gymnasia, where boys are prepared for the
universities, and Biirgerschulen or Realschulen, which were
established for the most part about thirty years ago for the pur-

of affording a complete education to those who go into active
ife a3 soon as they leave school. An account of the Prussian
Gymnasia and Realechulen may be seen in the Public School
Commission Re) Appendix G; farther information may be
obtained in * hohere Schulwesen in Preussen,” Dr.
Wiese, published under the sanction of the Minister of Fublic
Instruction in Prussia, and in the programmes issued annually
by the school authorities throughout Germany.*

At the Gymnasia natural science is not taught to any great
extent. According to the Prussian official instructions, in the
higbest class two hours, and in the next class one Lour, s week
are allotted to the study of physics. In the lower classes two
bours a week are devoted to natural history, i.e., botany and

The results of the present training in natural science
at the Gy ia are idered by many eminent university
professors in Germany to be unsatisfactory, owing to the insuffi-
cient time allotted to it.

In the Realschulen about six hours a week are given to physics
and chemistry in the two highest classes, and two or three hours
a week to natural history in the other classes. In these schools
all the classes devote five or six hours a week to mathematics,
and no Greek is learnt. In Prussia there were in 1864 above
100 of these schools.

On th NMAm?‘:;&w Rugby
e ing at 3

Before the summer of 1864, a boy on entering Kugby might
signify his wish to learn either D languages or natural
science; the lessons were given at the same time, and therefore
excluded one another. If he chose natural science he paid an
entrance fee of 1/ 1s., which went to an apparatus fund, and
5l 5s. annually to the lecturer. Out of the whole school, num-
bering from 450 to 500, about one-tenth generally were in the
natural science classes.

The changes proposed by the Commissioners were as follows:
That natural science should no longer be an alternative with
modern languages, but that all boys should learn some branch
of it. That thers should be two principal branches—one con-
sisting of chemistry and physics, the other of physiology and
natural history, ammal and vegetable; and that the classes in
patural science should te entirely independent of the g
divisions of the school, 8o that boys might be arranged tor this
study exclusively according to their proficiency in it.

Since, owing to circuinstances which it would be tedious to
detail, it was impossible to adopt literally the proposals of the
Commissioners, a system was devised which must be considered
as the system of the Commiasioners in spirit, adapted to meet
the exigencies of the case.

The general arrungement is this,—that new boys shall learn
bLotany their first year, mechanics their second, gevlogy their
third, and chemistry their fourth.

In carrying out this general plan certain difficulties occur,
which are met by special arnw;emen!s depending on the pecu-
liarities of the school system. We need not here enter upon these
detuils, because it would be impossible to explain them sinpl
and because any complications which occur in one school wou{(‘i
differ widely from those which are likely to arise in anotber.

Next, as to the nature of the teaching.

In botany the iustruction is given partly by lectures and
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The lectures are illustrated by Henslow’s nine diagrams, and
by a large und excellent collection of paintings and diagrams
made by the lectnrers and their friends, and by botanical collec-
tions made for use in lectures. When the year's course is over,
such boys as show a special taste are invited to take botanical
walks with the principal lecturer, to refer to the School Her-
barium, and are stimulated by prizes for advanced knowledge
and for dried collections, both local and general.

In mechanics the lecturer is the senior Natural Science Master.
The lectures include experimental iovestigations into the me-
chanical powers, with numerous examples worked by the boys;
into tho elements of mechanism, conversiou of motion, the steam-
engine, the equilibrium of roofs, bridges, strength of material,
&c. They are illustrated by a large collection of models, and
are very effective and popular lectures.

The lectures in geology are undertaken by another master.
This subject is only temporarily introduced, on account of the
want of another experimental sckool. When this is built the
third year’s course will be some part of experimental ghyaics,
for which there already exists at Rugby a fair amount of appa-
ratus. It is very desirable that boys should obtain some know-
ledge of geology, but it is not so well fitted for school teaching
as some of the other subjects on several grounds. Perhapsa
larger proportion of boys are interested in the subject than in
any other; but the subject presupposes more knowledge and
experience than most boys possess, and their work has a ten-
dency to become either snlperﬁcial or undigested knowledge
derived from books alone. The lectures include the easier part
of Lyell's Principles, i.e., the causes of change now in operation
on the earth; next, an account of the phenomena observable in
the crust of the earth, stratification and its disturbances, and
the construction of maps and sections; and, lastly, the bistory
of the stratified rocks and of life on the earth. These lectures
are illustrated by a fair geological collection, which has been
much increased of late, and by a good collection of diagrsms and
views to illustrate geological phenomena.

For chemistry the lectnrer has a convenient lectare-room and
a small but well-fitted laboratory,” and he takes his classes
through the non-metallic and the metallic elements ; the lectures
are fully illustrated by experiments. Boys, whose parents wish
them to study chemistry more completely, can go through a
complete course of tical analysis in the laboratory, by be-
coming private pupils of the teacher. At present twenty-one
boys are studying analysis.

This being the matter of the teaching, it remains to say afew
words on the manner. This is nearly the same in all the classes,
muwlatis mulandis: the lecture is given, interspersed with ques-
tions, illustrations, and experiments, and the boys take rough
notes, which are recast into an intelligible and presentable form
in note-books. These are sent up about once a fortnight, looked
over, corrected, and returned ; and they form at once the test of
how far the matter hs been understood, the test of the industry,
care, and attention of the boy, and an excellent subject for their
English composition.

Examination papers are given to the sets three or four
weeks, and to these and to the note-books marks are assigned
which have weight in the promotion from form to form. The
marks assigned to each subject are proportional to the number
of hours spent in school on that subject.

There are school-prizes given annually for proficiency in each
of the branches of natural sci bove mentioned
This leads us, lastly, to speak of the results.

First, as to the value of the teaching itself; secondly, as to its
effects on the other branches of study.

The experience gained at Rugby seems to point to these con-
clusions: That botany, structural and classificatory, may be
taught with great eficct’and interest a large number of boys,
and is the best subject to start with. That its exactness of
terminology, the mecessity of care in examining the flowers,
and the impoesibility of superficial knowledge are its first re-
commendations ; and the successive gradations in the generali-
sations as to the unity of ty;w of flowers, und the principles of
a natural classification, are of great value to the cleverer boys.
The teaching must be based on personal examination of flowers,
uaisl:eded by diagrams, and everything like cram strongly dis-
couraged.

Mechanics are found rarely to be done well by those who are
not also the best mathematicians. Bat it is a subject whieh in
its applications interest many boys, and would be much better
done, and would be correspondingly more profitable, if the
standard of geometry and arithmetic were higher than it is.
‘The ignorance of arithmetic which is exhivited by most of the
niew boys of fourteen or fifteen would be very wurprising, if it
had not long since ceased to surprise the only persons who are
acquainted with it; and it forms the main hindrance to teach-
ing mechanica. ~ Still, under the circumstances, the results are
fuirly satisfactory.

The geological teaching need not be discussed at length, as
it is temporary, at least in the middle school. Its value is more
literary than scientitic. The boys can bring neither mineralogi-
cal, nor ical, ical knowledge; nor have the
observed enough of rocks to make geological teaching soun
The most that they can acquire, and this the majority do
acquire, is the general outline of the history of the earth and of
the agencies by which that history has been effected, with a
conviction that the subject is an extremely interesting one. It

lies them with an object rather than with a method.

rtly from Oliver's Botany. Flowers are d an

y every boy, and their purts recoguised and compared in diffe-
rent plauts, and then named. No technical terms are given till
a familiarity with the organ to be named or described hus given
_rise to their want. The terms which ex the cohesion and
adbesion of the s are gradually acquired until the floral
schedule, so highly recommended by Henslow and Oliver, can be
readily worked. Fruit, seed, inflorescence, the forms of leaf, stem,
root are then treated, the principal facts of vegetable physiology
illustrated, and the principle of classification iuto natural orders
explaiued, for the arrangement of which Beutham's ** Hanabook
of the Dritish Flora” is used. Contrary to all previous expec-
tation, when this subject was first introduced it vecamne at once
both popular and effective among the boys.

* See also Etude sur I'instruction secondairo et supérieure en
Allemagne, par J. F. Minssen, Parls, 1866, A brief report ad-
dressed to the Minister of Public Instruction in France.

Of the value of elementary teachiog in chemistry there can
be only one opinion. It is felt to be a new era in & boy’s mental
progress when he has realised the laws that regulate chemical
combination, and sees traces of order amid the seeming endless
variety. But the number of boys who get real hold of ciemistry
Jrom lectures alone is small, as might be expected from the
nature of the subject.

Of the value of experimental teaching in physics, especially
pueumatics, heat, acoustics, optics, and electricity, there can be
no doubt. Nothing but impossibilities would prevent the im-
mediate introduction of each of these subjects in turn into the
Rugby curriculum.

Lastly, wbat are the general results of the introduction of

scientific teaching in the opinion of the body of masters? In

l * Another and larger laboratory and school for Experimental

Physics will shortly be bullt at Rugby.

brief, it is this, that the school, as a whole, is the better for it
and that the scholarship is not worse. The number of boys,
whose industry and attention is not caught by any school study
is decidedly less ; there is more respect for work and for abilities
in the different fields now open to a boy; and though pursued
often with great vigour, and sometimes with great success, by
boys distinguished in classics, it is not found to interfere with
their proficiency in classics, nor are there any symptoms of
overwork in the school. This is the testimony of classical mas-
ters, by no means specially favourable to science, who are in a
Eosition which enables them to judge. To many who would

ave left Rugby with but little knowledge, and little love of
knowledge, to show as the results of their two or three years in
our middle school, the introduction of science into our course has
been the greatest possible gain; and others who have left from
the upper part ot the school, without hope of distinguishing
themselves in classics or mathematics, have adopted science as
their study at the universities. It is believed that no master in
Rugby chool would wish to give up natural science and recur
to the old curriculum.

: . ArpexpIx C.

On the Teaching of Science at Harrow School.

From this time forward natural science will be made a regular
subject for systematic teaching at Harrow, and a narural science
master has been appointed. .

But for many years before the Royal Commission for Inquiry
into the public achools had been appointed, a voluntary system
for the encouragement of science had been in existence at
Harrow. There been every term a voluntary examination,
on some scientific sabject, which, together with the text-books
recommended, was announced at the end of the previous term.
Boys from all parts of the school offered themselves as candi-
dates for these voluntary examinations, and every boy who
acquitted himself to the satisfaction of the examiners (who were
always two of the masters) was rewarded with reference to
what could be expected from his age and previous attainments,
The text-books were selected with ﬁrut. care, and every boy
really interested in his subject could and did seek the private
assistance of his tutor, or of some other master. The defi-
ciencies of the plan, if regarded as a substitute for the more for-
mal teaching of acience, were too obvious to need pointing out ;
yet its results were 8o far satisfactory that many old Harrovians
spoke of it with gratitude, among whom are some who have
since devoted themselves to science with distinguised success.

One of the main defects of this plan (its want of all system)
was remedied & year ago, when two of the masters drew up a
scheme, which was most readily adopted, by which any boy
staying at Harrow for three years might at least have the
opportanity during that time of being introduced to the elemen-
tary conceptions of astronomy, zoology, botany, structural and
classificatory, chemistry, and thsics. These subjects were
entrusted to the responsibility of eight of the masters, who draw
up with t care a syllabus on the subject for each term,
recommenﬁntahe best text-books, and ﬁilve weekly instruction
(which is perfectly gratuitous) to all the boys who desire to
avail themselves of it; indeed a boy may receive, in proportion
to the interest which he manifests in the subject, almost any
amount of assistance which he may care to seek. Proficiency
in these examinations is rewarded as before; and to encourage
steady perseverance, the boys, who do best in the examination
d“":'ﬁs.a canrse of three terms receive more valuable special
rew.

As offering to boys a voluntary and informal method of
obtaining much scientific information, this plan (which was
origs at Harrow, and has not, so far as we are aware, been
ever adopted at any other school) offers many advantages. It
is sufficiently elastic to admit of many modifications; it is
sufficiently comprehensive to attract a great diversity of tastes
and inclinations; it cannot be found oppressive, because it rests
with each boy to decide whether he has the requisite leisure or
not; it can be adopted with eass at any school where even a
small body of the masters are interested in one or other special
branch of science; and it may tend to excite in some minds
a more spontaneous enthusiasm than could be created by a com-
pulsory plan alone.

We would not, however, for a moment recommend the ado
tion of any such plan as a substitute for more regular scientitic
training. Its chief value is purely supp tal, henceforth
it will be regarded at Harrow as entirely subordinate to the
formal for the teaching of sci which will be imm
diately established.

In ‘addition to this, more than a year ago some of the boys
formed themselves into a voluntary association for the pursuit
of science. This Scientific Society, which numbers upwards of
thirty members, meets every ten days at the house a0d under
the presidency of one or other of the masters. Objects of scien~
tific interest are exhibited by the members, and papers are read
generally on some subject connected with natural history. Under
the auspices of this society the nucleus of a future museum has
already been formed, and among other advantages the society
has had the honour of numbering among its visitors more than
one eminent representative f literature and science. We cannot
too highly recommend the encouragement of such associations
for intellectual self-culiure among the boys of our public
schools. .

ON THE IRON AND STEEL AT THE PARIS
EXHIBITION.

AT the recent meeting of the British Association at Dundee,
Mr. Jobn Fernie, of Leeds, spoke on the above subject before
the Mechanical Section. Heremarked that much had been said
about the advance of French marufacture in this department us
compared with the English. But such ideas would be dispelled
by taking into consideration the effect of the protective tariff
o¥ the French customs, which interferes with our exports to
France, and lessens the iuducement for English manufacturers to
exhibit their products in Paris. Mr. Fernie stated that the
protective duties apply principally to manufactured iron, while
coal and pig iron enter duty free; and the British department of
the Paris Exhibition contained accordingly scarcely anything
but the products of some Yorkshire houses who carry on some
trade with France on account of the high quality and reputa-
tion of their products. In the French department some speci-

.
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mens of rolled iron had attracted much attention, sifice they
were of asection far larger than any similar girders ever rolled
in this country. The largest section was a double T exhibited
by the Forges of Chatillon and Commentry; and next to those
came some girders made by Messrs. Petin, Gaudet, of St.
Etienne. Girders of that description had been made in Eng-
land before this, and used for iron-plated ships ; but the mode of
manufacture was different, the girders being rolled as two
simple T irons, and welded together in the web. The girders
now made in France, on the contrary, are rolled in one piece
from a single pile. These girders were very short comparatively
with their other dimensions, and their manufacture should
therefore be considered as a tour de force rather than as a prac-
tically useful innovation. In the manufacture of such girders,
there was a large surface exposed, first to the action of the fire
in the furpace, and then to the process of rolling, which was
likely to deteriorate the iron. Consequently, even though this

rocess was one which could be successfully adopted, there would
Ee considerable doubt as to whether the strength of the girder
made in this way would be equal to s girder made in the ordi-
nary way—of boiler plate rivetted together. These girders, in
the opinion of Mr. Fernie, had been made for the purpose of
going beyond the English people, and not so much for their
practical value. Another novelty was the process of stam
ing, lately introduced, and which has been very largely
carried out by the French. This process was to make
a complicated forging in small pieces fixed together, put-
ting it in the furnace, raising it to a welding heat, and then
completing the whole in a pair of dies by means of a few blows
from a powerful hammer. This process had not come much into
use n this country ; but one English house had shown several

imens quite equal in manufacture to those exhibited by the

mch. The manufacture of steel in large masses, exbibited
by Krupp and the Bochum Company, far exceeded in size any-

ing as yet manufactured in England. The ;Tecimens from
the Bochum Company were, in the opinion of Mr. Fernie, de-
serving of special mention. Twenty-two railway wheels of
cast steel, all in one piece, and a still more beautiful casting of a
locomotive cylinder were the finest steel castiugs ever exhibited.
So far as France is concerned, England had not been excelled
in any department in the manufacture of iron.

Professor Rapkine wished to know by whai process steel was
manufactured at the Bochum Company.

Mr. Fernie said he believed it was by the crucible process.

Mr. Ferdinand Kohn said he had been in Paris a considerable

time, and had direct:d his attention specially to tbe iron de-|}

partment; and bavinz had a conversation with the manager of
the Bochum Company, he could state that the Bochum steel
was not manufactured by the ordinary crucible process. The
mode of manufacture was a secret, but he believed that the
process consisted in the casting of material containing a greater
quantity of carbon than steel, and afterwards subjecting thess
castings to a process of decarburization.

Mr. Fernie, in answer to a question put to him by Mr. P. Le
Neve Foster, stated that the reason why an order had been given

by the Great Eastern Railway Company to a French house to | paralielogr

make forty locomotives was in consequence of the English loco-
motive makers having more orders than they counld execute at
thetime. Now, however, there was an immense number of new
houses, and the old firms, having added new branches to their
busin he did not think that in fature English ‘orders would
require to be given to foreign companies to execute.

INDIAN ENGINEERS.
EXAMINATION PAPERS
For Compelitive Examination of Candidates for Appointments
n thap;,'lngim Establishment of the Department of Public
le;kc in India, held at the India Office, London, in July,
867.

As the papers given last July, at the examination held at the
India Office, of candidate for -pmntment.s in the Public Works
Department in India, have not been Erinzed by Parliament, we
have thought it desirable to publish them in the columns of
ENGINEERING, since, no doubt, there are many who purpose
going up for the examination in December next who would be
glad to obtain a copy of them.

The papers given at former examinations have been printed
by order of the House of Commons, and may be obtained from
Messrs. Hansard, of Great Queen-street, Lincoln’s-inn-fields.
Their dates and numbers are as follows:

No. 135 of 1839, Sess. 2; No. 566, 1860; No. 499, 1861;
No. 76, 1863 ; No. 473, 1863 ; No. 426, 1865 ; No. 454, 1866.

In addition to the above, it may also be useful to give the
following list of schools and colleges hitherto recognised by the
Secretary of State as possessing efficient classes for instruction
in engineering :

England.— University College, London; King’s College,
London; Royal Military Acagem , Woolwich; Proprietary
College, Bath; Grosvenor College, Bath; The College, Chester;

School of Practical Science and Metallurgy, Sheffield.

Scotland.— University, Glasgow ; Gymnasium, Old Aberdeen;
Madras College, St. Andrews; High School, Edinburgh ; Dollar
Institution, by Stirling; Perth Academy. .

Ireland.—Queen’s Colleges ; 'I‘rin:,! College, Dublin.
Foreiqn.—McGill College, Montreal, Cangda; Belg‘mn School
of Civil Engineers, Ghent ; Ecole Polytechnique, Zurich.
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4. Extract the square root ofl—z—é- B —p 3-93'1' 9

+ 492#; also, of 41— 12V/5; and simplify
V18a%* 4V 50a%5.
N 8ab® + V2% — 8a*b® + 8ab’.
b, Ifa:b ::¢:4d
show that 43+ 56 = 4c+ bd
8a—T7b " Bc+7d
6. Find the series in arithmetical progression in which the
5th and 9th terms are 11 and 9 respectively.
7. Sum the following series:

b 2 1
7 + 9 6 + .. to99terms weeeeee. (1)
1 2 , 4
3 1—5+?5 + . . to 7terms ......... (2)
1 8 5 P
3 + 37 + a7 + . . toiofinity ceceesenee (8)
8. Find the middle term of (a® + 53) and the two
middle terms of (a®— 8a%)'3; also, expand to five
(az~ant
terms.
9. A rec area of 8 acres 480 yards has a perimeter

of 840 yards. Find its length and breadth.

10. Goods are marked for a sale at a price which gives a profit
of n per cent. on the selling price, and (n -+ 50) per cent. of
the cost price. Find n,

11. A man has 4 hours at his dis| How far may he
ride ina coach travelling 10 miles an hour, so that he may be
able to walk back in time, his rate of walking being 4 miles an

our? .

12. The rent of a farm is paid in a certain fixed number of
quarters of wheat and barley. When wheat is at 55s. and barley
at 33s. per quarter, the portions of rent by wheat and barley are
equal ; but when wheat is at 65s. and barley at 41s. per quarter,
the rent is increased by 7. What is the’corn-rent ?

Euclid.
Rev. J. CAPE.
1. Define the terms superficies, circle, scalene triangle, and
am ; and state what is meant by a straight line
being at right angles to another straight line.

2. If two angles of a triangle be equal to one amother, the
sides also which subtend or are opposite to the equal angles,
shall be equal to one another.

In a triangle, if the lines bisecting the angles at the base be
equal, the triangle is isosceles, and the angle contained by the
bn.:;ectilng lines is equal to an external angle at the base of tke
triangle.

8. To bisect a given finite straight line, that is, to divide it
into two equal parts.

Show how to trisect—(1) a right angle; (2) one-fourth of a
right angle.

4. The opposite sides and angles of parallelograms are equal to
one another, and the diameter bisects them, that is, divides them
into two equal parts.

If in the diagonal of a parallelogram any two points be taken
equidistant from its extremities, and joined with the opposite
angles, a figure will be formed which is a parallelogram.

5. If the square described upon one of the sides of a triangle
be equal to the squares descrited upon the other two sides of it,
the angle coutained by thece two sides is a right angle.

If from the vertex of a plane triangle a perpendicular is let
fall on the base, or the base produced, the difference of the
squares on the sides is equal to the difference of the squares on
the segments of the base.

6. The nngl{a| at the centre of a circle is double of the angle at
the circumferehce upon the same base, that is, upon the same
part of the circumference.

7. In a circle, the angle in a semicircle is a right angle; but
the angle in a segment greater than a semicircle is less than a
rightangle; and the angle in a segment less than a semicircle
is greater than a right angle.

8. 'To describe an isosceles triangle, having each of the angles
at the base double of the third aug%e.

Let ABD be the isosceles triangle, A the vertex, C the point
in which AB is divided. If in the base BD, DE be taken equal
to BC, lprove—(l) that the rectangle contained by BE and BD
is equal to the square on DE; (2) tnat CE is parallel to AD.

9. The sides about the equal angles of equiangular triangles
are proportionals; and those which are opposite to the equal
angles are homologous sides, that is, are the antecedents or con-
sequents of the ratios. .

An angle ACB of a triangle is bisected by the line CD, which
cuts the base ABin D. If Ebea point in AB produced such that
ECisequal to ED, prove that BE, DE, AL are in continued
proportion.

10. If two straight lines meeting one another be parallel to
two others that meet one another, and are not in the same
plane with the first two, the first two aud the other two shall
contain equal angles.

Arithmetic, Trigonometry, and Mensuration.
REv. J. CAPE.
2 2 b2
3~ 9H4n

1. Reduce 4 16 24 to & simple fraction, and then to a

16 24
%%t

decimal.

2. Which is the cheapest—a coat that costs 3L 16s., and will
last 9 montbs, or one that costs 2L 5s., and wil only last
7months? How much will a man save in 7 years 14 weeks
by regularly wearing the cheaper one? 00125

8. Find the square root of .007, and also of T

places of decimals.

4. Divide the weekly wages 104L 8s. among 100 labourers,
5 foremen, and 1 superintendent; the superintendent havin,
thrice as much as each foreman, and a foreman twice as mu
as a labonrer. .

5. A man who owes 1373l 6s. 8d. settles his bill by paying
1308 2s. What rate of discount is allowed him ?

6. A man bought Brighton Railway shares some years back
at 119. He is now obliged to sell some, and can only realise 63.
What is his loss per cent. on the stock sold ?

7. Fiod the numerical values of sin 45° cos 80°, tan 18°,
cot 75°, by geometrical constraction, without using any tables.

8. Determine an expression for the sine of any angle of a
triangle in terms of the sides of the triangle, and hence deduce a
convenient expression for the area of a triangle.

Ez.—The three sides of a triangle are 450, 500, 670 ft.; find
its area, and greatest angle.

9. What is the height of an inaccessible object which has an
angle of elevation 30° 16’ at A, and after retreating directly
from the object to B, a distance of 325 yards, the angle of eleva-
tion is dimicished to 22° 13’ 10" ?

10. A man observes that the angle of elevation of a tower on
the opposite side of a river is 60°, and of another tower of the
same height, half & mile lower down the stream, the anele of
elevation is 45°. Also the angle subtended by the feet of the
two towers is 120°. Find the breadth of the stream, and the
height of each tower.

. 11. Find the following by the help of logarithms:

(1) The values of v 43.725, (24.76)F
V5962 " (.0045)%
(2.) A fourth proportional to (41.06)}, (.00056)3, (120)3.
(3.; The natural sine of 45° 25’ 37" from a table of loga-
rithmic sines.
(4.) The angle whose logarithmic cosine is 9.8472693.

12, What is the weight of a 18in. shell, its thickuess being
2 in., a solid shot of 4 in. diameter weighing 9 1b.?

13. How much earth must be excavated in laying a mile of

18 in. drain pipes, the lower side of the pipes being 4 ft. below
the surface; and how much earth will have to be carted away,
supposing the earth returned to be so rammed as to occupy the
same space after the disturbance as before?
14. A cylindrical boiler with hemispherical ends, being 17 fi.
long and 5 ft. in diameter, how many gallons of water will it
hold, the water not rising bigher than within 18in. of the hori-
zontal top?

15. Required the number of gallons a eask holds, the length
of which is 40 in., while the girths at the two ends are 70 in., at
the middle 101.2 in., and at 10 in. distance from each end 90 in.,
the thickness of the cask being ever{where uniformly § an inch.

16. A canal has to be ¢ut 100 fi. long, the bottom being 12 ft.
wide throughout, and the sides being inclined at an angle of 45¢
to the horizon. The depths at successive distances of 10 ft. are:

5, 5.4, 5.7, 6.1, 6.7, 7, 7.9, 7.2, 6.8, 6.1, 5.4 ft.
How much earth must be removed ?
Mechanics and Hydrostatics.
LI . Rev. J. CAPE. tod

. If two forces acting on & point are represented in magni-
tude and direction by two nmPIth lines, cfm'e that their re-
sultant is represented in magnitude and direction by the
diagonal of the parallelogram of which those two lines are
the sides.

Two forces represented by 7 and 9 acting on & point, are
inclined to one another at an angle of 60°. Find the magnitude
of their resultant.

2. A boy weighing 96 1b. sits on a gate 4 ft. from the post on
which the gate hangs by hinges, one 3 ft. above the other.
Ejnd the additional horizontal pressure which he causes on the

inges.

8. On a uniform straight lever weighing 71b., and 7ft. in
length, weights of 1,2, 3, 4, 5, 61b. are hung at distances
1, 2, 1;, 4, 5, 6 ft. respectively from the extremity. Find the
position of the fulcrum on which the lever will balance.

4. Find the relation that the power bears to the weight in the
follow(in I'Kchines: £ oall

1. e system of pulleys in which the same rope passes
round all the pgleys, the weight of the pulleys
being neglected.

(2.) The wedge without friction.
(8.) The inclined plane with friction, the ﬂower being in-
clined at an angle a to the inclined plane.

5. A weight of 5001b. 18 placed on an inclined plane, the
angle of inclination being 45°, and the coefficient of friction

1
being —— Find the least force which will keep the weight
3

to four

from sliding down the plane, and the least force which will deaw
it up the plane. A

6. A line is drawn parallel to the base of a triangle, and cut-
ting off a triangular piece the area of which is § of the area of
the whole triangle. Find the position of the centre of gravity
of the remaining trapezium. .

7. What is meant by the mechanical terms— Work, Unit of
Work, Friction, Modulus, Horse Power?

8. A train weighs 75 tons, and the friction is 7 Ib. per ton.
What horse-power must an engine be to draw it up an incline of
1 in 250, at a uniform rate of 24 miles an hour?

9. A shaft 12ft. in diameter is to be sunk 130 fathoms
through chalk (S. G. 2.315). How long will a 2 horse-power
engine take to raise the earth excavated, being kept at work 9
hours a day ? .

10. When a body is moving under the influence of a uniform
accelerating force, show that s=} ft.2

Ez. The Monument is 210 ft. high; how long would a stone
take in falling from the tap to the ground 2

11. Explain how the heights of mountains and depths of
mines may be calculated by means of the pendulum.
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Ez, If a pendulum, when carried to the top of a mountain,
loses in 24 hours twice as much as it does in the same time
when taken to the bottom of a mine close by; show that the
height of the mountain is the same as the depth of the mine,

12. With what velocity, and at what elevation, must a stone
be thrown, to hit the ground at a distance of 875 yards in 11
seconds, the resistance of the air not being taken into con-
sideration ?

13. Describe the hydraulic ram, and state the defects and ad-
vantages attending its use.

14. What weight will an empty 96 gallon cask support in
water, the weight of the cask being 52 1b., and 8 cubic feet of
wood being used in making it ? . . X

15. What must at least be the size, in cubio feet, of an in-
flated balloon, that it may be able torise in the air when inflated
with gas, whose specific gravity, comg.red'with air, is .09, the
weight of a cubic inch of air being .3 grains, and the balloon,
car, and contents weighing 750 lb.

On Water Supply, Reservoirs, Dams, ojv:
GEorRGE PRrEsTON WHITE, C.E., Ezaminer.

1. Describe briefly the different means employed to supply
towns with water, and give illustrative examples. -

2. Describe the gravitation and ping systems, pointing
out the comparative advantages, and state the pnncﬁognd_l-
tiona and requirements to be considered and attended to in
adopting either system, .

8. ibe briefly what are im)
deﬁositing, 8
collectin unds.

4. Defcf:;)e the geological formations which are the best
water-bearing strata, and explain why the flow of water is

nerally more regular through the chaIL than through the clay
lormation.

5. In constructing dams for impounding water, specify the
precautions which should be adopted for security, and to render
them impervions to water, and :Xecify the difference between
the forms of construction employed in this country and France.

6. Describe some of the most approved means for forming
filter beds, as for example at the Lambeth, Yotk! Chelsea, and
other waterworks, as hnn intﬂl)dm;ed t}:’ Mr. Snmpoo;, é.E:;

ify the best materials to employ for the purpose, and explain
mthewﬁonhmmicalormechmhl,mdwhnhudof
Wwater is necessary.

7. 1f employed to supply a town with water, state some of
the principal conditions which would guide you as to the mode
of supply ; how you would ascertain the probable amount of
supply, the quality of the water, and the number of gallons per
day, on the averuge, it would be desirable to provide for per head
of lation.

"Mako & free-hand sketch to llustrate the most approved
forms for cast-iron water-pipes; deecribe the different means
used for jointing pipes, pointing out the advantages or defects of
each system. What are turned and bored joints, and specify
when 't{'ey are pnicnhrlhy applicable. . .

9. In aring a specification for cast-iron pipes, explain why
it is dwmle that large pipes should be cast perpendicularly
with the faucet end downwards. Also as to the nature of the
material which shonld be employed to cast them in, the quality
of the metal, and the mixtures most approved; and describe

how the
freedom

ding, compensating,
and service rumo?r:,u residuum lodges, anci

om lape, air-holes, or other imperfections.
On Pumping-Engines, dc.

10. To how many atmospheres of pressure would it be de-
sirable to test water-pipes as compared with the head of water
to which they would be actually subjected in practice? And
when under pressure what further test is then desirable?

11. Illustrate with free-hand sketches, and describe the uses
of the following, via., bib-cocks, crutch-key cocks, lplgbgot and
faucet joints, flange-joints, stand-pipes, reducing-pipes, branches
and bends, air-vessels, scour-cocks, hydrants, sluice-valves. .

12. Calculate the number of gallons of water which a PIFG,
80 in. diameter, is capable of delivering in 24 hours, with a fall
of 20 ft. per mile. .

18. Describe briefly the different kinds of E::dps and other
contrivances for raising water; give a free- sketch of a
bucket and plunger pump with its suction and delivery valves,
and state under what circumstances centrifugal pumps are most
applicable.

Pﬁ. Describe the mode of ascertaining the power of pumping-
engines required in any given case, supposing the quantity of
water to be delivered per hour, size aud length of main, and
difference of level between the water in pump-well and top of
stand-pipe or service reservoir, be given. i

15. PI‘E: following is a practical application of the foregoing
questiou: It is required to construct pumping machinery, con-
sisting of two engines, two pumps, and two boilers, capable
together of forcing 50,000 gallons of water per hour through
8600 yards of 12in. main, and into a reservoir 870 ft. above
level of water supply. How would you determine the dimen-
sions of the principul parts of the machinery? .

16. Calculate head due to friction in preceding question.

17. Having ascertained head due to friction, which, if n(uble
to give the formula for, assume at 36 ft., making a total lift of
405‘ . calcuiate the net horse power required, taking a horse
power at 33,000 Ib. raised 1 ft. high per minute.

18. Having ascertained the net borse power, and added
thereto 20 per cent. to obtain the indicated horse power, what
would be the diameter of cylinder required, supposing 40 Ib. of
steam in boiler, and an expansion, say, at half stroke, assuming

380 Ib. mean ave! ure square inch of piston during
stroke, length o?%g 'opf': and number of revolations 30
per minute?

19. Sapposing a bucket and planger pump to be used, with
stroke otg 'm.,“-nd 30 strokes ur‘:ﬁnnu, calonlate diameter
of bucket or pump-barrel for delivering each 25,000 galions
Pper hour, bearing in mind that there are 277 cubic inckes to a

ion.

20. Assuming that at the pressure of 401b. in boiler the
Telative volume of steam to water is as 640 to 1, calculate the
number of cubic feet of water consamed per hour in each boiler.

21. Assuming that 22 square feet of heating surface of boiler

is required for evaporating a cubic foot of water, and that a
singie-flued Cornish boiles, shell 6ft. diameter, with flne 8 F.

' you would place
ipes ahould be tested to ascertain their strength, and | B*

6 in. diameter, be supplied for each engine, calculate the length
of boiler required.

22. Make free-hand sketches and describe the rain gauge
and hygrometer, and explain their uses for enginoeriu;l(‘purgosea.
28. Describe the wrought-iron tube employed by Mr. Sim:
son, C.E, for the Bristol Waterworks, for continuing the
aqueduct across the Combe or Ravine; explain the arrange-
ments to provide for expansion and coutraction, and also to
preve:lnt leakage at the pagits of junction with the stone

aqueduct.
q24. Give the names of standard works of reference on the
subject of water supply, and name, as examples, some of the
principal works which have been executed in this country and
abm(fl for the supply of cities with water.

On Harbours, Docks, Groins, dc.

The accompanying plan® represents a harbour, ssing con-
siderable natural advantages, but requiring certain engineerin
works to render it suitable for the purposes of commerce ms
navigation.

1. If professionally employed to make a report on this harbour
as to its capabilities, and as to the works necessary to render it
suis‘\l)le for a naval st“l‘tionhand harbour of refuge, state how yon
wol Proeeed to make the necessary surveys, take soundin,
and reduce them to a common datum, ascemi{:s’the nature of tlf:
bottom, and whether affording good anchorage, and also the
direction of the prevailing currents, &e.

2. It will be seen that several rivers flow into the harbour;
describe how you would gauge them, ascertsin the volume of
water disch the drainage area, and the amount of solid
matter either held for a time in solution or finally deposited.

8. There is a tendency to silt up at the head of the harbour;
expluin the usval canse of this, and how you would avail your-
self of back-water or tidal water to counteract this deposition,
and describe the means adopted for this purpose by Smeaton, at
Ramsgate, or any other well-known example.

4. Should it appear on investigation that in'particnlar states
of the wind or tide additional shelter is required in the outer
harbour, mark on chart the position where you would recom-
mend a breakwater to effect this object ; give a cross section of
it, showing sea slope or face, and specify how you wounld make
the foundations, and the character of the masonry yon would
recommend for the purpose. Explain the nature of * pierre
perdue” foundations.

5. Specify the character of the lime yon would employ for the
submarine portion of the work ; and in the event of not being
able to obtain, conveniently, natural hydraulic lime, explain how
artificial hydraulic lime could be produced according to the
experiments of Sir Charles Pasley and M. Vicat ; describe the
chemical difference between ordinary aud hydraulic lime. In
what time should good hydraulic lime set and harden ?

6. If found to remove some of the rocks in the
harbour, dangerous to the navigation, describe the different
means employed for the purpose, and if too to be dealt
with in this way, make a free-hand sketch of a simple form of
beacon. If required to lay down permanent moorings, describe
the Mitchell and mushroom anchor, and other forms in use.

7. One of the first requirements will be the formation of docks,
quays, and landing stages. Mark on accompanying map where

em, showing poeition of locks and entrance

tes.

8. It frequently occurs, as along the south-east coast of
England, that there is a movement of shingles, sand, or other
naterial, which deposits itself at the entrance of harbours, and
proves most detrimental ; describe some of the means empioyed
to arrest this, and explain the use of wave-traps and beaching
basins, and give some examples.

9. It will also be necessary to establish lighthouses and

Mark on the map the position {ou would place them
in; state the chief conditions which would guide you as to the
height of lighthouse, and the nature of the lights you wounld
employ, whether fixed, revolving, coloured, or with fiashes at
intervals.

10. If a landing-stage should be required, give a free-hand
sketch of a simple form of one, and describe those at Liverpool,
or any other well-known or important examples.

11. Having laid out the breakwater aud other works included
in the foregoing questions, point out what you consider will be
the probable effect (if uny) n altering the existing conditions of
the harbour as to the currents and the deposition of mud and
silt, or other material, &c., &c.

12. The railway commissioners recommended in their report
that a railway should be carried over Garinish Island and across
the hurbour at the narrow entrance by a viaduct, wherp there is
60 ft. of water. Point out the engineering difficulties and dis-
advantages of such a line, and mark on map where you consider
the best route for a railway, making the embankment subser-
vient for docks and other purposes.

13. Give the names of standard works of reference and reports
on the subject of harbour engineering, and the names of some of
the engineers who have specially distinguished themselves in
this most important branch of the profession.

On Lighthouses, Piers, and Miscellaneous Subjects.

1. The accompanyingt design nrresents a gimple form of
lighthouse, 60ft. in height, suitable in cases where building
materials are deficient, skilled labour expensive or not obtain-
able, or where there is a difficulty in forming foundations. It
is intended to erect this structure on a saud bank, and found it
on Mitchell’s screw piles. Describe how gou would get the
piles into position, what depth it would be desirable to go to in
sand or alluvial deposit, the size of pile, and diameter of screw.
Make free-hand sketches of the piles, screw, braces, &c., show-
ing the means of secaring the work together. Give an ap-

roximate estimate of the cost of such a structure, exclusive of
Kmurn, and pame some successfal examples of structures of
tl;is o::auckr which have been erected either in this country or
abroad.

2. The accompanying design? represents a simple form of iron
pier with T head, suitable in cases where there is a difficulty in

® A chart of the upper part of Bantry Bay, with QGlengarriff
Harbour, scec ied this quest] s

t A sketch of an iron screw-pile lighthouse accompanied this
question.

$ A sketch of a screw-pile pler sccompanled this question,

obtaining a good foundation for structures of the ordinary
character, or where suitable building materials or skilled labonr
cannot easily be obtained. Make free-hand sketches to illustrate
the details of the work. Describe the form and material of the
screw, the mode of manufacturing solid iron piles, the means of
getting them into position, what ﬁatm it would be desirable to
give, and the mode of bracing together the beams, girders, and
other of the work.
. 8. What are the comparative advantages of the hollow cast-
lro:‘rlle and the solid wronﬁ:xt-iron pile? Explain the mode
usuall 'ldo%ted for getting the former into position.

4. Give the names of any important examples of structures
of this kind which have been erected either in this country or

in India.
5. Describe the effect of sea water on iron, and specify what
to injury.

stega should be taken as a prevention

. Describe and make free-hand sketches of the following
forms of wrought-iron girders—the Trellis, the Warren, the
Tubular, and the Brunel girder. Specify which form would be
most desirable for India, taking into consideration expense of
carriage, facility of erection, or where skilled labour was either
expensive or difficult to obtain, and describe which of the above
forms require staging to get them into position, and what forms
can, under certain conditions, be erected without staging.

7. Describe and make free-hand illustrations of some of the
most ﬂ)proved modes for scarfing and trnuin% timber.

8. Name the different kinds of stone employed in building
under the following heads, viz., Siliceous, Argillaceous, Cal-
careous, Stratified, and Unstratified.

9. Describe with free-hand illustration the means adopted in
the main sawers for the drainage of London to provide for storm
water, and to prevent sewers from blowing up.

10. Describe and make free-hand illustration of the weirs
em‘i)loyed at the Manchester Waterworks to separate the storm
and turbid water from that suited for the town supply.

11. Illustrate with free-hand sketches and give the meanin,
of the following terms: Facing Point, Falling Point, Blin
Siding, Back Shunt, Chock Block; and state what are the ob-
jections to facing points.

12. Photography, for the purpose of making Photographic
Reports,” to illustrate the progress of works, copying drawings,
&c., is most valuable for engineering purposes, especially in
India; atzclantion is g;lerefore n-ef_ted mto the subject. State if
you are able to use Photography for this purpose.

Nore.—On the present ggcuion I hgvep::eeially directed
attention to the subject of water supply and harbour engineer-
ing, two of the most important but at the same time dificult
branches of the profession, and which are yearly becoming more
necessary in India, only a few of the principal cities being at
sreunt supplied with water; much, therefore, remains to be

one in this way, Whilst, as regards harbour engineering, a
wide field presents itself, as India, considering her extensive
seaboard, is very deficient in natural harbours. I would, there-
fore, suggest these subjects as being deserving of especial atten-
tion.

The President of the Institution
ro(aent admirable address has trul remarrk:ld ﬂ:& “ The ﬁchb
an engineer requires the general and much of the
special knowledge of the railway engﬁ:or. soch as that which
belongs to railways and tramways, and warehouses for ﬂods;
and to this he must add a vast amount of other special know-
ledge not required by the railway engineer.

“ For example, he must understand the laws which govern
the ebb and flow of the tides, the rise and fall and time o? high
and low water; and he must have a_knowledge of marine sur-
veying, or the best means of ascertaining the set and speed of
currents, and their tendency toincrease depth of water by scour,
or to diminish it by silting; he must also know, in the case
docks, what kind and extent of entrance accommodation to pro-
vide, whether the general plan should comprise only a simple
lock, or be combined with a half-tide basin; whether single or
double gates should be used ; and whether it would be DeCessary
tohave a tidal basin or a recessed space, or both.

*The nature of the trade to be accommodated in the pro-
posed docks must also be carefully ascertained, in order to pro-
vide & proper proportion of quay space and water space, and
E'roger width of quays, warehouses for bonding or for goods to

be deposited, sheds for temj)onry protection, entrance for barges
into warehouses from the docks, graving docks, and workshops,
with mechanical np:jpliu.neeo for gate:ialluioea, and pumping ;
and for shipping or discharging minerals or

“ He may have to deal with solid foundation, and enjoy a
facility of procuring suitable materials for constru tion, as at
Liverpool ; or he may have the bad foundations of Hull and
other places, where alluvial silt of great depth has accnmulated.
It may be that good sound stone 18 too costly for the mass of
his work, and that he must resort to brickwork, or rubble stone-
work, or concrete, or to a combination of all three; but in
determining suck questions it is impoasible that anything but
previous experience and habits of careful inyestigation will en-
able an engineer. to arrive at the best decision. For it is not
enough that his work should be solid, permanent, and safe, but
it should be rendered o at the smallest possible cost.

“The dock and harbour engineer is also required to report
upon, and to construct, harbours of refuge, piers, landing stages,
lighthouses, forts, canals and their appliances, river improve-
ments, and many cther hydraulic works; and, in short, ot this
branch of engineering it ‘may be truly said that questions are
continually arising which require special study and mechanical
invention to a greater extent than in almost any other branch -
of the profession.”

of Civil Engineers in his

On Surveying.

L1eureNANT-CoLONEL C. D. NEWMARCH, R.E., Ezaminer.
1. Describe the course of instruction in surveying which you
bave undergone. What surveys or levelling operations have
you been employed upon? Produce any finished drawings or
survey plans, bond of your own execution, with certificate,

staunf whether plotted from your own surveys or otherwise,
2. 'lhe Gunter's chain is” 66 ft. long—why? What is the
length of a link of the Gunter’s chain in yards, in feet, and in

inches?
urvey being plotted and laid down to a seale of 6in. to

3 As
1 etatute mile, what proportion does that plan bear, both lineally
and superficially,

to the actual size of the ground ?
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4. Describe the mode of using a plane table, and state under
what circumstances you would employ it.

6. What is the use of a triangu])auon, and in what manner is
it carried out? Illustrate, by a diagram, how, when the mea-
sured is unavoidably short, the sides of the principal
triangles may be made rapidly to increase, without admitting
any ill-conditioned triangles.

G. Describe the process of taking a round of horizontal angles
with the theodolite, supposing it to be in, correct adjustment,
giving'the reasons for using two verniers, and, for; making 60°
and 120° zero poinits. Poidt ot the particular advantages or
disadvantages of a tower, a spire, or a tree, a3 trigonometrical
station.

7. Suppose that P is the centre of a station where it is not
possible to place the theodolite, S a satellite at 20 ft. distance,
A and B other stations from which P bas been observed, 63° 30’
and 92° 15" the angles PSA and PSB respectively, and P A,
P B, 5000 and 6000 ft. approximately ascertained, what will be
the true value of the angle APB?

8. Explain the principle upon which inaccessible heightsand
distances are measured in the field by the aid of the pocket
scctant, as illustrated in the following examples:

(1.) In order to obtain the breadth, A B, of a river, I set off
the angle A B C a right angle, and from C, 50 yards
from B, I found AC B 26° 34’; on BC produced 1
found another station, D, 100 yards from C, where
A CBwas 7° 8"; the scale of tangents correspond-
ing to these angles gave the numbers 2 and 8 respec-
tively ; find the distance A B.

(2.) From a_point A on a horizontal plane the angle of
elevation of a hill was 7°8’; upon approaching it
1000 ft. the angle was 14°2’. The tangents cor-
responding to these angles are 8 and 4 respectively
taken from the divisor tables. Find the Leight of
the hill above the horizontal plain.

9. Find by construction the relative position of a point X,
when AXB=19°, BXC=25°, ABC=160°, AB=800 ft.,
B C=1100 ft., and state the distances A X and C X.

10. The measured dStance between A and B was found to be
956 links; the reciprocal angles of elevation and depression were
2° 4”and 2° 77; the horizontal readings+-2! and 4-3!. The chain
was 66.21 ft. in length. Required, the horizontul and vertical
distances ia feet between A and B. )

) Ezamination tn Surveying. -

. Ezaminer, L1guT.-CoLoNkL C. D. 'Newiarcr, R.E.

- 1. Accompanying® is a traverse survey of a plot of ground
mear. Shootet’s Hill.: All the angles, bearings, and measure-
ments are recorded on the plan. From the data thus given
compile a ¢ Field Book,” in the form and manner in which such
observations are usually recorded when surveying in the field.
The object of this question is to test your ability to keep a field
book 80 far us that can be tested otherwise than in the field.
You will therefore regard the plan as a piece of country, on the
survey of which you are supposed to be engaged, and proceed
to book your observations accordingly, just as you would do if
actaally in the field.

2. The nceomsanyingf lithographed map represents the Lakes
of Killarney, and portions of the counties of Kerry and Cork in
their vicinity. You are requested to consider this as a tract of
country on the survey of which you are proposed to be employed
more especially with reference to the selection of the proposed
new line of railway to Kenmare,~

State in what manner you wonld proceed to execute such a
survey, firstly, with reference to the production of such a ma
as you now see; and farther, with reference to the more detail
surveys necessary for the selection and demarcation of the pro-
posed new line of railroad.

The accuracy of the survey is supposed to be checked by the
positious of the f)rincipal points being determined trigonometri-
cally. You will accordingly select your own base line, and
suitable trigonometrical stations.

The plan may be drawn over in any way that you think
proper in illustration of your pronosed mode of procedure; and
the following poiuts should be attended to:
. A. Show, by a thick red line, the P

explain the law in optics on which the effect of refraction de-
pends? How do you ascertain the amount of refraction at any
time when the atmosphere is in an abnormal condition ?

4. Suppose that in running a section line up a very flat slope,
the levelling staves are placed as far apart as will allow of dis-
tinet visien, what will be the result on the height, omitting cur-
vature and refraction?

5. At a horizontal distance of 8000 yards, the vertical angle
observed with a theodolite, 5 ft. high, to the top of a tower, was
2°6’, The tower was 150 ft. high, and the obsérver’s position
260 ft. above the sea level. What was the height of the foot of
the tfwer above the sea, curvature and refraction being taken as
usaal?

6. How do you trace contour lines upon the ground with a
spirit level or theodolite, when required to be marked out with
great accuracy ? At what vertical distance apart may contour
lines most usefully be applied, according to the scale of the plan,
the nature of the country, and the purpose for which they are
required? '

. Explain the mode of ascertaining the longitude of any point
by the occultation of Jupiter’s satellites, or by & lunar observa-
tion. ’

8. The apparent time, by observation at A, was 11 am. A
chronometer, 10 minutes fast for Greenwich, showed 8 hours
20 miantes a.m. The equation of time was 16 minutes, mean
time being béfore apparent time.  Find the longitude of A.

9. Explain the meaning of the term circum-meridian altitudes,
and show how such observations are applied to finding the lati-
tude. i

10. A star’s zenith distance was 68° on the meridian, its north
declination 60°; the observer south of the star, but north of the
equator, and the allowance for refraction 1’. [Find the lati-
tude. .

11. In order to lay down a magnetic meridian line upon a
plan, what obscrvations are necessa.ﬁ to be taken upon the
ground, and how is it laid down? How can you, at certain
times, i)y means of the sun's amplitude, ascertain the variation
of the compass? .

12. Explain how you would ascertain the height of a hill by
means of boiling water, in the absence of any table of values.

13. Describe the different methods of marking out curves on
the ground, when the radii are supposed to be of considerable
length, as in the case of canals, &c.

Ezamination ir Plotting and Plan Drawing. .o

Ezaniiner, LieuT.-CoLoNEL C: D. NEWMARCH, R.E.

1. Accompanying® is a lithographed Field Book, comprising
the details of the traverse survey of a road in the vicinity of the
Great Northern Railway.
You are required to plot it on a scale of 2 chains to an inch. On

this scale the plan.will work into the general dimensions of | ,

18in: by 12in. - It will- be as well: to commence your plot to-
wards the upper right-hand corner ot the paper. .

Finish off the plan neatly, colouring in the roads, houses, &e.,
and showing the traverse lines in red on the plan. Put in the
meridian line from the compass™ observaiivn taken at the first
station. . Printas a heading the words * Traverse Survey of the
road through Audover, near the Great Northern Railway,
plotted by (name)."

2. The following Field Book exhibits a line of levels taken for
the construction of an embankment to protect low land against
inundation. The crest of the embankment is to be raised 4 ft.
above the highest known rise of the flood waters; its exterior
slope to be two to one, and interior slope one to one; the breadth
of the embankment at top to be 10 ft.

You are r«iuired to plot a longitudinal section, showing thereon
the proposed level of the embankment, as also the flood level.
Also to plot a transverse section of the embankment at its highest
point. ‘The horizontal scale of the sections to be 100 ft. to an
inch, and the vertical scale 10 ft. to an inch. The height to
which the embankment will require to be raised to be marked
on the section at every 50 ft. .

FreLp Boox oF LEVELs.

of the proposed

base; and, by thin red lines, the proposed system of | '

-triangulation.

B. Compute,-as accurately as the scale will admit, the
length of the proposed new line of railway.

C. Colour in the road, rivers, lakes, sea, &c., shown on the
plan, finishing off the map neatly.

D. Compute the ares of water embraced by the larger lake,
or Lough Leane.

E. Sketch in, on a separate piece of paper, and on an en-
larged scale, the group of hills in the vicinity of
Mangerton Mountain. This should be done as a
free-hand sketch, and may be executed either with
the pen or the brush, and is merely required in
illustration of your capability of doing such work.

F. Explain how, in practice, you would obtain the de-
lineation of such hills, contouring being supposed,
in this instance, to be idered as an ily
expensive process; detail the process of sketching
in ground in the field, and state what are the
nccelfsar_y previous preliminary checks upon the
work.

Note.—A portion of the afterncon sitting will be devoted to the
examination of some of the candidates iu the practical use and
adjustment of instruments.

Qucstions on Levelling and Practical Surveying.
Examiner, L1zuT.-CoLoxkL C. D. NewmancH, R.E.

1. When are two points on the surface of the earth said to be
on the same level? What instruments are used in levelling?

2. What is the effect of the curvature of the earth on the
apparent place of any object? Prove that two-thirds of the
#quare of the distance, in miles, is the amount, in feet, of the
correction for curvature.

3. What do you understand by refraction, and how do you

" * A transverse sarvey of Shooter's Hill accompanied this ques-
on.
t A map of the Lakes of Killarney accompanied this question.
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Nore.—A portion of the afternoon sitting will be devoted to the
examination, in the Practical Use and Adjustment of Instru-
ments, of such of the Candidates as there may not have been
time 80 to examine on the previous day.

INDIAN RAILWAY MATRRIALS.—The shipment of railway
materials and stores to British India appears to have com-
menced in 1853. 1In that year the value of this description of
shipments was 29,3637 ; in 1854, 34,113 in 1855, 20,8321 ;
in 1856, 347,233L.; in 1857, 950,967L ; in 1838, 989,552/ ; in
1859, 1,233,578L ; in 1860, 1,706,002 ; in 1861, 1,903,304/ ;
in 1862, 1,509,580L ; in 1863, 1,165,852L ; in 1864, 1,267,240L ;
and in 1865, 685,632L,

* A lithographed fleld-book accompanied this questi
t Reading of flood level at this poiut.

-| himself the comparative analysis I s

‘The measurements are given in feet. |

LOCAL TOPOGRAPHICAL INDICATOR.

AT the recent meeting of the British Association at D ,
Mr. J. V. N. Bazalgette read a paper, under the above title, on
an instrument invented by him for the pur of supplying
reliable topographical information. His local indicators should
be placed upon summits which are periodically visited by
tourists. The local indicator would consist of a circnlar table
of stone or metal engraved with radial lines pointinf in the
direction of any object of interest. Upon the line would be en-
graved the name of thn.object, its. distance from the point of
view, aud in the case of mountains, their correct height above
tho sea. A table of three feet in diametor would be sufficiently
large to embrace a district of thirty miles in radius, which would

nerally be found sufficient. To facilitate reference, concentric

ines representing distances of five miles would be engraved
upon the table, within which circles the names of places at such
distances would "appear. Upon an outer circle the names,
directions, and distances of large cities, cathedrals, dockyards,
headlands, and other objects of interest, beyond the thirty-mile
circle would be shown. In the centre of the table may be placed a
telescope, with an indicating hand,arranged o that on placing the
band in the direction of any object, the object itself, if within the
range of sight, would be brought within the field of the telescope.
The table would be removable, unless in cases where it might bo
deemed advisable to cover in the table with a light ornamental
building, which would also serve as a shelter for visitors.
Arrangements are now being made by the author for the erection
of a local indicator with a telescolgzaand light ornamental shelter
upon the summit of the Malvern Beacon Hill, in Worcestershire.
A smaller and less complicated form of indicator would be
found useful in open places in large towns—the direction and
distances to churches, railway stations, theatres, &ec., bein
given. The tops of letter pillar-boxes being provided with suci
information would assist strangers, and even residents, as to
distances and cab fares. .

a

THE WATERWITCH, VIPER, AND VIXEN.
‘ To THE EDITOR OF ENGINEERING.

Sir,—Your correspondent, “ W. B.,” declines to make for
sted to him between
the performance of the Waterwitch and that of the single-screw
frigate, the Royal Alfred. I shall be hapry to send him the
heads of it, if he would like to see the result it leads to, though
I promise him it will sadly derange the assumptious and reason-
ing of his last letter ; but it is a thankless task, albeit in the
cause of simple truth, to multiply arguments in support of the
atable conclusion I have already been constrained to arrive
at in various ways, that the useful effect obtained by the Water-
witch is only somewhere about 18 per cent. .

I would, however, now recommend to his notice another test,
direct instead of comparative, which, with sufficiently exact ex~
perimental data, will be conclusive, and place the matter beyond
the reach of farther argument.

Let him ascertain, upon accurate and reliable experimental
authority, the velocity of discharge at the mouth of the nozzles.
The weight of water SW) discharged per second will then be
known; and this, multiplied by the excess of the velocity of
discharge over that of the vessel, in feet per second, and divided
by 32.2, will give the vessel's resistance (R). Multiply R by
the vessel's rate, in feet per second, and divide by 550 ; the re-
sult is the horse power utilised. Lastly, divide this by the
gross or indicated engine power, and multiply by 100; the re-
sult is the useful effect per cent. for propulsion.

There is no room here for extraneous and irrelevant disquisi-
tion on the good or bad qualities of the vessel’s lines. The pro-
cess is simple, straightforward, and clear, and, what is ‘still
morelw the purpose, altogether independent of the shape of the
vessel.

This is the test I first applied (see The Engineer for Novem-
ber 9, 1866), and it is as infallible as the laws of motion can
make it. Not a shred of an argument, as far as I know, has
been or can be advanced against it. The only uncertainty, from
first to last, has been about the actual velocity of discharge.
Again and again I have urged the importance of ascertaining
this element authoritatively from experiment; and I am not
without hope that 1t may yet be satisfactorily settled at some
future trial. Only one effort that I am aware of has been made
in this direction, and it gave a result obviously too low, and
against the efficiency of the vessel. :

‘The almost querulpus complaint, conveyed in the form of an
interrogation in the last paragraph of “W. B.’s” letter, is not
merited at least by me. I believe in the many very great ad-
vantages of hydraulic propulsion; and no one would rejuice
more than myself to see it practically utilised, howsoever and by
wi ;but I t blind my eyes to the results so far
accomplished with the Waterwitch.

If *W. B.” can propose any method of effectually serving
the cause of hydraulic propulsion other than that of * starting
from the point that the new propeller gives out something more
than 50 per cent. of the power employed,” which no sane person
could think of doing, I will gladly take it up, and do all 1 can to
promote it by hearty co-operation. The moderate iimit I have
contended for, as attainable only under the most favonrable con-
ditions, is 45 per cent., much better than the worst examples of
the screw, but worse than the best.

‘The whole question of the efficiency of screw-propulsion, with
ita_apparent anomalies (for they are only apparent), under
different forms of application and for different forms of vessel, is
too wide and important to be dealt with in & shorf letter. Itis
intimately bound up with the true theory of resistances, which
I hope shortly to enter into fully.. For the present it is enough
to say that in the worst examples of vessel,#s the Viper and
Vixen, it gives an apparent efficiency little better than that of
the Waterwitch ; in better examples, as the Plover, an efficiency
nearly double; in the best, as the Royal Alfred, probably some.
thing like threefold.

J. A. L. AIrEY.

8, Residentiary Houses, St. Paul's, London,
September 9, 1867.




H

- Sepr. 20, 1867.]

AN

ENGINEERING.

249

ON THE BIRMINGHAM WIRE GAUGE.*
By MR. LATIMER CLARK.

TrE Birmingham wire gauge is a scale of numbers
extensively employed, both in this country and abroad,
to designate a set of arbitrary sizes of wire varying
from about half an inch down to the smallest sizes
usually drawn.

The origin of this system and the date when it was
introduced appear to be unknown, and as there is no
authorised standard in existence, it happens that a great
number of gauges have come into extensive practical
use under the common name of the Birmingham wire

' gauge, but which differ from each other to a most

serious extent. :

A table is subjoined containing the sizes in decimal
parts of an inch of twelve different wire gauges collected
from various sources, and it is probable that many
others might be found. The difference in weight of
wires of the same denomination, according to different
tables, amounts frequently to 10, 15, and even to 20
per cent. and upwards, and this among gauges which
are in extensive daily use. The author has, in fact,
recently been concerned in a contract in which the
choice of one or other of two so-called Birmingham wire
gauges, in equally common use and of equal authen-
ticity, would make a difference of more than 8000Z to
the contractor.

‘This discrepancy of gauge has not escaped the atten-
tion of practical men. In 1857, Mr. Joseph Whitworth,
at a meeting of the Institution of Mechanical Engineers
of Manchester, proposed the adoption of a wire gauge
in which the number of each size corresponded to its

j in thousandths of an inch; for example, a

» Paper read before the British Association at Dundee.

wire .095 inch in diameter would be called No. 95, and
80 on.

In 1858, Mr. James Cocker, of Liverpool, proposed to
introduce a new Birmingham wire-gauge, closely ap-
proximating to the gauges in ordinary use, but with
some of the more glaring irregularities smoothed over,
80 a8 to render the gauge more regular in its gradations;

measuring the sizes of wire in thousandths of an inch,
which bears his name, and which has proved a at
convenience to practical men; he also employed the
word “mil,” as signifying the thousandth part of an
inch, an innovation which has been also found of ex-
treme convenience in practice.

Before making any suggestions for obviating the in-
convenience arising from the great confusion among the
gauges in common use, I would remark that I agree
with others in entirely approving of the system of
measurement in decimal tions of an inch, and I
employ this system in my own practice; there is, how-
ever, 80 much practi convenience in the use of a
limited number of gauges, which become familiarised
to the memory and to the eye, and the system is in such
universal adoption throughout the world, that I see no
hope or prospect of its abolition.

Under these circumstances it would appear desirable
tobring into use one standard wire-gauge, approximating
as closely as possible to the present wire-gauges, and
sufficiently so to render it possible to make the present
numbers still available, but formed on & systematic plan,
and introduced with sufficient authority to ensure its
universal reception.

I am of opinion that if the British Association would
appoint a committee to investigate and report upon the
subject, and were to issue & gauge under their anthority,
and bearing the title of the ¢ British Association Gauge,”

he also introduced a very convenient instrument for’

or ¢ British Gauge,” that they would confer a great boon
on the commercial community, and that the gauge re-
commended by them would soon obtain universal
adoption.

T have been unable to ascertain which of the gauges
given in the subjoined Table is entitled to the greatest
authority, but I am inclined to attribute greater weight
to that given in page 1013 of Mr. Holtzapffel's book on
turning, both on account of his known accuracy and
the early date at which his measurements were made.

I have investigated some of the gauges with a view
to discover the basis on which they were originally
formed. The irregularities in gradation are very great,
but when plotted they gave a curve approximating to a
logarithmic curve, such as would be formed by the
constant addition of 10 or 12 per cent. to the diameter
of each preceding size.

Upon the whole, I am inclined to think it probable
that the original gauge was formed by taking as its
basis |No. 16 bell-wire, having a diameter of 4 of an
inch, and that each succeeding size up to No. 1 was
formed by successive additions of 25 per cent. to the
weight, this would be equivalent to successive incre-
ments of 11.8 per cent. to the diameters, and would give
a logarithmic curve, which can be extended indefinitely
in either direction.

I subjoin a column showing the diameters and sec-
tional areas of wires of the various sizes formed on this
basis—that is to say, by coustant increments of 25 per
cent. in sectional area or weight, and it will be found to
approximate 8o ¢losely to the Birmingham wire-gauges
at present in use, that it might be substituted for them
without much inconvenience, and I feel confident that
if such a gauge were issued under the name and sanction
of the British Association it would speedily obtain
universal adoption.

TABLE SHOWING SOME OF THE VARIATIONS EXISTING IN THE WIRE GAUGE, AS GIVEN BY DIFFERENT AUTHORITIES.
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FrancH RAILwAYs.—It appears that between July 1, 1866, | AMERIOAN STEAM SHIPPING.—The American ‘company | vention of /15,0004, to carry correspondence to Honolulu

and June 30, 1867, new railways were brought into operation in
France to the extent of 6584 miles. The increase in the
average distance worked in the year ending June 30, 1867, was
591 miles, as compared twith the immediaulr preceding
twelve months. The earnings of all the French lines in the
first six months of 1867 were 11,971,864L, showing an increase
l:} 566,322l., as compared with the corresponding six months

1866.

TurmY AND SAVONA RArLwAY.—It is reported that the
works of this line will shortly be resumed. This result is
attributed to an arrangement concluded between the company
and the Upper Italy Railway Company.

known as the Pacific Mail Company, in obtaining a con-
tract from the Federal Government for the establishment of a
line of steamers between San Francisco, Japan, and China,
engaged to cause its steamers to stop monthly at Honolulu, so
a8 to establish a regular communication between California and
the Sandwich Islands. The Pacific Mail Company, however,
on the plea that this arrangement diverted its steamers too
much from their route for Japan, has obtained from the United
States Congrees a dispensation from its obligation; and a new
contract, approved by the American legislature, has been con-
cluded with the California, Oregon, and Mexican Steamship
Company, which engages, in consideration of an annual sub-

and to make twelve voyages annually to the Sandwich
Islands, during a period of ten years, dating from January 1,
1868.

ANOTHER STEAM LINE.—A new line of steamers has just
been inaugurated between Buenos Ayres, Montevideo, Rio de
Janeiro, Gibraltar, and Marseilles.

PuBLic Works in TurkEY.—There is a good deal of talk
Jjust now of public works in Turkey.—A concession of a railway
from Belgrade to Constantinople is under consideration, and the
construction of roads in Roumelia and Anatolia is also proposed.
A Franco-Belgian Company is said to be assured a contract
for docks at Constantinople.
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ON MACHINERY FOR THE PREPARING AND
SPINNING OF COTTON.*
By Mr. JonN PrAtT, of Oldham.
(Continued from page 222.)

Carding.—In the carding process the felted fleece de-
livered by the lap-machine of the scutcher, with its fibres
crossed in all directions, is combed out a great number of
times 80 a8 to straighten the fibres; and the light impurities
still adhering to it are taken out, such as short fibres and
bits of the moss-like covering of the seeds, which if
allowed to remain in the sliver produced by this operation
would give a roughness to the yarn. For making coarse
yarns one carding process only is employed; but for finer
yarns the fleece is first passed through a ‘“breaker ” carding
engine, which performs the first rough carding, and the
slivers delivered by this are then “doubled” by laying to-
gether a large number of slivers, side by side and over-
lapping one another, into a new fleece, 8o as to obtain suffi-
cient thickness and breadth of material to allow of a further
carding ; and the lap formed of this new fleece is then fed
into a second or * finisher ” carding engine. As many as
96 slivers from the breaker card, each drawn out of a
separate can, are laid together by the doubling machine
into a gingle fleece for the supply of the finisher, in order
that the mixing of the cottcn may be more thoroughly
effected, and more perfect uniformity ensured in the sliver
delivered by the finisher. For the finest qualities of yarn
the finisher card is itself used as a breaker, and the sliver
delivered by it is afterwards combed by a combing ma-
chine.

The roller and clearer carding machine employed at the
present time as a breaker card for performing the first
carding of the fleece is shown in section in Fig. 7, page 252;
and consists of a main carding cylinder, A, round which
are arranged a series of pairs of carding rollers or
‘“ workers,” B B, and clearing rollers or “strippers,” C C.
The surfaces of all these are covered with cards, and they
are made to revolve so close together as to allow the tips
of the card teeth just to clear one another. The cards are
a kind of wire brush with inclined teeth, as shown full
size in Fig. 9, and are made of staples, D, of fine steel or
iron wire, each about 3in. long and & in. wide, with a
side bend in the middle of their length. These are fixed
close together into a strip of webbing about 1} in. wide,
which is wound tight round the cylindrical rollers in a
continuous spiral, keeping the staples pressed home in the
cloth by the surface of the cylinder, so that they have an
elastic firmness which keeps their points up to the work.

The working width of the machine is about 40 in. on the
card teeth, corresponding with the breadth of the fleece in
the lap, E, by which the carding engine is fed. The un-
lapping of the fleece is performed by the rollers, F, on
which the lap rests, and the fleece is then drawn forwards
under the feed roller, G, and delivered to the taker-in
roller, H, revolving in the direction of the arrow. At this
point the carding or combing action commences, the fleece
being held by the feed roller, G, travelling at the slow
speed of only about § ft. of surface per minute, while the
taker-in, H, runs much faster, at about 800 ft. per minute
surface speed ; and the carding teeth on the taker-in being
bent forwards in the direction of motion, the points of the
teeth strike down into the fleece held by the feed roller, and
comb out the fibres, while the impurities separated, fall to
the ground. The fibrous tufts of cotton are carried round
on the underside of the taker-in to the main carding cylin-
der, A, which revolves in the same surface direction with a
speed of about 1600 ft. per minute. The teeth of the card-
ing cylinder being bent forwards in the direction of motion
sweep off the cotton from the taker-in teeth inclined in the
same direction, but running at only half the speed, and
carry it forwards to the dirt roller, J, the teeth of which
face those of the carding cylinder, and travel with a very
slow motion of only about 16 ft. per minute. The dirt
roller thus assists in combing out the fibres, and holds in
the interstices of its wires any impurities that it receives
from the cotton, which are carried forwards and stripped
from it by a vibrating comb, so that they acccumulate in a
roll on the upper surface of the dirt roller, to be taken away
by hand at intervals.

The carding cylinder then carries the cotton forwards to
the several pairs of workers and strippers, one of which is
shown to a larger scale in Fig 8; and at each pair in suc-
cession the fibres undergo a further combing out and
straightening. The motion of the teeth of all these pairs
of rollers is in the same direction as that of the adjacent
teeth on the main carding cylinder, as shown by the arrows
in Fig. 8 but at a much lower speed; and the teeth of the
strippers, C, are inclined forwards in the direction of
motion, while those of the workers, B, are set the opposite
way, 80 as to present the points of the teeth facing those on
the carding cylinder, A. The cotton on the carding cylin-
der is therefore carried past the stripper, C, without being
caught by its teeth, and is caught upon the teeth of the
worker, B, running at only about 20 ft. per minute, so that
a combing action for straightening the fibres and dividing
the tufts of cotton is obtained by the access of speed in
the carding cylinder running at the high velocity of
1600 ft. per minute. All fibres failing to pass the worker,
B, are carried round upon its teeth to the stripper, C,
which runs at a surface speed of about 400 ft. per minute,
being thus intermediate in speed between the slow worker,
B, and the quick carding cylinder, A; the teeth of the

stripper therefore sweep off the cotton from the worker, and
are themselves stripped in the same way by the carding
cylinder running at the higher speed. After passing the six
pairs of workers and strippers, the fleece of straightened
fibres is taken off in a continuous sheet from the carding
cylinder, A, by the doffer, K, the teeth of which face those
of the cylinder and move in the same direction, but at a
much slower speed of only about 65 ft. per minute; the
fleece thus receives a further straightening and stretching
in quitting the carding cylinder, and is carried round on the
underside of the doffer to the vibrating comb, I, which
describes a short arc of 1} in. vertical motion, and is driven
by balanced cranks at about 800 double vibrations per
minute. This comb strips the fleece from the face of the
doffer in its down stroke and clears itself in rising ; and the
thin fleece, of the full width of the machine, 40 in., is then
gathered in by lateral guides to a width of 6 in., and finally
into a smooth bell-mouthed round funnel, L, having a hole
only 4 in. diameter, through which the contracted ribbon or
sliver is drawn by the two pairs of drawing rollers, M, the
second pair running one-half faster than the first, whence it
passes to the coiler, N, and can, O.

The coiler consists of a revolving plate, N, having an
eccentric aperture, through which the sliver is passed from
the pair of rollers, P, above the plate, so that it is delivered
into the can in circular coils. The can, O, however, is also
made to revolve with a slow motion in the opposite direc-
tion to the coiler, and the centre line of the coiler, N, is
eccentric to the axis of the can, whereby the sliver delivered
from the coiler describes a succession of hypocycloid curves
in the can, the circles of sliver being laid into the can so
that the outsides of the coils touch the inside of the can.
The sliver thus forms coils continually crossing one another,
80 that the can is filled up solid throughout, and when taken
to the doubling-frame, the coils of sliver come out again
without adhering to one another.

The flat carding machine employed at the present time as
a finisher card for performing the second carding operation,
is shown in Fig. 10, page 253 ; and consists of a main card-
ing cylinder, A, as in the breaker card ; but the pairs of
workers and strippers employed in the first carding are here
replaced by a series of flat cards, D D, connected together
by links, 80 as to form an endless travelling lattice. The
lap, E, formed of a number of slivers from the breaker card
laid together into a fleece by the doubling-machine, is sup-
plied to the carding cylinder, A, by the feed-roller, G, and
taker-in, H, in the same way as in the breaker-card ; and
the carding cylinder, A, is driven at the same speed of about
1600 ft. of surface per minute. A single worker, B, called
the fancy roller, with a stripper, C, is placed immediately
beyond the taker-in, H., running in the same direction as
the adjacent surface of the carding cylinder, A ; but in this
case the teeth of the fancy roller, B, are bent forwards in
the direction of motion, and it therefore requires to be driven
at a higher velocity than the carding cylinder, and has
accordingly a surface speed of 2000 ft. per minute. It thus
seizes the cotton from off the teeth of the main carding
cylinder, A, and throws it against the teeth of the stripper,
C, facing those of the fancy roller ; and the fibres having
thus been subjected to a preliminary carding are again
swept off the teeth of the stripper, moving at only 400 ft.
per minute, by the higher speed of the main carding cylin-
der, A.

The cotton is then carried forwards by the carding cylin-
der to the series of flat cards, D D, Fig. 12, page 253, which
are made of cast-iron bars faced with card teeth, as shown
to a larger scale in Figs. 14 and 15 ; these extend the entire
width of the machine, and rest at each end upon a circular
guide on the top of the side frames of the machine, which is
concentric with the main carding cylinder, A, so that the
teeth of the flats are kept in close proximity to the teeth of
the carding cylinder during the whole of their forward
traverse. The teeth of the flats, D, are set to face those of
the carding cylinder, A, and travel forwards in the same
direction as the surface of the cylinder, but at a very slow
rate of only 1in. per minute ; and the cotton thus under-
goes a very thorough carding and straightening in passing
the twenty-one cards that are always in contact with the
top of the carding cylinder. The flats are arranged to work
at a slight inclination to the surface of the carding cylinder,
so that the delivering side of each flat is closer to the cylin-
der, and a wider space is left at the entering side between
the flat and the cylinder for the cotton to enter, as shown
half full size in Fig. 15. The angle thus formed is called
the bevil of the flat, and the correct adjustment of this in-
clination is a point of great importance and delicacy; the
bevil is obtained by cutting a bevil groove, Q, in each end
of the flat at the part where it is to rest upon the circular
guide on each side of the machine, as shown enlarged in
Figs. 14 and 15, where the dotted circle, X X, represents
the edge of the guide on which the flat travels, and the
dotted circle, Y Y, indicates the surface of the main carding
cylinder, A.

The endless lattice of flats, D D, is carried over the three
shafts, P P P, and on quitting the carding cylinder, A, each
flat in turn is stripped of any fibres or impurities adhering
to it by the vibrating comb, R, which describes an arc of
lin., and is driven at the rate of 40 double strokes per
minute by the cam, 8, Fig. 18. The flats are further
cleaned by the brush, T, shown in plan in Fig. 11, running
at a surface speed of 50 ft. per minute; and they are then
passed over a guide, U, which holds them up against an
emery wheel, V, running at the high speed of 550 ft. per

minute, and traversing across the machine along the length
of the flats, whereby the faces of all the cards are succes-
sively ground to a true surface whilst at work, and the
points of the wires ed. The same mode of grinding
is also employed for keeping true the surfaces of the carding
cylinder and doffer. The fleece of straightened fibres is
taken off in a continuous sheet from the carding cylinder
by the doffer, K, and vibrating comb, I, and is contracted
into a sliver and coiled down into the can, O, in the same
manner as previously described.

In Arkwright's improved form of the early carding
engine the upper portion of the carding cylinder was covered
over by a secries of bars of wood called “top flats,” the
underside of which was covered with card teeth facing the
teeth of the cylinder. These flats were stationary, held in
their places by pins fixed in the framing, and were ad-
justed to the required bevil by two set-screws at each end ;
and they were lifted off and stripped of their refuse by
hand cards at intervals. The stripping by hand labour,
however, was an unhealthy and disagreeable process; and
as bad work and spoiled cotton were the consequence when-
ever it was not done regularly and thoroughly, many ar-
rangements have been introduced from time to time for
stripping the flats mechanically. In this direction Messrs,
Buchanan, of Catrine, and Mr. Bodmer, of Manchester, led -
the way, although the machinery employed by them was
never generally adopted. Within the last few years, how-
ever, a much simpler mechanism for this work has been
introduced by Mr, Wellman, an American, the application
of which has received a great stimulus from the difficulty
of obtaining men to perform the stripping by hand; and it
is now extensively used. Metal flats were introduced by
Mr. Smith, of Deanston, and these were linked together in
the form of an endless lattice, which was made to travel
slowly forwards over the carding cylinder; and each flat
was adjusted to the proper bevil by two screws at each end,
which travelled over two circular guides concentric with the
carding cylinder. Another short flat guide at the back of
the flats brought them into contact with a stripping brush,
which was cleaned by a comb, and the comb teeth were
scraped clear by a tin knife, These flats were used in
several of the Scotch mills, but few of them were intro-
duced into Lancashire, The flat carding machine was
further improved by Mr. Evan Leigh, by cutting the bevil
on the ends of the flats, as shown at Q Q, Fig. 14, and
making the circular guides over which they travel ad-
justable for wear; at the same time a second face was
formed on the back of the flats, to work over the guides,
U, Fig. 12, which hold them up in the right position for
being ground by the emery wheel, V; and the vibrating
comb, R, was also added for stripping the flats before they
are finally cleaned by the brush, T, instead of the brush
alone being used for the purpose.

The finisher carding machine until recently was con-
structed without the taker-in roller, H, Fig. 10, the main
cylinder taking the fleece direct from the feeding roller, G.
This caused the fibres to clog the cards, and any impurities
passing the feed roller damaged the teeth of the main
cylinder, which was of serious importance on the large ex-
tent of surface of the. cylinder. By using the taker-in,
however, these evils are prevented, the fibres being deli-
vered to the carding cylinder in a more divided state, and
more equally distributed over its surface. Carding
machines are also sometimes made which are a combination
of the breaker and finisher card, having rollers and clearers
on the side of the cylinder next the feeder, and flats on the
side next the doffer.

The practical difficulty originally experienced with the
carding-engine consisted in getting the cards to work
sufficiently near to one another without occasionally coming
in contact, which destroyed the carding points. The
surfaces on which the cards were fixed were generally con-
structed of wood, and therefore varied with every change of
the atmosphere from the shrinking or swelling of the wood,
so that the faces of the cards had to be made true each
time by grinding down the points of the wires at the full
parts. Moreover the cylinders and rollers were not care-
fully constructed so as to run with a steady motion; and
the fixings for carrying the different journals were not
capable of a fine adjustment, nor were they steady after
being set. These defects are now overcome by using iron
instead of wood, and by the aid of machinery and tools
adapted for making all the parts accurately ; fine adjust~
ments are provided, and the adjustable portions are made
as firm when set as if fixed. These improvements cause
less grinding and stripping to be required, as the finer and
truer the points of the wires can be maintained, the clearer
the cards continue in working; and thus the carding-
engines have now been brought into their present successful
and extensive operation.

Drawing.—The slivers from the finisher card are next
taken to the drawing-frame, shown in section in Fig. 16,
page 253 ; which contains generally four pairs of drawing
rollers, A, each pair running faster than the preceding, and
the front pair running at six times the surface speed of the
back pair. Six slivers, B, in separate cans from the card-
ing-engine are fed up together to the back pair of drawing
rollers, being combined together by passing between two
guide ping, C; and after being laid together and drawn out
to six times the original length, the single sliver so pro-
duced is passed through a funnel to the pair of calender
rollers, D, by which it i3 delivered to the coiler, E, and
coiled down into the can, F, in the same manner as in the
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carding-machines. This combined sliver having been
doubled six times and drawn six times is the same weight
per foot as each of the original slivers fed up to the back
pair of rollers :and the object sought in the doubling and
drawing process is to equalise the distribution of the cotton
fibres, and produce slivers of more uniform strength and
texture by the combination. The process is repeated three
times in this machine, and the extent or combination or in-
termixture obtained in the ultimate slivers is therefore
represented by the cube of six or 216 times, in comparison
with each of the original slivers first supplied to the
machine.

In order to ensure the drawing rollers being always
supplied with the full numbers of six slivers, each of the
slivers fed up to the rollers is passed over a guide, G,
turning on a centre pin and nearly balanced, ro as to turm
with a slight pressure; and during the working of the
machine this guide is depressed by the weight of the sliver
into the position shown by the full lines, But in the event
of the sliver breaking or running out, the tail of the guide
being overweighted drops into the position shown by the
dotted lines, and catches the vibrating finger, J, which is
worked by an eccentric on the shaft, I, running at 70 revo-
lutions per minute. This shaft is driven at the end by a
small crown ratchet-clutch, held in gear by a spiral spring
behind, and driving by .the inclined faces; so that when-
ever the shaft, H, is stopped by the tail of a guide, G,
catching one of the vibrating fingers, J, and the ratchet is
consequently held stationed, the clutch is thrown out of the
ratchet hy the inclination of the teeth, and the end motion
thus produced releases a catch which holds the strap fork
of the machine ; the fork is then reversed by a spring
always acting upon it to throw off the strap from the fast
to the loose pulley, thus stopping the machine. After the
sliver run out has been renewed, or the broken sliver joined
up by the attendant, the machine is set in motion again by
moving the starting rod, I, which extends the whole length
of the drawing-frame.

The improvements made in the drawing-frame since its
introduction by Arkwright include amongst other details,
the construction of the roller supports so as to be easily set
and adjusted to the different distances required to suit the
different lengths of cotton fibre worked; the addition of the
self-acting stop motion for stopping the machine when any
one of the slivers breaks or run out; a simpler mode of sus-
pending the weights from the top rollers; and the use of
an endless travelling cloth over the surfaces of the top
rollers, as shown in Fig. 16, for cleaning off the waste or
“fly ™ from the rollers. The top rollers are also made with
dead spindles and loose bosses, the bosses being driven by
independent motions. In drawing frames used to prepare
slivers for the finer counts of yarn, an additional stop
apparatus is provided for stopping the machine whenever a
breakage of the sliver occurs between the front pair of
drawing rollers and the calender: rollers, D, Fig. 16, or
when the can, F, is full or a given length of sliver has been
delivered ; this stop action is worked from the same shaft,
H, as that employed for breakages of the supply slivers.

Slubbing, Intermediate, and Roving.—The slivers de-
livered from the drawing frame are conveyed to the slub-
bing frame, into which they are fed either single or double,
passing over a guide, like that in a drawing frame, to a set
of three pairs of drawing rollers; the last pair runs at five
times the speed of the first, so that the gliver is again in-
creased in length five times in passing through the rollers,
From the drawing rollers the sliver, now called * slubbing,”
pasees to a revolving flier carried upon a vertical spindle,
by which it is twisted and then wound upon a bobbin
revolving loose upon the same spindle. The flier runs at a
constant speed, while the bobbin is driven by means of a
differential motion at a speed varyving according to its
increasing diameter as the slubbing is wound on; and the
lifting movement, for raising and lowering the bobbin upon
the spindle s0 as to wind on the slubbing in regular coils,
is also worked by the same differential motion. The speed
of the flier is 500 revolutions per minute, and the slubbing
is delivered from the drawing rollers at the rate of 50 ft.
per winute, #so that the number of twists put into it in this
machine is 3 twist per inch of length.

The bobhins from the slubbing frame are next supplied
in pairs to the intermediate frame, in which the slubbings
are doubled by passing two of them together through a set
of three pairs of drawing rollers, and then twisting them
into one by means of a ftlier, and winding on a bobbin in
the same manner as in the slubbing machine.  In this pro-
cess, *“intermediate” between the slubbing and roving, the
amount of drawing produced by the rollers is 5 times ; and
14 twists are put into the double slubbing by the flier per
inch of length delivered from the rollers.

In the roving frame, shown in Fig. 17, page 253, the con-
tents of two bobbing, A A, from the intermediate frame are
again doubled, drawn, and twisted as before; and the
cotton, now called * roving,” is wound upon bobbins ready
for being finally spun into thread. The extent of drawing
in the three pairs of drawing rollers, B, is six times, and
the front pair runs at a surface speed of 29 ft. per minute;
the flier, C, is driven at 900 revolutions per minute, and
and thus puts 2§ twists per inch into the roving. The
bobbins, A A, supplying the cotton for the rovings are fitted
upon wood spindles called *skewers,” pointed at the lower
end where they rest upon their bearings, which are shallow
cups made of glazed earthenware; these are found very
durable, lasting for twenty years before requiring renewal,
but when brass or cast-iron bearings were previously tried

they were found to be worn through in as many months,
whilst the skewers made of lance wood were but little
worn. The spindles, D, carrying the fliers are driven by
skew-bevel wheels on the shafts, E, at the bottom of the
machine. The bobbins, F, are loose upon the spindles, and
are driven by skew-bevel wheels on the shafts, G, carried in
the bobbin lifter, H, which supports the bobbins and gives
them the vertical movement on the spindles, D, for winding
the roving in uniform coils from top to bottom of the
bobbins.

As the winding is effected by the difference of speed
between the bobbin and flier, both of which revolve in the
same direction, the speed of the bobbin may either exceed
that of the flier, or the converse ; and both plans are in use
in the present machines. When the bobbin runs in advance
of the flier, the speed of revolution of the bobbin has to be
gradually diminished as its diameter increases by each suc-
cessive layer of roving wound on; otherwise the delicate
roving would be irregularly stretched or broken by the
relatively increasing surface speed of the bobbin, as the
speed of the drawing rollers, B, and the flier, C, is required
to be constant in order that an equal amount of twist may
be put into the roving throughout its entire length. On
the other hand, when the bobbin follows the flier, its speed
of revolution has to be gradually increased as its diameter
increases by winding. In either case the verticgl recipro-
cating movement of the bobbin-lifter, H, has to be gra-
dually retarded, to allow a longer time for winding each
successive layer of roving upon the increasing cirenmference
of the bobbin ; and the length of the vertical motibn is also
diminished at each reciprocation, so as to give the required
conical form to the ends of the bobbin, which is effected by
means of a separate shortening motion.

The arrangement employed at the present time for
obtaining the differential speed of the bobbin and bobbin-
lifter in the slubbing, intermediate, and roving frames, is
Houldsworth’s ingenious and successful Differential Motion,
which was introduced in 1826, and is shown in Fig. 18,
page 253. It consists of three portions, the first of which
is driven at a constant speed, and drives the spindles and
fliers ; the second is driven from the first at a speed vary-
ing in proportion to the increase of diameter of the bobbins;
and the third portion, from which the bobbins and bobbin-
lifter are driven, receives a differential motion compounded
of the other two, and therefore also varying with the in-
creasing diameter in winding. The shaft, K, being driven
at a constant speed by the driving-strap over the pulley,
L, imparts a uniform speed to the spindles and fliers by the
pinion, M, which is fast upon the shaft. The pinion, N,
driving the bobbins and bobbin-lifter, runs loose upon the
shaft, and is driven through the differential bevil-gearing,
O, by the bevil-wheel, P, keyed upon the shaft, K. The
two bevil-wheels, O O, through which the differential motion
is obtained, are centred in the-disc-wheel, Q, running loose
upon the shaft, K. If the disc-wheel were held stationary,
the pinion, N, would be driven through the wheels, O O,
at the same speed as the wheel, P, but in the contrary
direction, and would, therefore, drive the bobbins at the
same speed as the spindles; but if the disc-wheel, Q, were
made to revolve upon the shaft, K, at half the speed of the
wheel, P, but in the contrary direction, the pinion, N,
driving the bobbins, would run at double the speed of the
wheel, P. If, therefore, the disc-wheel, Q, be driven at
an intermediate speed, and this speed be also made to vary
in proportion to the increasing diameter of the bobhins, the
pinion, N, will receive and impart to the bobbins and
bobbin-lifter a differential speed, which also will vary in
the ratio of the diameter of the bobbins. This object is
obtained by driving the disc-wheel, Q, through the pair of
regulating cones, R and S, which are parallel, but reversed
end for end in respect to each other; the first cone, R, is
driven at a constant speed direct from the shaft, K, and
drives the second cone, S, through the strap, T, which is
made to travel gradually from one end of the cones to the
other. Hence the disc-wheel, Q, which is driven by the
second cone, S, runs at a varying speed depending upon
the position of the strap upon the cones; and by making
the strap travel along the cones at a rate corresponding
with the increasing diameter of the bobbins, the speed of
revolution of the bobbins is accurately proportioned to their
diameter, so as to give the required uniformity in surface
speed throughout the winding. The travel of the strap, T,
in effected by a rack motion, I, and ratchet-wheel, J, Fig.
17, each vertical reciprocation of the bobbin-lifter releasing
the ratchet-wheel, J, onc todth, and allowing the strap to
be drawn forwards the corresponding distance along the
cones R and S, by the weight W, constantly acting upon
the strap-fork.

In the case shown in Fig. 18, it will be seen that
the speed of the first cone, R, is one-half that of the
driving-shaft, K; and the speed of the disc-wheel, Q,
is one-fifth that of the second cone, 8, and its rota-
tion is in the contrary direction to the driving-shaft,
K. The diameters of the cones being 6in. at the large
ends, and 3}in. at the small ends, when the strap is
at the end, U, as shown by the dotted lines, the ratio of
speed of the disc-wheel, Q, to the driving-shaft, K, is
3 x gi; X }==4§ nearly; that is the disc-wheel makes one
revolution for every six of the driving-shaft, and in the
contrary direction; and therefore the bobbin-pinion, N,
makes 8 revolutions for every 6 of the flier-pinion, M.
Similarly when the strap is at the end, V, of the cones, the
ratio of speed of the disc-wheel to the driving-shaft, K, 1s

i x g X 3=+ nearly; that is, the disc-wheel makes
1 revolution for every 16 of the driving-shaft, and in the
contrary direction; and therefore the bobbin-pinion, N,
makes 18 revolutions for every 16 of the flier-pinion, M.
Hence the ratio of speed of the bobbin-pinion to the flier-
pinion, is 32 to 24 in the first case, and 27 to 24 in the
second; and the total reduction of speed of the bobbins,
whilst the strap travels along the entire 30 in. length of the
cones is 5-32nds, or 16 per cent. of their original speed,
which is the range of variation reyuired to allow for the
increasing diameter of the bobbins in winding.

The differential motion affords the means of obtaining
this delicacy of adjustment with a compact and easily
worked apparatus; and by virtually magnifying the range
of varfation required avoids the use of cones with too
small a taper for geod working. The arrangement shown
in Fig. 18 is for the case of the bobbin running in advance
of the flier, when the speed of the bobbin has to be reduced
a9 its diameter incrpases in winding ; and the action of the
differential motion ts exactly similar in the converse case of
the bobbin following the flier, the only difference being that
the disc wheel, Q, must then be made to rotate in the same
direction as the driving shaft, K, instead of in the contrary
direction. As the advance of the driving strap, T, along
the cones is a uniform amount at each reciprocation of the
hobbin-lifter, the driving cone, R, requires to be shaped
with a concave outline,and the driven cone, S, with a corre-
sponding convex outline ; since the absolute increase made in
the diameter of the bobbin by each successive layer of roving
bears a continually diminishing ratio to the increasing
diameter of the bobbin, requiring the variation of speed there-
fore to be effected also in a continually diminishing ratio.

Arkwright's can frame was the first machine invented of
the class now comprising the slubbing, intermediate, and
roving frames above described ; it consisted of a row of
revolving cans, into which the sliver was delivered from a
set of drawing rollers similar to those used in the drawing
frame. The cans were driven by bands passing round
pulleys at the bottom, and the top of each can was con-
tracted into a tubular neck, forming a bearing, which ran
in a bush in the framing of the machine, and through
which the sliver from the drawing rollers was delivered into
the can in irregular coils. There were three or four pairs
of drawing rollers in this can-frame, and two of the slivers
from the drawing-frame being fed into the rollers were
doubled and drawn into one of about eight times the
original length, which was delivered into the can; and
when the can was full the sliver or roving was taken out,
and wound upon bobbins by a separate winding machine.
As the sliver was merely delivered into the can of the can-
frame through the central orifice at the top, it did not re-
ceive any regular coiling into the can, and the amount of
twist imparted to it was therefore irregular ; the can made
about 100 revolutions per minute, and the sliver being de-
livered from the rollers at about 16 ft. per minute, the
average twist amounted to only about § turn per inch of
roving. Hence the delicate roving was liable to be injured
in being conveyed to the winding machiné.

The next step in improvement was made by substituting
spindles, fliers, and bobbins, in place of the cans in the
can-frame ; and the spindles and fliers being driven at a
constant speed, the differential motion was applied for
driving the bobbins and bobbin-lifter at the varying speed
required by the increasing diameter of the bobbins. The
differential speed was obtained by means of a cone-drum,
or friction pulleys, or an expanding drum, which were made
to slide endways upon the shaft driving the bobbins, the
distance of sliding being regulated by a ratchet-toothed
rack with a paul working into it; the teeth of the rack
were cut to suit the fineness of the roving to be wound, and
hence any change in the size of roving made for different
counts of yarn necessitated a change of rack., This was
found very inconvenient, and was at length obviated by
the introduction of Houldsworth'’s differential motion already
described, which requires only a single rack and pinion of
uniform pitch, with ratchet wheels of varied pitches for
giving motion to the rack-pinion; so that for a changein
the fineness of the roving it is only necessary to change the
ratchet wheel, which is readily effected and is much more
convenient than having to change the rack. When this
form of the differential motion was first applied, one cone
drum only was used, with counter pulleys, and a weighted
pulley for keeping the strap tight; but latterly the two
cone drums shown in Fig. 18 have been used instead, made
with corresponding concave and convex surfaces so that
the strap continues equally tight in all positions,

Spinning.—The final operation of spinning into threads
the rovings delivered from the roving frame has been the
subject of so great an exercise of inventive abilities, and has
undergone so many practical improvements in detail down
to the present time, that it is impossible to do more in the
present paper than notice briefly the more important steps
which have led to the rematkable perfection attained in thae
self-acting mules now employed for this purpose.

In the practical working of Arkwright’s spinning-machine
and Hargreaves’ spinning-jenny, Figs. 1 and 2, page 220, it
was found that the rovings and threads produced were both
coarse and uneven, only fit for the manufacture of quiltings,
and poorly adapted even for that purpose. A great im-
provement in this respect was effected in 1779 by Samuel
Crompton’s spinning-machine or * mule,” which was a com-
bination of Paul's or Arkwright's spinning-machine and
(Continued on page 264).
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Hargreaves' jenny, combining the drawing roller arrange-
ment in the former with a modification of the sliding cross-
bar and spinning spindles in the later. In this machine
the spindles were placed in a movable carriage, which had
a stretch or run of about 54 in., and the rovings delivered
from the drawing rollers in a soft state were further drawn
by the spinner in pulling the carriage backwards from the
rollers, and completely twisted by the receding spindles,
ready for being wound upon the spindles during the run-in
or return traverse of the carriage and spindles. In the
spinning-jenny each successive lengths of the rovings
was held by the clasp on the sliding crossbar, and the
stretching of the rovings was done entlrely by drawing
back the crossbar by hand from the spindles ; and in Ark-
wright's machine the stretching was performed entirely by
the rollers; butin Crompton’s mule the stretching was ac-
complished partially by the drawing rollers, when the car-
riage and spindles began to recede from the roller beam,
and partially by the continued run-out of the carriage after
the rollers had been stopped. The rollers were stopped
when the carriage had receded nearly the length of its
run, and they then acted as a clasp to hold the threads
during the completion of the stretching and twisting. ’

Crompton’s first mule contained about thirty spindles;
and the threads spun by it were far superior in regu-
larity, strength, and fineness to any ever spun before.
They realised about double the prices obtained in 1743 for
the same counts of yarn spun by other machines, and must
therefore have been very superior in quality, having been
produced much more cheaply ; and, in order to show what
could be done with the mule, small quantities were spun as
fine as No. 80, which is such a quality of thread that 80
hanks of 840 yards each weigh together 11b. The adop-
tion of these mules extepded so rapidly that in 1811,
thirty-two years after the first was made, there were 600
mills containing 4,209,000 spindles working on this plan,
and only 810,500 spindles on Arkwright's plan, and
155,900 spindles on the spinning-jenny plan.

Many of the principal movements, however, in the work-
ing of Crompton’s mule still required to be performed by
hand by the spinner, the same as in the previous machines.
This was the case with the backing-off motion, and with
the working of the two faller wires, a second or counter-
faller having now been added underpeath the threads,
which was lifted for the purpose of taking up the slack in
the threads after the backing-off, the first faller being de-
pressed for guiding the threads upon the eops during the
winding. The speed of the spindles also required regulating
by hand during winding, so as to correspond with the in-
creasing diameter of the cops formed on the spindles, and
to suit the conical-shaped ends of the cops. Great skill
was therefore necessary on the part of the spinner, in order
to make the cops regular in shape, size, and hardness,
suitable for transport and for being uncoiled without waste.
To supersede this skilled labour and render the mule self-
acting was therefore the great aim in the subsequent im-
provements. )

In 1818 the entire operation of winding up the spun
threads into cops on the spindles was rendered altogether self-
acting by Mr. William Eaton. This involved both & self-act-
ing method of performing the backing-off, which has to be
done at the conclusion of the twisting of each stretch,
before the winding begins ; and also a self-acting arrange-
ment in connexion with the faller-wire, for guiding the
threads regularly upon the cops during the winding, aud a
self-acting contrivance for regulating the speed of the
spindles according to the increasing size of the cops.

The arrangemrnt of Eaton’s backing-off motion is shown
in Flgu. 19 and 20, page 220. The main shaft, or * rim-
shaft,” A, from which the driving motion of the spindles in
the travelling carriage is derived, is itself driven in the
forward direction during the twisting, and again during the
winding, by the driving.strap running on the fast-pulley,
B, as shown by the dotted lines in Fig. 20. The loose
pulley, C, communicates a slow motion through intermediate
pinions to the wheel, D, revolving loose upon the shaft, A,
but in the contrary direction ; and at the other end of the
shaft, A, is a corresponding wheel, E, fast upon the shaft.
The two toothed sectors, F F, are keyed upon a shaft, G,
which is carried in the rocking-frame, H; and the weight,
K, on the rocking-frame is constantly acting to draw the
sectors back out of gear with the wheels, D and E ; while
the sectors themselves are only partly counterbalanced by
the second weight, L, and are ready to fall down into gear
with the wheels as soon as the catch, I, by which they are
held up out of gear, is released. When the twisting of the
threads is completed, the driving-strap is shifted to the
loose pulley, C, and the forward motion remaining in the
shaft, A, is arrested by a friction-brake carrying a ratchet-
wheel, which is caught by a hook falling into gear at the
moment of reversing the strap. The pull upon this hook
extends a spiral spring, the recoil of which is made to re-
lease the catch, I; and the sectors, F, falling into gear
with the wheels, D and E, a backward motion is then com.
municated to the shaft, A, from the loose pulley, C, run-
ning forwards, whereby the spindles are made to turn back-
wards through the few revolutions necessary for backing
off the spiral coils of thread at the top of the spindles, pre-
paratory to winding. As the form of cop employed was a
simple cone, increasing in height at the same time as in
diameter (as shown in Fig. 21), the length of the spiral
coils that require backing off at the top of the spindles
becomes Jess with the increasing height of the cops on the

spindles, and the number of backward turns in the back-
ing-off has therefore to be gradually diminished as 'the cops
approach completion ; this is effected by an adjustible stop
underneath the sectors, F, which is gradually elevated in
proportion to the increasing height of the cops. This stop
is connected with a lever catching against a stud at the
lower extremity of the arm, H, of the rocking-frame; and
the downward movement of the sectors, F, wl'nle in gear
with the wheels, D and E, depresses the stop until at length
the arm, H, is liberated ; the weight, K, then mthgrawa
the sectors out of gear, whereby the backward motion of
the shaft, A, is stopped. By then shifting the driving-
strap to the fast-pulley, B, the shaft, A, is again driven in
the forward direction, and the threads previously spun are
wound up on the spindles as the carriage runs mward.x.
The pin, J, fixed upon the carriage, travelling inwards in
the direction of the arrow, now comes in contact vilth.the
tail of the lever, M, and lifts the sectors up again into
their highest position; in which they are retained as before
by the catch, L, at the other end of thelever, M ; and when
the run-in of the carriage is nearly completed, the same
pin, J, comes in contact with the tail of a second lever, N,

‘bearing against the extremity of the arm, H, of the rock-

ing-frame, whereby the sectors are thrown forwards again
in readiness for the next time of backing off.

Eaton's faller-motion is shown in Fig. 21, page 220, and
was almost identical with that in use at the present time,
the difference being that the faller-wire, A, was depressed
by a weight, B, instead of, as in the present mules, by a
chain passing round a pulley upon the faller-shaft, C The
direction of the run-in of the carriage, D, carrying _the
spindles and cops, E, is shown by the arrows; and daring
the run-out in the opposite direction the weight, B, is helg.i
up in the position shown by the catch, F, holding the tail
of the lever, G. This catch is withdrawn by the down-
ward movement of the sectors in the backing-off motion,
and the weight, B, then brings the front end of the lever,
G, down upon an arm on the front side of the faller-shaft,
C, depressing the faller-wire, A, upon the threads, H. The
roller, I, carried upon an arm on the back of the faller-
shaft, is thus brought up against the pin, J, fixed in the
parallel-motion bar, K, and is ‘locked” by the latch, L;
g0 that by the vertical movement of the bar, K, the faller-
wire, A, is raised and lowered during the winding of the
threads, for guiding them upon the cops from end to end.
The reciprocation of the bar, K, is obtained by its bottom
end resting upon the shaper fusee or long tapered cam,
M, which is driven by the pinion, N, from the toothed
wheel, O, travelling along a rack, P, fixed upon the floor.
As soon as the carriage has begun to run in, the weight, B,
is lifted off the faller and raised again to its original posi-
tion by the tail, R, of the lever coming in contact with a
fixed stop, S. When the carriage arrives at the end of its
run-in, the sliding-bolt, T, coming against a fixed stop,
pushes back the latch, L, and unlocks the roller, I; and a
balance-weight upon the back of the faller-shaft, C, raises
the faller-wire, A, clear off the threads into the extreme
position shown by the dotted lines. For regulating the
shape of the cop as its size increases, the shaper fusee, M,
is gradually traversed endways along its shaft, N, by the
rack and pinion, U, driven by a worm-wheel from the
ratchet, V, which is turned round one tooth at a time by
the lever, W, coming against a stop, X, fixed on the floor
at each end of the run of the carriage.

In 1825 further improvements were introduced by Mr.
Maurice de Jongh, the backing-off motion being driven by
a 'rack instead of by sectors; and with the backing-off was
combined the process of putting down the faller-wire to the
required part of the cops for the commencement of the wind-
ing. The working of the faller for guiding the threads
during winding was effected by an arm on the back of the
faller-shaft, carrying a roller, which travelled along a tem-
plate or * copping-rail” extending the whole length of the
stretch. The upper edge of this copping-rail was shaped
according to the form of cop required, and the entire rail
was gradually lowered by a regulating-screw at each end
as the cop was built up. The winding of the threads on
the cops was done by employing a slack strap or friction-
strap for driving the main shaft, or * rim-shaft” of the
mule during the run-in of the carriage; and this strap was
tightened by a weight and two friction-pulleys pressing
against it, the weight being adjusted so as to make the
strap drive or slip as required for keeping the threads in
proper tension.

It was also in 1825 that the late Mr. Richard Roberts’s
self-acting mule was first brought out, which, with the ad-
dition of further improvements subsequently introduced by
himself and others, is the form of self-acting mule almost
universally employed at the present time for spinning
cotton. In this mule the faller-wire was for the first time
put down by the agency of the ‘rim-shaft,” or main
driving-shaft of the machine, during the time that the shaft
is turning the reverse way for backing off.

The arrangement of faller-wire motion as employed in
the present spinning-mules is shown in Figs. 22 to 25,
pages 220 and 256. A is the top-faller arm, which is made
of the sickle shape shown in the drawing for the purpose
of enabling it to put down the faller-wire to the bottom of
the cops, J, without the arm itself being required to pass
down between the cops, so as to save room in the length of
the mule. On the front of the faller-shaft, I, is keyed
the sector, C, and a chain, D, attached to the sector passes
round the pulley, E, to a snail, F, upon the shaft of the tin
roller, which is a long hollow cylinder made of tin, and

driving by separate cords the whole row of spindles, T.
The snail, F, is geared to the tin roller by a ratchet-clntcl.:,
with the teeth set so as to engage only when the tin
roller is driven the reverse way for backing off, as
shown by the arrow in Fig. 23. - Whilst the tin xo!.let
is running forwards during the spinning, and again during
the winding, in the direction shown by the arrow in Fig.
22, the snail, F, is not in action; but as soon as the
carriage, @, of the mule has run out to the end of the stretch,
as shown in Fig. 23, the tin roller is turned through
part of a revolution in the reverse direction, as indicated by
the arrow, sufficiently for unwinding the coils in backing
off ; and the snail, F, then comes into action and winds up
the chain, D, thereby bringing the top-faller wire, A, down
upon the threads, W, and depressing them towards the
bottom of the cops. On the back of the faller shaft, I, is
fixed the curved arm, B, against which bears the vertical
locking bar, H; and when the arm, B, is lifted by the de-
pression of the faller, A, its extremity is caught by the re-
cess in the bar, H, which is thrown forwards by the bell-
crank lever, K, as shown in Fig. 24 ; the tail of this lever
having been brought, by the run-out of the carriage, G,
under the corresponding bell-crank, L, fixed in the end
frame of the mule, has previously extended the sgiral
spring attached to the bell-crank, L, Fig. 23, the recoil of
which throws the locking bar, H, forwards as soon as th'e
arm, B, is sufficiently raised, Fig. 24. The pulley, E, is
carried on a rocking lever, R, the tail of which presses
against the stop, S, in the end frame of the mule during the
time that the chain, D, is depressing the faller, Fig. 23;
but at the moment when the locking bar, H, is thrown for-
wards to lock the faller arm, B, the stop, S, is lowered, as
shown in Fig. 24, clear of the tail of the lever, R, allowing
the pulley, E, to yield to the further pull of the chain, D,
until the reverse motion of the tin roller in backing off is
stopped ; by this means the snail, F, Fig. 28, is prevented
from depressing the faller wire, A, beyond the required,
distance down the height of the cop.

The faller being thus locked, the carriage, G, begins to
run in in the opposite direction to that indicated by the
arrows in Fig. 22; and while the spindles wind up the
threads on the cops, the faller-wire is gradually allowed to
rise by the locking-bar, H, running down the inclined
copping rail, M, the curved arm, B, being kept constantly
pressed home in the notch of the locking-bar by a counter-
balance weight or spring acting on the back of the faller
shaft, I, to raise the faller, A. The length of the stretch or
run-in of the carriage, G, is 63iun., which is therefore
the length of thread to be wound upon the cop, J, at each
time of winding; and this whole length of 63 in. of spun
thread in each stretch is wound upon the cop during each
stroke of the faller-wire. The mode of building up the cop
in successive stages is shown half full size in Fig. 26, page
256 ; and in order to allowifor the increasing diameter of the
cop, the successive layers of thread are wound upon it in
more open coils as the size increases, as indicated by the
dotted lines, which is effected by gradually increasing the
range of the faller wire ; at the same time the ends of the
cop are made' of the conical form shown in the drawing.
The length of range or “chase” of the faller wire at the
commencement of the cop upon the bare spindles is only
from A to B; but this is gradually increased until the cop
has attained its full diameter, C C, when the length of
range is from C to D; after which the range is slightly
diminished again to the length, EF, in finishing the cop.
For the purpose of obtaining the requisite motion of the
faller wire for giving these successive shapes to the cop
during the winding, the extremities of the copping rail, M,
Fig. 22, are supported on the two aliding wedges, N and O,
which are kept at an invariable distance apart by a con-
necting-rod. In commencing the winding of a set of cops
upon the bare spindles, as shown at A B, in Fig. 26, the cop-
ping rail is set at the top of the wedges, and is at its smallest
inclination ; and after each successive layer has been wound
on, the two wedges are slided from under the rail by a tra-
versing screw worked by a ratchet-wheel, which is advanced
one or more teeth during each run-out of the carriage, G,
Fig. 22, By this means the copping-rail, M, is gradually
lowered at both ends, and at the same time its inclination
is increased by the outer wedge, N, being made with a rather
smaller angle at the top than the iiner wedge, O, for the
purpose of forming the cop with a more gradual taper at
the top than at the bottom, as shown in Fig. 26. This in-
crease of inclination continues until the cop has attained its
full diameter, C C, and has assumed the shape, ACD;
after which the inclination slightly decreases again until the
cop is completed to the finished shape, A C EF, by the
latter part of the outer wedge, N, being made slightly
steeper than the corresponding portion of the inner wedge,
O, as shown in Fig. 22. The inner end of the copping rail
being the lowest, the winding of each stretch leaves off at
the top; and at the commencement of winding each stretch
the faller wire puts down the thread to the point at which
the winding of the new layer is to be started, about three
coils being wound on during the descent of the faller, as
indicated by the spiral dotted line from F to E, in Fig. 27,
and the remainder during the rise of the faller. When the
spindles arrive at the rollers, P, asshown in Fig. 25, having
wound up the 63 in. stretch of threads, the stop, U, pushed
back the locking bar, H, thereby releasing the faller, A,
which immediately rises clear of the threads, W.

The counter-faller wire is carried by the arm, V, from a
second shaft behind the top-faller shaft, I, and during the
winding it bears up constantly against the underside of the
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threads W, as shown in Figs. 28 and 24, with a slight
pressure from a counterbalance weight or spring acting on
the shaft, so as to ensure keeping the threads in proper
tension ; during the spinning the counter-faller is held up
just beneath the threads, but without touching them, as
shown in Fig. 22. The arm,V, of the counter-faller is curved
as shown in the drawing, 80 as to reach over the shaft, I, of
the top faller, and also to avoid passing down between the
cops; and the curved arm, B, on the back of the top-faller
shaft, I, is shaped 80 as to clear the shaft of the counter-
faller. The height of the counter-faller wire is employed as
a means of regulating the speed of the spindles in winding,
in the manner afterwards explained, 8o as to avoid the oc-
currence of any slack in the threads.

Roberts’ Backing-Off Motion as employed in the present
mules is shown in Fig. 28, page 256, which is a plan of the
main driving shaft or * rim shaft,” A, of the machine, carry-
ing the large “rim wheel,” Z, or double-grooved pulley
driving the whole of the mule spindles by the endless cords,
X X, Fig. 22, passing round the pulleys, Y Y. On the boss
of the loose pulley, B, is & pinion, C, which through a train
of intermediate wheels, D D, drives in the reverse direction
and at the required alower speed the spur wheel and friction
cone, E, also running loose upon the shaft, A, and sliding
longitudinally upon it. This friction cone engages in a cor-
responding hollow cone inside the fast pulley, F, and when
the driving strap is shifted from the fast pulley, F, to the
looee pulley, B, for the purpose of backing off, the friction
cone i8 also brought up against the fast pulley, thereby first
arresting by friction the forward motion of the driving
shaft, A, and then giving it the reverse motion for backing
off.

Roberts’ Winding Quadrant for regulating the winding
of the threads by diminishing the speed of the spindles in
proportion as the diameter of the cops increases, is shown in
Fig. 29, page 2566. This very ingenious contrivance has
never been superseded, and is employed in almost every self-
acting mule at the present day. The quadrant, A, taurns
npon & fixed centre, C, in the frame of the mule, and a
pinion, B, gears into it, which is driven by a band and
pulley receiving motion from the traverse of the carriage,
G, the arrows indicating the direction of motion during the
run-in of the carriage. The grooved arm, D, of the quad-
rant contains & double-threaded screw, by which the sliding
nut, E, is traversed outwards from the centre of motion, C,
towards the extremity of the arm, D. When the carriage
is at the outer end of its stretch, the arm, D, stands inclined
129 outwards from the vertical, as shown by the dotted
lines ; and during the run-in of the carriage it turns in-
wards through an arc of 90°. A chain, F, attached to the
nut, E, is coiled round a drum, H, inside the carriage, G,
and as the carriage recedes from the quadrant arm during
the run-in, the chain thus causes the drum to rotate, and
thereby drives the spindles, T, through the intervention of
the tin roller, I, geared to the drum, H. At the commence-
ment of a set of cops, the nut, E, is at the bottom of the
quadrant arm, D, nearest to the centre of motion, C, as shown
dotted, and the number of revolutions then given to the
drum, H, by the uncoiling of the chain during the run-in
of the carriage is nearly as many as if the end of the chain
at the nut were held stationary, and is sufficient to wind up
on the bare spindles the length of threads spun in ome
stretch.

As the cops increase in diameter from their original size,
A B, to their full diameter, CC, Fig. 26, the nut, E, is
gradually advanced outwards along the quadrant arm, D,
Fig. 29, so as to increase its arc of motion and thereby
diminish the number of revolutions of the drum, H, and the
speed of the spindles, T. This advance of the nut is obtained
from the counter-faller, V, bearing against the underside of
the threads, W, during the winding. The depression of the
counter-faller towards the lower part of the cop, J, brings
down the end of a governing lever upon a horizontal strap,
which passes round a pulley on the headstock of the mule
and round another on the centre shaft, C, of the quadrant ;
and on this shaft is a bevil pinion gearing into a second bevil
pinion on the end of the double-threaded traversing screw in
the arm, D; so that when the governing lever is depressed upon
the strap by the counter-faller, the forward motion of the
lever as the carriage runs in drags the strap along with it by
friction and turns the shaft, C, forwards, sliding the nut, E,
outwards towards the circumference of the quadrant. At the
moment when the backing-off motion has ceased and the car-
riage begins to run in for winding up the stretch of thread
spun, as shown in Fig. 24, the counter-faller wire, V, is at its
highest working position, compensating for the additional
length of thread that has been uncoiled from the top of the
spindle in backing-off after the spinning of the stretch was
completed. The nut, E, however, Fig. 29, is still at the same
distance from the centre, C, of the quadrant as it was at the
conclusion of winding the previous stretch ; and therefore as
the diameter of the cop is now greater by winding the new
layer of thread outside the previous one, the winding of the
new stretch commences rather too fast, and begins at once to
take up the length of thread given out in the backing-off.
The counter-faller, V, is thus depressed, and by means of
the governing lever slides the nut, E, further out from the
centre, C, until the speed of winding isjsufficiently diminished
to allow the counter-faller to rise again high enough for
lifting the governing lever off the strap. It will be seen
that, in consequence of the arm, D, describing the quadrant
of a circle, the horizontal motion of the nut, E, in the wind-
ing of each stretch is greatest at the commencement of the
winding and gradually diminishes as the carriage runs in;

and the effect of this is that the "speed of winding is gra-
dually increased towards the end of each stretch. By this
means the threads are wound uniformly upon the cops,
with an equal degree of tightness throughout.

The whole mule is driven by a strap 3% inches broad,
running over the fast pulley, F, Fig. 28, on the rim shaft,
A, and travelling at about 1670 ft. per minute, or about 19
miles per hour. The driving power required is about 1
indicated horse power per 230 spindles, or 4} horse power
for each mule containing 1000 spindles. The speed of the
endless cord, X, passing round the rim wheel, Z, Fig. 22, is
2640 ft. per minute, or about 30 miles per hour. The car-
riage of the mule makes 3 to 3} double journeys out and
home per minute, the length of stretch being 68 inches ;
but the velocity varies at different parts of the traverse, the
carriage being taken in by a pair of scrolls in the centre of
the machine, and drawn out by three spiral grooved pulleys
keyed upon a shaft running the entire length of the mule,
one pulley being in the middle of the shaft and one at each
end. The length of the carriage being upwards of 100 ft.,
a parallel motion is required for keeping the carriage
straight ; and thisis obtained by a horizontal traversing
pulley at each end of the carriage, traversing along fixed
cords and thereby made to revolve; and these two pulleys
being also coupled together by a crossed cord are compelled
to revolve at the same rate, and consequently cause each end
of the carriage to travel at the same rate. There are three
pairs of drawing rollers, P, Fig. 22, by which the rovings
are drawn about 8 times before being delivered for spinning.
The last pair of rollers delivers the rovings at a speed of
26 ft. per minute, until the carriage, G, has run out the
63 in. length of stretch, when the rollers are stopped, and
hold the threads fast during the winding up as the carriage
runs in again. The actual length of roving delivered by
the last pair of rollers for each stretch of 63 in. is about
61 in,

The spindles make about 1260 revolutions in twisting
each stretch of 63 in., thus putting about 20 twists per in.
into the threads; and the total time occupied is about
124 sec. In winding up the threads, as the total length to
be wound up remains constant, namely, 63 in., the number
of revolutions is diminished in each ive stretch, accor-
ding to the increasing size of the cop, from about 70 revolu-
tions at the commencement to 23 revolutions at the full
diameter of the cop, with cops of an average size winding
an average number of yarn, such as No. 82, which is such
a quality that 32 hanks of 840 yards each weigh together
11b.; the time of winding each stretch is about 34 sec.
The velocity of the spindles is about 390 revolutions per
minute in winding, and in twisting the speed ranges from
8000 down to 8000 for coarse work, a common average
being about 65600 to 7000 revolutions per minute. In
backing off the velocity of revolution is about 1-20th of
that in twisting. The direction of rotation of the spindles
is the same in twisting and in winding, and the thread is
wound on in a right-handed spiral when spinning twist, and
left-handed when spinning weft. Fig. 27, Plate 81,
shows full size the conical form of the top of the spindles
for the purpose of letting the thread slip off freely at each
revolution in twisting; and the two lines, G and H, show
show the extreme inclinations of the thread to the spindles
during the twisting. The larger angle shown by the dotted
line, G, when the spindles are nearest to the drawing rollers,
is about 145° ; and the smaller angle shown by the full line,
H, is about 105°, when the spindles are at the outer extre-
mity of the stretch. The spindles themselves are inclined
inwards towards the drawing rollers at an angle of about
129 from the vertical, as shown in the drawing.

In a mule invented by Mr. John Robertson in 1834, and
brought out with other improvements in 1839 by Mr,
Smith, of Deanston, the chief feature was the use of a
mangle wheel for performing the principal motions and
changes, including a method of increasing the amount of
twist put into the threads during the last few inches of
each stretch. The mule of Mr. James Potter also possesses
some features, which, although they have not been largely
adopted, have much merit in them. The carriage is moved
in and out by an arm travelling through half a revolution,
80 that the motion begins and ends slowly and is quickest
at the middle of the stretch. The winding on is effected
Ly an adjustable conical drum, the larger end of which is
of the proper size for winding upon the bare spindles,
and the smaller for the full cops ; the drum is traversed
longitudinally on its shaft by a screw of differential pitch,
to the nut of which is attached the winding chain that coils
on the drum; and the position of the chain on the drum is
changed rapidly at the commencement of a set of cops, and
more slowly as they fill up. This spiral cone drum was
subsequently replaced by a contracting spiral pulley, which
at full diameter drove the bare spindles, and gradually
contracted as the cops approached completion.

The number of spindles in the self-acting mules has been
gradually increased, until at the present time many mules
contain 1000 spindles each. One pair of these mules requires
the attendance of only one man and two boys, for cleaning
the machines, setting in the rovings, attaching the broken
threads, taking off the cops when full, and starting the ma-
chines, to work again. In spinning No. 82 yarn (in which
the weight of 32 hanks, each containing 840 yards, is
1 1b.), the production of the pair of mules per week of 60
hours is 45,000 hanks, or 21,477 miles, per week, weighing
1406 1b. The floor space occupied by one of the mules
containing 1000 spindles is about 116 feet by 10 feet, leav-

ing about 4 feet for passages at the ends of the mules in the

modern mills of 120 feet width. The cost of a modern cotton
mill for spinning No. 32 yarn, including building. machinery,
and accessories, steam-engine and shafting, with fire-proof
floors in the scutching ahd carding rooms, and timber floors
in the spinning rooms, averages 18s. per spindle ; and one
mill was built, during the cotton panic caused by the Ame-
rican war, for 15s. per spindle.

The progress made in cotton manufacture during the
last century is strikingly shown by the following comparison
between the following comparison between the years 1760
and 1860 :

1860.

1760.
Total value of cotton yarn produced 200,000  85,000.000..—425

times ter.
‘Weight of cotton imported . . 3,870,0001b. 1,083,000,0001b.—280
times greater.
Valuc of 11b. of No. 42 yarn. . .  10s. 11d. 11d. —12
imes cheaser.
n oom No.100 , . . 888. 2. 6d. — 15
times cheaper.

As an illustration of the present extent of the manufac-
ture, it may be mentioned in conclusion that the number of
spindles employed at the present time in the cotton ma-
nufacture of Great Britain exceeds 36 million ; and taking
them as spinning on the average No. 82 yarn, when each
spindle produces per week 224 hanks of 840 yards each,
there is a regular production from the whole, of 64 million
miles of yarn per day of 10 hours when in full work or a
length of thread equal to more than four times round the
earth every minute.

RESULTS OF EXPERIMENTS ON THE
RIGIDITY OF GLASS, BRASS, AND STEEL.*

By Dg. J. D. EVERETT. :

(Continued from page 236.)

THE experiments were conducted in the Natural Philosophy
Lecture Room. The box, F F, rested on the floor, the height of
mirrors above floor being 270 millims. The scale reflected by
them consisted of a large sheet of paper ruled in two directious
at right angles to each other with lines about a tenth of an inch
:E.rt, and was firmly fixed at the height of 4597 millims. from

e floor by stretching it on a board, and screwing this to two
joists whose primary office was the suppert of a cistern. The
ight, which was naturally good, was improved by using a con-
cave mirror to illuminate the scale, Two pes, not
shown in the plate, were clamped to & firm three-legged table,
their object—gfuau being abont 970 millims. above the floor.
They were in fixed positions, directed one towards each mirror,
and were as nearly vertical as was compatible with an unob-
structed view of the reflection of the scale. Their deviations
from two' vertical planes, one parallel and the other perpendi-
cular to the rod, were from ¥; to , in circular measure, They
were inverting achromatic, of 1§in. aperture and 10 in. focal
lo with cross wires in focus of eyepiece. A damper, cen-
sisting of a piece of thin card i Elfhtl; n?inst the end,
A, of the rod, was used on and after July 17th for the purpoee
of checking vibration.

The mode of observing for flexure was as follows:—The
mirrors having been adjusted so as to bring the central portion
of the scale into view in both tnleloope:&a pair of equal weights
were placed, one in the scale-pan, P, along with the counter-
poise, the other on the point, S, and readings were taken in both
telescopes. Then the weight at S was transferred to S,
and readings were 1gain taken. The difference of readings in
further telescope diminished by difference of readings in nearer
telescope is assumed to measure the effect, on the portion of
rod between the two mirrurs, of a bending couple whose arm is
the aistance between the two points, S, S, and whose power is
the force of gravity on the moveable weight.

The weight was then transferred first to T and then to T’, both
telescopes ieing read in each case. The differences were taken
in the same way as above, and the result is assumed to measure
the effect, on the same portion of the rod, of a twisting couple
whose power is the same as above, and whose arm is the dis-
tance between the points T, T.

The weight was then again transferred to S’ and S, then
again to T/ and T, and so on several times, both telescopes being
read in each position of the weight, and nu change being made
in any of the adjustments. The facility of thus passing from
observations of tlexure to those of torsion, aud vice versd, gives
the {weunr. form of apparatus a great superiority over that
employed the previous year.

ﬁ bas been observed that the arms of couple in fl-xure and
torsion are the distances SS’, I T” respectively, which, though
nearly equal, are not absolutely identical. This defect was
eusily remedied by turning the crosspiece through u right angle,
80 as to make S S change places with T T".

Another source of errur to be guarded against is want ot
perfect circularity in the rod operated upon. “L'h.s is completely
removed, if the deviation from ciicularity ve ~mall, by turnig
the rod itself through a right angle by means of tie pravuated
circle, H. This change has no effect on the torsivnal rigiatiy < and
its effect on the flexural rigidity i> such that the wean ficsure
in the two positions is the true mean for all positions, inasiuch
us the flexural rigidity in any position is proporaonat to ite
moment of ivertia of a section about a& borizontal dmwmeter
through its centre of gravity, and by 4 well-known theorem the
sum of the moments of inertia about two rectangular diameters
is constant.

For greater security the rod was turned into six different
positions, differing by 30° among themselves, so that the first
and fourth positions furnished one mean, the second and fifth
another, and the third and sixth another. In every one of the
six positions observations of both flexure and torsion were
taken; and the operation of turning the crosspiece through a
right angle so as to make the arms of couple for flexure and
torsion change places occurred between the third and fourth
positions.

* Paper read before the British Association at Dundee.
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LIGHTNING CONDUCTORS.

TerLEGRAPHIC wires often conduct lightning “into
the offices. This causes much damage to the appa-
ratus, and would not be without danger to the opera-
tors themselves, if lightning conductors were not
introduced, which, under ordinary circumstances,
carry off no portion of the current, but which diverge
the electricity of the lightning, and conduct it to

From some experiments of M. Guillemin’s in France,
the lightning conductor called “ & lame de papier” is
that which best preserves the officials and the apparatus
from the destructive effects of atmospheric clectricity.
The administration of electric telegraphs in France
adopts these for all offices without exception, and it is
also the cheapest form of any lightning conductor.

The paper lightning conductor is composed of two
plates of brass, with well planed surfaces of from 25
to 30 square centimetres, placed one over the other,
and separated by a sheet olP paper, one plate communi-
cating with the line and the other with the earth.
‘When a rather high tension is produced on the line,
sparks pass between the two plates, perforate the paper,
and the electricity of high tension passes to earth with
great facility.

Paper, however, is an hygrometrical substance;
when damp it camses a perceptible portion of ‘the
battery current, intended to work the instrument, to
pass to earth. It cven appears that the electrical
spark carbonises the -paper, when it passes between
the edges of the metallic plates. The carbon result-
ing from imperfect combustion would, if the fact be
well authenticated, have the inconvenience of putting
S hee beem pioposed to replaco the paper by a ver

t has been proposed to replace the paper by a ver:
thin sheet of ll:xic}:. Mica inI;ulntes be]:?gr; ity is no{
hygrometrical ; it cannot be carbonised, being a mineral;
and, lastly, its easy cleavage enables it to be obtained
as thin as a sheet of paper. '

The administration intend placing a certain number
of these lightning conductors with sheets of mica in
the localities most subject to lightning. Experience
will prove whether M. Guillemin’s modification will
give the good results expected.

On the 27th July a most violent thunder-storm
passed .over Valognes and the ‘environs, leaving
several traces of its passage. The fluid struck the
telegraph wires, shattered some poles on the coast of
Carteret, and on the railway ; several posts, which par-
tially conducted the fluid, were pierced and split, and
many insulators were pulverised. The lightning then
entered the office at Valognes, burnt all tie lightning
conductors, melting and volatilising some of them, and
striking amongst the different line wires surrounded
and struck the olork in charge to the earth, but with-
out hurting. him. . At St. Saviour’s a clock was dis-
placed by the electric fluid, thrown on a tablc and
shattered, the current leaving by a window, shattering
a square of glass. The station at Conville has also
suflered from an electrical discharge.

The above is from the Bulletin Hebdomadaire, of
the Association Scientifique de France, a very usefu
little publication. Lighining has committed much
damage in England this year, but as a rule we suffer
much less than our Continental neighbours. In fact,
except at cable ends, English telegraphic companies
rarely use lightning protectors. It is cousidered that
they introduce more-evils than they are supposed to
remedy, and their use is not cconomical. Scarcely one
Per cent. of the instruments employed arc damaged by

ightning, and the cost of protecting the 99 1s infi-
nitely greater than the repair of the one injured. - No
authenticated case has ever been adduced of 'an
operator being injured by lightning in England. "The
i1"a_lllof the operator at Valognes was probably due to
right.

he principal effect experienced is due to induction.
‘The approach of electrified clouds produces a separa-
tion of clectricities in the wires, ang their sudden dis-
charge produces equally sudden recombination of those
separated electricities which leads to powerful currents
that demaguetiscs and frequently reverses the ‘folarity
of the ncedles of the speaking-instruments, disturbs
the working of the Morse printers, and rings the belis
and deranges the signals of railway electric signalling
apparatus, in some cascs even signalling falsc signals,
and thereby incurring great danger. These powerfuf
currents arc sometimes seen flying about the face cf
the instruments as sparks, but, they rarely use the coils,
or effect damage. 'Lhis is almost invarlably the effect
of the dircct passage of lightning itself. ~Lightning
protectors afford no protection from these induced
currents, and thercfore they are found practically use-
less to prevent demagnetization. . The safest protector

is to place the instrument on short circuit during a

storm, and this is what every intellizent tclegraphist
does. Many instruments arc supplied with small com-
mutators to accomplish this readily and easily, by the
simple insertion of a plug in a hole. 1f the two ends
of the fine wire of the coil of an clectro-magnet or a
galvanometer be covered with a double layer of silk
and well saturated with paraffin, they may be twisted
together with great advantage. Currents of high
tension will fly across the thin bridge of silk and
fin rather than follow the long path of the coil.
any instruments liave been saved by this means, and
some electricians invariably adopt this plan in their
apparatus. Paper soaked in_paraffin, in place of M.
Guillemin’s mica, is an excellent contrivance, and is
much used between two plates. The French “para-
tonnerre,” as adopted by the administration, is very
simple and very cheap ; and if they were to use paraffin,
they would remedy the defects of the paper; but the
value of paraffin does not appear to have made itself
evident to our French friends yet. In Lngland we
use it to saturatc our imsulators, to improve the in-
sulation of our silk-covered wires, to form condensers,
to insulate the cells of tension batteries, and numerous
other purposes where insulation, cleanliness, and per-
fect action is required. Its value appears to be
dawning on the American mind, and the ne plus ultra
of insulation is supposed to be attained by their last
insulator, the Brooks’s, which is saturated with this
wonderful production.

The forms of lightning protectors are as numerous
as the elcctricians who use them, but perhaps the
most perfect form is the wacwum protector of Mr.
Varley. Platinum wires, onc atlached to the line, and
one to the earth, are scparately sealed in an exhausted

lass bulb. Rarificd air acts almost as a conductor to

igh-tension electricity. 1t does not interfere with
the working currents. When lightuing enters the
wire, it generally destroys the bulb of glass, but saves
the apparatus. The Electric Telegraph Company fix
them at the ends of all their cables, and according to
Mr. Culley they act perfectly. Several cases have
occurred of stations being set on fire by the lightning
fusing the gas pipes to which the wires are sometimes
attacEed for earth purposes, and thus lighting the
gas. Great care therefore is required to make use of
water-pipes in preference to gas-pipes for this pur-
pose. ‘

Franklin was the first to establish the identity of
the lightning of the heavens with the spark of the
machine. 'The production of electricity in either case
is due to the same cause. The motion of the particles
of the air, the friction of the clouds, the variations of
the temperature of the atmosphere, all lend a helping
hand to produce that separation of the two electrici-
ties, which in their subsequent union produce thunder
and lightning. Lightuing is of three kinds, forked,
sheet, and ball. Forked lightning is the spark that
accompanies the discharge of a charge-cloud either
into the earth or into another cloud. Sheet lightning
is the mere reflection of this discharge, which is fre-
quently very beautiful in summer on the sea-coast,

1 | lighting up the horizon with brilliant flashes of light—

the reflection of some distant storm. Ball lightning
is very rare, and more meteor-like than electrical. 1t
is thus aescribed by Ferguson:—* After a violent
“ explosion of lightning, a ball is seen to proceed from
“ the region of the explosion, and to make its way to
“ the earth in a curved line, like a bomb. When it
“ reaches the ground, it either splits up at once and
“ disappears, or it rebounds like an elastic ball several
“ times before doing so.”” It is said to last for scveral
seconds, and is not, like forked lightning, momentary.
It daes not appear to be electricity, but some
physical result of electric discharge. The atmosphere
1s always clectrical, whether cloudy or clear. In mist
the tension-is greater than in the bright sunshine.
‘T'he higher we ascend, the greater is the tension. It
is greatest in winter, least in summer, and yet durinf;
the latter period we chiefly suffer from storms, though
in the former we get aurore borealis. \We have much
to learn of its pathology vet, and glad we are to (ind
that the British Association and the Kew meteorolo-
gists maintain such a constant watch over its doings.
A very interesting paper was read, at Dundee, by
Professor Everett, of Glasgow, upon the indications of
Thomson’s self-registering electrometer at Kew, and
Windsor, North America, which electrometer is now
in use at many stations. There is a kind of tide in the
electricity of the atmosphere. It rises and falls, and
changes its naturc regularly and irregularly, and its
maxima and minima are indelibly imprinted by
Thomson’s beautiful apparatus. We shall probably,
in course of time, know more ahout it, but at present
‘we are very ignorant of the electricity of the atmo-
sphere,

MESSRS. PENN’S FACTORY.

Visit oF Tug Society oF ENGINEERS To THE WORKS AT
GREENWICH.

THERE are few engineering firms, if any, who have a more
widely spread reputation than Messrs. John Penn and Son. In
ironclads, in frigates, in large ocean and smaller river
steamers, the epgines constructed by them are at work in
all parts of the world, and the exceilence of their design
and beauty of their finish have done much to establish the
character for the highest cluss of ‘engineering workmanship
which this country possesses. Messrs. Penn's works at
Greenwich originated in a wheelwright's shop,- established
about fifty-five years ago Ly the father of the present John
Penn, who, we may remark here, is really the “ Son” in the
firm. This wheelwright's shop stood upon & piece of the ground
occupied by the present factory, but no part of it now remains,
the lust portion of the old works hsving been pulled down as
lately as five or six years ago to make room for new shops.
The present works at Greenwich stand upon seven acres of
land, and when in full swing give employment to about 1000
men. They are capable of turning out engines to the extent of
8090 nomiual horse powcr annuully. Besides their Greenwich
factory, Messrs. Penn have boiler works at Deptford Pier, these
occupying uabout two acres of ground, and giving employment
to 600 hands, when in full work.

On Friday last Messrs. Penn’s works were visited by a large
party of the members nnd associates of the Suciety of lingineers,
and In the absence of Mr. Denn, the visitors were received by Mr,
English, Mr. B. B. Knight, and Mr. B. Gridley, who conducted
them over the works und courteously afforded thetr all the re-
quired information.

The first department visited by the party was the large
building which forms the fitting, erecting, and heavy machine
shops. ~ This building has four buys, two of which are
devoted to the heavy tools, whilst in the others the fitting up
and erection of the engines is carried on. All the bays are pro-
vided with overhead traversing-cranes, one of these cranesin vne
of the bays being worked by a quick running baud, on the ex-
cellent system introduced by Mr. Ramsbottomn, aud now used at
many large works. At Messrs, Penn’s, however, the band or
cord, iustead of being made of cotton and being run at & speed of
5000 ft. per minute, as is the case at Crewe, is made of grained
hide, and is run at the much lower speed of 1500 ft. per minute,
the strain upon it being greater than upon that used by Mr.
Ramsbottom. Both the longitudinal and lateral traversin
motions, as well as the hoisting motions of the crane, are work
by the rope, and the details are very neatly arranged, the various
motions being thrown into and out of gear by means of hand-
ropes, which are lettered to correspond with directing arrows
painted on a board fixed to the uunderside of one of the crane-
girders. Thus, by pulling the rope lettired A, the crane is inade
to move in the direction of the arrow marked A, and so on.
Seven of the other travelling-cranes are about to be fitted up in
the same way as the one just mentioned.

On entering the gart of the building devated to the erection
of machinery, one of the first things noticed was a set of nearly
completed engines for driving twin screws. ‘Lhey are direct-
acting engines, the cylinders being placed horizontally next the
sides of the vessel, aud the condensers being situated between
the screw-shafts. The whole arrangement is very simiple, and
all the parts are thoroughly accessible. Near these engines
were some engines for twin-screw launches, these being exactly
similar to those which we illustrated und described on pages 22
and 23 of the second volume of this journal. These engines
consist each of two puirs of engines, bolted vertically, one puir
on each side of the firebox casing of a boiler of the ordivary
locomotive pattern, and they were much admired by the visitors
on Friduy, for the lightness and elegance of their cesign. The
cylinders are five inghes in diameter, with six inch stroke, and
tbe piston-rods, connecting rods, crank-shafts, and screw-shafts
are made of steel. The boilers, also, are made entirely of steel,
the material being very carefully chosen, us some of the plates
are flanged in a way which tests their quality severely.  The
boilers—which are “tested to 180 lb. per square inch—are
worked at from 60 lb. to 80 1b., and the engines are driven at
from 300 to 350 revolutions per minute, at which speed they
give out from 34 to 38 indicated horse power, an excellent
result, when it is considered that the total weight of the set of
engines, boiler, water, and achinery, including engige beams
and wood chocks, is only 8 tous 6 cwt. The engines drive four-
bladed screws 2 ft. 6 in. in diameter, with 4 ft. pitch, and the
speed obtained is from 74 to 74 knots, the lauuches to which
these engines are fitted being 42 ft. long, 11 ft. beam, and of very
bluff build. Messrs. Penn have now their tweuty-seventh
engine of the cluss we have described in hand.

Near the engiues for the twin-screw launches were man
details of the engines of 1000 horse power, nominal, for H.M.S.
Inconstant. These engines are, excepting those of the
Hercules, which are nearly completed, the largest at present
in hand at Messrs. Penn's. They are trunk engines, with
cylicders 112 jn. in diameter, with 4 ft. stroke, and are to be
titted with surfuce-condensers.

The most promiuent object, however, in this portion of the
works, was the engines of H.M.S. Hercules, which, as we
have already stated, are almost finished. Altbough rated at only
1200 Lorse power, nomiual, they have larger cylinders than any
engines previously made at Greenwich, the diameter being 127
in., and the stroke 4 ft. 6 in.; these dimensions being both
greater than the corrcsponding ones of the Warrior's en-
gines, although theso latter are rated at 50 bhorse higher
nominal power. The engines of the Hercules are similar in
their general design to the trunk engines usually constructed by
Messrs. enn; but there are some special points in their ar-
rangement which have been necessitated by the limited space
allowed for them in the vessel. It will not, however, be neces-
sary, that we should enter into detailed particulars of the
engines here, and we therefore need only remark that they
are in every respect & splendid specimen of workmanship, and
fully calculated 1o maintain the high character of the factory at
which they were constructed. It will be remembered by many
of vur readers that the crank-shaf: for these engines was made
vy the Mersey Steel and Iron Coinpany. It is the largest that
has yet been turned out, the forging weighing 34 tons 16 cwt.
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in the rough, a weight which was reduced to 304 tons by the
operations of tarning, shaping, &e. The weight of this shaft
will give our readers an idea of the massive character of the
whole work.

Not far from the engines of the Hercules were a pair of
tmpk-_engl_nes constructed for the Spanish Government ; but of
these it will bo unnecessary that we should speak further at
present, and we may therefore pass on to the machinery
which, as we have already mentioned, occupies two of the
bays of the shop we are describing. This machinery is all
driven hy a pair of *“ grasshopper” engines, each of 12 horse power,
nominal; these engines, which do their work exceedingly well,
being similar to two other pairs employed in other departments
of the works. The engines are fitted with a simple adjustable
cut-off, regulated by one of Porter’s governors.

One of the most conspicuous of the heavy tools is a fine ma-
chine for shaping heavy crank-shafts and turning the crank-

urnals.  This machine was designed by Mr. B. Gridley, who

charge of all the machinery at Messrs. Penn's ; and it was con-
structed at their own works. In some respects the machine
resembles the lathe for boring railway tyres, constructed by
Messrs. Greeuwood and Batley, which we illustrated and de-
scribed a few weeks ago (vide page 79 of the present volume);
but instead of the work revolving and being acted upon by
stationary tools, the work remains stationary, and the tools
themselves revolve. The machine at Messrs. Penn's consists
of & massive bed—somewhat of a T form in plun—on which
the heaviest crunk-shafts can be secured either transversely or
longitudinally.  This bed carries a large headstock in which
an aonular casting revolves, being driven by suitable gearing.
This casting, whicl is about 6 ft. in diameter inside, is furnished
with & pair of radial slides to which tool-holders are fitted,
these slides being arranged so that the tools can be set either
radially or parallel to the axis of the revolving casting. The
exterior of the revolving casting bas a V formed on it, one
side of this y fitting against a correspondingly shaped surface
on the inner side of the headstock, and the other side bearing
against a ring which can be adjusted to take up any loose-
ness caused by wear. The headstock has a self-acting, tra-
versing wotion along the bed-plate, in the direction of its axis,
and the tool-holders have also a feed motion on the radial slizes
of the revolving casting. ‘The manner in which a crank-shait is
finished by this machine is as follows:—The main body of the
sbaft is first turned in a lathe ig the ordinary way, this being
done to facilitate the setting of the work on the machine we have
been describing. In this machine the throws of the cranks are
planed or shaped, and the openings of the cranks cut out, the
crank journals or joius being also finished. For effecting the
first of those operations, the shaft is placed on the bed of the
machine transversely, so that one of the throws stands vertically
oppusite the headstock, the centre lino of theshaft being at
right angles to the centre line of the latter. This being done,
the tools carried by the revolving ring or casting plane the
surface of the throw by taking a series of circular cuts over it.

The cutting out of the cranks, and the finishing of the crank
pins is effected by placing the shatt through the hollow head-
stock, aud adjusting it so that its centre line is parallel with,
and on the same level as, the axis of the latter, and is distant
from it horizontally by the amount of the throw of the crank.
At the same time, the headstock is brought so that it surrounds
the crank to be cut, and the tools, carried I:iy the casting re.
volving within the headstock, are t{mu enabled both to cut the
:Kning in the crank, and, when this has been done, to finish

crank pin. One crank having been tinished in this way, the
work is shifted until the other crank is brought within the nead-
stock. It will thus be seen that the process of cutting out the
craoks and finishing the crank pin 1s just the reverse of turning,
the work remaining stationary, and the tools travelling round it.
When such heavy rasses as large marine-engine crank-shafts
have to be dealt with, it is much more convenient to treat them
in this way than to chuck them in a lathe; and in fact, in the
case of the largest shafis, it would be almost impossible to finish
them by the ordinary process ot turning. The consequence is,
that these *“hollow lathes,” as they are sometimes cuiled, are
being gradually introduced in most lurge marine-engine works,
particolarly on the Continent, where they are, probably, more
generally known than they are in this country.

To return to Messrs. enn’s, however, close to the machine
for finishing crank-shafts is a large vertical planing-machine,
which, like the crunk-machine, was designed by Mr. Gridley,
and constructed at Mesars. ’enn’s own works. In this machine
the tool-hiolder traverses on a vertical slide, which, in its turn,
moves horizontally on the main bed ; and the work to be planed
is placed by the side of the machine, and adjusted as required.
The extreme vertical traverse of the tool is 12 ft., and the hori-
zontal traverse of the tool-slide on the bed 15 ft., it being thus
possible to bring the tool to bear upon any point within s rect-
angle of these dimensions. ‘Ihe details of the machine are
very neatly and simply arranged. The reversal of the motion
of the tool-holder is effected by the use of plain and crossed
belts, the belt gear being worked by tappets cacried by the tool-
holder acting upon adjustable stops in the usual way; but in-
stead of these stups being fixed to the bar on which they are

laced, they merely bear against spiral springs attached to the

r, and the tool-holder thus continues to traverse for a short
distauce in each direction after the tappets strike the stops;
the bar by which the belts are shifted, not moving until the
spring against which the stop which is struck bears, is com-
pressed to some extent. ‘Thisarrangement gives a very decisive
movement to the belt gear, and at the same time does away
with much of the jur which takes place at the end of each
stroke of many planing-machines.

Amongst the other tools contained in the same shop as those
we bave noticed, are some five boring-machines for heavy work.
One of these was made by Whitworth, and another was designed
and constructed at Greenwich, In this latter machine, which is
capable ot boring cylinders of the largest size, the boriog-bar is
driven by a worin gearing into a large worm-wheel carried by
the bar.” In moulaing this worm-wheel, the teeth were cut out
of the loam by a revolving worm-cutter, and the result is that
the fit between the driving worm and wheel is practically per-
fect, and an extrenely steady motion is given to the boring-bar.
The sume system has been adopted in making the worm wheels
used in the foundry and other cranes, which we shall describe

presently. The boring-machine made by Messrs. Whitworth
and Co. has a lurge rectangular table, on which the work is
flnged, this table heing furnished with two boring-heads, the
voring-bars of which can be worked at right angles to each
other. The heads can be shifted into various positions, and the
arrangement is a very convenient one for heavy work. Thereis
another smaller boring-machine constructed on the same general
plan. The remainder of the tools in the heavy machine-shop
will not require special notice; but we may mention that, before
leaving this shop, the visitors were shown the screw-shaft of the
Hercules, and the boss of the screw for the same vessel. This
boss, which is of gun-metal, weighs 8 tons, its value being thus
worth—speaking roughly—ubout 800L

From the fitting and machine shops the visitors, last Friday,
wereJconducted to the foundry, a roomy building, L-shaped in
plan, and well fitted up with the necessary plant. The iron is

Ited in four polas, capable of running down 10 tons of
metal per Lour. Kach cupola has four tuyeres, each 7 in. in
diameter, and the pipes belonging to these are led down to the
nozzles from the loading stage—instead of up from the ground
level, as usual—the lower part of each cupola being thus left
clear. The pressure of blast used is 9in. of water. The
materials are raised to the loading stage by a chain hoist
worked from shafiing driven by the engine in the large machine
shop, the same shafting also giving motion to the cranes with
which the foundry 18 provided. ‘I'hese cranes are five in num-
ber, two of them being capable of lifting 40 tons, and the others
25 tons each. They all have plate-iron jibs and posts, and
were all designed and constructed at Messrs. Penn’s own works.
In all the cranes both the hoisting gear and that for giving the
traversing motion ot the chain carriage along the jio is worked
from the shafting, the hoisting barrel being driven by a worm
wheel and worm, so that the load cannot run down in case of
a strap breaking. The lowering of a load is effected by driving
the gearing by a crossed beit, and the plan has the advantage of
giving a very steady motion and of keeping the load at all times
under perfect control. The handles by which the hoisting and
traversing motions of each crane are governed are placed by the
side of the adjacent wall, and are conveniently arranged.,

The high finish of the castings turned out at Messrs. Penn's
works is so well known that it is scarcely necessary to allude to
it here; but we may mention that the beautitul cylinder cast-
ing exhibited by the firm at the International kxhibition of
1862, and which attracted so much attention from its sharpness
and excellent surface, was by no means an exceptional example,
a3 a visit to the foundry at Greenwich will immediately prove.
On Friday last no metal was being run, but a good deal of
moulding was going on, and a large casting—one of the surface
condensers for the Inconstant—was just being removed from
the foundry.

Besides the cupolas, the foundry contains two air-furnaces for
melting gun-metal, one of these being capable of containing a
7-ton and the other a 15-ton charge. In these furnaces the fire-
grate is arranged at one end, and the metal to be meited is
placed upon aninclined bed near the other end, whers it is fully
exposed to the flame and heated gases from the fire, which are
reverberated from the roof of the furnace. The metal, as it
melts, runs down into the well or bed of the furnace immediately
behind the bridge, from which well it is run off as required.
Each furnace is provided at the firegrate end with openings,
throigh which air can be admitted above the fire. ‘These fur-
naces are employed for making the castings of screw propellers
and other heavy work, the light brass work being cast ina
small separate brass foundry, about which nothing special need
be said.

Besides the shop nlready described, containinﬁ the heav,
tools, there is at Messrs. Penn's a two-storied shop, in wuic
are placed the smaller lathes, shaping and drilling machines,
sad other light binery. ‘This y is driven by a pair
of grasshopper engines, similar to those in the large machine-
shop. In this pair of engines, however, the piston-rod stufling-
boxes, instead of being packed in the ususl way, are each fitted
with a deep bush, which surrounds the piston-rod. The bore of
each bush hus a number of grooves turned in it, these grooves
acting like those in the solid grooved pistons, which have, to
some extent, been used for steaidpengines and pumps. Each
bash has a collar formed on it at the lower end, this collar rest-
iog upon an india-rubber ring placed in the stufling-box, whilst
another similar ring is pliced above the collar, and, being
pressed upon by the gland, keeps the whole in place. The bush
does not fit the gland closely, and it is thus enabled, to somne
extent, to adjust itself to the piston-rod, and to follow any
irregularity in the working of the latter which may be caused
by inaccuracy in the purallel motion. These grooved-bush
packings act exceedingly well, and are found to be very durable.

Amongst the noticeable tools in this smail machine-shop is a
shaping-machine, which has had an arrangement added to it to
fit it for shaping expunsion links. This contrivauce consists of
a radius-bar of adjustable length, one end of which fits upon &

in below the floor level. The radins-rod vibrates on this pin
in a vertical plane parallel to the face of the muchine, and it
carries at its upper end a guide, through which the cutting-tool
works. The reciprocating arm of the machine is fitted ut its
end with a slide, 10 which the tool-hulder can move vertically,
and thus, as the saddle is traversed along the machine, tue toul
is constrained by the action of the radius-bar to move iu an arc ot
a circle. The links to be shaped are fixed upon the pair of tables
on the front of the machine in the usual way. The arrange-
ment is & very neat one, as the radius-bar, standing vertically,
takes up but little room, aud is out ot the way.

Auother neat tool worth notice is a small machine for drilling
the centres in bolts, pins, and similar articles, previous to their
being putin a lathe. This muchine, which was designed by Mr.
Grialey, consists of a bed on which is a small lahe headstock
carrying a drill-spindle working horizontally. Oun the beld of the
machine is placed a saddle having a tiansverse slide un which a
pair of blocks can be made to approach or recede trom each
other by a right and lett handed screw. The oppusing faces ot
these b{ucks have each a > cat in them, and it is by these >s
that the article to be centred is iield; the s being so arranged
that their puints are on a level with the centre of the drill-
spindle, and the blocks and right and lett handed serew being
also arranged so that the former, when screwed together, meet
on the ceutre line of the machine. Whena bolt has to be centred,

it is thus only necessary to place it between the >s, and to screw
the blocks together when tEe centre of the bolt is brought im-
mediately opposite the centre of the drill, and the hole can be
drilled by shifting the saddle toward the latter. The machine
enables small articles to be centred very quickly and accurately.

The forge at Messrs. Penn’s is one of the gest shops of the
kind we have seen. It is spacious, light, and exceedingly well
ventilated. At one corner, below the floor level, are placed the
three Cornish boilers by which steam is su;;plied to the engine
already mentioned, and close by is one of Ryder's swaging
machines, which is employed for turning out a great variety of
work. In this machine a series of swages or gies are worked
by eccentrics on a shaft revolving at about 300 revolutions per
minute, and the article to be forged is subjected to the blows of
several swages successively, according to the form required. At
the time of our visit the machine was been used for torging the
eye-bolts to which boiler stays are attached; it turns out good
work, and performs it quickly.

Down one side of the forge are arranged a number of
“olivers” for bolt-making, &c. In the construction of these,
light iron frames and spiral steel springs have been substituted
for the clumsy wooden frames and ash springs usually employed,
and some of the ¢ olivers'’ are provided witl: two hammers, each
striking on a corresponding swage on the anvil. This plan saves
the time lost in changing swages, when two of different forms
are required for finishing a bolt. The forge is also furnished
with tour small steam-hammers for general work, one of these
being on Mr. Naylor's plan, and the others having been made by
Messrs. Glen and Ross. These latter hammers are all fitted
with a simple self-acting valve gear, which was designed by Mr.
Colien, the foreman of the smiths at Messrs. Penn's, and which
appears to answer its purpose exceedingly well.

I'he work turned out in the forge above noticed is only of a
lizht or, at all events, moderately heavy character, heavy
sbufts and similar articles being forged in another building,
open at the sides, containing the heavy steam-hammer and the
necessary furnaces for working up the scrap. At present, how-
ever, this large forge is not in use, Messrs. YPenn not having suf-
ficient heavy work in hand to keep it fully going, and therefore pre-
ferring to get their heavy forgings from other firms, who make
such things their spécialite.

Neur the large forge is a shop well supplied with various
kinds of wood-working machinery by the best makers, the plant
including a planing-machine by Messrs. Samuel Worssam and
Company, a band saw by Messrs. Greenwood and Batley, cir-
cular saws, and other,tools. In this shop the wood is cut up for
tire use of the pattern makers, and for other purposes. Notfar from
from the shop containing the wood-working machinery is a depart-
ment of the works which, although not exactly of an engineering
character, is yet well worthy of notice here. We mean the stables,
harness-reoms, &c.  Mr. Penn takes great pride in his horses,
and he has eighteer which he empioys for bauling heavy loads,
and which are of themselves almost worth a trip to Greenwich to
see. It is, we believe, & standing joke that these horses, like
Mr. Penn’s engines, work up to five times their nominal power
and upwards. The stables and other offices are ull fitted up in
the best possible style, and attached to them is & shosing forge,
the smith and hammerman in which are watched and sometimes
imitated by an attentive monkey ! Even in the stables mackinery
bas been introduced, the hay, corn, &c., being raised to the lofts
by a hoist worked by one of Messrs, Ciayton, Shuttleworth
and Co.'s two-horse horizontal engines, this engine beiug also
employed to work the nachines for cutting chaff, &e. Tue
steam for working this engine is conducted trom the main boilers
through pipes laid underground for a considerable distance.

Beture leaving tne Greenwich works on Friday last, the
visitors were shown into the small shop, where the mudels of
engines are constructed, aud where small tools are made and
rcpaired.  In this shop are geuerally kept the models them-
selves, but at present these are ulinost all at Paris, where theﬂ
bave attracted much aitention from the beauty ot their finia
and the accuracy with which they represent tue actual engines,
The models mude at Messrs. Peun's ure not * dutniny” models ;
in them all the internal parts ave as carefully fitted up as those
which are immediately visible, and the consequence is that
their coustructiou involves the expenditure ot an immtnse
amount ot Jabour and skill. ‘T'he shop in which theﬂure con-
structed is provided with a number of ingenious touls tor light
worl, which will well repay examination.

We have said in the early part ot this notice that, in addition
to their factory at Greenwich, Messrs. Penn have extensive boiler
works at Deptford Pier. Uf these works, however, we shall not
give any description on the present occasion; but we nay re-
nark that they are very completely provided with all necessary
plant, amongst which some nachmes for planing the edges of
plates are especiully noticeable.

MONT CENIS RAILWAY.
To T EDITOR OF ENGINEKRING.

Sin,—Referring to your remarks in last week’s journal, wherein
you suy “ we have expressed our beliet that the Mout Cenis
engines will penerally be worked up lin 12 by the simple adle-
sions of their own driving-wheels,” I beg to send you the follow-
ing quotation as to a mouantain line in California.

Tney (the articles wanted) *‘ are for a locomotive of 16 tons
weight, with engine, tank, and wood, upon light driving-wheels,
all connected to each other, cylinders 8in. diameter by 15 in.
stroke, gearing, at present 3 to 1, upon the forward axle, wheels
3 tt. diaineter—tire surrace, including everything, 275 square
feet—built to run upon & coal road, rails 40 to 45 ib. to the
yard, on wood sleepers, with un inclination of 80 fi. to the mile
ut the heaviest poiut. At present the road is about 4 miles in
length, but she has no difficulty i pushing up 24 cars ot 3800 Ib.
each, up o grade of 130 to 200 ft. to the mile, and rouud some
very sharp curves.” 1 am satistied this style of engme is well
suited for our mountain rouds. R M

Froy THE NorTH.—Messrs. C. Mitchell and Co,, of Low
Walker, have lauuched a stemmner of 2500 tons burthen, with
engines of 16U horse prwer, by Messrs. Pennand Co., of London,
fur tie Russian Stz Navigation Compavy. ‘This steamer is
intended for the Black Sea trade.
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BERGSTRAEM'S BORING-MACHINE.

BERGSTREM’S BORING-MACHINE.*
By C. Le Neve Fosteg, B.A,, D.Sc, F.G.S.

Description of the Machine—Bergstrem's boring-machine,
which is now bLelng used at the Perseberg mines, near the
town of Philipstad, in Sweden, is a modification of that
constructed by Schumann, of Freiberg. A short description
of the machine is given in the Berg-und Hittenmannische
Zeitung (1866), which I will now employ; but the main
facts of the paper have been obtained by personal observa-
tions and inquiries at the mine.

The machine consists of a cast-iron cylinder, A (Fig. 4),
4} in. in diameter, in which the piston, B, and at the same
time the borer fixed in the socket, C, is moved by compressed
airor steam. The length of the stroke is 7 in. The compressed
air enters by a pipe at D, and then passes through one of
the ports, E and E, into the cylinder, and moves the piston
backwards and forwards. F and F are two single-acting
cylinders, in which the pistons, G and G, and their common
piston-rod, H, are moved by air or steam, entering by the
openings at I and I. K is the slide valve, which is pushed
backwards and forwards by bosses on the piston-rod, H, in
order to make the air act sometimes on one side of the
piston and sometimes on the other. By means of the nuts,
L and L the position of the slide valve on the valve face is
determined, and consequently at the same time the entry of
the air. M is a guide for the slide valve. On the valve-
rod the cross-head, N, is keyed, which, by means of two
connecting-rods, O and O, sets in motion the fly-wheel, _P,
its axle, and the worm, Q, which has been formed on it.
The screw takes into the worm-wheel, R, which thus causes

* Paper read before the Brish Association at Dundee.

the spindle, S, torotate. The spindle, S, has on each side a
groove, in which feathers, dovetailed into the hollow piston -
rod, C, can readily move, and thus when the spindle turns
it causes the rotation of the piston, and consequently also
of the borer.

The machine hangs from, or may be supported by, abar,
T, having a thread cut on it. In order to prevent the
machine from turning on the bar, T, the thread is cut away,
as shown on the cross section and plan. By means of the
screws, U and U, the rod is firmly forced against the rock.
The advance of the machine is done by hand, by working
a winch handle, X, which actuates a mitre wheel, Y, which
gears into another mitre wheel on the nat, W. Thisnu‘, W,
is held between two lugs cast on the cylinder, and therefore
as the nut is caused to rotate the machine advances or
retires, The machine gives 200 to 300 and even 350 blows
per minute, and the borer makes one entire turn for 22 blows,

The machine weighs about 122 Ib. avoirdupois; it costs
about 221 10s.

Strut.—In order to furnish a point d'appui for the screws,
U, a wooden strut, provided with an iron at its upper end,
and at its lower with an adjustable screw and tripod, is
firmly fixed across the level.

It will now be readily understood that the machine can
be fixed in any position, and consequently holes can be
bored in all directions. It takes two men to put up the
machine, and one to attend to it. The other man can be
boring by hand in the mean time.

Asr- .—At the Perseberg mines the machine is
worked by compressed air. The air-compressor (see Figs.
1, 2, and 8) was designed by Professor Angstrom. It
consists of two vertical iron barrels 154 in. in diameter, and

about 8 ft, high, communicating with one another at the
bottom by a chamber.

The upper end of each barrel is provided with a valve-
box having two valves, one opening inwards, for the ad-
mission of air, and the other outwards into the delivery-
box, for the eduction of air. In one barrel a piston is made
to work up and down, and in order to deliver every particle
of air at each stroke, and to keep the barrels cool, a quantity
of water is placed inside the pump, which at each stroke
entirely fills up the valve-box, and thus expels the whole
of the air from the pump. The other barrel has no piston
working in it, but is also filled with water, which i3 caused
to rise and fall as the piston goes down and up. This water
also forces out all the air from the barrel and valve-box at
each stroke. The piston-rod is connected to the main rod
of the pumping-engine, and is provided with a cross head,
from which a weight is suspended by rods. The stroke is
71ft. Four strokes per minute furnish enough air for one
boring-machine. The air must be compressed to 151b. or
20 1b. per square in., which corresponds to an excess pressure
of 1 or 1} atmospheres. If such a pressure cannot be had
no good results are obtained.

This air-compressor costs 80L, and is specially constructed
for places where the power is derived from the main rod of
the pumps. It is considered that 5 or 6 horse-power would
be required to drive an air-compressor. In the Perseberg
adit the air-compressor is from 60 to 70 fathoms from the
end; there is no regulator.

Pipes.—The air is conducted from the compressor along
the level by cast-iron flange-pipes, 4 in. in diameter and
9 ft. long, with a small spiggot and socket, the joints being
made with tar, mixed with finely powdered brick and lime.
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The pipes cost 23. 3d. per foot. These pipes conduct the
air very nearly to the end, and the air is finally brought
into the machine by some 30 ft. of india-rubber pipe, 3 in,
in diameter and % in. thick. It costs 2s. 8d. per foot.

Nature of the Work.—At the Perseberg mines they began
driving their Oscar adit in 1856. It is intended for an
exploring cross-cut, as well as for unwatering. They drove
a considerable distance by hand; but in 1863 the rock
became so excessively hard that no man could work in the
end. In 1864 they began with one of Schumann's ma-
chines, and since that time have employed machine power.
Bergstreem’s machine has now been used about two years
by them. They began the adit in hélleflinta, a rock which
is considered by Swedish geologists to be a compact variety
of gneiss; but in 1863 they came to that mixture of garnet,
hornblende, angite, and epidote, which is excessively hard
and tough. This rock has continued almost without in-
termission up to the present time,

The adit is carried 8 ft. high by 8 ft. wide, and they are | d

paying 10/ per fathom for it. This includes small repairs;
in fact, all cost, excepting very large repairs and the interest
on the original outlay for machinery.

Five men are employed altogether, viz. two men by day
for twelve hours and two by night for twelve hours, and
one smith to sharpen the borers and attend to small repairs.

From March, 1865, to March, 1866, they drove at the
rate of 4 in. for each working day, or about 9 ft. per month.
From March, 1866, to March, 1867, they have driven 6 in.
of level per day. In the former period they had to bore
44 ft. of holes per foot of adit, driven in the latter only
80 ft. 6 in, for the same distance ; and as the rock has been
pretty uniform, this proves that the workmen can do more
work when they get thoroughly used to the machine.

In ordinary rocks, i.e. when the rock is not excessively
hard, Bergmiistare Sjogren calculates that they can drive at
the rate of 1 ft. per day with one machine, and that on the
whole, with machine labour, one can drive twice as fast as by
hand, with an economy of 20 to 25 per cent. in money. In
the Oscar adit, nitroglycerine is the blasting material em-
ployed, as it is considered superfor to powder; but even if
powder were used, Bergmistare Sjigren feels sure that great
economy in time and money would be the result.

I was informed at the mines that at first it was some-
what difficult to teach the men to use the machine. In the
first year they were paid by the day, in the second by the
number of feet of holes they bored, and now they are paid
per foot of adit driven. In the adit they fire all the holes
bored in one shift at once—perhaps eight holes of about 2 ft.
deep by 11 in. diameter. Ten to twelve borers are blunted
in a 2 ft. hole, but it appears that by hand they blunt five
times as many borers as they do by machine-work.

For each machine in actual use a second one must be
kept in reserve, so that operations may not be suspended
should any repairs be necessary.

One of Bergstrem's machines is at work at Lang-
banshyttan, some six miles from Perseberg. A cross-cut
is being driven in dolomite. It is carried 8 ft. high by 8 ft.
wide, at the price of G/ per fathom, and it is driven at the
rate of 1 ft. per day. Unluckily, the machine was not at
work on the day I visited the mine; but it has been ascer-
tained, during the short time the machine has been at work,
that there is decided economy in time, though not much in
money.

Both at Perseberg, then, and at Langbanshyttan, machine
labour is more advantageous than hand labour. It is true
that in both places the work is straightforward—straight
cross-cats; but there are many cases in our mines where
similar work has to be performed, and b; -and-by the same
machine will be employed in Sweden for sinking shafts.
‘The advantages of Bergstrmm’s machine are its lightness,
simplicity, and cheapness. It is true that the feed is not
automatic ; but where a man must always be on the spot,
he may just as well feed the machine forward by Land as
the hole is deepened. By omitting the part neccssary for
an automatic feed, the machine is rendered less complicated.

In conclusion, I must express my great obligations to
Bergmiistare Sjogren, of Philipstad, the Messrs. Bergstram,
of Perseberg, and Mr. Ekman, of Langbanshyttan, for their
kind attention to me whilst endeavouring to learn all I
could about the perforator; and I have especially to thank
Mr. Sjogren for many of the details in this account of
Bergstrem's machine,

VALUABLE INFORMATION.—We learn from The Engineer
and we print verbatim, vide page 223 of the last number, that
* The languages of a people 5o low in the scale of humanity as
the Australians, incapable of reckoning beyond quality, is found
to be not only skilfully but even completely constructed.” And
again, “It is estimated that about 165 millions of human beings
travel by rail inthe United Kingdom of Great Britain and
Ireland in the course of a year.” Inasmuch as there are not
one-fifth this number of “ humau beings” in the United Kingdomn,
how is it that so many travel by rail? A singie human being
may be prglperly counted as a passenger every time he rides
upon a railway, but & bundred rides will no; make a hundred
human beings of him.

THE LairDS.—Messre. Laird, of Birkenhead, have now on
hand the irou-clad turret-ship Captain, 4272 tons and 900
horse power; 8 comﬁosite gunboat for her Majesty's Govern-
ment; two iron-clad turret monitors, of about 1600 tons
burthen and 140 horse power; an iron-clad ram, of 1320 tons
and 350 horse power; and two paddle-wheel ateamers of about
G600 tons ; while & small fleet of twelve iron screw launches has
Jjust been completed.

THE BARROW DOCKS.

Barrow-IN-TURNESS is now a town of 20,000 inhabi-
tants. Its situation on the seacoast, opposite to the
Isle of Man, and only 46 miles distant fgom Douglas,
115 miles from Belfast,and 127 miles from Dublin, make
it a place which may justly aspire toa fature important

eneral traffic, while'its position in the centre of the
iematite ore district, and its railway connexion with
the Cleveland district (121 miles to Middlesboro’) and
with the Durham coal-fields (123 miles), give to this
place an extraordinary facility for the exchange of
minerals and other raw materials with these localities.
The shortest road from Barrow to Hull, by Skipton
and Leeds, is 147 miles; and at about half that dis-
tance, in another direction, lies the Lancashire coal-
field, with its important ironworks at Kirkless Hall,
rawing its supply of ore from the Barrow district, and
sending coal to Barrow in return. By its geographical
position, Barrow-in-Furness appears destined to become
one of the most important sea-ports of the future, and
the provision of the best dock accommodation required
for u first-class mercantile harbour has therefore been
felt as a necessity for some time past, a necessity for
fulfilling which naturc has supplied many advantages.
The site of the town is separated by a channel from a
small island, called Old Barrow Island, which forms
the extreme point of the coast against the Walney
Channel at its narrowest part, opposite the church on
the Isle of Walney. This ehannel between the town
of Barrow and Old Barrow Island affords a dock
accommodation of 105 acres in area, and it has been
made use of for the construction of the new docks
made by the Furness Railway Company, and opened
yesterday. We have givenan engraving, on page 260,
of the general plan of the new docks, the first of which,
called Devonshire Dock, with an area of 30 acresand a
stone quay of 2500 ft. in length, is the only one
now completed, while the second basin, Buccleuch
Dock, has been finished only as far as the stone quay
on one side is concerned, and has been used for the
accommodation of traffic while the Devonshire dock
was in course of construction. The engineers of the
Barrow docks are Messrs. McClean and Stileman, of
23, Great George-street, Westminster, the contractors
are Messrs. Brasscy aud Field, the contract having heen
let in the year 186t. The docks comprise 14 milesin
length of stone quays, and wharves of an area of 100
acres in extent., The Devonshire Dock hasits entrance
from Piel harbour, near the south end of Walney
Island ; but it is proposed at some future time to make
a second entrance at the north of Walney. The
present entrance at Piel harbour has five fathoms of
water, and a low-water railway pier was erected by the
Furness Railway Company at that place some time

0. The entrance of the Devonshire Dock is G0 ft.
wide; the water level maintained in the dock is 22 ft.
above the dock sill, the tide outside varying from 254 ft.,
spring tide to 18 ft. neap tide. The outer or entrance
dock 1s closed by gates in the usual way, while the
entrance of the dock itself is closed by a caisson placed
across the entrance, and held by a groove in the
masonry on both sides. The caisson, when filled with
water to the higher water level, remains standing upon
the dock sill, and closes the passage ; but when water
is allowed to escape from the caisson, so as to fall to
the lower level, the caisson floats, and can be drawn to
one side so as to clear the passage. There is therefore
no pump nor other machinery required for workin
the caisson. The road passage across the doc
entrance is maintained by an iron drawbridge worked
by hydraulic machinery. This, as well as a large
number of fine hydraulic cranes and capstans, is the
construction and make of the Elswick Works,
Sir W. G. Armstrong and Company. The whole
hydraulic machinery is worked by a pair of hori-
zontal engines of sixty horse power. The pumps
arc placed behind the steam ecylinders, between the
latter and the fly-wheel shaft, and are worked direct
from the piston-rods of the steam cylinders. They
work an accumulator in the usual way.” A large ware-
house four stories high, with a total floor area of
17,000 squareyards, stands upon the quay of the Devon-
shire Dock. 1t really consists of two separate ware-
houses, having a covered passage of about 50 ft. in
width between them, Hydraulic lifts and cranes are
about to be erccted in this warehouse, so as to make
1t ready for service very shortly. Outside of this are
some of Chaplin’s patent stcam cranes, employed
giurmgf the coustruction of these docks, aud at present
in full work. The sub-contractors for the dock-gates,
caissons, and some other fittings are Messrs. Emmer-
son and Murgatroyd. The whole area of the Old
Barrow Island is the property of the Furness Railway
Company, and is intended for private shipbuilding

yards, timber yards, and other works for which this
locality is suited. There are railway sidings con-
structed to all parts of the grounds, the total extent
of which is 230 acres. Railway sidings are also luid
on the quays, so asto bring the wagons alongside the
ships. On Hawes Point, the S.E. point of Waluney
Island, is a stone lighthouse, exhibiting a brilliant
revolving light at 70 ft. above the level of hizh water.
The light revolves and appears full at intervals of one
minute. It may be seen from all points seaward
between N.N.W. and E., and in clear weater between
four and five leagues off. The depth of water over
Piel bar at half tide is 20 ft. The present shipping
trade at. Barrow is principally in ironstone, coal, pig
iron, and timber, but it is expected to gain both in ex-
tent and in variety with the improved dock accommo-
dation now provided at that port.

THE PRESENT STATE OF THE
- MANUFACTURE OF IRON IN BRITAIN.*

By Mr. 1. LowTHIAN BELL.

Mg. BELL began by observing that the object of such
exhibitions as that which now occupies go large a share of
public attention at Paris being to compare the results of
human industry, it is not surprising that we have been
favoured with many expressions of opinion on the relative
merits of manufacturing science, as manifested in individuals
as well as in nations. These opinions are necessarily
founded upon the information conveyed by the specimens of
workmanship exposed for inspection, and therein, it is to be
feared, is involved more or less of a serious fallacy. No
one of any practical experience attaches the slightest diffi-
culty or skill to a manufacturing chemist being able to
exhibit any of his usual products in a state of great purity,
provided he pays a little additional care in their prepara-
tion, and is regardless of the expense incurred in this ex-
ceptional mode of treatment. In like manner the iron-
‘master, by selecting very pure ore and pure coke, may run
from his furnaces an unusually fine specimen of pig iron,
which being puddled by his best men, hammered and rolled
any number of times, gives, as it cannot fail to do, a sample
of iron of great excellence. If the question were asked, do
the articles we have the opportunity of examining upon
such occasions convey in every case a correct idea of the
average quality of the goods manufactured by, and sold at
the current rates of, the exhibitor, it is much to be appre-
hended that such would not be found to be the fact. The
Industrial Exhibition at Paris has afforded an opcasion for
the ironmasters, engineers, and practical chemists of the
United Kingdom being told, on the authority of very in-
fluential names, and of very intimate acquaintance with the
subject, that while foreign nations have in'recent times been
making wonderful advances in manufacturing science, little
progress has been effected in this country. It will probably
be beyond the power of any one individual to speak
with a proper degree of confidence,. from personal
knowledge, on all the questions embraced in the general
charge against our national industry. This paper will
be confined to an attempt to institute a comparison between
our position and that of our neighbours iu the treatment of
the ores of iron and their products. This subject is
selected because it is one to which the most @ointed allusion
has been made, and because in it any deficiency on our part
would be the least excusable, seeing that nature has pro-
vided us with advantages which ought to afford the means
of our competing with those nations who, by their superior
intelligence and energy, are said to threaten us most. If
cost of production has to form no element in the calculation,
it is clear results might be obtained which would lead to
very erroneous conclusions in any comparative estimate.
It is equally evident that any inherent excellence in his
ores of iron would confer upon the smelter the power of
producing a superior quality of metal, in doing which, little,
if anything, may be due to skill in manipulation. These
circumstances are referred to merely to remind you of the
difficulty in promouncing, with certainty, upon a question
where, in drawing a parallel, so many allowances have to
be made. For the present, however, these disturbing in-
fluences will be disregarded, and attention only directed to
the information conveyed by the numerous specimens of
the metal to be seen at the Champ de Mars, and which by
many have been assumed to proclaim our inferiority as
manufacturers of iron, No one who gives himself the
trouble to study this department of the International Ex-
hibition at Paris can be otherwise than impressed with the
pains the French makers have taken, not only to afford
proofs of the quality of their produce by ingenious devices
in showing fracture and tests resistance, but also by a great
number of sections of iron which, from thinness and dis-
tribution of material, or great length, or with all these con-
ditions combined, prove at once the chemical excellence of
the metal, and the perfection of the machinery used in its
mechanical preparation. After giving the most ample
margin to the French, who in their own country would wish
to do it all honour, and probably would possess some
superior facilities in securing the necessary space for the
display of their manufactures, an Englishman cannot but
feel disappuinted at the attempts, as exhibitors, made by
some of our ironinasters, who have aspired to represent

* Paper read before the British Association, at Dundee.
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their own nation ; indeed, nothing can excuse the careless
indifference of one or two who have intruded slovenly heaps
of raw materials, intermingled with pieces of rusty iron,
upon an occasion which may be looked upon as a state
ceremonial of industry. The practical man, however, not-
withstanding these disadvantages, has there material and
opportunity enough to enable him to pronounce an opinion
with sufficient precision on the question of quality of the
samples submitted for examination. I have myself care-
fully and repeatedly studied all the great divisions of this
important branch of metallurgical industry at Paris. 1
have done so alone and in company with English and
French engineers, iron shipbuilders, and ironmasters, both
British and foreign, including men of the greatest expe-
rience and knowledge of the subject, and supported by
their concurrent testimony, I unhesitatingly advance the
opinion that uno evidence whatever is to be found there that
this country occupies a position less conspicuous for ex-
cellence of its produce than that of other nations. Of course
it is not pretended that in such a competition the 4,500,000
tons of British-made iron have to be brought into com-
parison with thase 300,000 tons or 400,000 tons of the
metal which it requires the collective power of every Euro-
pean nation to smelt from the purest and rarest known ores
and charcoal, and which cannot be made or sold at much
under double the price of our most estcemed brands. It is
of importance, in an inquiry like the present, to bestow
especial attention to what may be considered the purely
mechanical treatment of iron, to that treatment by which
it is obtained in the various forms known in commerce.
Those sections of burs which present mechanical difficulties
in rolling have those difficulties greatly increased by the
presence of certain chemically combined impurities. A
good skin, as it is called, and unbroken edges, particularly
in some forms, may be accepted as a fair indication ofquality
of iron as well as of excellence of machinery employed.
Judged by this standard, the French, as well as some other
nations, have every reason to congratalate themsclves on
the state of iron facturing in their respective
countries, as evinced by some of the really marvellous pieces
of iron they exhibit. One firm, for example, has sent solid
rolled bars of double T iron 27 in., and athers 83 in. deep by
30 ft. and 40 ft. long, each bar in both. cases weighing 46
cwt. ; but the greatest chef~d’zurre in this way is a girder
of the same form as the preceding, from the works of
Chatillon and Commentry, 43 in. deep, with flanges 11} in.
wide and a web of 1} in. in thickness. This last achieve-
ment has not so far met with any practical application, but
it is of value in showing engineers what can be done, and
that when occasion requires it they have it within their
power to obtain perfectly solid masses of wrought iron of
these large dimensions; at the same time, it may be ques-
tioned whether, looking at the lengths which generully ac-
company the use of iron of such sectional strenzth, it will
not be found nore economical to construct the girder by
rivetting plates or bars and angle iron together. It should
be stated that the Butterley Iron Company have for some
time past rolled iron of this description, in a some-
what different way, which they charge 40s. a ton less
than the general quotations. Plates of iron, too, are
exhibited, rolled so as to require no shearing along
the sides, as has ' hitherto been practised. In many
instances, such, for example, as in the construction of tanks,
bridges, and other articles, where a slight deviation from
perfect soundness on the edge is immaterial, this mode of
manufacture offers advautages by reason of the economy it
effects. Against these proofs of efficiency of mill machinery
and skill in its use may be placed the armour plate, weigh-
ing 11} tons, from the works of Messrs. Brown and
Company, of Sheffield, who have rolled plates of this kind
weighing 25 tons each. There are, it is true, pieces of
forged iron in the Exhibition heavier than even this, but
the difficulty our manufacturers had to encounter in
transhipment would offer impediments in carriage not ex-
perienced by Continential nations in sending objects to
Paris, where size alone formed the test of merit. Any one
having any recollection of the state of metallurgical science
in the time of the 1851 Exhibition in London will detect,
in the means afforded him at the Champ de Mars, a
wonderful change in the manafacture of steel. This is
apparent in the number and dimensions of the objects now
produced in that material. More recently even than sixteen
years ago the use of steel might also be said to have been
confined to small articles of cutlery ; to-day railway wheels,
axles, heavy working parts of steam-engines, and even
railway bars, absorb immense quantities of this form of
iron. The manufacturers of other nations, in this sub-
stance, as in iron, maintain their superiority as exhibitors,
and probably at the head of all will be placed the name of
Krapp, of Essen, from whose establishment has proceeded,
among other admirable specimens of workmanship, the
gigantic mass of cast steel in the shape of a piece of
ordnance weizhing upwards of 50 tons. We shall endeavour
to discover presently to whose energy and inventive genius
the credit is most due of having led the way in dealing
with iron and stecl of such extraordinary dimensions as
are to met with in our own days, and at the same time seek
to establish what is the true position of ditferent nations
which have laboured in raising this remarkable brauch of
industry to its present colossal proportions. In attempting
this, the only mode of procedure is by reference to the
history of the past, which shall be done in terms as brief
as is consistent with clearness; at the same time it is

obvious that in a manufactureinvolving both mechanical and
chemical appliances, upon this occasion as well as hereafter,
we shall be compelled to exceed those limits which ought
to be observed in any section set apart for discussing a par-
ticular Some indulg also must be extended to
any minor inaccuracies in any endeavour to trace the pro-
gress of an art which owes improvements in its details to
different individuals, whose position in questions of priority
it is sometimes so difficult to determine. It is not so very
long ago that the attention of the Government of this
country was called to the fact that the iron furnaces of
that day threatened to place the kingdom in a position of
considerable difficulty from the rapid manner in which they.
were consuming the forests of certain districts, and indeed
for a time, under the pressure of circumstances which arose,
the make of iron, insignificant as it was, suffered consider-
able diminution. Frowm this state of things the nation was
relieved by the Darbys, in the midland counties, succeeding
during the last century, in applying, upon a practical scale,
Dud Dudley’s discovery of the capabilities of mineral fuel
being employed as a substitute for charcoal in the blast
furnace. It is quite impossible to overrate the importance
of this event in the history of the iron trade, because even
in localities where timber is of little value the rapid manner
in which even a limited make consumes the forests near the
smelting establishment causes charcoal quickly to rise in
price, owing to the increasing cost of carriage. This is
easily perceived when it is remembered that in Styria and
Carinthia something like 25 square miles of wood are stated
as being required to supply the wants of each furnace, and
that, in consequence, the best charcoal, owing to the distance
it has to be conveyed, often costs close on 50s. to 60s. per ton
before it reaches the ironworks. Simple as this substitu-
tion of pit coal for charred wood appears, it was a long time
before the difficulties attending ita introduction were over-
come, and the prejudice against its use set aside—Dudley
himself being in his grave long before the accomplishient
of either. This cardinal improvement in iron-smelting
brings us, without further change, down to about the
beginuing of the present century, when our blast furnaces
were running thirty or forty tons a week, and that portion
of their produce, which had to be converted into bar iron,
was obtained in this condition by means of the old
‘hearth,” a most laborious, costly, and wasteful mode of
treatment. In it charcoal was frequently the fuel still em-
ployed, and the small tilt hammer the only means possessed
for reducing the malleable product to the state of the bar.
This was our position when our countryman Cort effected an
entire revolution in the character of the operations carried
on in our forges by the invention of the rolling-mill and
the puddling furnace. The latter contrivance was subse-
quently greatly improved by Rogers, abandoning the old
sand bottoms used by its original designer, and by substi-
tuting iron plates protected by iron slag. Fostered by the
discoveries of Dudley and of Cort, the use of iron extended
in every direction, rendering every subseq improvi t
of increased importance, by reason of the enlarged field
provided for its exercise. It was thus a fortunate cir-
cumstance that the labours of James Watt, in connexion
with the steam-engine, placed in the hands of the iron
manufacturer the means of driving his new machinery, for
which the water-wheels of our old forges in many instances
were totally inadequate. If the other changes which have
been introduced in later times into our iron processes are to
be considered as modifications and improvaments only of
what Dudley and Cort effected mauy years ago, that of
Neilson, in applying heated air to the blast furnace, has
been followed by results of such magnitude as to rank in
mportance with discoveries of the highest order. The
effect Neilson’s idea has had in reducing the consumption
of fuel and the expense generally in smelting the ores of
iron is too familiar to all to require repetition here. It would
appear, however, that it is only to those greater and more
sudden changes that the world at large seems to attach any
significance ; for, judging by recent criticism on the progress
of metallargical science in this country, the fact apparently
has been overlooked that the ironmasters of Durham and
North Yorkshire, within the last four years, have introduced
great allerations in the character of their furnaces, and
have succeeded in raising the temperature of the blast they
employ to a point never contemplated by Neilson himself.
These progressive changes have enabled their projectors to
effect a saving in coal, and an increase in produce, greater
than the difference between those cold and hot blast
furnaces still in common use. Our rolling-mill engineers
had kept pace with the constantly increasing require-
ments for malleable iron, until about a dozen years ago,
when the example of the Emperor of the French created
a demand for an article beyond the powers of
any rolls then in existence. Possibly they were never
applied to, owing to the belief then prevailing tha
hammered slabs  of metal alone would satisfy the
necessary conditions attending the protection of ships
of war, by means of the so-called armour plating—at all
events it was by means of the steam-hammer, a French
idea, it is said, originally, but indebted for its practical in-
troduction here to Nasmyth, that we in this country, in the
year 1855, manufactured the iron for two floating batteries.
To Mr. G. G. Sanderson, of the Park Gate Works, we owe
the idea that rolled plates, by reason of their toughness,
would be found superior in resisting shot to those of hammered
iron, and to him and to the owners of that establishment is
due the merit of having in the same year provided a mill,

 formerly deemed sufficient as a means of defence.

and rolled the plating for a third floating battery, built by
Messrs. Palmer, on the Tyne. The correctness of Mr,
Sanderson’s views have bcen justified by subsequent ex-
periments. Sir William Armstrong’s ingenious method of
building up wrought iron so as to produce ordnance, having
incredible powers of penetration, has called for greatly ine
creased thickness in armour-plating. Manufacturers of
this description of iron, however, by increasing the powers
of their heating furnaces, mills, and other appliances, are
now able to supply our naval yards and military establish-
ments with material still more invulnerable than that
It is
this character of machinery which has enabled mill-owners
here 'and abroad to handle such huge masses of wrought
iron as have excited the admiration of all 'who interest
themselves in such matters, and it is by means of the
so-called universal mill, designed'by Mr. Artowsmith, that
our fricnds in France are rolling their smooth-edged plates,
This hasty sketch, is it ishoped, animpartial account of what
has been done in this country towards advancing the manu-
facture of iron to its present position. As soon as the
occasion arose, other nations profited by the wisdom our more
matured experience had acquired, and every improvement
in
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than that represented by the pitch of the’screw. If you mean
the same thing whent you refer to'* neghtive slip” in your re-
‘view of Mr. Bourne’s work the screw Pmpeller, beg to
observe that there is no difficulty in ascertaining the immediate
cause of it. . o

Lot a vessel of any desired size, and of fsir sailing qualities,
be selected, and four two-bladed screws (which I will call A, B,
C, and D, respectively) be made, so that each of them can be
mounted on tlio same screw-shaft. Let the diameter of A, B,
and C be the same, and about equal to themean draught of the
vessel; for argmment's sake, I will call it 16 ft. Let the
pitch and the length of esch blade in the direction of the
axis be respectively 20 ft. and 3ft. 9 in. for A, 12ft. and
2ft. 3in. for B, and 8{t. and 1ft. Gin. for C (pitches re-
spectively=1}, 4, and } diameter; length of each blade=r%
pitch). Further, let D have a diameter of 12 ft. only, & pitch
of 16 ft., and a length of 3ft. Then, if the trials be made with
the same draught and trim of vessel, when the sea is calm, and
thereis no wind nor current, it will be found that the slip of A
and D is pesitive, and that of B and C negative, the negative
slip of C being greater than that of B. And the results will
be precisely the same for the same number of revolutions of the
screw, and nearly the same for all velocities of it, however often
and in whatever rotation the experiment may be repeated. Of
course the screws A and C alone would suffice for this test, in
which case the cost of the experiment would be reduced to
one-hal’,

Should the same screws be applied to a vessel of larger size
(requiring a greater force to propel it at a given speed), then
the positive slip would become greater, and the negative slip
less ; or the latter might, possibly, disappear altogether and turn
positive. On the other hand, if the screws were fitted toa
vessel of smaller size (requiring a less force to propel it at &
given speed), the negative slip would ba increased, and the posi-
tive slip decieased. 'I'he negative slip of the screws, B and C,
would likewise be augmented by increasing the length of their
blades.

1 speak confidently upon this subject, because I am making
statements in uccordance with facts, which were experimentally
established some twenty years ago, and have been frequently
corroborated since, but which have been deliberately ignored.

That the advance of the vessel can and does exceed the pitch
of the screw under the circumstances which I have pointed out
proves, not that the phenomenon is mysterious, paradoxical,
anomalous, and what not ; but that the laws which govern the
action of the sgrew, whether the latter be considered simply in
the character of an inclined plane, or in its. capacity of a pro-
peller, are totally different from what they are supposed to be.

‘The term, negative slip, a8 generall¥ understoo, is intended
to represent the case of  screwspropeller actually outstripping
the vessel, in the direction of its course. It is always plainly
desaribed as implying an excess of velocity of the screw over
that of the vessel. ‘L'his is in fuct, its distinctive feature, that
to which it owes the peculiar prominence which it has attained.
As soon as this definition—which, by-the-by, no one who has
the least notion of what ascrew-propeller is, can seriously accept
for a moment—is cither modified or abandoned, the exceptional
character of the phenomenon instantly vanishes. As soon as
“negative slip,” literally understood as I have described it,
ceases to e un expressiun relating to an occurrenco which can
be strictly proved to be actually taking place, it loses all tho
significance with which it has been invested, and can be no
further a subject for serious discussion. - i

As the screws which would be required for such an experi-
ment as I have suggested, even if they had to be milde on pur-
pose, wonld not be lost, and as it is, moreover, quite possible
that suitable **second-land ” screw-propellers could be found,
some of our marine enzine-makers mxy perhaps be mdncgd to
incur the comparatively triﬂling exsqense which a test of this
kind would invoive. am, Sir,

ind " Your obedient Servant,
September 14, 1867. C.

Tue Oaxs CoLuikry.—Very little progress in opening this
colliery has been made sincs last week, und o bodies ave been

recovered.
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EXAMPLES OF BRIDGE ABUTMENTS: HIGHLAND RAILWAY.

ABUTMENT OF FINDHORN VIADUCT.

Wk give, above and on 257, engravings showing some of
the works on the Highland Railway, referred to in the excellent
gaper read before the British Association, at Dundee, by Mr.
Joseph Mitchell, and published b{ us in our last number. The
bridges and viaducts on the Highland Railway are not remark-
able for the size of their spans, or for any great engineering
difficulties which have arisen during their construction; but
they are remarkable for the architectural skill and taste with
which their details have been designed, and which render them
well worthy of special notice. The various works were so fully
described in Mr. Mitchell's paper that it will be unnecessary that
we should say more concerning them here, and we need, there-
fore, only mention that we shall publish further engravings of
them on an early occasion.

SmokiNg LocoyoTives.—Do the Great Northern engines
smoke worse than those on other lines? We only know that
they do smoke fearfully, and they throw a good deal of fire as
well. *Why is not all this, as it may be, prevented.

MR. JOSEPH MITCHELL, ENGINEER.

ALUTMENT OF DULNAIN VIADUCT, STRATHSPEY.

Ra1sing or THE STEAMSHIP DRUID.—This fine shig, which
sank in the river oft the Tunnel Pier abont a fortnight back,
was successfully raised last Friday. Durinﬁ the previous week
preparations had been made for pumping Ler out, and to this
end the combings of the hatchway had been raised, and a couple
of centrifugal pumps placed, one in the fore hold and one in the
engine-room, each being driven by a portable engine. Sume
powerful hand pumps had also been placed aft, and ull being in
readiness, the attempt to raise the vessel was made yesterday
week. It was socn found, however, that sufficient pamping
power had not been provided, and application was then made
to Mr. Roberts, of Millwall, for one of gxis steam pumps, having
two 11} in. cylinders. This, with one of his boilers, was taken
up and got on board, and in hulf an hour was connected and at
work. About a foot of water having been pumped out, further
proceedings were postponed until Friday morning, when, as soon
as the tide left, pumping began. It soon became evident that
all was going on favourably, and Mr. Roberts's pump attracted
particular attention, from the large quantity of grain it brought

ABUTMENT OF TILT VIADUCT, BLAIR-ATHOLE.

up. When, therefore, it became necessary to put on a greater
length of suction pipe, it was forced down iuto the cargo (vats)
without a strainer, and upon the pump being again started it
raised up the grain so fast that the men were brought up from
filling baskets in the hold to clear it off the deck, and after a
time men had to be sent down to shovel the oats down to the
suction pipe. In this manner the grain in the way of the hatch-
way was pumped out to the depth of 12 ft., the length of suction
pipe at starting being 8 ft., and at finish 15 ft., it then being
within a foot of the bottom. About three-quarters of an hour
after pumping commenced, the ship began to get lively, and
shortly afterwards it was afloat, and as the tide rose was towed
in shore, where, temporary patches being put on, she now remains
to complete tie discharging of her cargo.

Tre MINERAL WEALTH OF JAPAN.—Mr. Gower, the
British Consul at Hakodadi, refers in his report this year to the
minerals which abound in the island of Yesso. It appears thut

th ere is an abundant supply of coal, and copper and iron are
1l so found in different fglgm. %m also gg&e lead mines.
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NOTICE.

The publisher of The Enginecr, in a public annonnce-
ment in that paper, uniruly stutes that its circulation is
lurger than that of ENGINEERING, whereas the con-
trary is the case. e can know nothing of the circula-
tion of this paper; but Mr. (olburn, as the former
Editor-in-Chief of 'The Engineer, knows that ils circu-
lation in 1858 was but 2550, and that down to the end
of 1864 it had necer excceded 5000.  Even this increase,
uader his management, was an unusual one. That ils
circulation, so fur from increasing since that time, has
declined there is abundant reason for beliecing. Com- |
peting as it has done with this Journal, which has
enjoyed the advantages of superior capital, superior and
exclusive sources o, i%ormation, ard a status in the
profession which 'The Engineer, even when under its

ormer management, never j d, its circulation could
Aardly fail to diminish, or at best (o remain stationary.
But we have abundant evidence in our office, much of
which we are permitted o show lo advertisers and others,
that ENGINEERING, measured not alone by the numerical
test of circulation, has lurgely displaced the journal
Jormerly conducted by Mr. Colburn. 1t is but justice
to our adverlising friends that they should be made
axare of this fact, and the written proofs, conlaining
many names of the highest emincuce, but of whick we
can make no public use, are in many, although not in all,
a;’isces open to their private inspection in our publishing
office.

The circulation of ENGINEERING is now double that
enjoyed by The Engineer in ils best days, and probably
three times its circulution at the preseat moment, and the
singular and ecxceptional value of the former to adver-
tisers may be judged from the following extract of a
letter from one of the largest and most successful ad-
vertising firms in the kingdom—a letter which is open o
the inspection of any one who desires to see it : “ We
are happy to inform you that we hate just received an
order from the Costa ﬁica Government for goods to the
value of £ —, , and in their order their agents
expressly refer o our advertisement in ENGINEERING.
We may also state that the India Qffice last year gave
%3 orders to the value of i——, ——, and their inspect-
tng engineer, an officer in the Royal Engincers, expressly
told us our advertisement in ENGINEERING first brought
their allention tous. We might mention many instances,
and we may state as a fuct that we have traced more
orders to our adverlisement in EXGINEERING lhan to all
the other papers put together.”

ENGINEERING.
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THE PROFESSION.

Tae true engineer is so imbued with the faith in
the greatuess and abstract gooduess of his profession,
that he can hardly believe there can be too many engi-
neers. The essence of all engineering is fhought, and
that of the most valuable iind, not only when re-
garded in its material aspect, but valuable also when
considered in relation to its beneficent and Christian-
ising tendencics.  Half the world, possibly nine-tenths,
still belicve, and will always believe, in mental ap-

prenticeship, and in the routine of mental impartation ;
in other words, that a youngster of average dulness
can, by pupilage, become a good routine engineer,
and thus gain a living for himself, as the be-
all and the end-all of his profession. As well
might we apprentice a youth to Tennyson that
he might become a post, or to Gustave Doré
that he might become a painter of the grand and
the terrible. Engineering has its thousand formule,
and these any studious mind, of a practical turn, may
master ; but the mastery of all of them will not make
the enginecr, in"the higher sense of the term. With
their knowledge alone he may become a private, or
cven a non-commissioned officer, but never a captain,
still less a general, in the great army of engineers.
True, as in all other armies, engineering must have
its rank and file, and there will be men who
can only know and can only do what they are told, and
whose whole idea of duty lies in obedience to command,
and we would speak with all respect of these men.
The engineer whose own mind is all alive with origina-
tion and expedients, and who can gain a given end by
a dozen different roads, must always respect his faith-
ful assistant, who, with an undying devotion to duty,
will scrupulously carry out his orders, working day hy
day, and, if need be, night after night, copying, filling
in details, tracing, taking out quantities, measuring up
work, calculating stramns and resistances, perform-
ing, in short, all the routine of design, and that
contentedly at from 30s. to three guineas a week, and
who, even with a wife and a little constellation of
children, subsists honestly and decently upon his
salary, and has generally, if not always, something
between him and want. How much the great engi-
neers owe to the conscientious care, the persistent in-
dustry, and critical and accurate habits of thought of
their assistants can never be fully known; but those
who are deep in the experience of our profession know
how truly this assistance is indispensable to the
success of every great master of our art. To
him such assistants —and there are many jyet,
after all that.is said and all that must be admitted
of professional degeneration—are what brave and
faithful soldiers of the line are to the great general,
the victories of whose army are individualised
in his own name. None who realise the triumphs of
British engineering should forget how much of the
brunt and hardmf udgery that won them has been
borue by the engineering assistants of this kiugdom ;
many of them noble fellows, recruited both from this
side and the other side of the border, and from the
sister isle. It is these poor fellows, g;xst now,
who, while their “ governors ” are racking their
wits to disccrn the dircction of future invest-
ment, whes new companies will float, and what
new phase of engineering will pay, are wondering
whether the clouds will ecer lift, aud whether the
great offices in Westminster will ever again be alive
with the cheery hum of paying work. The assistant
has his own thoughts, and he knows full well that all
our modern periodical accesses of national prosperity
have been based upon the development of some great
material discovery, and that we are not just now in
want of new railways, new harbours, new steamships,
nor monumental engineering of the grander sort.
Even the bolder and origina ﬂi%hts of engineering
have become tame. There are plenty now who can
float a railvay over a fathomless bog, or tunnel two
miles under a lake, or span a chasm half a mile wideata
single leap, or unwater a mine drowned to its uttermost
depths, or take a railway and its rolling stock up an
Alpine steep, or putin a pierina bundred feet.of water
and mud, or stop a rushing torrent where a sluice has
burst in treacherous ground, or perform any one of the
hundred miracles which have given such lustre to our
profession. We would be glad indeed could we fore-
see the direction and results of the next great campaign
of engineering in the unknown. For the sake of the
thousands of our rank and file, who have chosen our pro-
fession for life, and who have before now taken its over-
work in honest earnestness, incurring all the risks of
premature decay, of breaking down long before the
allotted time of nature, we would, if we could, point
out the precise direction from which they may expect
fresh and profitable employment ; for the heart always
jumps with the nimble and prosperous hand.  We can
only say, broadly, that great future prosperity must be
looked for in fresh discovery and invention, and in this
British genius has been too long fertile to allow us to
doubt that new and still unexpected sources of wealth
will be found. As it has been before, so it will be in
time to come, that the improbable and unlikely of to
day, or rather that which but few far-reaching minds
can recognise as likely or probable, will nevertheless
give the greatest return in general prosperity.

=

THE SMOKE NUISANCE.

THE high priests of science have been discoursing
learnedly at Dundee, before the British Association,
and coal has come in for its share of discussion. Ever
since the note of alarm over our diminishing coal-beds
was struck by Sir William Armstrong, at Newcastle,
a few years ago, the last reverberation of which has
not yet died out, our savans have been investigating
the question of coal supply, and our legislature like-
wise bas had a hand 1n 1t. Tn the Sanitary Act of
1866, smoke-consuming clauses were provided, by
which local authorities were empowered to take mea-
sures to suppress the nuisance of smoke. The act had
its origin {from a double motive—the desire to purif,
the atmosphere of towns, and the desire to diminish
the waste of fuel, it baving been logically argued that
smoke being unconsumed fuel, its prevention or con-
sumption would lead to the economy of fuel. Pro-
fessor Rankine, at Dundee, has told us that we lose
from 20 to 40 per cent. of coal in applying it for the
generation of steam. Twelve months were allowed to
transpire before the law was to come into operation,
which tock place last month, so as to give time to
manufacturers to adapt their furnaces to fulfil the pro:
visions of the law. ‘The time thus allowed was ample,
and in many towns the local authorities, with a view
to give practical elfect to the law, have appointed
smoke-suppression committees and salaried inspectors.
It is almost a satire on the science of the age that
smoke continues to roll lugubriously from our manu-
facturing chimneys; that our railway locomotives are
annually distressing the country with a heavier dis-
charge of smoke from their funnels, until railway
trains have come to resemble runaway limekilns, de-
facing thc beauty of the fields, blackening the car-
riages, and griming the passengers with dust and
smoke. This waste{ful nuisance is perpetrated in the
name of ‘“economy,” but it is fast becoming into-
lerable, and who that has entered a principal station
does not know the deafening roar of the steam-jets, or
“jimmies” in the funnels, turned on to diminish or
“paint > the smoke, whilst they cause a dan-
gerous and wasteful generation of steam, which neces-
sarily blows off and adds to the din. In like manner,
our steamers delight to blow a cloud athwart the sky,
trail.inf the black vapour in their wake for miles. The
same freak is performed daily at London-bridge, where
the steam-ships on the eastern side, taking the benefit
of an old Act, pour out volumes of smoke like so
many marine volcanoes, often to the great discomfort
of persons traversing the bridge. A smokeless London,
or a smokeless Manchester, or Bradford, or Halifax,
is a dream which we should like to see realised, as in
fact it can be, and we wish that the British Association
had turned its attention to such a problem. But it
has been busy with many other things—the topography
of Jerusalem, the disease among the grouse, the geo-
graphy of Central Africa, the antiquity of man, the
origin of civilisation, pic-nics, aud the utilisation of
male convicts.

Since Charles Wye Williams prosecuted and published
his investigations into the combustion of coal, and
gave us the benefit of his practical knowledge, there
18 no excuse for not knowing what is required to be
done to prevent smoke. That great and persistent
apostle’s first, second, and third rules were mix, mix,
mix the air and the combustible gases : thus only will
you effect complete combustion. Everything depends
upon a thorough and timeous mixture. Simple though
this dictum is, we are far from realising the force of it
in our usual practice. Generally speaking, we do not.
mix the air and the gases, and when we do we don’t
do it at the right place. The mixture must be done
in the furnace, smmediately over thefire. Mr. Williams,
moreover, has clearly shown that a supply of air spe-
cially to burn the smoke-making gases, must be intro-
duced from above the fire—that is to say, not through
the grate—for we cannot hope to avoid smoke by de-
penging on the admission of air through the fuel on
the grate in the green state of the fire. If it be asked
where and how the additional supply of air ought to
be admitted, theory and practice alike concur in the
answer that the proper point for its admission is in
front of the fire, at the doorw:tf, where the supply can
be conveniently controlled. To accomplish the two
ends—the avoidance of smoke with the economy of
fuel—the aim of the fireman must ever be to maintain
a uniform and active rate of combustion; admit as
much air during the critical periods as is sufficient for
the complete combustion of the gases, and no more;
and to do this he must not place much reliance on his
dampers ; these are to be kept open as far as necessary
to maintain the requisite draught and no further; and
he must finally depend, in regulating the supply of
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steam, on his management of the fires. It is not for-
gotten that the conditions imply more cnergy, more
1ntelligence, more skill and perseverance, than firemen
ordinarily possess; altogether more than they are
usually expected to possess and their duties to de-
mand. But the present purpose is not to bring down
the art to the level of ¢ the meanest capacity,” hut to
indicate the conditions that it is necessary and suffi-
cient to fulfil, in order that the smoke nuisance may
cease. '

As coke and anthracite coal give no smoke during
combustion, although composed of the very matter of
smoke—of almost pure carbon—it follows, remarkably,
that the property of smoke-making is connected with
the presence of hydrogen in the coal, and that this

as, the most perfect type of gaseity which chemistry
as discovered, is really the cause of all those difficul-
ties which have stood between us and the coveted
desideratum of a smokeless furnace. It isin the trans-
formation of the heavy hydro-carbons, given off from
coal freshly stoked in the furnace, into gases of more
and more rermanent forms, by precipitating some
portion of their carbon, that the great body of smoke
1s produced ; for, in ordinary circumstances, most of
the precipitate of carbon is of course carricd off un-
comEined in the general current passing through the
furnace. This invariably and necessarily takes place
by the usual slovenly mode of hand-firing, which
consists of shovelling a bin of coal into the furnace,
and ‘after it is discovered that the steam has gone
down, stoking the distilling mass, to get it up again,
“ It is not to he expected,” said the late Mr. W. M.
Buchanan, writing in 1852, “that firemen will improve
“ under a system which offers little or no inducement
“ to excel ; it is necessary that there be a stimulus, a
« compelling necessity to strengthen and sustain the
“ sense of Suty; and this implics a knowledge of the
“subject and an encrgy of purpose somewhere else,
“ and where presently the whole tone of expression is
“ that of hopeless apathy to the whole question. Much
“of this apathetic feeling has, no doubt, been en-
« gendered by the repeated disappointments hitherto
« experienced at almost every factcry of note, for few
“ have escaped entirely the tempting promises of some
“one or other of the smoke-burning doctors. The
¢ feeling has at length passed into the public mind;
“and while everybody admits that clouds of smoke,
“ condensed into showers of blacks, are none of the
“ most benign of meteorological phenomena, there are
“few to whom the subject may be mentioned who will
“not add, with a significant shake of the head, that
¢ the evil is to be borne with ; the thing is atit is, and
“cannot be better. If further urged, reference is
“made to the thousand-and-one schemes of smoke-
¢ burning that have been tried and failed.”* This was
written fifteen years ago, and it very fairly represented

ublic opinion until within the last few years, when

ord Palmerston, that sagacious practician, initiated a
crusade against the foul-mouthed chimneys of the
metropolis, and got an Act passed for the suppression,
in this quarter af least, of the universal nuisance.

Encouraged by the success of the decided measures
taken to carry out the provisions of the Metropolitan
Act,- under the intelligent inspection and energetic
action of the inspecting engineer appointed by Govern-
ment, which has resulted in such a purification of the
atmosphere that a clean shirt, which formerly lasted
only a day, now lasts four days in good condition,
Parliament has wisely followed up its heneficial action
in the metropolis by the Act of 1866, already referred
to, applicable to the whole of the United Kingdom,

Of the schemes for smoke-burning, to which Mr.
Buchanan made reference—most of them patented—it
is to be borne in mind that he wrote of what was
kuown fifteen years ago; and it would be unjust to
ignore the labours of inventors during that interval.
1t would also be unjust to the memory of Mr. C. W.
Williams, notwithstanding his incessant blasts of his
own trumpet while he lived, did we not recognise in
all its force the great practical fact that was drilled
into the heads of all who attentively read his works,
or listcned to him in conversation, that in order to
consume—we beg his pardon—to “ prevent,” smoke,
air must be supplied above the fuel in sufficient
quantity, and thoroughly arixep with the smoke, there
and then. The practical difficulty was to effect this
mixture. Mr. Buchanan was cvidently cognisant of
the difficulty when, contrary to much authority, he
condemned the languid circulation of the air in the
farnace as a condition of perfect combustion, and
advocated a brisk draught, as the one practical con-
dition necessary and sufficient for the prevention of

¢ * Notes towards a Solution of the Smoke Nui ion,”
by W. M, Buchunay, 1652, page 45, fsance Question

smoke. “The effect of draught,” he said, *is virtually,
“in fact, to increase the combining power of the
« saturating constituent—the oxygen of the air—not
“only by continually bringing fresh portions of it
“into contiguity with the body of combustible matter,
“but further by impelling it into contact with the
« combustible before the air has absorbed beat and
«expanded.”* Mr. C. W, Williams, writing in 1861,
appears to have formed a like opinion of the necessity
for an active draught. He says “ that in many cases
« steam-boilers were practically deficient in draught for
“the combustion of the gas In the furnace-chamber,
«although an adequate number of orifices had been
« furnished.”” . . . . “The deficiency in the su%ply of
« gir was ascertained to be caused either by the ahsence
“ of a sufficient natural draught, or the generation of so
“large a volume of gas in the furnaces by, reason of
“ their great length and cousequent great superficial
“ area, as to be far in excess of what could be supplied
“by the perforated plates by the natural draught
“alone. 'Fhe only alternatives then were either to
“shorten the length of the 'grate area, or increase
“ the dranght by mechanical means.”{

Within the scope of an article of this sort, one cannot
pretend to notice all that has been tried for smoke
prevention. We must content ourselves, for the
Eresem, by saying that an artificial stimulant is now,

y almost universal comsent, acknowledged to be
necessary for securing in practice the satisfactory
comhustion of a smoke-making fuel. Special trials
and experiments we know have been made, an
made successfully, to show that such fuel may be
consumed without smoke, independently of the aid
of stimulants to draught; but there is no room for
questioning that when that has been done regularly,
and for a length of time, it has been effected by the
agency of extra carcful and intelligent stoking, in con-
junction with favourable proportionsof hoiler and, above
all, plenty of boiler-power.  Mr. Fairbairn told us long
ago that forcing the fire is the gangrene that infests
the whole system of hoiler-service, boiler-power in
general having been barely sufficient. But since he
wrote this, boiler-service has, no doubt, been improved.

In fine, if we are to take boilers and stokers as we
find them, there can be no question that if smoke is to
be generally banished from the face of the country,
furnaces must be worked with a brisk draught induced
or accelerated by mechanical means. Such means as
have come under our observation for accelerating the
draught in ordinary furnaces we shall consider in
another article.

"The foregoing ohservations, it should be remarked,
have reference generally to all sorts of furnaces, but
more especially to those of ordinary stationary and
marine boilers. The fireboxes of locomotives and
(now, from their imgortunee, we must add) portable
engines, are a class by themselves, to which we shall
return. .

THE LORD WARDEN.

Tae armour-plated screw steam-ship Lord Warden
was tested, on her deep draught, at the measured mile,
outside Plymouth breakwater, on Friday last. This
ship is of 4080 tons burden, and on Friday’s trial had
a displacement of 7839 tons, and a midship section of
1280 square feet. The draught of water was several
inches more than intended, on account of the ship
baving been finally mounted with 9 ton and 12 ton
guns, instead of the lighter armament originally con-
templated. The draught forward was 23 ft. 7 in., and
aft 27 ft. 9 in.

The engines of the Lord Warden are by Messrs.
Maudslay, Sons, and Field, They have three cylinders,
91in. in diameter and 4 ft. 6in. stroke, working
cranks at 120° apart. They are rated nominally as of
1000 horse power. Their boilers have 700 square feet
of grate area and 19,000 square feet of total heating
surface, and they are provided with superheaters.
The engines drive a four-bladed screw of increasing
pitch, 22ft. 9in. in diameter and 21 ft. 4§ in. mean
pitch. On the trial, the safety-valves were loaded to
31} Ib., the pressure in the boilers being 28.1 1b. onthe
full power, and 301b. on the half-power trial. On the
full trial 63.327 revolutions were made per minute,
equal to 570ft. of piston. The engines worked to
6705 indicated horse power, or to 6.7 times their
nominal power, and drove the ship, as a mean of six
runs, at 13.496 knots, or very nearly 134 knots an
hour. This performance does not, however, give high
coefficients by either formula,

* ' Notes,” page 89,
+ “On Heat in its Relations to Water

aten 1o o and Steam,” 1861,
] . -~

By the midship-section formula, _S_Is-%i“l)is, the co-

efficient at full s;;eed was 469.26 ; and by the displace-
Sl ;lgﬁ’ the co-efficient was 144.66.

At half power 4080 indicated horse power was
exerted; the speed was 11.777 knots, and the respec-
tive co-efficients were 512.47 and 157.9.

The Lord Warden had a light-draught trial, last
year, with 7024 tons displacement, 1163 square feet
of midship section, and 5038 horse power. She
made 13.139 knots, and gave co-efficients of 523.1
and 165.1 respectively. She also had a deep-dranght
trial last month, with 7429 tons displacement, 1233
square feet of immersed midship section, and 6395
horse power. She went at 13.439 knots, and gave
co-efficients, respectively, of 468 and 144.5. At balf-
boiler power, with 3346 horse power, she made 11.201
knots, and gave co-efficients of 517.5 and 159.8.

ment formula,

AGRICULTURE IN MADRAS.

Txe use of agricultural implements appears to be
making some progress in the Madras presidency, and
from o letter addressed by Dr. Hunter, superintenden
of the School of Arts, to the superintending engineer in
in the Punjab, we have gathered the foﬁowing very
interesting particulars.

Considerable success, we are assured, has attended

d | the employment of European agricultural implements

lately reccived in that presidency from England ; and
of these the most usefurappear to have been Howard’s
iron ploughs, which are now being extensively manu-
factured at the gun-carriage mzmufactora, mint, and
public works department workshops. One of the
winnowing-machines is in great favour with the natives,
but by whom mauufactured does not appear; so are
the large and small scythes. The natives soon learn
to lmngle thesc, and they become very dexterous in
the use of the plough and scythe; the light steel hoes
and rakes they likewise soon get accustomed to, but the
spade and steel fork do not seem to suit the hard sails of
Madras. The coftce-planters and cultivators of pota-
toes and vegetables on the hill stations get the natives
to use the fork freely; but General Ottley’s mamoo-
ties, it is stated, beat all the European spades for
efficiency and rapidity of digging. a

The horse-drill, the hand-sower, and the barrow-
sower are gradually getting into favour, because they
resemble some of the native dibbling and sowing
machines, and are more durable and efficient from
being of a larger. size and light. = Several gentlemen

ot chaff-cutting machines made at the Mint, and find
them of use for feeding horses and eattle; several
have also got lawn-movers from Europe, which have
been found to answer well for croquet-grounds and
neat plots of grass. The horse mowing-machine has
been found very serviceable at the Government Farm
and the Remount Depdt at. Oossoor, and there is no
difficulty in introducing the use of any of the -above
machines where one can command skilled European
and native workmen wha pull well together. Colonel
Thompson, it appears, has tried a great many ploughs,
reaping-machines, harrows, Erubbers, winnowing and
thrashing machines, hoth with horses and bullocks, at:
Qossoor, and has had very fine crops of raghy, cholum,
rice, guinea-grass, and oats. . Dr. Hunter says: “1
“ hiave seen a good many, of the above tried at the
“ Government farm, and a few at the Horticultural
“ Gardens. We find that ,Howard’s iron plough,
“ with two wheels, and the small pouy.plough can
“ hoth be used with very moderately sizeg. bullocks,
“and that the horse reaping-machine works fully
“ better with bullocks than With horses.” '

The productiveness and fertility of irrigated land,
as shown in the following, further extract from Dr.
Hunter’s letter, will doubtless astonish some of our
English farmers, who rarely expect more than two crops
in the year off their grass land: “This season I pro-
“ pose irrigating the same lapd, ds’séveral pcople now
“ get twelve crops of hay im Madras from the use of
“ manure and water. Each acre should'yield one ton
“ of Hurriallee grass’ per month; this is the Dooab
“ grass of Bengal. T find that cholum or guinca-
« grass gives heavier crops, but both are more exhaust-
“ing. We can get about eight crops of them in the
“ year from the same roots, cutting down the crops
“ every six weeks, and running in tank-bed earth or
“ fine road-dust, and about an inch depth of water
“ after each crop is cut, and then watering twice
“ a week. The heaviest crops are cut in the hot
e might enlarge considerabl he use of

e might e considerably upon the use o
agricultural implements of modern manufacture upon
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the fertile plains of India, and the advantages that
must follow their use in preference to the clumsy and
old-fashioned native implements. A large collection
of models representing these native implements is to
be found in one of the annexes to the
tion, and doubtless they have been examined by many
of our readers. There is undoubtedly a large field
open for English agricultural implement makers in
our Eastern empire, which, if properly worked, should
contribute largely to increase our annual exports in
that class of machinery.

AN ENGINEERS’ CONVENTION.

WE have in type the proceedings of a convention of
American engincers which recently assembled at St.
Louis, to consider the plan and mode of constructing
a great bridge across the Mississippi at that place.
The length of the bridge will be about 2000 ft., and by a
law of Congress, regu%ating the navigation of the great
American rivers, it must have at least one span of 500ft.,
or two of not less than 350 ft. each, and the underside of
the spans must be at least 85 ft. above water, and this
although the hanks of the river are low. The river
hottom consists of shifting sand and allavium to a
depth varying from 28 ft. on one side of the river to
about 125 fl. on the other. The difficulties of the
task are undoubtedly great, and the promoters of the
undertaking are meeting them in a way as novel as it
is creditable to our profession in America. 'The
first engineers in the country were invited to visit
the site of the intended work, and to confer
freely together; and they have done so with a
readiness and unanimity which will be appreciated
here when our account of the proceedings, crowded
from our columns this week, shall appear in_our next
number. Among these engineers was the Honourable
William J. MecAlpine, whose visit to London, last
year, is so agrccably remembered in professional eireles,
and who, as standing at the head of the profession iu
his own countrr, was chosen as the chairman of the
convention. Thercewere also Mr. Chesbrough, the
en%ineer of the Chicago tunnel extending for two miles
under Lake Michigan, Mr. 8. 8. Post, a leading bridge
engifteer, Mr. George A. Parker and Mr. L. J. Flem-
ing, both of whom have put in deep foundations under
somewhat novel circumstances, besides other engi-
neers less widely known. The idea of divided pro-
fessional labour and responsibility which this conven-
tion conveys will not strike the English mind favour-
ably, leading as it almost inevitably must to future
disputes and contentions ; yet it is not unlikely that it
is the best possible course for the company by whom
the eonstruction of the bridge has been undertaken.

BESSEMER STEEL PLANT.

THE construction of converters, blowing-engines,
hydraulic apparatus, &c., for the Bessemer process has
been chiefly carried on by two large firms—one in
Manchester, and the other in Bolton. In addition to
these Messrs. Tannett, Walker, and Co., of Leeds, arc
makers of Bessemer plant, aud are now making a pair
of 6-ton converters for Sir John Brown and Co. H‘he

eater portion of the plant for a Bessemer steel works
n America, that of the Freedom Iron and Steel Com-
pany, at Lewistown, Pcnnsylvania, was lately sent off
from these works, as was also a heavy plate-mill, with
a pair of horizontal engines, of 3 ft. cylinders, and 5 ft.
stroke. Messrs. Taunctt, Walker, and Co. are almost
exclusively engaged upon the machinery of iron and
steel-works, including blowing and mill engines, rol-
ling-mills, steam-hammers, Bessemer plant, &c., with,
occasionally, engincers’ tools of special construction.
The steam-hammers have a peculiar and excellent
valve motion, which we shall illustrate in an early
number.

Not long since Sir John Brown and Co., of the
Atlas Works, Shefficld, required an accumulator
cylinder 36 ft. in length. The outer diameter was
36 in., the inner 26 in., for a 24 in. ram, and the total
weight was to be about 25 tons. Several makers
tendered for the casting, in four 9 ft. lengths; but
Messrs. Tannett, Walker, and Co. successfully under
took to cast it in one. They duga pit in their foundry-
floor, 34 ft. decp, and built up a mould in strong cast-
iron boxes, carefully jointed together. The casting
was poured so that the lower hall rose from the
bottom, the upper half being afterwards poured from
the top. The ferrostatic head of a column of iron
36 ft. highis about 1 ewt. per squarc inch; so that
the mould had to be very strong. The iron, before enter-
ing at the bottom, fell upon a wrought-iron plate, which
broke the shock of the fall, and secured the steady
rise of the metal in the mould. This remarkable

work may be compared, with some reason, to a cast-
iron gun 36 ft. long, 4nd of 26 in. bore—a gun heavier
than the 15 in. Rodman. The casting was completely
successful, and the cylinder is now in use at the Atlas

aris Exhibi- | Work

orks.

Messrs. Tannett, Walker, and Co. have made many
tyre-rolling mills, among them that which we illus-
trated some time ago, as in use at the new Grimes-
thorpe Works of Messrs. Charles Cammell and Co.,
of Sheffield. The same tyre-mills have been made for
the Lowmoor Iron Company ; the Bowling Iron Com-
pany ; Messrs. Taylor Brothers, of Lceds; Messrs.
Hood and Cooper, of Leeds ; the Farnley Iron Com-
pany, &e. .

EXPERIMENTS ON STEEL.

A GLANCE at the tabulated results of the important
series of experiments recently made by Mr. Fairbairn
to ascertain the powers of resistance of steel (tables
which we publish to-day from the author’s own manu-
script) will show which makes possess the highest
structural value, and it will also be seen that these
makes show the greatest uniformity of any in quality.
The value of “ U in Table II. tells the whole story of
the behaviour of the steel in tension, and it will be
seen that Messrs. Cammell and Co.’s steel, made, we
take it, by the Bessemer process (for they also make
crucible steel), did the best of all, while the specimens
showed also the most regular gradation of quality.
Mr. Fairbairn, in expressing certain doubts” as to
the uniformity of the steel available for construc-
tion, hardly appears to be aware that the quality
of Bessemer steel, as respects hardness, on the
one hand, or ductility and great dynamic value on the
other, is under nearly perfect control, although he
himself admits this in the earlier portion of his paper.
In all first-class Bessemer works, every “blow” is
tested, and the steel classified exactly for rails, for
forgings, and for plates, according to its percentage
of carbon, which may be always regulated to less than
one-tenth of one per cent. The introduction of steel,
in place of iron, in works of construction now depends
chiefly upon the steel-makers themselves. But for the
absurdly false report, first made by a contemporary,
that Joret’s Bessemer steel bridge on the Quai d’Orsay,
Paris, had sunk at the crown, a report at once contra-
dicted on the highest authority, and now known by
every visitor to Paris to be untrue, steel would have
already taken & more prominent place in respect of
such applications. Its general adoption camnot, how-
ever, be much longer delayed. If engineers will em-
ploy it, they can have it of any desired quality and of
the uniformity of any iron now used.

OPENING OF THE BARROW DOCKS.
(By Telegraph.) .
Barrow, September 19, 1867.

Tne Barrow Docks, of which we ‘give a plan on
page 260 and a description on page %gof the present
number, were formally opened to-day, a steamer
leaving the Buccleuch Dock, passing round Old
Barrow Island, and re-entering the docks at the north-
western entrance. The Duke of Devonshire and Mr.
Gladstone were present at the ceremony ; and so were
Mr. McClean, Mr. Brassey, Mr. Platt, Mr. Richardson,
Mr. Longsdon, Mr. Galloway, Mr. Adamson, Mr.
Beyer, Mr. Bell, Mr. Lloyd, and Mr. Musgrave. At
the Barrow Works a charge was blown in one of the
five-ton converters, and all the hammers, tyre mill, and
rail mill were shown at work. A banquet was served
in the new carriage-shed at the railway station,

THE STEAM PLOUGH WORKS, LEEDS.

‘Wuex the late Mr. John Fowler had brought the
steam plough to nearly its present state of perfection,
he made arrangements with the firm of Messrs. Kitson
and Hewitson, of Leeds, to manufacture it, together
with the engines for working it. The business grew
so rapidly, however, that an establishment specially
devoted to this class of work soon became necessary,
and Mr. Fowler and his partners started the present
well-known Steam Plough Works, which have at times
employed as many as 1100 men and boys, and which
have sent out many hundred sets of steam tackle for
use in England and abroad. During the American
war, when the cotton trade was greatly stimulated in
India and in Egypt, the demand for steam-cultivating
machinery was very great, and the works under notice
sent, in all, nearly 300 sets of tackle to the last named
country alone. The steam plough has made fair pro-
gress at home, but it has not come into use to any-

thing approaching the extent which the best interests
of British agriculture require. Ahout 250 sets of
Fowler’s tackle are in use, and since the recent impor-
tant veports upan steam-cultivation, by the committees
of the Royal Agricultural Society, a fresh demand ha§
sprung up, and about 100 sets will have been added
tgis year to the number at work. o

During the lull in the trade which followed the ces-
sation of Egyptian orders, the Steam Plough Works
commenced the construction of locomotives. A con-
siderable order was taken for engines for the Imperial
Mexican Railway, including those for working the
21 mile incline of 1 in 25 between Ingeuo and Boca
del Monte. (Sce ENgINeERING, vol. ii, pp. 9 and 13.)
These are to be pairs of engines, worked with their
foot-plates towards each other, but having a steam
tender between them, the total weight being 90 tous.
None of the engines of this class have been yet comy
menced, but a number of the ordinary class of goods
and passenger engines have been completed and sent
to Mexico. Engines are being made also for the Ceylop
Railway, from designs su}:iplied by the Government
engmecrs. 1t is anticipated, however, that the steam
plough trade will soon recover to an extect which will
fully occupy the works, when locomotive building,.
except for common roads and the fields, will be dis-
continued. . . o

In the construction of ploughing engines, the large,
spur-wheel on the driving axle is now cast in steel,.as,
are also the skifes of the ploughs themselves, and it is.
intended to cast tie brackets supporting the crank-
shaft also in steel. The large steel spur-wheels have
been cast by Messrs. Naylor, Vickers and Co., of
Sheffield, and by Messrs. Taylor Brothers, of Leeds.:
At the works of the last-named makers, Mr. David,
Greig, the manager of the Steam Plough Works,
instituted a series of experiments to show the relative
strength of cast-iron and cast-steel gearing. A shorf
segment of the wheel referred to was cast both in the
best cold blast iron, worth 5/, a ton, and in steel. The
cast-iron segment was placed so that its upper tooth:
might be struck fairly by a hammer, whose arm or
handle was jointed to a fixed pin, and of which the,
weight and ﬂcight of fall were finally adjusted so as to
break off the tooth at one blow. On placing the steel
segment under this hammer, 200 blows of the same
weight and leight produced no impression, save
slightly battering or indenting the steel. Mr. Greig
is contemplating a very extensive use of steel in lis
engines, and is arranging to introduce Bessemer steel.
in place of iron for his boilers. This plate steel will
be of the best make procurable in England, and its use
is now abundantly sanctioned by the praclice of some
of our very first engineering firms.

In their arrangement and plant the Steam Plough
Works present a few features of interest to the me-
chanical engineer. The overhead travellers were at
first worked with a “ flying rope” running at 26 miles
an hour, and one.of these is still in use. This is
practically the same system as that so largely adopted
at Crewe. When, however, we consider that the main
shafting, from which the motion of the traveller is
derived, runs at a moderate speed, and that the rate
of the traveller itself is hardly 3 miles an hour, it ap-

ears a little extraordinary that the speed should firs:
ge got up to such a high rate to be immediately go;
down again. The explanation is that the strains upon
the rope are inversely as the speed at which it runs,
and thus a high-speed rope may he made correspond«
ingly light. %ut as it is always_ running, whether the
travellers are in use or not, it is subjected to con-
siderable wear, and involves a contiuuous loss of power,
the power required to work the rope alone being.
often much greater than that expended in hoisting
and moving weights. 'The new travellersat the Steam’
Plough Works are worked by a steel rope, which is in
motion only when weights are being moved, its rate
being then about 3 miles an hour. Tue motion is com-
municated to it through Mr. Fowler’s well-known clip
pulley, which is started or stopped by a cord from the
traveller. For factories of great length this mode of
working travellers is well adapted, as the rope. may be
stretched even over a span of 200 yards without inter-
mediate supports. We have a drawing of the arrange
ment in haud for our next number. . :

As in so many other works, the hoilers are nvettedﬁ
up by steam rivetters. More than this, the stay bolts,
are also put in by steam. Mr. Parker, of the Steam
Plough Works, was some jyears ago a leading fore-
man in the Great Northern shops at Doncaster. Under.
the pressure of an emergeucy, he 'schemed and soon’
got to work an apparatus for tapping the holes in the
fireboxes and screwing in the stay holts by a simple
machine, perfectly adjustible to the position of. each.
stay. Of this machine we also expect to give & draw’
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ing next week. It formerly cost from 10d. to 18d. each
for labour in making and putting in firebox stay holts.
The cost is now 1§d. The copper rods are forged
under Ryder’s forging-machine, giving 700 blows a
minute. = They are then centred and turned in a lathe
of which the tool requires but one adjustment for a
day’s working, then screwed, the holes in the firebox
tapped by the machine, and the stay also put in by
the same machine, at the rate, for both tapping and
screwing in, of 40 an hour. The same machineis now
in use at Doncaster and at Messrs, Kitson’s. Mr.
Parker, when at Doncaster, also introduced an im-
provement in double-tyre lathes, having a face-plate at
each end of the central head stock. Formerly both
face-plates had to be stopped when removing or puttin
on a single tyre. Mr. Parker fitted each face-plate wit
a spindle of its own, both being driven, however, from
the same driving-shaft ; and by a lever, throwing in or
out the driving-pinion, either face-plate may be worked
independently of the other. These lathes have now
become comparatively common, Messrs. Smith, Bea-
cock, and Tannett having made a number of them for
various railway and engine shops.

We have often expressed our opinion that no field
of mechanical engineering has now such a future before
it as agricultural engineering ; and we may expect to
see cstablishments like the Steam Plough Works
greatly increased in extent and number. We are only
beginning to comprehend that the soil of England has
never been half cultivated, even for that part brought
under cultivation. It is only the power of steam that
can enable us properly to stir the soil to the full depth
reached in the occasional and fragmentary experiments
in spade-husbandry ; and it is only the power of steam
that will effectually and cheaply underdrain wet and
retentive soils. Those periodical accesses of prosperity
which have attended English trade from the beginning
of the present century Taave always followed the de-
velopment of some important invention, like steam-
ships, railways, mule-spinning, hot-blast smelting,
&e. ; and there is no invention which, already stamped
with success, but still not fully introduced, affords
so wide a prospect of further prosperity as that of
stcam-cultivation. Tt owes its practical introduction
to the late Mr. John Fowler; and although his loss
was a heavy one to the cause in which he had laboured
with so much ingenuity, perseverance, and success,
his work is being followed up by his former assistants
with an energy and practical ability which leave little
%o fear for the cause of - steam-cultivation in the
uture. ’

IIIGHLAND AND AGRICULTURAL SOCIETY.
REAPING-MACHINE COMPETITION.

AT the annual show held by the above-named society in
Glasgow in the early part of last month, when we gave our
readers some account of the exhibition in the departnent of
agricultural implements and machinery, Professor Rankine and
his fellow-judges selected, amongst other, things, a number of
reaping-machines to be put in competition with each other as
the season advanced. A notice of the trial of the potato-diggera
has already appeared in these columuns, and now we have to
chronicle the results attained by the reaping-machines at the
cownpetition held near Glasgow last week. The competition in

uestion was held almost simultaneously with the reading of
the paper on * Reaping-machines,” at the British Association
Meeting, by the Rev. Patrick Bell, the original inventor of the
“ reaper ” 1n 1826, and thus it has a peculiar interest imparted
to it.

The trial took place on Hamilton Farm, between Rutherglen
and Cambuslang, a few miles from Glasgow, and no fewer than
eighteen of the thirty-eight reapers selected at the show were on
the ground. The field chosen for the strite lies close to the
river Clyde, and showed by its deep rich alluvial soil that it had
benefited greatly by its proximity to it. The crop to be cut
consisted of a mixture of what Scotch farmers know as Hope-
toun and potato oats, It was an excellent crop of the sort; it
was even entitled to be called heavy; and when selected by the
cominittee some days before the trial, it stood up well; but the
heavy rains of the few days immediately precediug had so laid
and twisted the cropkthnt the reaping operation proved to be a
very troublesome task, so much so, indeed, that_the farmers—
of whom there were some hundreds present—universally ad-
mitted that if the machines would reap** that stuff, they would
dae ooything.” The day itself was all that could be desired,
and two or three days of such weather would have 8o dried the
crop that the machinery would doubtless bave had but little
diticulty with it, even with its *lain” condition. In some
few places it was so very wet as to be almost rotten, and in
these places most of the machines slid over the crop as though
they were snow-sledges almost. They really,had not a fair
opportunity for the testing of their powers, but the com-
mittee who selected the ground and acted as judges during the
competition were no way to blame. The weather, and that
only, was at fault.

. Four different kinds of machines were put on trial:—1. Com-
bined Renpers and Mowers; 2. Two-horse Reapers; 3. One-
horse Reapers, with manual delivery ; 4. Two-horse Reapers, with
self-acting delivery.  Of the first class there were five machines
brought iato competition, and the prepared plots of ground were
taken possession of in the following order:—first plot by the

machine made by Messrs. John Wallace and Son, Glasgow ;]

secoud plot by that of Messrs. Brigham and Bickerton, of

Berwick-upon-Tweed ; third, by that of Messrs. Kemp, _Mnr;:g,
and Nicholson, of Stirling ; fourth, by that'of Messrs. Lillie, Good-
let, Elder and Co., also of Berwick-upon-Tweed; and fifth,
by that'of Messrs. Alexander Jack and Sons, of Maybole.

The judges were all practical, and perhaps it should be said
gentlemen farmers—Mr. Jobn Wallace, Stonelaw, Rutherglen;
Mr. Robert Murdoch, Hallside, Cambuslang; Mr. Archibald
Russell, jun., Flemington, Cambuslang; Mr. Laurence Drew,
Merryton, Hamilton; and Mr. Wm. Robertson, Old Hall, Pais-
ley. ~In awarding their verdict they resolved to take the follow-
ing elements into consideration: time occupied in catting the
plots, ease with which the machines worked, character of the
sheaving, character of the stubble left, draught weight as tested
by the dynamometer, and breadth of cut at the time of applying
it. 'The results may perhaps prove most instructive when seen
in the tabulated form.

s |s5.| & |£415s.] 8
. =g |a gy
Makers. 58 Eg £3 = 'EEE:‘Z =
o | =23 20 s8 |2 gl @
] =0 < 20188 8
a a =
rds.pls.! ft. in.| ft. in, |ft. in.| cwt. | h. m.
3 6
Wallace & Son| 2 31’ 5 0 { to} 3 83| 4 1 50
4 0
Brigham &) |5 gl 4 1, f* U 4 3 3 |1 83
Bickerton 4 46
Kemp, Mur- 4 0
ray, and »| 3 8|5 0 to 3 3| 4 1 54
Nicholson 4 6
Lillie, Good-
let,l‘llder,} 3 4|4 94 386 (36| 8 |1 57
and Co...
JackandSns! 3 515 0 3 6 18 6 3y |2 10

One or two qualifying remarks may not be out of place re-
garding these machines and their work. Messrs. Brigham and
Bickerton's was the only one which had no serious * biteh.” It
was rarely brought to a standstill by any materials entangling
the wheels or other parts of the gearing; it worked smoothly,
did the sheaving well, and left a very fair stubble. The on{y
one which came close upon its heels in these particulars was
that owned by the Stirling firm. It had, however, a larger plot
of corn to reap, one that was also more severely laid and twisted
than either No. 1 or No. 2. The platform of this machine was
K:cu]'m.r in the circumstance that it was sparred, all the others

ing plain and covered with sheet zinc, to give such a degree of
smoothness as would facilitate the making of the sheaves. No. 1
had a serrated cutter, and in this sense it was peculiar, as all
the others had plain teeth. From choking or other circam-
stances it came to a standstill more frequently than either of
the two just referred to; but in this respect it was outstripped
by those owned by Messrs. Lillie, Goodlet, Elder, and Co. and
Messrs. Jack and Sons. These two, however, had to attack
the worst portion of the crop, where it was in many places
quite * heads and thraws,” in fact.

Taking all thg circumstances into consideration—the quality
and sizes of the plots, the mode in which the operation was
executed, the corn after cutting, and the condition of the stubble
—the judges had no_difficulty in awarding the first place to
Messrs. Brigham and Bickerton’s ‘¢ Buckeye ” reaping-machine,
and the second to that cf Messrs. Kemp, Murray, and Nichol-
son. It should e mentioned that the Highland and Agricul-
tural Society does not make any pecuniary award in respect of
these maclines, or, indeed, in respect of any implements or
machines exbibited during severul years; the money awards
are all given for live stock and dairy produce. It is something,
however, for Messrs. Brigham and Bickerton to be able to say
that their “ Buckeye” reaper has received the first award of the
Highland and Agricultural Society, even though that award is
only honorary. It will, doubtless, be much run upon for next
harvest; it is too late for this present harvest. In justice both
to the judges and the makers of Nos. 2 and 3 machines, it is
proper to mention that the keen anxious onlookers among the
tarmers present generally agreed in the verdict arrived at by the
society’s judges.

Of the two-horse reapers there were three brought into com-
petition. Mr. McCutcheon had one of Wood’s American
reapers; Messrs. Kemp, Murray, and Nicholson had one of
their own manufacture; and Messrs. Allan, of Dunkeld, worked
a ‘“Hornsby” made by themselves. The judges would not
undertake the responsibility of making any award in this class

COMSTOCK’S ROTARY SPADER.

IN the course of our account of the recent show of the
Royal Agricultural Society at Bury St. Edmunds, we
noticed a useful implement, Comstock’s rotary spade;, ex-
hibited by Mr. J. T. B. Porter, of Lincoln, and of this im-
plement we witnessed a public trial on Saturday last, on th?
form of Mr. Boyall, near Grantham. The ¢ spader,”
which is an American invention, and has been used to
a considerable extent in the United States, is a very simple
machine. ‘The digging portion of it consists of a
number of forks or prongs fixed to a series of transverse
bars, which are connected at their extremities by links, so0
as to form an endless chain. This chain is led over chain-
wheels fixed on the main axis of the machine, and as the
latter is drawn forward, the forks are successively forced
into the ground. The ends of the transverse bars carry
short arms provided with rollers which work over fixed
cams, these cams being something of a 0 shape. The effect
of the cams is to give the prongs a motion somewhat e~
sembling that of the floats of a feathering-paddle, causing
them to enter the ground fairly and to tilt over as they
rise from it, and thus thoroughly break up the soil. ‘When
the machine has to be turned, or whilst it is being removed
from place to place, the * diggers” are raised clear of the
ground by a simple lifting arrangement designed by .Mr.
Porter. The lifting gear fitted to the American machines
was scarcely suited to the requirements of English farmers,
and it was, morever, far less convenient than that mow
adopted. In the machine tried on Saturday, the wheels
on which it runs, when being transported fl:om place
to place, are carried by the shorter arms of a pair of bell-
cranks, placed one on each side of the machine, these arme
lying horizontally when the machine is in use, at which
time the longer arms stand vertically. The upper ends of
the longer arms are connected by chains to a pair of small
drums placed on a shaft carried across the front part of the
machine, this shaft being capable of being rotated, when
required, by means of a hand-wheel acting through bevel
gearing. The main shaft, carrying the wheels around
which the diggers travel, passes through the angles of the
bell-cranks, and thus forms the fulcrum on which the latter
work. When the diggers are to be raised clear of the
ground, the longer arms of the bell-cranks are, by means of
the chains and hand-wheel, hauled down into a horizqntal
position, this operation bringing the shorter arms vertl'cal,
and causing the wheels carried by them to take the weight
of the machine. By turning the hand-wheel the other way
the machine can be readily lowered again, counter chains
serving to bring the bell-cranks into their former position.

On Saturday the machine was drawn by four horses, and
did very good work over sonfe wheat stubble, thoroughly
breaking up the ground to a depth of from 6in. to 8in.
The breadth of land broken up at each course of the
machine varied from 3 ft. to about 3 ft. 8 in., the speed of
working being at the rate of between three and four acres
per day. Mr. Porter also makes a larger machine,
which acts on a width of 4ft. 6in., and when draw:n
by six horses opens up about six acres per .day in
any ordinary land. The land upon which the spader” was
tested on Saturday was in many places very hard,
one portion having been used as a road over which large
quantities of corn had been led.  After its trial on the wheat-
stubble, the machine was taken on to some very hard seed land,
and here it was found necessary to place an extra number
of men on the machine, in order to enable the forks to pene-
trate the surface. When once the machine was sufficiently
loaded, however, it did its work as well as on the wheat
stubble. The trials were witnessed by a large number of
farmers, and much satisfaction was expressed at the effective
manner in which the ground was broken up, and the light
and open condition in which it was left.

Although the rotary spader will never replace the plough
entirely— as indeed its makers would be the last to assert—
it may be advantageously substituted for the latter for
performing many farming operations, its chief advantages
being that it requires less power to drive, and a less amount
of attend to do a given quantity of work, thana

‘They saw that the ground and the portion of the crop selected
for the trial of the two-horse reapers were not such as coul
legitimately be employed in testing them. :

In the third class—one-horse reapers—there were five ma-
chines for comget.ition: Messrs. Hornsby and Sons’; Messrs.
Samuelson and Co.’s * Eclipse” (exhibited by Mr. John Pringle,
Edinburgh); Messrs. Brigham and Bickerton's * Buckeye
Junior ;” another of Wood's American machines, exhibited by
Mr. McCutcheon ; and one owned by Messrs. Jack and Sons.
In each case the work done was highly commendable, but still
there were such features of excellence in that done by the
 Hornshy” and the * Eclipse” that the committee of judges
had very little difficulty in saying that these two machines
should rank in the order here given—first and second.

The competition of the reapers with self-acting delivery, of
which there were also five, was very uunsatisfactory. The
machines of this class were—a back deliverer by Messrs. Bisset
and Son, of Bluirgowrie; Messrs. Samuelson and Co.’s four-
armed reaper; Messrs. ﬁornsby and Sons’ four-armed reaper ;
and a couple of two-armed machines by Messrs. Brigham an
Bickerton and Mr. Winton, of Falkirk. Owing to the quality
of the work executed by these machines, which was unsatisfac-
tory on account of the bad condition of the ground and the
m’P the judges again decided to give no verdict,

he society’s secretary, Mr. F. N. Menzies, the chairman of
the lmglement Committee, Mr. Gibson, Woolmet, and Mr.
Slight, Edinburgh, the society's consulting engineer, were all
present on the trisl ground during the day. ~ The last-mentioned
gentleman was responsible for the application of the dynamo-
meter to test the draught of the wmachines.

plough does. MTr. Porter is, we believe, intending to adapt
the “ spader” to be worked by steam power, when there
will be a still better chance of comparing its efficiency with
that of other cultivators.

THE TELEGRAPHIC CONPERENCE.—The Telegraphic Con-
ference of Representatives from the French, Austrian, Turkish,
and Swiss Governments has determined to reduce by one-third
the telegraphic charges for the ing over their territories of
messages between England and Iudia and between London and
Austria, provided that this reduction should be ratified by their
respective Governments.

THE FLORIDA AND CUBA CABLE.—The Florida and Cubs
cable is still incomnplete, owing to the failure thus far to lay the
connectini link between Punta Rosa and Key West. On the
30th of August the Narva was believed to be at work, but
nothing positively is known of it, and no later despatches have
been received. News is now received from Havannah through the
incomplete cable, and by means of a despatch boat across the
break, in three gays. —c | b

ARTIFICIAL SUGAR.—Chemically, grape sugar ma To-
duced by the action of sulphuric ayt:ir;lapon starch. yThi.s gro-
cess of conversion is now being practically carried out, and
beer has been brewed from the saccharine solution prepared
with the product. The Worcester Engine Company are makin,
an apparatus for the Y:rpose, consisting in part of a lead-lin
ustﬁmn receiver, to bear the considerable pressure required in
working.



