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PREFACEL.

Tur object of this scries is to bring into onc focus the
lending features and prescut position of the most im-
portant industrics of the kingdom, so as to cnable the
general reader to comprehend the enormous develop-
ment that has taken plage within the Iast twenty or
thirty years. It is cvident that the great inerease in
cducation throughout the country has tended largely
to foster a simultancous interest in technical know-
ledge, as evinced by the spread of Art and Science
Schools, Trade Muscums, International Exhibitions,
&c. ; and this fact is boruc out by a perusal of the
daily papers, in which the prominence given to cvery
improvement in trade or machinery attests the desire
of the reading public to know more about these
matters.  Hcre, however, the difficulty commences, for
the only means of acquiring this information arce from
handbooks to the various manufactures (which are
usually too minute in dctail for general instruction),
from trade journals and the reports of scientific
socictics; and to obtain md systematize these scattered
details is a labour and w tax upon time and paticnce
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which compnrutively few persons care to surmount.
Tu these volumes ull these facts are gathered together
und presented in ax rondable o form ax is compatible
with acenracy aml a froedom from saperficiality ; and
though they do not Iay ¢laim to leing s technienl
guide fo cuch industry, the nmmes of the contributors
are o sufticient guarantec that they wre u relinble and
standard work of refevenee,  Great stress is Inid ou
the progressive developments of the manufuctures, and
the various applications to them of the collateral arts
nud seienees ; the history of ench is truly given, while
present processes and reeent inventions are succinetly
deseribed.
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GUNS.
35v THE LATE W. C. ATTKEN (Birmingham).

Tue manufacture of firc-arms had its origin in the
discovery of saltpetro, charcoal, and sulphur, forming
an explosive compound, now known as gunpowder.
The Chinesce appear to have been aware of its propertics
for upwards of-two thousand years, and cmployed it or
a similar compound for purposes uscful and orna-
mental : in the former, for the removal of natural
obstructions, as the blasting of rocks; the latter, for
the making of fireworks. Stanton, in his account of
his embassy to that country, states that its force had
not been directed through strong metallic tubes as in
Europe, but Captain Parish (who formed onc of the
suite of Lord Macartncy) discovered in the Great Wall,
embrasures or perforations, similar to thosc in Euro-
pean buildings, and he came to the conclusion that the
Chinese used “jingulls ” or wall guns, or some kind of
fire-arms ; this suggestion is confirmed by & Spanish
writer, on the authority of a monk who had travelled in
B
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China, and gives even the name of the inventor of fire-
arms. A letter written to the King of Spain by a captain
in his service also says, that he saw a very old species
of cannon in the arscnals of China. Nitre, the chief
element in gunpowder, being & natural product alike
of China and India, its properties would no doubt be
investigated by the philosophers of these countries at &
very early date. A Hindu poct in 1200 speaks of
the “loud reports, the noise of projectiles,” as heard at
a mile’s distance; and in 1368 Mohammund Shah
Bahmiane captured in India 800 gun carriages, while
artillery of old date was found by the Portugucse in
India in 1498. The evidence is all in favour of gun-
powder, or some other explosive, having been known in
the East before it was used by the nations of Europe.
Roger Bacon (born in 1214),in his Opus Magus, tells us
how with an instrument as large as the human thumb,
by the violence of the salt called saltpetre, so terrible
a noisc is made by so slight a thing as a bit of parch-
ment, that it is thought to cxcced loud thunder, and
the flash is stronger than the brightest lightning.
Schwartz, a monk of Cologne, is a rival claimant,
though the dato at oncc settles the priority of the
invention in favour of Bacon. Englishmen, thirteen
years after its discovery, made use of it in tubular
formed implements from which to impel missiles ;
Edward IIT. used cannon in his wars with the Scots
in 1327, and Grose, the antiquary, quotes a Father
Danicl, who says that the French first employed ord-
nance in 1338.

During the next two centuries we have several inci-
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dents mentioned of fire-arms, under various names ;
even Spain, which was then (1555) in the zenith of its
glory and prosperity, using muskets, though very heavy,
supported by a stave shod with iron to aid in taking
aim. TItaly was not slow to recognize the use of port-
able fire-arms, and at Pistoia in 1544 the lightest
“gmall arm” up to that period was produced, viz.
the pistol, which namc was dorived from the town
where it was first made.

The fire-arm of 1874, the united result of applied
scicnce and mechanism, whether produced by hand
labour, or by ingenious automatic machines, presents a
very great coutrast to the roughly made “cannon”
or “small arm” of a by-gone period. It is both
instructing and entertaining to trace the early recog-
nition of breech loading and the revolving arm in
collections, such as the Arsenal at Venice, the Museums
of Ilorenee and Dresden, the « Artilleric ” at Paris, in
our own Muscums in this country, and in private col-
lections, such as the «“ Meyrick.” The revolving arm
of Colt, and the whole family of modern breech loaders,
have their prototypes in these examples; and indced
the principle, somewhat crudely developed, was recog-
nizable in the submerged guns fished up from the
wreck of the ‘Mary Rosc, sunk in the reign of
Henry VIII. It is also sct forth on a patent taken
out 210 ycars ago by ome Abraham Hill, “ which
states that the breech rises upon a hinge by a motion
under it, is let down again and bolted fast by one
and the same motion ; and in another gun or pistol,
with a hole at the upper end of the breech to receive

B 2
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the charge, the hole is opened or stopped by a piece of
iron or steel, that lics along the side of tho piece,
movable by a ready and casy motion.”

The carlicst portable firc-arm was a rudely formed
tube of iron, tied or fastencd to a straight piese of
wood, the contents being discharged by a lighted match
applicd to priming powder, placed round the touchhole.
A pan was next added under the touchhole, placed at
the sidc of the tube, 8o as to rctain the priming powder

Wheel Lock, 1500.

better ; and for the application of the match by hand,
a simple lock was substituted, in which a cock slit to
hold the match was kept back by a spring, so that on
pulling the trigger, tho match dropped down and ignited
the powder in the pan. Italy and Germany claim the
next improvement, viz. the “ wheel ” lock, which was
wound up with a key, its mechanism being a steel
wheel, the outer circumference of which was rough or
furrowed, and having a chain attachcd to the axis by
which a spring was wound up (as in an ordinary
spring clock or watch),held by a ratchet. The latter,
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relieved by the operation of the trigger, eaused the steel
to revolve against a picce of pyrites held in a “cock ”

Snaphaunce Pistol.

head, which dropped against it in its revolution, pro-
duced a stream of sparks, and ignited the priming
powder in the pan. The Snaphaunce lock was due
to the Dutch, and was the type of the flint lock, flint
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being substituted for pyrites as the spark-producing
material. Its construction was a cock carrying the

Snaphaunce

flint, o hinged furrowed picee of steel which covered the
pan, and & trigger operating on springs which released

Flint Lock used previous to introduction of percussion principle.—1.

the cock bearing the flint. The flint locks of the old
“Brown Bess” of the British army, altered into per-
cussion only in 1842, or the fowling pieces used in
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England for so many years prior to 1807, werc simply

improvements on the construction of the “Snaphaunce”
lock.

Flint Lock used previous to introduction of percussion principle.—=.

In 1807 a new principle was applied to the discharge
of fire-arms, invented by Forsyth, viz. that of percus-
sion, in which fulminating powder was substituted for

Percussion principle illustrated.

the flint, the cock which bore it being converted into a
hammer. In its latest and most perfect development,
the percussion lock may be described as follows. The
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hammer was released by springs, and fell or was im-
pelled upon a perforated stecl nipple, on which was
placed a small copper cap with some fulminating
powder in its interior; the blow of the hammer cx-
ploded the fulminate, the fire or spark from which
descended down the perforation in the nipple, com-
municated with the powder in the barrel of the gun, and
discharged its contents. The percussion prineiple
descrvedly held its place for Lalf a ccutury, or until
the recognition of the breech-loading system, when the
cartridge containing within itself the means of its own
ignition, may be said to have entirely displaced it.

When the superiority of the needle gun of Prussia,
in 1864, beeame apparent, and cxperiments proved
that the danger arising from the use of cartridges con-
taining their own means of discharge was a myth, the
old system of construction of firc-arms may be said to
have come to an end.  Stock, lock, and barrel have
been changed, and but little now remains of the old
flint or percussion lock, all the features of which have
given place to details more useful, but not so ex-
ternally attractive.

The recognition of the Dbreech-loading principle
has been followed up by nearly 600 inventors, pro-
minent among whom are Snyder, Richards, Albini,
Remington, Lancaster, and Martini, &c., from the
needle gun of Prussia to the chasscpot of France,
and thence again down to the latest improvements in
breech loading. Two idcas seem to have occupied the
inventive mind.  First, the opening of the breech by
pulling back a bolt, which, after introducing the cart-
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ridge, is again pushed forward, the handle of the bolt
being turned down to the right, and held in its socket
like an ordinary domestic barrcl bolt, though in the

Bolt Gun— Breech open.

bolt of the gun there is an arrangement by which the
cartridge can be discharged and its empty case with-
drawn. Secondly, as in the “Snyder,” the block which

Bolt Gun—DBreech closed.

closes the breech opens to the right or to the left, is
attached to the breech piece, and is hinged, turning
freely. The outer or movable breech-closing piece of
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metal is held fast by a spring bolt, on the exterior of
which will be obscrved a projection or nipple; this
contains a spindle held in position by a small spiral

Suyder Breech-loader—DBreech open.

spring, which, on being struck by the cock or hammer
(on its release by the trigger), is driven against the

Snoyder Breech-loader—Breech closed.

end of the cartridge containing the fulminate, and dis-
charges the piece. The fire communication is central
to the charge, and provision is made for the with-
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drawal of the empty cartridge case by the opening of
the breech for the introduction of a charged one instead.
As the “percussion” principle took the place of the
flint in 1842, so the breech loader rcplaced that of
percussion, and the Enficld percussion rifles were con-
verted, by simply cutting off a portion of the brecch
end of the old barrel and adding the new breech block
thercto.

Recently, however, authority in high places has

Henri-Martini Breech-loading Rifle—Breech open.

declared in favour of the Henri-Martini system of
breech loading, which is neither a bolt, nor a movable
block opening to right or left, but consists in an oblong
mortised iron box with a movable ringed lid operated
upon by a lever, which might under the old flint system
have been taken for the “guard.” The cartridge is
introduced by moving the lever, which depresses the
lid or cover of the breech space, and permits of the
introduction of the cartridge; the lever is then moved
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back, and by so doing raises the lid of the breech cover.
Provision is made for the discharge of the cartridge, by
the propulsion of a projecting spindle; and after firing,
the spent cartridge casc is withdrawn by moving the
lever, and the soldier, by tilting the “arm” to the
right, drops it out.

The chicf points in the construction of guns,
as regards locks or mcans of firing, having been
glanced at, I will now come to the barrcls, and more
particularly the rifling of them, in order to direct the

Henri-Martini Breech-loading Rifle—Breech closed.

bullet with certainty. Zollner, of Vienna, made onc of
the carliest cxamples in 1620, and Koster, of Nurem-
borg, gave a spiral or winded direction to the grooves,
in order to make the bullet spin on its own centre,
whilein England, Arnold Rouspen, a foreigner, in 1635,
seems to have been the first “to rifle, cut out, or screw
barrels as wyde or as closo, or as deep or as shallow,
a8 shall be required, with great case.” The grooves in
rifle barrels vary in number from three to five or even
seven. The Enfield rifle has three, the Whitworth
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soven, but the different form of the cutter used con-
verts what arc practically grooves in other rifle barrels
into convex threads, traversing the interior. The
“ Lancaster ” rifle is at the mouth of the barrel appa-
rently an oval “bore,” but in the interior of the barrel
the oval is “winded,” with the intention of giving the
spinning motion to the bullet.

To suit the varietics of rifling, the bullets used now

e

/ BN

: S —
Varicties of Rifling.

are no longer spherical, but clongated, nor are they
cast in moulds, but made by compression with dies
from coils of lead wire. The Whitworth bullet was
made to fit the rifling of the barrel, but expericnce has
proved this to be unnecessary, for the bullet is com-
pressed by the explosion of the powder, so as to fit
cvery groove. 'The “Express” bullet is in length
twice its diamecter, while lightness, which is an advan-
tage for ordinary range and ensures the spinning of the
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bullet, is secured, by its being made hollow and by the
insertion of a solid ended copper tube, which may be
filled with fulminate, and converted into a miniature
shell, causing the bullet, on its meeting with an
obstruction, to expand, and inflict a most dangerous
injury.

Modern requircments associate in the breech loader
the bullet and ammunition in the form of a cartridge,

A. Whitworth Bullet.  B. LExpross Bullet.  C. Express Bullet in
section, showing tube for fulminate to convert into a Shell.

which within the last ten years may be said to have
created a new industry. The metal case was formerly
made of thin paper, or as more recently in the “ Boxer,”
of thin brass, and rolled up into a tube, but is now
produced from flat discs of metal, converted by means
of presses, aided by punches and bolsters, into seamless
tubes. In this labour and in filling the cartridges
upwards of 1500 females are engaged, and if to these
aro added 660, engaged in the manufacture of the per-
cussion caps which are introduced into the cartridge,
the aggregate number of hands employed amount to
9100 in this auxiliary to the gun trade.
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Vast establishments are occupied in the production
of cartridges alone, and these have increased the con-

sumption of the composite me-
tal brass, requiring the labours
of large numbers of metal roll-
ors and others, employed in
making the tools by which the
cartridges are produced.

I shall now briefly describe
the manufacture of fire-arms ;
gun making, as a trade and as
a manufacture, being very dif-
ferent things. Thecountry gun-
smith usually buys the barrel
and mountings for the gun
from the large manufacturcr,
the barrel being nearly finished,
all except the last “ bore.” If
for a rifle, it is “threaded” or
rifled. He makes the mount-
ings, such as butt plates, guard

and lock plates, for the lock,

A. Cartridge case.

5. The Ball.

C. Cartridge in section.
D. Ball in do.

k. Powder.

(. Percussion Cap struck
by piston of breech-loaders
to explode cartridge.

the springs, &e., and

docs all the fitting together of the iron work to the
stock, and polishes, “browns,” or “blues,” the metal
work. The country gunmaker can produce any part
of a gun, but it will be evident that, had gun
making been conducted on similar principles, England
could never have achieved the position that she has, as
the most successful gun manufacturing country in the

world.

In its great scat, Birmingham, advantage was taken
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of the division of labour, and previous to the intro-
duction of automatic machinery, the production of
a gun was distributed over fifty individuals. There
were welders of barrels, “borers” of the interior,
“grinders” of the cxterior, workmen to “file” and
to “breech,” make “ribs” and forge, or stamp the
breceh, forgers of various parts of the mountings of
a gun, i.c. of butt plates, guard, trigger, and spring
casters, when the mountings were cast, as in brass
or in iron, thereafter to be made malleable by an-
nealing in close iron boxes with ground hamatite iron
ore. There were special filers for these, while ram--
rod forging formed a speciality, and there were also
bayonet forgers; the two last named had cach separate
grinders, polishers, machiners, filers, and hardeners.
There were band forgers and stampers, machiners
and filers, while the “ screw pins” which entcred
into the fitting together of the lock also formed a
speciality. The “ sights” by which aim is taken
involved also a division of labour; and there were
trigger “ boxers,” filers of “lumps ” and “ break-offs,”
whg prepared only the breech end of the barrel ; « per-
cussioners,” who finished only the nipple seat; © jig-
gers,” who fitted the nipple and adjusted the hammer
which struck the cap on the nipple; “ stockers,”
who “let in” the barrels and locks to the stock;
“gerewers,” who put in the screws and completed
what was left undone by the stocker; ¢ strippers,”
who prepared the gun for rifling and proofing;
adjusters of the sight; * smoothers,” who prepared
the barrels for colouring or ¢ browning”; finishers,
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who distributed the various parts, and when they
were roturned from the several workmen, put the
guns together and adjusted them. Desides “makers
off,” who gave the stocks their final finish, there were
engravers, who excceated the decorative enrichments;
and lock “freers,” who examined, and made the lock
sweet and free in its action.

The process of manufacture will now be deseribed,
previous to the introduction of the gun-making ma-
chincry. In common guns, the barrel was forged
from iron called **skelp,” which wag heated, turned
up into a tube and welded at the junction of the
two edges by the hammer, or by passing it through
grooved rolls. The larger “bore” of the old guns
permitted the use of o mandril in tho operation of
welding, while barrels of s middle and those of a
superior quality were made, by winding a ribbon or
narrow strip of iron round a mandril in a spiral
direction, welding the edges of the strip together.
Another quality of very superior excellence was pro-
duced, by taking a bar of steel and another of iron
formed out of horseshoc nails, and wclding them
together. The bar produced was twisted, drawn into
thin strips and again welded, and the barrel thus
made was called a * Damascus twist” barrel. In
another variety, very thin ribbons of stecl were welded
into one bar, while horseshoe nails formed another.
Both bars were twisted, or welded into a single one,
from which a strip was made, to be wound round
a mandril as already described, and welded at the
Junction of the twists,
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This imparted the twisted appear-
ance observable on the barrels of best
guns in the application of the acid
used in “browning.” The roughly
forged barrel was then passed into
the hands of the ¢ borer,” who,
with his long-shanked square bits,
placed the barrel on his beneh, and
by manual labour formerly, but by
“power ” now, bored 1t out, the barrel
in the process of boring being clipped
by a clamp on which was a projecting
pin—while the beneh in its external
horizontal surface had also pins
placed  perpendicularly at certain
distances. A bent lever, the fulerum
of which is gained from the pins on

nd mandril.

i

. Wellel

I
G. As

H. Ribbon we

1e two hars,

‘. Horse-nail bar twisted.
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the frame, pressed upon and forced
the barrel against the boring bits ;
and during the operation, in order to
keep the band cool, & supply of water
trickled down upon it. The final
boring of the barrel, after a succes-
sion of “ bits” had been passed
through it, was facilitated by & box-
wood splint applicd on the sides of
the bit, which reduced the cut, and

ditto.

ribbons of steel

A. Bar formed from horse-nails welded

-2
éﬁ rendered the polishing of the bore
g"o comparatively casy. The barrels,
g admitting that they were perfect,
« Wwere then sent to the grinder, who
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on large stones sct in motion by power, ground the
surface of the barrel with an accuracy and truth which
long practice only could give. In some manufactories,
the barrcls were turned in a lathe by means of a
travelling slide rest, but after being turned, they were
still subjected to the grinding process. Then followed
the fitting-in of the breech picees, which required the
screwing of the interior of the butt end of the burrels.
The setting of the barrel was accomplished with un-
erring certainty by simply @ viewing,” or looking down
the interior, applying a judicious tap with a wooden
mallct.

The other portions of the gun, as butt-plate, guard,
triggers, springs, &c., were originally produced by
hand forging, but greater accuracy and diminished
labour in removing cxcess of metal have resulted
from the use of the stamp and die, in which is sunk
the intaglio representation of the gun mount. The
hammer of the stamp carries a connterpart of the die,
on which the heated ivon is laid ; the hammer descends,
and a succession of blows produce a counterpart of the
cut. The filers und finishers supplied with the iron
blanks procecd to tile up, fit, and otherwise finish the
several parts, while those which could not be finished
with the file or turning tool are worked by “grinders,”
or revolving tools, to which motion is given by the
lathe, or drill-bore (chicfly the former). Screws are
made, by which the several parts of the lock are ar-
ticulated or placed in proper connection with cach
other and fitted together, though yet unfinished, while
the lock, barrel, and other parts are conveyed to the

c 2
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“stocker,” who fits them on the stock, and makes the
necessary preparation for the reception of the ramrod.
The fitting of metal parts to the stock having been ac-
complished, the gun is taken to picecs and distributed
among the varions workinen who have produced the
several parts; the sights arc attached to the barrels,
which have previously been proved at the proof-house,
and the latter are then polished by friction with emery
sticks and ore and sent to the “ browner,” or colourer,
who, with his mixture of acid stain, ean produce on
inferior iron the appearance of “twists” and veins
superficially, which gives such intrinsic value to the
best barrels.

Another system of gun making has been introduced
within the last cighteen years, in which, so far as the
formation of the scveral separate parts of a gun arc
concerned, human labour is almost confined to tho
supcrintendence of the machines by which the several
parts are produced, and to that which no machinery will
ever accomplish, viz. the connection and fitting together
of the several portions made by the machinery. It
must be evident also, where numbers of articles are
required for a given purpose, in which tasto forms no
clement, and practical uscfulness is the only end aimed
at, that, one example of a satisfactory kind having been
made, the power of inventing tools or machines to re-
produce its parts is not beyond tlic means of accom-
plishment; and that this can be done, and that every part
can be made to be “interchangeable,” was demonstrated
by the Americans, upwards of & quarter of a century
ngo, at the Springficld Armoury, Massachusetts, U.S.
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This system of gun mannfacture, first reported upon
by Sir Joseph Whitworth, when sent as English Com-
missioner to the New York Exhibition of 1853, re-
sulted in a Commission being appointed, the members
of which, military men or others immediately con-
nected with the Board of Ordnance, reported on the
cfficicney and speed in productive power of the Spring-
field machines. The Enficld gun manufactory was
commenced and fitted up with American machines,
and private locul enterprise originated almost at the
same time the small-arms factory at Swmall Heath,
near Birmingham, where was adopted the same class of
machines, which have since been materially improved
upon. At Enficld and Small Heath, stamps moved by
steam, produce with uncrring certuinty frow “ blanks ”
of iron of suitable size butt, lock, plates, and portions
of the lock, breech piccees, shoes, barrel-holder hoops,
nose-caps for stocks, sights, guards, trigger pieces,
bayonet blades, and sockets. Presses fitted up with
cutting-out tools, punch out, trim, and relicve the
stampings from the superfluous metal, or fins,” left
after stamping. I'orging machines of rapid action
draw out the “swivels,” and afterwards bend into form,
or forge the portions of the ramrod which are of uncqual
diameter, while steam hammers produce the heavy
perforated breech picces of the Martini and other
breech loaders.

The finish of the various portions which make up a
gun or rifle is effected by machines, which carry drills,
bits, grinders (or whecl cutters), all made to gauge and
tested thereby, and which drill or open out the internal
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parts of the portion to fit on. These are placed on
mandrilg, &e., corresponding to their internal configura-
tion, and which, firmly held there, have their external
contour dclincated by machines fitted with tools,
which operate as a planing machine horizontally, as a
slide rest perpendicularly, or as rapidly revolving
« grinders ” (i. ¢. toothed steel wheels); the amount of
“cut” is determined by a “tracer,” which follows the
contour of the model of the part desired to be copied
and reproduced.  The whole system employed is that
invented by James Watt, and applied in his sculpturing
machine nearly sixty-cight years ago (still to be scen
dust-covered in his garret workshop at Heathfield,
Handsworth), and also in the copying machines of
M. Collas, Cheverton Bates, and Jordan’s wood-carving
machinery. The “tracer” defines the tool cuts, the
depth of the cut is determined by the model traced,
but all the machines, however numerous, whether
operating on wood or metal, are simply copying, though
copying with undeviating accuracy even to the 3000th
part of an inch. No hand labour could accomplish
such accuracy or such unvarying uniformity, for a
thousand portions produced by the machine are the
same, and are ““interchangeable.”

There arc machines to produce and all but finish
every part, though the irregular forms of some show
that their internal and external contours necessitate
the employment of many different machines. In some
of these a change in the form of tool or cutter and the
model to be copied will suffice, but in the production
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of an Enfield rifle, the processes gone through exceed
700, and this will explain the necessity for the variety
and number of the machines used.

In no parts of the machine-process of gun making
is the advantage more strikingly apparent, than iu the
production of the “stock ” of the gun, the fitting in
of the lock, and the perforation of the wood through
which the connecting screws pass, and in which the
ramrod lodges. A gun stock made by hand is o slow,
tedious, and expensive process. By machinery it is
Jjust the opposite, and is produced with all its pecu-
liarities of varying thicknesses and scctions in three
minutes. It is turned in a Iathe, two changes of posi-
tion only being required ; by the one the butt is pro-
duced, up to where the lock fits; by the other, the
part on which the barrel rests, and into which the
lock is fitted. As the stock-turning lathe cmbraces
all the principles involved in gun making by machi-
nery, a cut is introduced with the model and the
stock in coursc of production, in sidu. The “blank”
of wood out of which the stock is made is received
from the storcs in the form of the future stock, but
very imperfectly. It is laid on a machine held by
“guides” in a position to ensure the angle of the
butt-end placed against the shoulder being correct ; if
not, the excess of wood is removed with a circular saw,
and it is then laid flat against a proper template, into
which four movable points are fitted. A blow with &
hammer drives these points into the end of the stock,
leaving four holes, and the blank is then placed
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against four spikes attached to a face-plate which re-
volves with the spindle.  The spikes fit into the holes
already perforated, and the wood which supports the
barrel passce through a collar and is held at the part a

Machine used for turning gun-stocks,

A A, Bed of machine,

B. Collar through which barrel end of stock is passed—which
revolves,

(. The cast-iron model of stock.

1. The wood to produce the stock.

E. The revolving head carrying face-plate against which butt
end is fixed.

F. The belt, which gives motion to the lathe,

G and H. Belts giving motion to cutting tools, and connecting
these with the wheel-tracer K (which follows or passes over every
part of the cast-iron model C).

little beyond where the lock fixes ; the butt end is now
« centered,” and an iron model'of the intended stock
attached at a little distance from the “ blank.” The
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“tracer” of the iron model is a revolving wheel of
metal, which is forced by a weight to press against the
model, and to follow its varied contour by mecans of a
counterpoise weight suspended to the tracer. The
eutting tools, twelve in number, are fitted to o block of
metal arranged in o serics of four; the first four get
rid of the superfluous timber (these are gouge-formed) ;
the second produces a ncarcr approximation to the
correet shape, while the last four chisels smooth
the stock, to enable the final finish to be given with
glass-payer by hand.  T'he rationale of the operation of
the stock-turning Inthe is, that the tracing wheel follows
the contour of the modcel and operates on the cutter
block, and thus the former wood blank is converted
into the finished stock with all its varying sections,
thicknesses, and peculiarities of outline,

The barrels, which are now formed entircly out of
steel, not welded in ribbons as described before, but
drilled through out of the solid, arc bored with rimers to
the size, and “ rifled ” by skilfully constructed machines.
They arc then turned in their entiro length by slide
rosts, and the polishing of the barrcl is also done by
machinery. Accuracy in every part of the gun is
ensured, by subjecting it to gauges of the most un-
erring truthfulness ; the value of this accuracy is most
important, as a portion of the arm when broken
in service can be replaced from the stores of inter-
changeable duplicates, by the simple removal of
the broken part and the substitution of a perfect
picce. The putting together may be said to be the
only detail which requires skilled labour. The arm is
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taken to pieces, which arc distributed, polished, and
sent to “browner” or “bluer”; the stock is glass-
papered, oiled, and varnished, after which the parts
are finally put together or “sct up.” They are then
subjected to the examination of an anthorized inspector,
or “viewer,” appointed by the Government or pur-
chaser for whom the arms have been produced.

The distinction between the production of fire-arms
by the old method of hand labour and the new system
of “machining” or automatic machinery having been
described, the difference between the two methods will
be readily understood. The former is liable to the
errors of all hand labour ; in the latter, all things being
properly attended to, the result must be absolute aceu-
racy. Prcjudices against the system are rapidly being
dispelled, for the makers are introducing machines to
effect more readily certain portions of the work, and
the workmen do not now object to use these appliances.

Viewed as an industry, the manufacture of firc or
small arms occupics no mean place among those of
England, as the following brief summary will show.
Of artisans employed : of males there are 12,017, and of
females 306, of which about three-fifths are at work in
and about Birmingham alone. Their earnings vary, but
bear a relation to the ability and responsibility with
which each discharged their several special require-
ments, and all carn higher wages than those of France,
where, previous to the last wars, the average varied from
14s. 8d. to 16s. 7d. per week. In Belgium, at Liege,
tho centre of the gun trade, the average was 12s. per
week, but this included the earnings of women and
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children, and the average of men was 20s. 10d. per
weck, exceptional cases realizing higher wages.

It was probably owing to the knowledge, that in no
town in England werc to be found so many mechanies
capable of exeenting new work as in Birmingham, that
gun making beeame one of the great British industries,

In the reign of William 1I1., the ability of the work-
men, in adapting themscelves to the production of now
special objects in metal, was the subjeet of a letter
from the War Department to Sir Riclhard Newdigate,
at Arbury, ncar Warwick, dirceting his attention to two
Snaphaunce muskets of two different patterns (sent
by the Tamworth currier), and asking him to cause
them to be shown to “y¢ Birmingham workemen,”
requesting him to ascertain their ability to make, and
if they could undertake the production of similar
articles, and to state their Jowest prico for a completo
“musquet ”’ ready fixed ; or for a burrel, or a lock, “or
together as they will make them.” A reply was sent,
and three years after a trianl order was received, in
which we recognize, for the first time, the safcgnard
element of a “proof-house for barrels,” an official
“viewer,” and an officin]l mark after ¢ viewing” struck
on every portion of the “arm.” The price of the
“musquets ” was 17s. cach, and their carriage to
London, at the rate of 3s. per hundredweight. They
were to be sent in quantities of 100, and cash paid a
weck after delivery. Up to the period when the above
order was given, all tho guns for the English army
were made in and imported from Germany. The manu-
facture of military fire-arms in Birmingham continued
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brisk up to the peace of 1714, The production of
sporting guns was commenced there in 1793. In 1803
the demand for military guns again became urgent,
and excceded the Birmingham power of production, so
that supplies were again purchased from Germany.
The encrgy of the manufacturers caunsed artisans
engaged in other metal trades to flock to their work-
shops, and materially to inerease the supply of guns.
Statistics show that from March 31st, 1804, to Sep-
tember, 1815, they produced of muskets, rifles, carabines,
and pistols 1,743,382, and for the Board of Ordnance
during the three ycars from August 14, 1814, to
August, 1817, of muskets of a new pattern 84,507, or
a total of 2,673,366, In addition to these, within the
period from March 1804 to 1817, Birmingham supplied
to the Board of Ordnance 3,037,644 gun and other fire-
arm barrcls, and made 2,879,203 locks for rifles,
carabines, and pistols, besides furnishing materials for
1,000,000 guns for the East Indics, and for its own
trade 500,000 fowling-pieces. In a national point of
view, the importance of the manufacture of guns is
increased, by a knowledge of the fact that the Royal
Gun Factory and manufacturers in London, from 1803
to 1816, produced 845,366 military guns. The total
number of complete firc-arms produced in Birmingham,
from 1804 to 1815 inclusive, reached 5,000,000, or at
the rate of 416,668 per annum; and in the ten years
from 1854 to 1864 (including the Enfield production),
to 611,630. By comparison, the Belgian for forty-four
years, from 1820 to 1864, is considerably under the
English rate of production (even at the former period
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in 1804 to 1815, it amounted only to 403,360 por
annum), while 11} years of the production of ten
arscnal factorics (Septcmber 1802, to Decomber 1814)
in France average only 216,639 per annum,

Tested by moncy value, the result is also in favour
of England. In cight years, 1857 to 18064, the averago
value of guns exported by France amounted to 366,264,
per annum. Delgium in ten years, 1855 to 1864, ex-
ported 6,842,261 guns at 24s. cach, value 8,210,7161.
England in the same period exported 4,632,954 at
32s. 8d., and 978,219 at 6(0s. cach, value 10,443,9931.

The fluctnuting nature of the gun trade is an observ-
able feature. Irom the peace of 1815 but little was
done in military arms, until the Crimean war, save the
conversion of the flint locks of the old “ Brown Bess ”
into percussion locks, while subsequently the American
aud Franco-German wars were important influences,
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NAILS.
By Tk vari W, C. ArcgeN (Birmingham).

Ir the importance of an industry is to be estimated
by the number of individuals engaged therein, one of
the largest in the “hardware ” division of manufactures
would be that of wrought nails (made by hand), though
the once numerous “hands” employed are rapidly
decreasing. In 1830 it was estimated that 50,000
men, women, and children were working, but in 1861
the number only amounted to 26,000, and now (1874)
the number employed scarcely exceeds 23,000. This
ariges no doubt from the introduction of machinery for
the production of “cut” and * machinc-wrought ” nails,
which, particularly the “cut,” are rapidly displacing
the “ hand-madc ” nail in the market. This is scarcely
to be rogretted, as the condition socially and intel-
lectually of those employed in the hand-made nail
trade from the commenccment down to the present
time has ever been low.

Nail making in this country can be distinetly traced
to the improvements in thc manufacture of iron, and
perticularly the introduction of “slitting” mills, by
Shutz, a German, who arrived in this country in 1565,
and was associated with William Humphrey (the then
English Assay Master) in the management of Mines
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Royal, Mineral and Battery Works, the property of the
Crown. These mills supplicd nailers with raw material,
in the form of “slit” rods; the trade in consequence
grew, and became localized where it now is.  T'he chief
centre of the nail trade is in the towns, villages, and
hamlets around Dudlcy and Bromsgrove, an ancestor
of the Foley family in 1600 having sct up a slitting
mill at his iron works near Stanbridge.

The condition of the nailers in the early part of the
reign of Qucen Anne (1713) appears to have even
then attracted attention, and in ¢ An Essay to Enable
the Neccssitous Poor to Pay Taxes’ it was statcd that
nailers worked from four o’clock on Monday morning to
late on Saturday, to get 8s. per week, that sum being
frequently reduced by the bad iron supplied. The
remedy suggested was an extra advance of 6d. on every
1000 of mails, to be apportioned as follows: 2d. to
the nailer, 1d. for a schoolmaster, school, books, and
clothes for the nailer and his children, “ to educatc them
to read their Bibles, and to write, that they may know
their duty towards God and man, and to know them-
selves;” 1d. went to the wholesale dealer, and 2d. to
the “ Corporation of Mines,” &ec. It is to be regretted
that the rcports of two Government commissions, ap-
pointed respcctively in the ycars 1841 and 1855, to
inquire into the employment of children, disclosed the
melancholy facts that the lapse of nearly 150 years had
neither improved the dwellings, workshops, nor habits
of a male or female nailcr, and the education of their
children, till now, has continued to be neglected.

There are no large manufactories in which numbers



32 DRITISH MANUFACTURING INDUSTRIES.

of nailers work under one roof. Nail making by hand
is essentially a home trade, practised in small sheds, or
shops, attached to dwellings, in which not unfrequently
the father, his sons, and daughters work together., The
“forges” are rarcly more than 15 feet by 12 fect (the
ordinary size is 10 by 9 feet), and the only means of
ventilation is by the deor, and of lighting, by two
unglazed apertures, while the interior is filthily dirty.
The advantage taken of female labour in the trade is
peculiar. One hundred and forty ycars ago, Hutton,
in his journcy to Birmingham, in the neighbourhood of
Walsall, saw numbers of scantily clad women at work
in little “smithies,” and on inquiring if thcy shod
horses, he was told they were nailers.  Of the 26,000
individuals employed in the trade in 1861, nearly
11,000 were females. Division of labour enters into
the nail trade, in so far as certain nailers confine them~
selves to the production of only one kind of nail, the
maker of ¢ horse-shoeing nails ” rarely or never making
“roge” or “clasp,” while the “tack” maker in turn
confines himself to his speciality. The rapidity with
which nails may be made is illustrated by the fact,
that in two wecks a workman made 40,800 flooring
“clasps,” each of which was struck by a hammer
weighing 2 1b. twenty-five times, including the welding
together picees of nail rods which had become too short
to work. The number of blows struck amounted to
1,033,656 ; the rods were heated 42,836 times: a
good cxample of rapidity, skill, and minuteness. The
smallest variety of “tacks” sold, weighs 4 oz, per
1000; and not unfrequently a skilful tack maker pro-
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duced an equal number which did not exceed 20 grains
in weight, and so small that they could all go into the
barrel of a goose quill.

The name “nail” is generally applied to all kinds
of nails, but tho several varicties with special names
are legion, and arc well known by those who use or sell
them. An ordinary trade list cmbraces some thirty
varietics, some being sold per 1b. or per ewt., others
per 1000; but when 1000 is purchased (unless by
“tale”), the purchaser only cxceptionally gets his
number, in all likelihood only between 750 and
1000, though the nailer is paid by number or “tale”
by the ““nail master,” who docs not count, but weighs
the nails.

The varicties of nails usually sold, consist of Rose
and Flemish tacks, varying in length from } up to
Z of an inch; there are other nails tack-like in form,
larger in head, longer and thicker in shank, known as
“Clout,” “ Sacking,” “ Slute,” « Tray,” and “Saddler’s”
nails.  “Rose” headed arc distinguished by the head
being clevated slightly, while on it four blows of the
hammer are distinctly visible; “Clasp,” by the head
being formed by only two blows of the hammer. It is
used in “flooring,” and as it sinks rcadily below the
surfaco of the wood into which it is driven, it is used
generally for woodwork plancd over after being put
together. ¢ Brads,” which have only the indication of
a head at one side, arc produced by one blow of the
hammer. These form the great bulk of hand-made
nails produced in England, the remainder being made
up of horse, Kent and HEssex hurdle, gate, pipe,
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plate, scupper, mop nails, and spikes, to which should
be added the varicties used by the heavy shoc trade, as
hobs, “sparrables,” or ¢ sparrow-bills,” “tips,” and
“clenchers ™ ; “ tenter ” hooks, formerly used by dyers,
&e., to dry the cloth dyed by them, are also made by
nailers. Each has its special qualitics distinguished

H I J K L M

A. Horse nail. K. Clout nail, I, Tack.

B. Moyp nail. K. Countersunk-head nail.  J. Tenter-hook,

C. Rose mail. G Clasp nail. . & M. Sparrables.
D. Dog nail. I, Kent hurdle. L. Joiner’sand Brad.

by such terms as Finc, Best, Best Best, and Weighty,
while others made for export purposcs bear the names
of the several countrics and the timbers for which
they are intended; the nails made for Australia, for
instance, would be rejected by the inhabitants of a
colony or country where the wood is of a softer quality,
and vice versd.
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Nail makers rarely work for thomsclves or their own
profit, but for employcrs called “nail masters,” who
have warchouses in the districts where the trade is
gituated, and who, on certain days, give out nail rods
to be worked up during the weck. The nailer is paid
for the quantity produced either in moncy or goods
(by the “ truck ” system), the latter being generally
high in price, and realizing a large profit to the nail
master.

The nail shop is small, and usually dirty, contain-
ing a pair of bellows, and small anvils mounted on low
blocks, on which is fixed a chisel; the ouly tools,
strictly spoaking, being a peculiarly formed hammer,
having a hcad with but onc striking face, inclining
towards the handle. The remaining tools arc picces of
stecl, perforated at both cuds, aud a *“Dbolster ” through
which to drop the pronged spike of the nail, in order to
form the head ; and with these simple appliances and
tools the nail maker gets to work. He heats the nail
rod on his hearth fire, by mcans of his bellows, turns
to his anvil, rod in hand, and with a few blows of his
hammer converts the blunt end of the rod into the spike
of a mail, which is cut to length on the chisel while
still attached to tho rod; then seizing the “Dolster,”
he drops the spike into one of its two holes, separates it
from the rod, and by a fow more blows converts the
surplus iron projecting out of the bolster into a head.
Other rods, ready heated, are withdrawn from the fire,
and the operation repeated with great rapidity.

All “headed ” nails are thus produced, cxcept those
of larger size, with ornamental, or moulded convex
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heads, such as door studs, or for fixing upright water
spouting, in which the head is formed by a «swage”
or dic, or a double hammer, called an ¢ oliver,” worked
by treadles connceted with cords ; onc hammer draws
out the shank, while the spike end is dropped into a
“bolster ” under the other, which bears a dic with a
design for the head. The workman presses on the
treadle, causcs the hammer to descend on the picce
of iron that protrudes from the surface of the bolster,
and the ornamental head is produced. Horse nails
arc not “bolstered,” the head being a part of the shank
to fit into the groove which traverscs the under surface
of the “shoe,” and formed at the same time as the
shank Ly the hammer only.

Patent machine-wrought nails up to the prescnt
time have been slowly, but gradually, finding their way
into the market, sclected in prefercnee to “cut”
by purchasers who consider hand-wrought as the
best nail, but recognize in the machine-wrought many
of its qualities, while the cost is less. Hitherto, the
machine-made have been confined chiefly to the pro-
duction of a very fow varictics, such as “Rose,” “ Clasp,”
and “Horse”; the characteristics of hand-wrought
arc well preserved, except as regards sharpness of the
external angles of the shank: and there is a peculiarity
in the form of the head of the clasp, in both ¢ Clasp”
and “ Rose.,” The grip of the die to form the head in the
former compresses the shank immediately under the
head, while in the latter varicty, it widens or flattens
the shank laterally. The shanks are thinner than
their terminations, and this peculiarity compensates for



NAILS., 37

the hold gained by the sharp angles of hand-wrought,
or the sharp and minutely rough angle of the cut
nail; the wood being clastic, when the machine-
wrought nail is driven immecdiately under the head,
the wood clings to the nail by its spring, and presents
a resistance to its withdrawal, which apparently com-
pensates for the want of the propertics alluded to in
the hand-made and the cut nail. Two charactoristics
are possessed by the hand-made over the machine-
made nail, viz. clasticity and rigidity, and no system
of compression by rolling will produce the uniform
sharpness of angle, nor impart the rigid elastic pro-
perty which can be obtained by percussion, resulting
from the rapid Llows of the nailer’s hammer. And
these attributes alone will ensure a demand for hand-
wrought nails, especially “ Horse,” in preference to
machine-wrought.

Any description of the machines now used for patent
wrought nails, by mere words, without the aid of
illustrations, is impossible, for they are very complex
from the multiplicity of the many separate picces,
such as cams, levers, wheels, heading bars, dic holders,
and dics, united in cach machine. The carliest cffort
to compete with the hand-wrought nail was attempted
in 1790 by mcans of rolling. On the circumfcrence
of a pair of rolls was incised or sunk a series of
representations corregponding in intaglio to half a nail
(if slit up longitudinally); and on the rolls being set
in motion, a heated rod was taken in Dy them, and
issued out as a string of nails, which only required to be
disconnected, and the superfluous metal removed. But
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this took time, and there was « difficulty in regulating
or “registering ” the rolls, viz. placing half heads and
shanks on the onc in proper relation to those on the
other.  The action of the rolls also necessitated a
peculiarity in cutting the dic, in oxder to rclieve the
metal forming the head, its under surfuce not being at
right angles with the shank, but glightl y convex instead
of concave. The difference will be at onee understood
by comparing « well-made hand-wronght nail head,
with that of an ordinary wood screw. The latter is a
somewhat exagaerated illustration. but it serves to show
the defeet of the hiead produced by the rolling process.
This method of producing wrought nails has been

entircly discontinued.

Section of single A and double 15 ridae, rolled iron, nsed in the
manufacture of machine * wrought "-made mils,

The most recent method of manufacturing patent
wrought nails is from iron, produced by mcans of
grooved rolls, having cither one or two ridges raised
on its swface, the former, if for “brads,” the latter if
for rose headed, or clasp, &e. The ridges cross the
strut in order to preserve the fibre of the iron parallel
with the length of the nail, and the sheet is cut up
into breadths which have on one side a single A or
double ridge B, according to the varicty of nail re-
quired. These strips are noxt heated, prescnted to the
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machine, drawn in by it, cut by a “slicer” crossways
into breadths, cach of which ultimatcly forms a nail,
which are picked np by a “carrier ” forming part of
tho machine, and placed in a “ grip” made by three dies.
The “slicer ” alluded to forms the fourth side, and is
firmly held during the process of tapering (accom-
plished by the pressurc of a roller dic).  While in this
position, a die, with a depression corresponding to the
form of the head of the nail, is impelled against the
surplus projecting metal, and converts it into a finished
head, the complete nail dropping out of the machine.
In addition to the two methods described, the attempts
to simplify the production of “wrought” nails have
been very numerous during the last cighty years ; but
these cousisted rather in accomplishing the end by a
serics of machines than by one, in which all the pro-
cesses required to form a nail were united ; as in
Mr. Coates” patent in 1841, which he improved upon
in 1844, and again in 1850. The principle was again
adopted, and with the addition of the “ridge ” rolled
iron (out of which to cut the nail “Dblanks”), was
repatented in 1859 ; and it must necessarily be included
in all futurc machines for the manufacture of patent
wrought nails. It may be added, that the present
method of producing machine-made wrought nails is a
hybrid process, between cut and wrought nail making,
the shank being cut, and the heading and pointing
being done, by a dic and a roller,
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Cur Nais.

It has Dbeen shown that the production by the
patent machine-wrought system is limited, the nails
being formed while the iron is keated. In cut nails
the metal is opcrated upon cold; pointing forms
a special operation in both hand and machine-wrought
nails ; but in cut nails, the production of shank and
point is simultancous. It is only when the cut nail
requires to be “headed,” that an additional process is
added, though performed by the same machine with
which the cutting is accomplished. The varictics
produced are not go numerous as in the hand-made,
and consist of DBrads, distinguished as floor, strong
joiner, extra strong, fine cabinet, chair, and brush.
“Rose” varicties arc divided into “fine,” “strong,”
and “ Canada™; “Clasps” arc “fine” and “strong,”
and to these may beadded “ clasp ™ headed spikes, from
5 inches in length, and upwards, finc and strong
Flemish tacks from § inch up to § inch. “ Clouts” are
used principally for box making, or nailing up “ laths,”
and commence at 7 inch and rise up to 24 inches.
Patten and clog tacks begin at 4 inch and terminate
at 1} inch ; sacking, slate nails, shoe tacks, and round
head clog and patten, from # inch up to 1} inch; smaller
varicties from £ to 8. Nearly every variety of nail
made by hand may be produced by cutting, except
piping, plate, and horse nails. Cut nails are usually
sold by weight ; so far as prico is concerned, they are
considerably under cither of the varieties, hand or
machine made, already described. Thus in 23-inch
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nails, the cut are now sold at 221 10s. per ton, the
hand-wrought at 261., and the patent machine-wrought
at the intermediate price of 231, 3s. 4d.

All cut nails are produced from strips of iron cut
from sheets, the breadth of the strips eorresponding to
the length of the nail. Care is taken that the fibre of
the iron runs parallel to the length of the nail, by
laying a number of joiner’s “sprigs” (B) or shoemaker’s
“gsparrables ” (A) head to point alternately ; and thus
a strip is reproduced, corresponding in breadth to that
from which they were cut. Brads (C) are also cut

b

B c

Strip to illustrate cutting of Sprigs, Sparrow-hills, and Brads,

out of each other from a strip broader by the head ; in
the production of these, or any other cut nails, there
is no scrap or waste.

“Headed ” cut nails, as rose, clasp, slate, clout, and
thoso of the “tack” group, are simply larger “ sprigs,”
wedge-like in breadth, equal in thickness to tho sheet
iron from which they arc made. After they are cut off
from the strip, by the slicer of the nail-cutting machine,
they drop into, and are firmly clutched by grips, and a
heading die carried by a sliding bar “upsets” the iron
projecting from the grips and converts it into a head.
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The cut on the opposite page will illustrate more clearly
the operation of the machine used.  The best machines
arc all self-foeding, and also impart to the strip the
vibratory motion to produce the taper-formed shank of
the future nail. The rate or speed at which these
machines work will produce of the larger varieties of
headed nails from 80 to 100 per minute, while s
sprig, sparrow-Dbill, or “sparrable” making wmachine
operating on five strips at once, will produce 1000 per
minutc.

The after-finish of tacks, or nails which arc blue,
black, or tinned, is as follows. The bluc colour is the
result of placing the cut tacks in an iron eylinder and
subjecting them to the heat of a muflle, and when the
required shade is obtained, they are withdrawn and
allowed to cool. The black is produced by immersing
the tacks in black varnish agd then drying them in a
stove. The white, i.c. © tinned " tacks are coated with
tin by immersion in a bath of that metal in a state of
fusion, the tacks having been previously cleansed by
the action of sulphuric acid diluted with water.

The origin of the cut nail trade, as it now exists, is
due to a Joseph Dycr, who in 1814 at Birmingham
combined in one the operations accomplished by several
machines, and thus laid the foundation of the manu-
facture. Its chicf seat is Birmingham, where not less
than 18,000 tons of iron are consumed annually, two
firms alone absorbing 8000 tons of this quantity. A
considerable bulk of the cut nails produced are ex-
ported to India, Australia, and other British colonies,
the high duty preventing their introduction into other
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Double-action Nuil-cutting aud Ileading Machine.

The nail strip A is placed in a feed box, vertically or horizontally,
and receives a vibratory motion to give the taper to it ; the strip
is pressed upon by a spring, to keep it iu contact with the slicers,

The top slicers are fised in the framework of the machine, as are
also the back dies E'E, while the bed shear ¢ with its bottom
dies B’ B is moved to and fro in a lide.

The cut shows the slide at its farthest point of stroke on the
right-hand side; a nail blank is pressed agaiust the back die £, and the
bottom die E is lifted up vertically. Thus the blank is firmly held
upon four sides, while the heading har is brought inte action upon
the end of the blauk to be “headel.”  After it is cut off, it is
advauced by a finger ¥’ just as much as is required to form the
head. The instant the nail is headed, the dies C and 1 fravel in the
direction of the arm, by which time the nail strip A is in its place
for the slicer to cut off another blank ; and on the return stroke of
the slide, the headed nail ix free and is pushed downwards by the
finger F placed at the back of the top slicer 1.

The slide carries the blank N against the dic E, and the operation
as described is repeated.

The machine represented is a double-action one, having two
headers which operate alternately—i.e, on the retreat and return
stroke,
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countries. The Americans are very large consumers
of cut nails, wood being extensively used in the con-
struction of their habitations, cspecially in the States,
backwoods, &c., and this doubtless stimulates the supply.

In England cut nail manufacturing is practiscd at
Wolverhampton, Newport (Monmouthshire), Leeds,
and Newecastle-on-Tyne. As in all similar manu-
facturcs where machinery has superseded human labour,
high wages for the workpeople are confined to tool
makers and the superintendents of machines, who get
from 25s. to 55s. per week, ordinary workmen from 17s.
to 25s.; women and girls ncarly equal the males in
number, and get from 7s. 6d. to 15s. per week; altogether
about 2500 workpeople are employed in the trade.

Nails are also made from iron wire, a variety of
French origin, as the name, “Pointes de Paris,” in-
dicates. They arc made from 1 to 4 inches in length,
and are well suited for, and principally used in, the
construction of packing cases of willow, or other soft
woods which grow so abundantly on the Continent.
These nails drive freely and hold firmly, the material
rendering them strong, while the parallelism of the
shank prescnts an obstruction in withdrawing them
when once driven. They are all made by machines,
which cut the wire, * point, ” and “head,” by means of
advancing dies, the point formed by one die, the head
by another, as in machines used in the formation
of the heads of machine-made, wrought, and cut
nails. The quantity of wire nails made is not great,
for they are but little uscd in England, and only a
few are manufactured for export purposes.

Nails are also cast, but their use is chiefly confined
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to horticultural purposes, such as the training of fruit
trees against walls; hence their name “wall ” nails.
Cast nails arc also used for the attachment of laths
to the interior walls of buildings to hold the plaster.
These have tapering shanks, square or triangular in
section, and arc cast in moulds formed of sand, from
patterns which represent the heads only, the shanks
being pricked in with a modcl ropresenting the spike
in the corrcsponding half of the mould, dircetly opposite
the centre of the head pattern; or a complete pattern
of the nail is projected through a thin metal plate, the
head on one side, the spike protruding on the other.
These arc moulded in a two-part casting-flask, o1
mould, the head on once half, the stalk on the other.
Sometimes the nail is laid in a longitudinal direction,
one half on one side, the other half on the reverse
of a thin mectal plate, and then moulded.  After the
mould is made, the impressions produced by the
pattcrns arc connceted to central “gets” or runners
The moulds being closed, are bound together with
ordinary moulder’s clamps, so that the iron in a state
of fusion is run in and fills the prints made by the
patterns. When cooled, the moulds are opened, and
the nails disconnceted or broken off . from the “gets.”
Like all iron castings, these nails are brittle and fre-
quently break in driving, which could only be obviated
by annealing them in closc iron boxes filled with
homatite iron ore. This process, however, would be
expensive, even when annealed, for the nails would
not be equally so fitted for general use as are hand-
wrought, machine-made, or cut nails.

Cast brass nails, with square or fwisted shanks,
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are produced in small quantitics for ship-building pur-
poses, and of an alloy of copper and tin, chiefly used for
the fastening of copper or patent sheeting to the hulls
of ships below the flotation line, or water mark.

The carnings of thosc engaged in the hand-wrought
nail trade vary very much. The children begin work
as carly as ninc ycars of age, and at the age of ten or
twelve are expected to make their “stint” of 1000
nails per day, despite the rapid deercasc in the demand
for hand-wrought nails.

There will always be a limited demand for wrought
nails, more especially for those used in horse shocing,
the production of which by machinery has up till now
been unsuccessful, and the quality of clasticity com-
bined with rigidity produced by the operation of the
hammer will never, in all probability, be produced by
a machine. Fifty ycars ago the English Admiralty
took upwards of 600 tons of wrought nails annually,
but the weight now required by it is small; the demand
from the United States and Canada has also materially
deereased. The Delgians are our great competitors in
this branch of national industry.
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LOCKS.
3y THE LATE W, C. ArtKEN (Birmingham).

TuE ecarly existence of the trade of Lock making in
Wolverhampton and the neighbouring districts was in
all probability due to the excellence of the iron, which,
previous to the application of mineral fuel by Dud
Dudley, was smelted with wood. Lock making was
in 1686 the chicf trade of this town, and in 1732 it
was written, “ The chief manufucturcrs of this town
arc locksmiths, reckoned the most expert in England.”
Though Wolverhampton is the depot where locks are
most gencrally purchased, the great centre of the ma-
nufacturc is Willenhall (a short distance from Wolver-
hampton), of which place in 1801 a county historian
wrote, “ Moro locks arc made here than in any other
town of the same size in England or Europe.”

The lock trade affords employment in Staffordshire
to at least upwards of 5000 of its population, in
‘Wolverhampton, Willenhall, Walsall, and Wednesfield,
to which may be added the large villages of Bloxwich,
Short Heath, and Brewood.

The word “lock ” to the uninitiated suggests simply
a means of fastening a door, chest, &c., but the kinds
of locks are very numerous, one large firm making
1700 different patterns, while cach town has a repu-
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tation for the exccllence of special varietics, for instance,
Wolverhampton for its till, cabinet, levered rim, mortise,
and fine plate locks ; Willenhall and its suburb, Short
Heath, for warded rim, dead, mortise, drawback, pad,
and till; Walsall and Bloxwich for their iron pad,
and cabinet; Wednesficld for its iron cabinet, and
keys; Brewood for its fine plate.

The peeuliaritics and fitness of locks for special
purposes rather than their mechanical construction
must, from my limited space, form the lcading feature
of this bricf notice of a very large industry.

The various kinds of locks arc classcd under threc
divisions: first, brass cabinct aud other best locks;
second, bright and japanncd iron cabinet and other
common locks ; third, stock (plate) or locks with cascs
of wood, 1. ¢. the ironwork of the lock is attached to
a thin plate of iron, which is sunk into the wood
“gtock ” or frame. The first division consists of such
locks as arc applied to tills or drawcrs—hence named
“ 41" or “drawer.” Then follow straight cupboard, which
do not require the wood to which they are fixed to be
cut away, or cut out, for the rceeption of the metal
cover which contains the working parts of the lock.
Cut cupboard, on the contrary, necessitates the cutting
away of the wood for this cover, as also the metal
plate to which, the works are attached, so that the
lock should not project from the wood on which it
is fixed, into the interior of the cupboard or drawer.
This varicty of lock is intended to be sunk flush
with the wood, &c. Double-handed cupboard locks
shoot the bolt of the lock ecither to the right or left
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hand. Pedestal or sideboard have the peculiarity, that
instead of the Dbolt, or bolts, shooting into wood, or
“gtile,” two-cyed staples or hooked picces of metal
are attached to a plate and fastened to the *stile”
into which the ¢ bolts ” shoot ; this peculiarity of con-
struction is carricd out also in box, or sloping, camp,
and travelling desk locks; in some varictics of which
the bolts of the locks arc hooks, and lock by the hooks
passing behind a striking plate. The same peculiarity
is also obscrved in such locks as are used in port-
folios, carpet and lctter bags, and book edges, as
ledgers, &c. In trunk and portmantcau locks, the
plate on which the staple, &c., is attached (into which
the bolt shoots), is hinged, the hinging permitting the
withdrawal of the staple from the lock, when the port-
manteau, &c., is required to be opened.

The locks dealt with hitherto are all small in size
and of such kinds as are used for articles of furniture,
and bhence the distinguishing name of “ cabinet ”
locks for those used by cabinet makers; the others
being applicd to articles made by desk and dressing-
case makers, bookbinders, and saddlers.

The numecrous and larger examples of locks in use
by builders and carpenters for house building will
next be described.

Dead rim locks, to lock on one side ouly, have the
works of the lock cneased in frames of metul, usually of
Jjapanned iron. They are applied to the interior side of
the door, the distinction ¢ dead ” being o trade desig-
nation, meaning that the bolt can only be shot out or in
by the key. The same appellation to lock on both sides,

]
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means that the bolt can be withdrawn by introducing
and turning the key cither from the in- or outside of
the door.  Spring rim or drawback locks have but one
bolt with the addition of a spring, which, on the use of
the key, permits the bolt to be withdrawn by a knob on
the inside of the door. The same kinds of locks are
made with three bolts, i. e. a spring latch, a main, and
a private bolt, the first-named bolt worked by a knob,
the sccond (main) bolt by the key, and the third
(private boll) by a slide thumb-bit. With the mor-
itse lock, the artistic featurcs or the opportunity for
the introduction of ornament on its external surface
were at cnd, for even the lrass-cased rim lock simply
consisted in the case being made of brass instead of
being of iron and japanned. The mortise is a lock
which is hidden in the wood of the door, by cutting out,
by mortising, the nceessary wood to accommodate the
usually oblong iron box that contains the works of
the lock. In two and three bolt mortise locks, the bolts
operate in the manner deseribed as in rim locks, with
the cxeeption that the private bolt is operated upon by
a small knob in the interior of the door, instead of By
a thumb-bit, which moves the private bolt in the rim
lock. Plate locks arc those, in which the works
attached to a platc of stecl are let into *stocks,” or
oblong pieces of wood, and thereby attached to the door
by screws or bolts. When used for ecclesiastical
buildings, the stock is generally made of oak wood,
decorated with iron plates with tre- or cingfoil
perforations, the plates further enriched by their out-
linc, like their perforation, being of a medieval cha-
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racter. Various kinds of plate locks are distinguished
by the terms Fancy, Bastard, Finc, Best ¥ine, Best Best,
Irish, Common, Best, and Barrack. Latches arc included
in the category of locks, and their mechanism is almost
as varicd as that of locks,  Combination latches possess
this property, that unless all the latch bolts are placed
in one position, the door to which the latch is fixed
cannot be undone.  Flush, rim, and mortise, as applied
to latches, simply mean that the first-named is lct into
the door flush with the wood, the sccond is fastened on
the surface of the wood, and the third is sunk énto, and
entirely hidden in a suitably formed cavity which has
been produced by mortising the door. Padlocks are
a very numecrous family, and may be said to consist of
locks which are independent of what they lock. The
iron loop of the padlock lifts up and is passcd through
a staple, the end of the loop being perforated with a
square hole for the reception of the bolt; the end of
the loop is then placed in situ within the body of the
padlock, and the key turned, when the bolt passes
through the hole. There are padlocks made with
and without tumblers, as well as spring, and screw
key padlocks, i.e. the key tcrminates in a screw,
which, on reaching the bolt, unlocks it. Akin to pad-
locks, there arc combination or letter locks, which
open by means of letters punched round the outer
circumference of thin collar-like cylinders of brass,
and by moving the collars round on the bolt, the
letters are combined so as to spell certain words; the
combination allows the bolt to be withdrawn, and the
lock is thus opened by a mental, and not a materia]
E2
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key. The mention of keys reminds us that they
were once highly ornamented with appropriate decora-
tions, bearing reference to the locks to which they
belonged, while even the wards formed bheautiful devices
and initial letters. Keys now are made of a purcly
utilitarian form, for usc rather than ornament.

I have not the space to deal with the construction of
other than those of an ordinary commereial character.
The antiquity of locks is proved by numerous allusions
to them in Sacred Writ and ancient poetry. The
records of the inventive skill of our locksmiths are to
be found enrolled in the volumes published by Her
Majesty’s Commissioners of Patents, such as the
Marquis of Worcester’s locks, which caught the hand
of a stranger, as a trap catches a fox, and so far marked
him tbat he might casily be deteeted.  Eighty-four
patents for locks were taken out between October 31,
1778, and April 15, 1851, Since the operation of the
new patent law, in locks as in other articles, the
number of patents has been vastly inereased, and an im-
mensc impetus given to the improvement of the finish
of locks, the use of superior tools, and consequently
rapidity of production. Probably no industry has ever
been so effectually and intclligently illustrated as that
of locks, in the forty-four examples which formed the
“ Lock Trophy ” in the Exhibition of 1851, the work
of Mr. C. Aubin of Wolverhampton,—the series com-
mencing with the simplest of locks and terminating
with the Bramahs. With the invention of Barron, viz.
the principle of ullowing a stump on the ¢ tumbler”
to pass through a bolt, a principle still adhered to in the
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production of commercial and, it may be added, locks
of superior quality, began a new cra. The moveable
tumblers guarded the fixed wards, and presented to
those who tampered with them a difficulty which had
not previously presented itsclf. The sccurity of the
Bramah lock lay in its nosle, curiously defended from
the introduction of any bnt the proper key, by a new
invention of a spiral spring, which by its operation
prevented access to the bolt, to turn or shoot it.  The
principle appeared so perfeet and unassailable, that for
fifty years a padlock on the Bramah principle hung in
the shop window of that firm in Piccadilly, with a board
attached, on which was inscribed, ¢ The artist who can
make an instrument to pick this lock shall receive
two hundred guineas, the moment it is produced.”
Various attempts were made to open the lock, but
it was reserved as the crowning triumph of Mr. A.
C. Hobbs, the inventor of Newell's paruotopic lock, to
destroy the hitherto unlockable purity of the Barron
padlock. He had previously, in twenty-five minutes,
opened a three-bolt, six-tumbler lock, made by Chubb,
fixed on the iron door of a vault in the occupation of
the South-Eastern Railway Company. It, however,
must bo borne in mind, that the locks named were
locks picked under circumstances which no burglar
can possibly have in his favour, and that the opening
of these two locks was effected only by a skilful and
accomplished mechanie, as the invention of the paruo-
topic lock proved him to be. The actual time occu-
pied in picking the Bramah padlock was twenty-two
hours and forty-five minutes, but Mr. Hobbs afterwards
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picked the lock three times within one hour. It is pro-
bable that no cheaper nor more beneficial 1esson was
ever received, than that given by the American lock-
smith to the English lock trade. 1t is to the credit of
Bramah, that at an carly period he perceived the
advantage of, and applied machinery to the production
of his lock. The padlock, which required nearly two
days of ordinary time to pick, was only 4 inches in
diameter and 17 inch thick. The application of ma-
chinery to grind and cut the several parts of the inte-
rior mechanism of locks, and of skilful mechanics to fit
together the parts machined, is on the truc principle
of the interchangeable system, the same which is now
recognized in the production of guns by machinery;
and by adopting this plan “most of the limbs of which
a lock is composed are capable of being produced at
a much cheaper rate, and with a degree of uniformity,
impracticable by hand labour.”

The manufacture of locks in the towns and villages
in and around Wolverbampton, Willenhall, Walsall,
Bloxwich, or the villages of Wednesficld and Brewood,
is only exccptionally practised in connection with spe-
cially constructed manufactorics. The great bulk of
locks for exportation, and the cheap locks used in this
country are produced by “master men,” employing
a few “hands,” these chiefly apprentices. These
masters have no capital, are very poor, and to enable
them to live, go in and procure raw material; they
dispose of their locks at a low price to Wolver-
hampton factories. Their tools are of the most crude
and imperfect construction, though it is true that the
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cutting up of the sheet iron is now done by ma-
chinery, instead of, as formerly, by cutting out with
the cold chiscl. In some kinds of locks, as “plate”
locks, the plates arc still cut out and pierced, as also
the bolts forged, by hand. The principal tools uscd
in the locks of a better quality produced by “little
masters,” who work for Wolverhampton lock factors,
are the shears, the file, and the punch. There is
sad waste of material. The tools, not being attended
to, work with difficulty, the shears wear in the cut-
ting edges of the jaws, the pin becomes loose, while
strength would be cconomized by the application of a
counterpoise weight; children work these presscs, and
file, standing on blocks of wood, or boxes, to clevate
them to the height of the vice in which the picce of
metal is held. It is to be hoped that the distortion of
the human form is less apparent now than when Mr. I,
H. Horne, in his Report on this district, pointed out
some years ago, that the protracted hours of labour at
a vice tended to displace the right shoulder blade, and
to bend the right leg inwards towards the knee. In
the shops of small lock masters, children blow the
bellows for those a little older to forge the iron, and
the “drilling ” of the pipe of a key for the reception
of the pin of the lock, the cutting of the wards, and the
filing of the keys are also done by young persons. Keys
with more complicated wards arc placed in the hands
of more experienced adults and apprentices. The
above conveys a very fair idea of the appliances in
use, and indicates the class of human aid employed
in the production of cheap tumbler cupboard locks of
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various kinds, 8o cheap as to be sold wholesale at 1. 05d.
per dozen. Chest Jocks are sold at half the money, viz.
61d. per dozen, and are so valucless in the estimation
of their makers, that a workman engaged in chest lock
making, dropping a lock, remarked to a friend who
had picked it up, that he could make another “erc it
had doncringing.” Indeed, the locks which fall on the
ground are left to be picked up by the boy who swecps
the shop.  Four-inch common closet locks arc sold at 7d.
each, and those with fine wards at 11d. each, while com-
mon quality locks, with onc wheel aud a short “ bitted ”
key, were sold in scts of five, for sets of drawers, with
two keys, for ls. 1d. per set.  Small keys, which in
1810 were first ¢ stamped ” by Hope, of Ampton near
Wolverhampton, out of wrought iron, were priced
at 4s. 6d. per gross, in a list of that year, but are
now sold at 1s. 8d, per gross, and, made of cast iron
rendered ¢ malleable,” at half the money, viz. 10d. per
gross. In 1810 the casting of keys was first intro-
duced by Grove, of Birmingham, and all keys prior to
the year 1806 were forged. Tle prejudices against
stamped keys were such, that for a long period lock
makers refused to use them, The cutting out of
portions of locks from sheet iron by the fly press,
punches, and bolsters, took place in 1790 ; this, and
the conversion of cast into malleable were introduced
into the lock trade in 1815, being due to Mr, Isaac
Mason, of Bilston.

Among the curiosities of lock making produced in
the great districts of lock industry, may be named
& padlock, made in 1776 by one James Lee, upwards
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of sixty-three years of age, which, with its key, was
not the weight of a silver twopenny piece; also a lock
and key of iron not the weight of a silver penny ; and
he boasted that he could make a dozen locks with
keys, which would not exceed the weight of o sixpence.
A complete and cffeetive lock on Barron’s principle,
full of “ tumblers.” was made just half-an-inch square,
and under !thof an inch in thickness, by Henry Yates,
of Wolverhampton. Mr. Chubb, in the Birmingham
Exhibition of Manufactures in 1849, showed one of his
patent ¢ Detectors ” set in o gold finger-ring, the lock
and key weighing only sixteen grains.  In the Exhibi-
tion of 1851, two boys. sons of Mr. Aubin, of Wolver-
hampton, exhibited a four-lever padlock only +% of an
inch in diameter (small cnough to go in a hemp-seed
husk). DBut this was excceded by Mark Scaliot, a
blacksmith of London in 1578, who made a lock of
iron, stecl, and brass, consisting of cleven pieces, and
a “pipe” key, which weighed ouly one grain.

As to the production of locks, Mr. J. C. Tildesley
in 1865 estimated the number of cmployers at 450, who
employed 4950 workmen, producing weckly of pad,
cabinet, till, chest, rim, dead, mortise, drawback, fine-
plate, secure-levered and other locks, in the aggregate
81,500 dozens, which, allowing forty-cight working
wecks to the year, is cqual to 368,000 dozens, or
4,416,000 single locks.
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WOOD SCREWS.
By tne vare W. C. ArrkeN (Birmingham).

It will be readily understood that the trade term « wood
screws” simply means iron screws used by carpenters
and cabinet makers, varying in length and thickness
from one quarter of an inch upwards, which offer a
ready method of uniting scparate picces of wood, and
attaching metal work to it.  Serews, as everybody knows,
arc much more difficult to withdraw than nails, which
from their tapering form, can casily be removed by
a pair of pincers, while a well-made screw can only be
removed through the same means by which it was intro-
duced into the wood. Screws are distinguished by their
lengths, and their thickness by numbers, viz. an inch
screw may be had from } up to }. The form of the
head is usually distinguished as “countersunk,” but
there are other varietics, such as those with heads that
are convex and stand in relicf as half spheres (lock
screws), while in others the heads are “bullet,” like
in form to those used by mediseval metal makers.

The crude machinery or processes produced rough
and badly cut threads or “worms,” which tore the
fibres of the wood as they entered it, defeating to a
very great extent the advantage of the worm. The
bluntness of the point was also a disadvantage: but
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recent improvements in cutting, by which the bottom
of the “thrcad ” has been made flat instead of concave,
and the points, “gimlet” like, permit of a smaller hole
being perforated in the wood for the introduction of
the screw, so that its smooth and well-cut thread docs
not destroy tho fibre into which it is driven, and prac-
tically becomes a “nut.”  The perfection with which
screws arc now made has very largely increased the
manufacture.

The carly history of wood screws ig involved in
some little doubt. They were prior to 1760 entirely
made by hand, but in that year the brothers Wyatt
invented an apparatus for cutting them, which to a
certain cxtent was automatic. The “blank” out of
which the serew was to be produced was held by clams,
which revolved in a power-driven lathe, and at the
back of the spindle in which the clams werc fixed, &
screw grrangement repeatedly forced the blank forward
through tools which cut the thrcad. The nicking of
the head was also effected by rcvolving cutters, the
blank, held in dies, being forced through these by
means of a screw ; and mecans were also provided for
stopping and putting the machinery in motion. A
curious illustration of the rate of production of screws
by this machine, as well as the importance of the trade
previous to 1798, will be gathered from the fact that
Messrs. Shorthouse, Wood, and Co. (the then largest
producers &f screws), who had works at Burton-on-
Trent, Tettenhall, and Hartshorne in Derbyshire, at the
latter establishment with fifty-nine pairs of hands
turned out 1200 gross weekly, which is under th:)
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120th part of the production of onc manufacturing firm
in Birmingham alone.

All serow blanks were up to 1817 forged, but in that
year Colbert, a Gorman clock maker, devised a means
for avoiding this, and forming the blanks from iron wire,
so that apart from increased rapidity of production,
the process gone through in econverting iron into wire
improved the metal out of which the blanks are made.
By Colbert’s process the wire was cut into lengths a
little longer than the screw to be made, held in a pair
of dies with a countorsunk impression on their face, so
that the wire protruding beyond the dies was “upset”
by means of a hammer expanded laterally, and took
the form sunk in the die. All screw blanks arc now
made from zine, and Colbert’s method has been im-
proved upon. The wire is now simply supplied to tho
heading machine, into which it is drawn, and cut off
to length, while the head is formed by a similar process
to that described in solid hcaded pin making, the
inventor of which, Mr. Wright, also brought out a
scrow-making machine, though from its complicated
construction it never came into any cxtensive use, and
has long been abandoned. Inventive skill has been
largely excrcised in this country and America in
perfecting the machincs, and those now in use here are
American and self-acting. The attendance of women
in the former dirty occupation of “screw grinding,” as
it was called, is entirely got rid of, and they are now
employed in tending the machincs, a number of which
can be managed by one female.

. The old process of screw making by hand consisted
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in cutting the rod into lengths, heating it, placing it
in & countersunk bolstcr, and opening the head by
hammering. The nick or slot on the head was cut
with a hand-saw, and the worm of the serew, by placing
the blank in clams at the end of a spindle, to the
opposite end of which a winch handle was attached.
The spindle, placed on two bearers, was made to revolve
by manual power communicated to the winch handle.
The dies which cut the thread were in two parts, the
lower one fust and the upper loose, and connected
with it was a lever with a weight attached, which,
pressing upon the blank in its passage backwards and
forwards through the dies, cut the thread. A treadle
-operating on the lever incressed or diminished its
pressure, till the worm was completed.

The present method is as follows:—The blanks,
formod of wirc as already described, are carried
to the machine and placed in its hopper, whence by
a mechanical arrangement they arc withdrawn, one
by one, and placed in the machine where the head is
turned. They are then nicked, while held in grips by
rotating saws, the burr arising from which is removed
by again subjecting the blank head to the action of the
turning tool; onc complete revolution of the tool is
sufficient to accomplish these two operations, and the
blank is dropped down into a receiver. The headed
and slit blanks are now placcd in the hopper of the
worming machine, and then taken to the clams; a
cutter is next passed along the blank often enough
to produce the thread of the required depth, and to
form the point, and the scrow is then rcleased and falls
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into a receptacle provided for it. As these machines
are sclf-acting, one woman can attend to a number of
them, whercas of the preceding machines (on the in-
terregnum system), onc woman was required for each.
Now, however, the supply of blanks to the hoppers and
attention to the change of cutters (when they become
worn) is all that is required.

Wood serews have also been produced by being cast
in sand, and ingenious methods have been devised to
simplify the perforation of the moulds, as regards the
removal of the pattcrns; but it must be evident that
any attempt to produce wood screws by sand casting,
as beautifully clear in the worm or thread, as in the
ordinary metal wood screw, must result in failure,
whether as regards quality, utility, or price; mectal
when cast, whether ivon, brass, or copper, is brittle in
comparison with any of these metals, when they have
undergone the processes of rolling and conversion into
wire, from which all wood screws arc made. Cast
wood screws should be regarded simply as among the
curiositics of manufacturc.

Improvements in the manufacturce of wood screws,
with concurrent diminution in price, has led to their
use in preference to nails. The computed number of
screws made in England in 1849 was 70,000 gross
per weck. In 1866, this production had risen to
180,000 gross, and the quantity of wire consumed
annually for this manufacture alone amounted to
upwards of 5000 tons. In the ycar (1873) one manu-
facturing screw firm (Messrs. Nettlefold and Chamber-
lain) produced 150,000 gross weekly, or in the aggre-
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gate, allowing for stoppages, &e., forty-cight working
weeks to the year, seven millions two hundred thousand
gross of screws per annum. Birmingham is the chief
geat of the wood serew manufacture, and they have
not recently been produced to any extent clsewhere.
The aggregate number made in England annually
is at present cstimated at 9,000,000 of grosses—or
1,296,000,000 wood screws.  The iron wire consumed
is nine thousand tons, though a small deduction should
be made for screws from copper and brass wirc.
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RAILWAY BOLTS AND SPIKES.
Tur sare W, Co Amrrex (Birmingham).

Frou the very commencement of the railway system,
it may be questioned whether its warmest advocates
realized the new industrics which it would call into
existence, not the least important of which is the
manufacture of bolts, nuts, spikes, fish, and wrought-
iron chair plates, &e., now so extensively used, and
imperatively called for in the making of railways;
as also rivets employed in the construction of tubular
bridges, as that of the DBritannia ; wrought-iron
girders; stationary, locomotive, and marine engine
boilers; gasometers, and tanks to contain water or
other fluids. If in connection with the above, is
considered the increase of stcam-vesscls, the multi-
tude of rivets, bolts, &c., required "in the construction
of even a single iron vessel, such as an iron-clad,
which now forms so essential an element in the British
Navy, it will be owned that this industry is one well
worthy of deseription.

In the fastenings used in railways of the best
construction, cvery length of rail 18 feet long is
connected with that which succeeds it, by two “fish”
plates and four bolts and nuts, two of which pass
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through the former and two through the latter,
holding firmly tho two lengths together Dby the
pressurc of the nuts on the plates, on cach side at
the junction of the two lengths of rail. This forms
the support of the length of cach rail, which rests on
seven “chairs,” each of which is held down on the
“gloeper ” by “fang ” bolts or “spikes.” There are
5421 miles of railway between Loudon and Aberdeen,
laid down throughout as a double line, while at all the
stations, the number of rails required for “sidings,”
&c., are very numcrous. If howcever the estimate em-
braces the “fixings” on the 15,376 miles of railway
now at work in the United Kingdom, their aggregate
amount is equal to 361,500,000 of separate picces uscd
in the construction of the permanent way. Butb the
employment of nuts, bolts, and spikes, &e., docs not end
here, for they enter into the construction of passenger
carriages, waggons for the conveyance of merchandisc,
coal and minerals, live stock and luggage vans, and
even into the framework of the locomotive by which
they are all moved. A covered railway waggon alone
absorbs in its construction ncarly 300 bolts.

The system of division of labour is now such, that
the screws required by black- and whitesmiths are
no longer made by them; and the agricultural imple-
ment maker, or brass founder, who some ycars ago
by means of screw plates or stocks and dics made
his own screws, no longer makes, but procures them
from the nut and bolt manufacturer in quantities.
The system of standard gauges, founded upon micro-
metrical adjustment (introduced by Sir Joseph Whit:

F
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worth), is such, that “bright” bolts formerly made by

engincers and used in the construction of stationary, .
locomotive, and marine engines, in cotton and woollen

spinning and weaving, are now produced by the nut and

bolt manufacturer, with such extreme accuracy as to

diameter, parallelism of shoulder of head, fuce of nut,

and pitch of thread, as to prove how casily an uni-

versal system of serewage might be accomplished all

over the world.

Large as are the requirements of English railways,
those of forcign and colonial railways are still larger,
and have, for the most part, to be supplied by English
houscs. Under the definition of “railway iron” thesc
articles are included, and the results of a special and
comparatively new industry therefore escapes notice.
One firm alone, viz. the Patent Nut and Bolt Company,
which has branches at the Stour Valley Works, near
Birmingham, and Cwmbran Works, South Wales, can
produce 100 tons per day of nuts and bolts, and at the
rate of 80,000 tons per annum. Other and smaller
establishments in the district, as at West Bromwich,
Wolverhampton, the Black country, Sheffield, Glasgow,
and clsewherc, will raise the consumption of iron in
this department of British industry to 80,000 tons per
annum.

It will at once be seen that the quantity required,
together with the ncecessity for speedy execution,
necessitates a greater degree of production than can be
accomplished by manual labour; but ¢ best” nuts and
bolts, as they are called, are still produced by hand
and forged by the workman, aided by a double “ oliver,”
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(or two hammers working by means of a treadle to
cach hammer). The assistant frequently treadles, .
while the chief workman turns round the heated iron
on his anvil, lays it in *‘creases,” or places it in
“dies” in order to secure the form of the head of the
bolt or spike, &c. Where the shank of the bolt has to
be “serewed” with an external thread, and the nut
“tapped ” with an interior serew, these operations are
performed by cleverly constructed machines, in which
the bolt is held fust, and its shauk screwed when in
motion, by dies which thread it in its passage
through them. The thread is not produced at once,
but by the gradual compression of the dics in the
advance and retrogressive motion of the bolt, by the
automatic arrangement conmected with the head of
the serewing machine in which it is held.  The grip
or cut of the die is determined by the lever handle of
the apparatus, in which the serewing dics are held,
coming down on an iron stop when the bolt is finished,
of uniform size and gauge.

The tapping of the nuts is cffected with cqual
certainty, but with greater rapidity, as many as three
or even six being tapped at once, by a machine cither
horizontal or perpendicular in its operation.

The taps used are all “taper ™ pointed, but terminate
in “plug,” or clsc they cut parallel towards the head,
or taper taps prepare the nut for the plug tap; in
either case, the plug or finishing tap produces a
nut which moves by a gentle force on the thread of
the previously screwed bolt. During the operation of
tapping, the nuts arc clutched, or held by grips in a

F2
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lorizontal or perpendicular position, the heads of the
tap or tups being dropped into the ends of spindles
prepared for their reception, and the screwing ends into
the nuts. The machinery is sct in motion and the taps

MaciiNg rOR HeApING Bovnrs, SPIKES, ETC.

A. Driving pulley. B. Revolving table.
C. Dies in which iron is placed.

D. Hammer of stamp carrying heading die.
E. For moving table,

being propelled forward, or downward perpendicularly,
cut the worm in the nut ; when the machinery is reversed
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and the taps are withdrawn, the nuts are removed from
the clutches in which they were held, and if not for
“bright engineers,” the bolts are complete.

When Dbolts, nuts, and spikes arc produced entirely
by machinery, the process of producing the blanks or
unfinished bolts or nuts is cntircly different. TFish
and fang bolts, with parallel square or round shanks
and square heads, are made from round iron of suitable
diameters or rods specially rolled.  The rods are cut
into lengths a little longer than the bolts required ;
the ends of the lengths to form the heads are heated in
muffies with an iron side perforated with & number of
holes, the size of the iron. By this arrangement the
onc end of the future bolt is cold, or kept comparatively
rigid, while the opposite end is heated and rendered
ductile. The heated iron is dropped perpendicularly
into a socket or bolster die; if the shank is squure, or
of any other form under the head, a die bearing the im-
press of the intended head is attached to the descend-
ing hammer of the stamp in usc; as it descends, the
heated iron protruding from the lower die is compressed
into a head; and in this manner also, are¢ produced
the peculiarly formed dog-headed spikes, their shanks
made square, and their points chisel pointed, by being
subjected to the operation of other machines previously.
The operation of hecading is considerably expedited by
a machine with a revolving table, on which a number
of dies are 8o arranged, that cach, by a movement of the
table, is brought under the falling hammer of the stamp,
when, one blow having been given, the table is turned,
and by an arrangement under the die, the headed bolt
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is forced out of the bolster and its place supplicd by
another picce of heated iron.  The number of bolts
headed is much larger than that made by the use of

= AN A A A

LT

A. Bevel-wheels, giving motion to

B. Spindles carrying (screwing) taps.

C. Pulley, which carries band.

D, Rods, which throw spindles in and out of gear,
E. Nuts to be tapped or in process of being tapped.

only a single heading machine. Nuts are entirely
produced by cither subjecting the heated flat iron bar
in its length to the operation of a machine, which takes
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in, cuts off, and forms the nut round or square, and
perforates the hole which is afterwards to be tapped;

Macuine vor MaxiNG Nurs,

A, Die to form external shape of nut.

B. Concentric punch which advances and cuts out the nuts; an
internal punch then advances and perforates or punches out the
hole.

C. End section of punch B.

or a bar of iron is heated at the end and presented to
the action of a machine, with an advancing hollow
punch fitted with another punch concentrically cor-
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responding to the hole of the nut. This latter, which
forms the external shape of the nut, is advanced by a
cam, and the heated iron bar is held against the head.
The hollow punch advances, cuts out a nut, forces it
into a dic or bed; the concentrie perforating punch
then advances and perforates the hole, The action of
the machinery is then reversed, the double punch
withdrawn, and the nut completed.

The longer kinds of rivets are made with a similar
machine but with a different arrangement of dics, com-
prising a bed in which to drop the iron, and a die to com-
press and form the head. A twisted shanked spike is
occasionally in demand, which is not cut or “ threaded ”
by means of the screwing machinery already described.
The shank is forged or rolled flat and broad, before
being subjected to the operation of a twisting machine ;
it is held fast by the head, the shank dropping into a
slot cut in an upright support, and the machine is set in
motion, carrying the head of the spike with it for one
quarter or half a revolution. The point being held
finuly, resists, the result being a twist in the shank,
which renders the spike, when driven into a sleeper, very
difficult of removal. The operation of “twisting ” the
shank of the spike is accomplished with great rapidity.

Bolts, nuts, and spikes, the various modes of pro-
duction of which have already been described, are sold
in their rough black condition, screwed and fitted,
utility only being considered. ¢ Bright ” or “finished ”
bolts and nuts, to be used by cngincers require a
greater amount of care. Every bolt is turncd, every
head is planed, every nut is faced; the bolt, while
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revolving in a lathe, is being turned, and parallelism
through its cntire length securcd by the unorring
operation of a tool fixed in a slide rest.  The under
part of the head is also turned, in order to “bed ” or lie
“dead” true, on the flange or surface of metal; and
the formation of the thread or screw on the shank is
produced, as also the corresponding nuts tapped, by
machines as alrcady described, but very much more
perfect in their operation, on account of their superior
construction. After the nuts are tapped, they are
fuced on their under surface by turning.  Three or
four according to their thickness, are next screwed
together on a screwed mandril, their sides being
operated upon while they are fixed under a horizontul
planing machine, which acts upon cach square, as it is
presented to it The sides of the heads of the bolts
arc also planed, and the nuts are then serewed on to
the chuck of a lathe, which bears a male screw
(corresponding to that of the bolt which the nut is in-
tended to fit). The lathe is sct in motion, und a slide-
rest tool removes the extra iron, and cqualizes the
thickness of the nut ; during the revolving of which the
dircetion of the cutting tool is changed toa given angle,
and the corners of the squares on the upper surfuces of
the nut are bevelled off. During the turning and
screwing operations, the tools, screwing dies, taps,
and also the iron operated upon, arc lubricated with
soap and water, to cool the metal, and to facilitate
the removal of the “turnings” and particles of metal,
occasioned by the action of the dics and turning tools.
Finally the squares or ““flats ” of the heads of the bolts
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and those of the nuts, are cqualized and reduced to
uniformity of size, while the longitudinal marks Ieft
by the planing machine, arc removed by subjecting
the nut and bolt to the action of two cutting dises
placed on a mandril.  The inner surfaces of the dise,
opposite to cach other, are cut like a file, and the heads
of the bolt and nut are operated upon by placing them
between the dises, changing the position of the nut
and bolt, half the nunber of times that there arc sides.
Parallclism is accomplished and uniformity of size is
sccured, in order to fit the wrenches with which the
bolts and nuts are gripped by the engincer, in fitting
and screwing them up in connection with the engine
or machine, of which they form an integral part.

The nut and bolt manufacturer produces materials
for coaches and carringes, wood bedsteads, tyres of
wheels, &c.  Our telegraphic system is also furnished
with insulating galvanized iron bolts for sustaining
the wires, and wire fencing is also constructed by the
aid of eyc bolts.

The whole of this important manufacture may be
said to be entircly due to George Stephenson, who, forty
years ago, demonstrated the practicability of railways,
and thus indirectly created subsidiary branches of in-
dustry, such as that of nuts and bolts, &e.

As in all branches of manufacture where quantities
and speedy cxecution are eloments, involving the
necessity of machinery, the number of work people
employed are fow, compared with what they are in
other national industries. In manufactories such as
that of the Nut and Bolt Company, who make their
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own machines, skilled mechanics are employed, and
in cvery cstablishment a superior class of workmen
attends to the tools in use, the machines, anud their
repair.

Including the production of wood screws, the hands
engaged number about 1800 males and 1500 fomales,
in the aggregate about 3500. The machine makers,
superintendents, and tool repairers, realize good wages ;
the females, in accordance with similar subordinate
workers in other branches of industry. The intelli-
gence and social position of those employed, is superior
to that of operatives in the wrought-nail trade, cxeept
perhaps those who are engaged in the drudgery of
the lowest processes.
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BUTTONS.
By e nate W. C. ArrkeN (Birmingham).

THE various materials employed in the fabrication of
these indispensable little fastenings, the quantity of
raw material consumed, the inventive skill brought to
bear on their manipulation, the rapidity with which
certain oporations arc performed (even where these
are exceuted by hand labour, owing to one indi-
vidual engaging in onc process only), the number of
operatives cmployed, and the aggregate amount of
money annually spent on the trade, demonstrate how
important are buttons among British manufacturing
industries.

Gilt mectal buttons were made and worn in the early
days of George II1., though buttons of horn and bone
were also in vogue. With the brief space at my com-
mand I can only enumcrate the kinds of buttons made,
the material out of which, and the processes by which
they are formed.

Under the class of metal buttons are included—the
plain flat gilt button once extensively used in the attire
of civilians, together with naval and military buttons,
mado from an alloy called plating metal, which con-
tained a larger proportion of copper and less zine than
ordinary brass. The devices were produced on their
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outer surface by stamping tho previously cut-out
“ blanks ” or metal discs into stecl dics, while the necks
were soldered on.  Their finish consisted in gilding
them with gold by the amalgam process, the gold being
united with mercury applied in a paste and subjected to
the influcnce of heat in a gilding muftle, in which the
mercury here dissipated in fumes, while the gold at-
tracted by the metal remained and was made bright and
brilliant by the “button burnisher.” There were other
varietics of buttons made of very common brass, and
some of bell-metal, hard and white, the necks of which
were cast in, the surface of the buttons being made
bright by abrasion, and finally polished on buffs.
Ball buttons (hollow and spherical ) were “ raised ” up
from flat discs of metal, by a suceession of tools worked
in a press, the necks having previously been soldered
to a “collet” of metal, which was sct in and firmly
secured to the spherical front by a pair of dics worked
in a press. Occasionally ornamental perforated ball
buttons, miscalled “ filagree,” were made, having their
ornamentation stamped on and pierced, before the
blanks were raised by the press into a spherical form,
and gilt as before.

Buttons made of stecl were worn on court costumes ;
they were bright and brilliant, the light gleaming
from the many facets with which the button face was
adorned, and for these immense prices were charged
and paid. Matthew Boulton, who evontually largely
aided James Watt, was in the early part of his career
a manufacturer of steel buttons and buckles.

Three and four-holed brass brace buttons, formerly
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cast, arc now produced from rolled sheet brass, the
“Dblanks” being cut out either at the hand-press
with a punch and bolster, or by a press worked by
stecam power, by which latter arrangement the work
procceds with an immenscly increascd rapidity. The
operation of stamping causcs the outer diameter of the
blank to be increased in thickness, the name of the
maker to be impressed thercon, and a depression made
in the centre, so that the thread which attaches the
button to the article of clothing may not project above
the surface. The holes are sometimes picrced out
by means of a hand press. Buttous in iron are pro-
duced from sheet iron in a similar manner to those of
brass; and are also made of pewter, zine, and tin.
The introduction for personal wear of other material
than broad cloth of uniform colour, such as tweeds
for frock coats, called forth a class of buttons made in
brass, with objects figured thereon, such as the heads of
animals, in basso or alto-relievo. Thesc were produced
from carefully sunk steel dics by means of stamping ;
the backs with the necks being attached to the ¢ shell ”
fronts, by being “set in” with an ingeniously made
pair of press tools. The finish of these buttons was
accomplished by means of chemical bronzes, i. c. oxides
of metals dissolved in various diluted acids, by which
process the mectal was made to assume cvery huc,
from the appearance of oxidized silver, through all the
shades of colour of which metal is susceptible, so as to
harmonize with the cloth, to which the button was
to be attached. Recently, makers of metal buttons
have introduced, in connection with the manufacture,
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the production of solitaires and sleeve-links, the
shells of the best examples being produced, not from
dics, but from carefully chased metal patterns.  From
these, moulds are made in guttapercha, covered on the
impression side with bronze powder, and the external
ornamentation of the solitaire or link is obtained by
means of the cleetro deposition vat.  These little fasten-
ings are also finished by the application of acid bronzes,
or the deposition of thin skins of various coloured metals
by the electro-metallurgical process ; and finally, their
surfaces arc protected by the application of lac spirit
varnish.

There are also varicties of buttons made from the
raw materials furnished by the animal, vegetable, and
mineral worlds.

Upwards of a hundred years ago, the hoofs of
animals supplied the material from  whieh horn
buttons were made.  The property possessed by that
substance, of becoming plustic on being heated, and
yiclding a copy in relief in a die into which it was
pressed, determined its application for the production
of buttons. The hoofs were boiled till they became
soft, and cut into longitudinal strips by slicing with a
long-bladed knifc working lever-fashion in a staple,
fixed on the workbench ; and these strips were again
cut across to producc squarcs, which werc converted
into octagonals by nipping off their corners. The
blanks were dyed (if black, logwood and copperas
were used), and the octagonal picces of horn were
placed in heated dies in which the design was cut, the
die-holder having a hinged iron cover which was closed
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down on the plastic horn. The holder and its con-
tents werc next placed in a vice and subjected to its
pressure, and then withdrawn. Tf the buttons had
shanks of metal, these were attached by pressure,
being laid in the die-holder in depressions to receive
them. If the button was sewn on by three or four
holes, these holes were made by four revolving
drills,

Mother-o’-pearl buttons arec made out of pearl shell,
exported from the coasts of Macassar, Manilla, Bombay,
the archipclago of the Pacific, the Bay of Panama, &c.
The “blanks ” are cut out of the shell by o steel
tubular cutter, the face edge of which is toothed like a
saw, and as it cuts through, small eylinders of pearl are
disconnected, which are reduced in thickness by split-
ting into discs ncarly the thickness of the button
when finished. These blanks are completed on both
sides by a steel tool, which produces the rim and de-
pression in the centre of the button, &. The two or
four holes arc drilled, as deseribed in the perforation
of'horn buttons. The pearl button receives polish and
brilliancy by friction with a mixture of rottenstone and
soft soap while rovolving. The best pearl buttons are
those made from Macassar shells, and the best
“Dblack ” from shells imported from the archipelago of
the Pacific.

Ivory buttons are made from the tusks of elephants,
and the material being expensive, the manipulation is
conducted with greater care and chiefly by hand turn-
ing. A substitute for animal ivory was found in the
kernel of the * Corozo ” nut, which grows in clusters
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on palm-like trees in South Americn, and is husked
like a cocoa-nut, but is smaller in size. The kernel, the
part used in button-making, is milk white, softer than
animal ivory, is easily turned, and readily absorbs the
dyes, so as to suit the various coloured cloths.

Real stone buttons are cut from precious stones with
a lapidary’s “slicer,” and then cut, «fawecetted,” and
polished, the blanks are perforated, where necessary,
with copper drills revolving rapidly in a lathe, and
the drills are touched from time to time with cmery
and oil.

Fancy glass buttons are made from “cancs” of
coloured glass, heated at the end, and pinched with
plycr-like die tools, so that the impress on the die is
transferred to them. The shank is introduced as in
the manufacture of a horn button, or else a hole is
pinched through the button, a long-shanked neck with
a metal collar being passed through and riveted on the
front side through an ornamental metal rosctte. Other
varieties arc cut out of colourcd shect glass, the back
of which has been “ quickened,” or coatcd on once side
with rolled tin amalgamated with quicksilver, to render
it refloctive. The neck of the button is soldered to a
small disc of metal, which is aftcrwards tinned on
the opposite. surface to that to which the shank is
fastened, so that when the latter is heated, the solder
fuses, melts the “ quick,” and the adhesion of the neck
to the button is complete. These glass buttons are
finished by grinding the edge and surface, if cut or
fawcetted. Where “flashed” glass (i. e. glass of one
colour coated over another) is used, the ornament is cut

e}
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through the flashed colour with revolving copper tools
like a camco, and thus comcs into contrast with the
lower colour.

Wood buttons arc made of various kinds, the com-
monest varictics from beech or box, stained black, brown,
&c., after which they are turned, polished, and var-
nished. More expensive woods arc used for better class
buttons, as cbony, rose, and walnut. Buttons are also
made from pulp papier-miché by simply cutting out
and receiving their final finish by varnishing, stoving,
grinding with pumice-stonc, and polishing by hand
or with powdered rotten-stone. Buttons have also
been produced from waste pearl shell, by grinding it
down and mixing it with gum, thus producing a paste
which, when heated, was pressed into dies. Leather
has also been made into buttons by compression, the
shank being previously introduced. China, too, has
long been used as a material for buttons. Upwards of
one hundred and sixty years ago, the French poreelain
button makers formed a community, who, no doubt,
made their buttons from wet clay. But a process by
which the dry powder of poreclain clay was compressed
into a solid button, glazed and fired, was invented by
the late Mr. Richard Prosser, and practically carried
out in England by the late Mr. Herbert Minton,

Covered buttons are made in such immense varicty
of textiles that it is impossible to cnumerate them,
but it is sufficient to state that their ingenious con-
struction, their good wearing qualitics, the clever
mechanism of the tools by which the various dises of
cloth, metal, millboard, &c., are cut out, and finally
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the methods of uniting these together into a complete
button, are marvels of skill and industry.

The earliest covered button was made in 1802, by
Mr. B. Sanders, of Birmingham. This one had a
metal shank, but the ingenuity of the son completed
the invention of the father, and by substituting for
the rigid metal shank a tuft of canvas, through which
the button could be sewn on to the coat, created the
flexible shanked button. The only improvement made
thereafter, consisted in covering the back of the silk-
fronted button also with silk. A large increase in the
demand for covered buttons speedily compensated for
the decline of the gilt button, rewarded the inventors,
and revived the flagging encrgics of manufacturers
engaged in the button trade.

A covered button consists of two discs of metal, and
one of millboard, thicker or thinner according to cir-
cumstances, a disc of silk, very much larger than cither
those of the metal or millboard, to cover the front of
the button, and omne of strong canvas to form the
tuft or flexible shank, which protrudes through the
perforated metal “collet” forming part of the back
of the button. The metal discs have been made pre-
vious to placing the several component parts in the
finishing die, that is to say, they have been cut out
from very thin shects of iron or “latten.” If the
button is intended to be convex in frout, the flat disc
of metal has been stamped convex, the name of the
maker or trade mark being impressed by punches on
the perforated dise which forms the back of it. Then

a bolster or “lower die ” is fastened to the bed of the
a2
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pross, while to the screw is attached a punch, which
very ncarly fits into a cylindrical cavity in the
bolster (allowance being made for the united thick-
ness of silk and metal). The silk is laid on -the
surfacc of the dic in a sunk shallow space, with a
paper onc over it, to prevent injury, and lastly the
thin iron disc is laid ov in the centre of the paper.
The punch, on turning the lever of the press, carries
the discs down into the die, and couverts them
into a very flat shallow ecylinder of metal, with a
bottom externally covered with silk.  The punch
is now withdrawn by moving the lever handle of the
press, and a cylindrical tubular stecl tool is substi-
tuted, the hole down its centre permitting the remain-
ing portions, which make up the covered button, to
pass down ; the tool is then forced down into the die,
at the bottom of which the silk-covercd iron shell
rests, in its passage compelling the edges of the silk
to “cove over” those of the iron shell. Lastly, the
millboard disc, which determines the thickness, &c.,
of the button, the canvas disc, which eventually forms
the flexible shank, and the perforated iron dise,
stamped with the maker’s name, are dropped down
the hole in the tool, and a solid punch is passed after
them, so that the odges of the silk disc are forced
into the iron shell which retains them. All that
remains is to force up the all but finished button, by
the introduction of a wire, and to give the final pres-
sure which permanently unites all the button together.

With a fow slight modifications, the process of the
manufacture described above embraces the variety
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of button called the “ Florentine,” also covered with
silk, on which ornamental devices were woven, one of
which, generally a flower, was introduced in the eentre
of cach. This button was also patented by a Birming-
ham manufacturer, Mr. William Elliot, and so extensive
was its sale, that sixty looms, constantly at work, were
inadequate to supply the demand for the ornamental
figured silk required in its production.

In a DBirmingham button manufactory, cmploying
four hundred hands, the consumption of raw matcrials
was as follows :

Yards,

Strong eanvas e e e o .. 26,0873
Florentine lasting .. .. .. .. .. 17,86h
Woollen cloth e e e e e 162
Vesting textiles .. .. .. .. L. 398
Velvets and satins .. .. .. .. L. 639
Black and coloured silks and velvets .. 1,017
Black and coloured satins .. .. .. 1,182
Silk for “backs™ of buttons.. .. .. 3,079

White linen drill .. .. .. .. .. 1,471}
Total .. .. .. .. §2,001

which in length would extend to 504 miles, and cover
3 feet in width.

For front and back discs, which form the interior of
covered buttons, 7 tons, or 15,680 1b. of best charcoal
“latten” iron werc used. To illustrate the economy
of skilfully constructed cutting-out machincs, I may
state that 63,000 grosses of brace buttons (9,360,000)
were cut and made from 2 tons of iron; 23,000 grosses
or 3,120,000 buttons were made from rolled brass,
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mixtures of copper, and plated metal. In the pro-
duction of light stecl toys, i.c. buttons, clasps, and
fastenings for ladies’ dresses, the shect steel converted
into the above-named ornaments, cxeeeded in weight
5 tons.

In the twenty-threc years which have elapsed since
the above estimate was procured, the establishment has
been Jargely added to, and 500 additional hands taken
on; the consumption of material has beon more than
doubled, and in the production of buttons from the
vegetable ivory, many tons of corozo arc annually
consumed.

Some years ago, between 1865 and 1870, the con-
sumption of mother-o’-pearl shell amounted to nearly
1000 tons annually. The failure of the fisheries on
the coast of Central America has now, however, reduced
the consumption to a little more than one-third, or
300 tons annually. The pearl button trade would
have been extinguished, but for the discovery of the
valuable shell on the east and west coast of North
Australia. We may estimate the value of

£
300 tons of mother-o’-pearl shell at .. 55,000
800 tons of corozo nuts (vegetable ivory) 11,000
500 tons of various qualities of brass .. 65,000
1000 tons of latten and other iron .. .. 50,000
Tinned plate .. .. .. .. .. .. 60,000

reprosenting an cnormous sum in the manufacture of
so insignificant looking an object as a button.
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PINS.
3v TiE LAt W. CoArrkeN (Birmingham).

TrE use of pins as a simple means of fastening articles
of dress, is no doubt cocval with the use of clothing,
the thorn, or naturally formed spike, preceding all
artificial pins, whether formed out of hard wood as box,
or of bone, or ivory. More civilized nations, when a
knowledge of metallurgy was arrived at, made them of
metal, in all probability of bronze; for associated with
needles of the same alloy, pins have been found in the
sepulchres of Egypt. These, however, arc longer than
those now in use, and differ in being entircly taper
from head to point. The heads of some were formed
of gold, chased, and graved ; others were simply bound
with gold, the type of the pin made in this country
and elsewhere, before the introduction of the now
universally used solid-hcaded pin. It is said that
domestic pins were first introduced into this country
from France, in 1543, by the Queen of Henry VIII,,
previous to which time the fastenings in use consisted
of ribbons, loop holes, clasps, crudely formed hooks
and eyes, and skewers of wood, bone, brass, silver, or
gold. The imported pin, or some of those imported,
were of an inferior make; and the heads becoming
loose, led to an Act being passed, prohibiting the sale of
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pins, unless they had * double headed ” heads soldered
fast to the shanks, shanks well smoothed and well
shapen, points, round, filed, canted, and sharpened.
Prior, however, to the importation alluded to, pins were
enumerated as among prohibited imports. The first
supply was roceived from France, and as the Act of
1543 distinctly refers to the heads being «double ”
and made fast, the imported article was doubtless made
from ¢drawn” wire. Fournier, a Frcenchman, who
went to Nuremburg, taught the wire drawers of that
city how to improve their original machincs, and draw
their wire finer, suggesting the idea that the art had
been so improved in France as to render the wiro fit
for the production of pins, not only for shanks, but for
heads ; the wire out of which these werc made being
very much finer. Then, as now, the best pins were
made in France of brass wire, but large quantities were
made from iron, which were blanched and sold for
brass; and the sale of the latter spurious article was
in a short time confined to the Continent. It is curious
however to remark, that in this country the great bulk
of pins uscd during the period of mourning are made
of iron wirc and japanned black. How long pins con-
tinued to be imported after 1543, is doubtful, though
in all probability it was, until the art of wire drawing
(introduced into England in 1565) was so far advanced,
as to produce wire suitable for pin making. The first
manufactory in this country was began in 1626, by
John Tilsby, in Gloucestershire, so successfully that it
soon employed 1500 workpeople. The county.was
long celebrated for its pins, and the manufactories at
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Stroud achicved a great reputation. In 1636, the pin
makers of London were formed into a corporation, and
the trade soon found its way to Bristol and Birmingham,
where, in connection with a previously established
wirework, it became localized. The introduction of a
machine founded on the “ Wright” principle by D. F.
Taylor and Co. in 1824, entirely rcvolutionized the
local pin manufacture, and converted Birmingham into
the chief seat of that industry. Pin making is in-
teresting, as it afforded the author of the ¢ Wealth of
Nations’ an example of the advantages of division of
labour and cconomy of cost, arising from the employ-
ment of some 16 individuals in the 18 processes of pin
making at that day. This labour is now reduced to
the one workman who attends to the machine, the
¢ colourer ” of the pins, and the “ paperer,” three in all,
while the work is better donc, and the numbers of
pins produced immensely increased. Tho processes
employed in making the old wire-headed and the
solid-headed pin, now in universal use, arc as follows:

The material is brass wire of a lower quality than
¢“best,” but superior to the lowest quality of brass wire,
it being more rigid than the best,and its surfaco better
finished. The pin manufacturer is generally his own
wire drawer, and if he does purchase the wire, he draws
it down to the sizes that he requires, on his own
premises, by the ordinary processes cmployed in wire
drawing, in this particular differing from the needle
maker, who purchases his stecl wire ready drawn to the
gauges from which he works his ncedles.

The firmly fixed solid-headed pin, equivalent to
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the soldered-headed of the Henry VIIL period, was
attempted to be revived as a manufacture by Timothy
Harris, in 1797, by casting on the heads, i, ¢, by laying
the shanks into u two-part mould, in which prints re-
presenting the heads were cut. The mould was closed
and an alloy of lead and antimony (type metal) poured
in, while the pins, on being released, had the “ gets ”
cut off, were cleansed by immersion in a “pickle”
composed of sulphuric acid and water, dipped into
a solution of sulphate of copper, “coloured” and
finished as all brass pins now are. The production of
a head made of twistod wirc and how to fix it securcly
next attracted the attention of William Bundy, who
thickenced the wire by pressure into a collar, on which
the hoad rested, to prevent its slipping down. The
heads wore placed on the shank in a die, while another
die, worked in a fly press, descended, and compressed
the top of the wires, scecuring the attachment of the
wire head to the shank, In the production of the
collar or thickening of the wire, it is not difficult to
detect the embryo of the futuro solid-headed pin,
now in universal use. In 1812 Bradbury and Weaver
conceived the idea of “ heading” by means of an auto-
matic acting machine. The shanks being pointed and
the wire heads prepared, they were put in separate
hoppers, while a mechanical feeder placed a shank and
head in relation to each other; and in this position the
pins were pressed by screws against dies completing
the extornal form of the heads, and uniting the head
to the shank. The pins were then withdrawn by
peculiarly formed hooks, operated upon by parallels



PINR, 91

worked by the machine. In 1817 Scth Hunt invented
a machine for producing pins with “hcad, shoft, and
point of one entire picce,” thus realizing “ a solid-hcaded
pin.” The wire was fed into the machine, cut into
suitable Iengths, and held by a dice till the head was
formed. The die was then rotated, and a pointing
wheel was raised and brought into contact with the
unpointed pin, against which it was kept in contact by
a presser, till the point was completed and it dropped
out. In 1824, W. L. Wright invented the solid-
headed pin-muking machine, which for many years
was exhibited in London to crowds of visitors, and
which, improved upon by D. F. Taylor and Co. and
H. Shuttleworth, formed the basis of the improved,
simplified, and compact machinc now in usc. Many
prejudices cxisted against the introduction of the solid-
headed pin; among others, that it bont more easily
than the then ordinary wire-headoed, owing to the wire
being softened to facilitate the formation of the solid
head, though, on the other hand, the loss of pins occa-
sioned by wire heads coming off was forgotten. To
this prejudice may be attributed in 1833 the machine
invented by Brown, for the manufacture of wire-headed
pins, in which the thick wire to form the shank, and the
thinner wire which formed the head, were opcrated on
by a machine simultaneously, viz. the small wire being
coiled twice or thrice round the thicker wire of the
shank, and compressed therein by the action of a pair
of dies, cut to pin length, and conveyed to the pointing
wheel of steel. Two grooves traversed its diameter,
the one roughly tapering the shank, the other, of finer
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cut, completing and smoothing the point. It is un-
necessary to pursue further the various improvements
introduced afterwards, as they simply embrace methods
which have become obsolete or profitless, and have,
therefore, been abandoned.  There are still o few wire-
headed pins made, and as their manufacture has been
selected by Adam Smith and Babbage to illustrate the
advantages to the workman of division of labour and
to the public in reducing price, the old method of
making pins by hand will now be contrasted with the
new or solid-headed pin made by machines, superin-
tended by a minimum of individuals.

The old process of pin-making was conducted as
follows: A bundle of brass wire was unwound, and
the curve of its coils removed, by drawing it through
seven round spikes driven into a horizontally placed
bench, the wires being straightened in its passage
through the spikes, cut into lengths of about 20 feet
each laid parallel to each other, and finally cut with
shears moved by hand or power into lengths (deter-
mined by gauges) sufficient to form six pins. These
lengths were pointed at each end by a “grinder” or
“pointer,” applying the ends of the wires to the
surface of a grindstone (in the earliest stage of manu-
facturc), and, later on, to a steel disc or “mill,” the
circumference of which was “file” cut. During the
operation, the grinder gave a rotatory motion to the
wires, tho point being finished on a more closely
gritted grindstone, or on a finer cut steel dise, while
the pointed wires were then cut off a pin’s length from
each end, and the operation of grinding and cutting
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repeated until six pin-shanks were produced from tho
one piece. The head of the pin, made of finer wire,
was produced by winding it round a “spit” 36 or 40
inches in length, its cxternal diameter corresponding to
that of the shank to be headed. The mould was placed
in a simple lathe, motion being given by hand; the
wire was connected with the mould and guided and
wound round it, so as to leave on the withdrawing
of the spit an clastic spiral of wire, which was cut
up into many scparate parts, cach cqual to two revolu-
tions of the spit, and cach forming the head of omo
pin. The spirals were cut into heads, with shears,
and the accuracy with which these were cut by the
“head ” spinner has been selected as an cxample of
precision, arrived at by practice. The number of
heads in onc pound weight of wire in ordinary sized
pins must have been very considerable.  For the coarser
varicties, the header was paid 23d. per 1b., while smaller
and finer pin heads were paid for at a higher rate. A
head maker, according to ability, could produce from
6 1b. to 30 1b. per day, and out of his carnings ho paid
a boy assistant 2s. or 2s. 6d. per week. The heads,
after being cut, were anncaled or softened in order to
make them cling more readily to tho shank, and were
next passed on to the “header,” who sccured them
by a small stamp, the hammer of which was clevated
by a cord connected with it, operated on by a trendle
moved by the foot of the workman. The lower half of
a pair of dies into which the pin dropped was then fixed
to the “bed” of the stamp, the upper half having
sunk in it a print to form the head, attached to
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the hammer. The header had a boy assistant to
arrange the heads for the shanks, which he did by
picking up a few of the latter and thrusting them
among the hewds, so that on withdrawing of the shanks,
o very great proportion were found properly fitted.
The stalks with their heads being then passed to the
header, and dropped by him into the lower dic, his food
pressing the treadle, so a8 to clevate the hammer.
When the latter was released, by removing the pres-
surc of the foot, it fell, when the blow expanded the
head of the shank, compressed the wire head, and com-
pelled it to cling to the shank of the pin, the form of
the dies preventing the expuusion of tho head in u
Internl dircetion.  To obviate the difficulty of picking
the pin out of the lower die, o spring was introduced,
which after the blow was struck, clevated the pin and
provided for its expeditions removal (an arrangement
not anneeessary, when it is considered that an expert
workman could only head 20,000 pins per day, for
which he received 1s 6d.: lers expert workmen could
only head from 10,000 to 15,000, and au assistant was
paid out of the sum received.

A curious and iuteresting calenlation (hy Dabbage)
ghows, that the labour of four men, four women, and
two children for nearly seven Lours and three-quarters
was required to produce 1 Th. of No. 11 pins, the
number of individual pins 5546, the cost of the labour
amounting to a fraction under 1. 1d.  Add to this the
present price of brass wire at 11d. per b, and the
manufacture, expenses, und profit, sud it will be scen
that the consumption, demand for, and price of the
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pins now produced in the present day could ouly have
been met by the introduction of automatic pin-making
machines.

The manufacture of pins with rolid heads produced
by machines as invented by Wright (which forms the
connecting link in the chain of pin-making), will next
be contrasted with the operation of the improved
machines now in use.  In Wright's machines the wire
was drawn from a reel with pineers, straightened in
its pussage by being drawn through studs, as in treating
the wire for hand-made pins. The rotation of the
shaft gave motion to cams, slides, and levers, working
the different parts of the machine, while & puir of
nippers cut oft the length of wire to form w pin, the
length reguluted by serews operating in the gauge. A
carrier touk the pin length of wire, and held it ageinst
a roughly cut steel wheel which partindly pointed it
a sceond carrier conveyed it to a wheel of finer cut,
where the pointing was completed 5 and a third curried
it to the heading bar.  When the head was purtiully
formed by a punch propclled agninst the * head ™ end
of the pointed wire thus, a fourth currier conveyed the
pin to a second beading die, wherein the head was com-
pleted, and lustly the pin was scized by o forked levor
snd drawn out of the machine, fulling into a tray below.

The improved machine now in use by D. F. Tuylor
and Co. is reduced iu bulk and size in wll its dimeusious,
being now only 24 inches wide by S0 inches lonyg and
18 inches bigh.  The wire is ful from a recl, straight-
encd in its progress to the hewding die ; the heading is
now the first instead of the lust operation, in which it is
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grasped and converted into a head by one punch only,
not two, as in Wright’s machine. It is then cut oft to
pin length, which, descending by its own gravity, slides
down a grooved incline and drops into a tray, the
bottom of which has a slit in it to permit the shank
to drop through. Here it is suspended by the head,
ghank down, in front of a revolving roller of stecl,
1] inch diameter, cut over its entire circumference
and length with files like toeth, diminishing in
coarscness of cut from the left to the right hand;
this roller operating on the suspended shanks in their
progress down the slit (rotating as they move), Lave
the points formed, smoothed, and finally polished;
here they are forced out by other pins which are
taking their places. The finished pins drop out into
a trough immediatcly in front of, and under, the
pointing roller.

A1l pins of brass, whether made by hand or manu-
factured by a machine, arc coloured and brightened
before they ave offered for sale; and for this purpose,
the pins, after they leave the maker or machine, are
boiled first in woak beer to remove any grease, and to
clean their surfuces. After arranging them in layers
in a copper pan, alternating with layers of pure
grain-tin, water is pourcd in, and the copper and its
contents heated, while on the surface of the water
cream of tartar, or argol (the deposit found in emptied
wine casks) is sprinkled. By the action of the acid on
the grain-tin, a solution of tin is produced, which is
deposited on the surface of the pins, and they are then
“coloured ” (i.e. made to assume their white silvery
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appearance). If not whitened sufficiently, the operation
is repeated. After their removal from the « copper,”
the pins are rinsed out between the “boilings” with
cloan water. Their brightness or finish is the result
of shaking them with bran or sawdust, in a leather
bag or “shaking” barrel, after which the contents of
the bag or barrel are empticd, the bran or sawdust
winnowed out, and the pins collected.

Mourning pins being formed of iron wire, if « blued,”
are subjected, after being cleansed, to the operation of
heat on an iron plate, or in a muflle, until the blne
tingo is obtained. The bright, or dead black colour is
produced by immersing the iron pins in black varnish,
withdrawing them after being coated, and drying the
varnish in a stove. Lastly follows the operation of
“papering " the finished pins, which are sold in pound
weights, or in less quantitics. The making np of the
parccls is very casy, for they are simply weighed ;
but when sold in sheets, the making up and sticking
in the pins into rows formerly involved not only times
but skill and quickness. Its cost was represcnted by
nearly 3}d. in the papering (of No. 11 for cxample),
for there was the folding of 12 sheets of paper, cach
gheet requiring 24 double folds, followed by the
operation of sticking thercin 144 rows of pins, 39
in each row, or 5516 pins. All this was formerly
done by hand, but has now becn got rid of altogether,
and a beautifully sclf-acting papering machine has
taken its place. The pins to be stuck are fed into a
hopper, in connection with which, a steel plate is used
with longitudinal slips cut through it, corresponding

H
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to the number of pins which form a row. The pins in
the hopper are now agitated by a comb-like tool,
by the papercr’s assistant; the shanks drop through
the slits in the stecl plate and arc suspended by their
heads, the stalks protruding on the under side; and
near the machine arc laid the long narrow shects of
paper with the address of the manufacturer (or retail
dealer by whom they arc to be sold) printed thereon.
Onc of these slips is presented by the paperer to the
action of the machine, by which two raised folds are
crimped, while the row of pins collected in the slit
steel platc is next subjected to the same action and
pressed through the two crimped folds, and these ope-
rations arc repeated until the twelve rows of pins in
each shect are stuck.

The simple and familiar word “ pin,” but imperfectly
conveys an idea of the varictics or the numbers made
of this invaluable mode of fastening. They vary in
length and thickness from the 84-inch ¢ blanket” or
“corker ” pin, down to 2 inches in length, and “toilet ”
or “ domestic” pins of finer wire, from 1} inch down
to only & inch. “Sets” arc distinguished by twelve
numbers or letters. There are, besides, the long and
slender pins of hair-like wire, with which the entomo-
logist fixes his insects on the cork bottom of his
show cases; the staple-like double pin, “blued” or
“blacked,” plain or corrugated (also made by machines),
used by ladies of the present day, to retain their
natural or artificial hair in position ; the safety pins
used for dresses, the attachment of shawls, &c., or in
the nursery, protecting the wearer from injury by being
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formed out of one picce of wire, bent so that the point,
after passing through the folds of the dress, rests in a
loop, which forms a sheath and thus prevents scratching.
Of ordinary pins designated as Queen’s own, imperial,
lace, dinmond, London, or London heavy, mixed or
mourning, some are sold at 1s 4d. per 1b. imperial
mixed, up to 2s. 2d. for small mixed, while the fine pins
used by inscet collectors feteh from 16s, to 112s. per 1b.;
if gilt, at 128s., i.e. Ts. or 8s. per oz.! By whatever
name called, they are only pins, valucless individually
(“not worth a pin”), though in aggregate production
they are important features in our nationul industries.
A calculation made forty years ago, stated that for
home use and cxport purposes 20,000,000 of pins were
required daily in England. The real quantity now
produced daily is 50,000,000, of which Birmingham
produces 87,000,000, leaving 13,000,000 as the pro-
duction of London, Warrington, Stroud, and Dublin,
where pins are also made. The weight of wire con-
sumed annually in the pin manufacture of England is
about 12754 tous or 2,857,120 1b. (onc-eighth of this
is iron wire used in the manufucture of mourning and
hair pins). The brass wire consumed amounts to
2,500,000 1b., which, at 11d. per pound in moncy value,
reaches the sum of 114,5831.  The iron wire consumed
is 844,800 1b., its value 7183l 6s. 6d.; and to be added
to these amounts are the wages, paper, ornamental
envelopes, boxes, wear and tear of machinery, manu-
facturer’s profits, &c. Mourning, hair, entomological,
and “papercd” (i. e. stuck-in-row pius), realize a larger
profit than pins sold by weight. Taking it alto-
H 2
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gether, the pin manufacture of the United Kingdom
is not over cstimated at the aggregatec amount of
220,0001.

Pins are made in small quantities in France, Ger-
many, and Austria, while in America the excellence of
English pins was rccognized as carly as 1775; the
Congress of America in that year offered o premium of
501 for the first twenty-five dozen of domestic pins,
cqual to those imported from England. A limited
success secms to have followed the premium until
1831, when Howe patented a machine for the manu-
facture of wire or spun-Leaded pins; and Slocum, who
obtained in England in 1835 a patent for making a
machine for the solid headed variety .(eighteen years
after Hunt, eleven years after Wright), worked his
patent in Amcrica. Eventually the two companies
working the Howe and Slocum patents were united,
and they now form the -American Pin Company. The
weight of pins produced annually in America, allowing
fifty working wecks in the ycar is stated to be from
350 to 500 tons per annum, or 1,120,000 Ib., accord-
ing to the most liberal estimate; and the value at
112,000L, which, in comparison, is much in favour of
the pin making of England, and demonstrates its im-
portance as & national manufacture.
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NEEDLES.
By toe vate W. C. ArekeN (Birmingham).

TuE earliest remains of nations, whethoer uneivilized or
civilized, bear covidence of the usc of ncedles from
different materinls, In Igypt specimens of bronze
threc and a half inches in length arc found ; there were,
no doubt, smaller examples, but these, in all pro-
bability, from oxidation, have perished in course of
time. DBronzc being casily worked, and the cye of the
needle being readily drilled, probubly suggested the use
of the alloy for the purpose. DBone and ivory formed,
and still form, the needles in use by the aborigines of
other countrics. In 1370 ncedles of stecl were made
at Nurcmberg, where the skill of the craftsman was far
in advance of those of other countrics ; and cven at that
period they had laid the foundation of their metallie
industrics, for they rolled iron and “latten,” and drew
wire in iron, stecl, and brass. The fine steel wire from
which wool cards were made in England, was imported
from Germany ; and long after the necedle trade was
introduced into England, the raw material of which
they were made was sent from the former country.
The carly history of the manufacture of needles in
England is unknown, and perhaps the idea that it
would never become of much importance to a nation
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accounts in part for the historical dctails being so
meagre. At the present, however, the celebrity of
English made ncedles, the number of hands employed,
male and female, in the small towns and villages in
Worcestershire and Warwickshire, morc especially
Redditeh, Studley, and Alcester, entitles the manu-
facture to a place in a volume treating on ¢ British
Manufacturing Industrics.”  Spain had once a reputa-
tion for its iron, and more particularly for its stecl,
and the Spanish alliance, in 1553 and 1558, in all
probability had something to do with the coming of
the Spanish Moor who lived, sold, and made (?) needles
in Cheapside within the period named.  The manu-
facture thereafter was located at Whitechapel, and
hence the term “ Whitechapel sharps ™ was applied to
ncedles of a questionable quality. It has been stated
that in 1543, needles similar to, though ruder than,
those now in use, were made and sold in England,
. though cvery circumstance favours the idea that those
used at first were imported. The Moor died, having
refused to communicate the knowledge which he was
supposed to possess, so that the art died with him.
There is very much more probability in tracing the
origin of the manufacturc to Elias Crousc, a German,
who, in 1667, taught Englishmen to make what were
known as “ Spanish ” ncedles. Humphries, the “ assay
master ” from Saxony, brought over Christopher Shutz,
accompanied by twenty-two Saxon workmen, who were
gkilled in mollifying iron and stecl, and drawing the
same into wire. The wire of the latter metal is
essential to the needle trade, which does not appear
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to have attained any importance till 1650, when an
ancestor of the family of Milton (Mr. Damer) induced
Christopher Greening, with three of his children, who
was engaged in making needles in London, to scttle at
Long Crendon, in Buckinghamshire, where a necdle
manufactory on a small scale was begun, and indeed
existed until very recently.

Noedle making thence penctrated to Aleester, in
Worcestershire, and from there to Studley and Red-
ditch, and in another dircction to Iathersage, in
Derbyshire, though in none of these localitics docs
there appear any peculiar fitness to have determined
the localization of the manufacture, except that Wor-
cestershire contained cmery, largely used in grinding
the points and scouring the needles.  That which was
in the beginning a “ home trade,” practised at home, or
in small shops, by the needle-maker, has now almost
ecased to be so, for the large manufacturers in the
vicinity of Redditeh are replete with every convenience
and facility for conducting the manufacture. The
most recent improvements arc introduced for heating,
ventilating, and getting rid of the bancful dust
which rises from the whecl in the “ pointing” ope-
ration, while horsc-power, and the still more un-
certain watcer-power, has given place to the steam
engine.

There is this distinction between the manufacturer
of pins and necdles, that the former is gencrally his
own wire-drawer, while the latter only excoptionally
g0, procuring his steel wire, drawn to gauges for the
various sizes of needles, from those makers in Bir-
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mingham or Shefficld. On its quality, in connection
with the skill with which the process of hardening and
tempering arc performed, the exeellence of the finished
needle depends.

In warchousing the wire, attention is paid that the
storc room in which it is kept is free from damp, or
other influences likely to injure its quality. The
bundles of wire weigh about 14 1b. cach, the wire being
in coils of 24 inches dinmcter ; a smaller diameter, by
increasing the curvaturc, would render more difficult
the other process of straightening the lengths, to pro-
duce two ncedles, while the large diameter of the coil
obviates the nceessity for unwinding and rewinding,
nceessary under the old method of manufacturc.

The cutting up of the bundle into picees of wire,
cach sufficient to form two ncedles, is accomplished
either by power, or by a workman with shears. If the
latter, the shears are fixed in an upright position, the
jaws being 8 inches in length, and the cutting jaws being
removable for sharpening. Motion is given to the
one jaw by the handle being left free, and to the first a
gauge is attached to set the wire to the length required.
The workman takes hold of the bundle of wire, applies
it to the opened mouth of the shears, the frece handle
of which he presses with his thigh and cuts the bundle
through, thrusting onc cut end through the shears, and
pressing it against the gauge to determine length,
finally cutting the whole of the bundle up into lengths
equal to two needles. Each bundle for the production
of No. 6 needles is in length 1} mile, and from it
40,000 to 50,000 needles can be produced, though
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Tue “RuBniNG” PROCESS.

I

A, Iron plate heated under by fire B, C. A number of lengths of
wire to form two needles placed in the interior of two iron hoops
DD; these drop through longitudinal slits in rubber E, which
is then worked backwards and forwards with motion as represented
by hand as shown at F. G, Wire as cut from bundle or coil. H,
Wire after undergoing the process of rubbing,
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their number is determined by the success with which
the after processes arc conducted.

The operation of straightening or rubbing the cut-off
lengths, all of which are curved (having been cut from
coiled wire) by means of hammer or mallet, would
involve a very considerable expenditure of time, nor
could it be so successfully accomplished by simpler
means than that adopted by the needle straightener.
By this process cach separate wire acts on another, and
perfect straightness and parallelism are the result. The
workman half fills two strong iron rings with the cut
wires placed inside, and using a slightly curved piece of
iron with two long slits cut through it, and a handle at
cach end, he lays the rings horizontally on a flat cast-
iron plate, heated by a fire under it, the rings dropping
into the slits in the convex curved iron bar. He presses
on its handles, and, moving the rings with their con-
tingency of wires in their interior, he presses on the
latter at each ond, where they protrude beyond the
rings, and in the centre; after the operation has been
continued for some time, the curved wires are straight-
ened, and lie parallel to each other; every bit of
curve has been got rid of, and every wire is “as
straight as a die.” (See cut on previous page.)

The next process is * pointing,” or producing the
sharp tapering point which distinguishes a needle.
This is obtained by “dry grinding” on revolving
gritstones, varying in diameter from 12 inches when
worn, up to 20 inches when new. The grinder is
seated in front of the stone, and picks up a number of the
wires to be pointed with his left hand, retaining them
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with the points towards the stone. With the palm of
his right hand he presses upon them, and applying
them to the stone, causes them to rotate, or turn round
horizontally betwecn the palms of his hands, and the
result is, long tapering points,  The heat produced by
the friction of the stecl wire on the gritstonc renders
it necessary from time to time to cool the wires in
water ; and a brilliant strcam of sparks follows the
abrasion of the wire, together with particles of stone
and steel very fatal to the needle-pointer, whose tenure
of lifc is shortened from ¢ grinders’ asthma.” The
efforts made by humanc and disinterested men to avert
the effects of this “dry grinding ” have been sct at
defiance, high wages, suffering, and comparatively carly
death being preferred by needle-pointers, to moderate
wages, health, and a life as long as that of those en-
gaged in other manufactures.

A prejudice existed against © pointing ” by machinery
at Redditch, as recently as the year 1844, at which time
a pointing machine, invented by Mr. J. Chambers, was
destroyed by the “pointers.” German operatives en-
gaged in the needle trade have no such narrow-minded
prejudices, but use these machines; all their needles
are so pointed, and it is one of the reasons which
enables them to compete successfully with English
needles in the markets all over the world. In Redditch,
a German machine for the purposc may be seen at
work in the British Needle Mill. The pointless wires,
sliding down an inclined plane, drop on to and are
held by a vuleanized rubber band, to the periphery of
a metal wheel revolving in a right angular direction to
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a hollow grindstonc, rotation being given to the wires
by the hand of the grinder; the wires are held at the
proper angle for pointing, and pass out with points

WHEEL AND  GRINDSTONE

NEEDLE-POINTING MACHINE,

INVENTED IN GLERMANY.

A. Revolving wheel to which
needle wires CCCC are held by
the vuleanized rubber band D,
when they are carried round at
the lower point of the wheel, they
come in contact with the grind-

stone D, and are pointed.

wheel, A, revolves at a right

angle to the grindstone, D,

nearly as perfect as the
most prejudiced of hand-
ueedle grinders could de-
Bire.

After “pointing,” fol-
lows the stamping and
the perforation of the
“needle’s eye,” In the
best class of necdles it
is customary to remove
the scale from so much
of the surface, in the
centre between the two
“points,” as is to be ope-
rated upon by the dies,
(which produce the in-
dents of two needle-
heads), end to end. The
removal of the scale at
the part named is done
with small narrow grind-
stones by the ¢ grinder.”

In the establishment alluded to, this is accomplished by
a machine, also of German invention. This process
in its arrangement is almost synonymous with that
already described for ©pointing,” viz. a revolving
wheel; the wires held on the periphery of the wheel
by the vuleanized rubber band; the rotation of the
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wires on themsclves, when they come in contact with
the narrow grindstone, and the removal of the «gealo.”

In the early stage of needle making, erc it reached
tho dignity of a manufacture, the cye end of the needlo
was simply flattened or beaten out with a hammer, and
the eyes were produced by means of a small « punch »
struck with a hammer. It required two operations.
The head being laid on a small anvil, the punch was
struck, and raised a convexity on the opposite side of
the flat head ; the position of the head was then reversed

A

Needle wire centre between the two points, ground previous
to stamping the grooving.

and laid, not on a stecl anvil, but on a block of lead,
and the point of the punch sct on the mark of the
former blow, when with a tap with & hammer, the minuto
particle of stecl was driven out, and the perforation of
the cye accomplished. A Studley ncedle-maker, in
1793, introduced another method of perforating the eye
by drilling it, but the process was too expensive and
thercfore abandoned, and the old mecthod of hand-
punching already described continued to be practised.
But a purchaser of needles from Birmingham visited
Redditch in 1800, and observing the imperfect way of
producing the hollow groove and perforating the cye,
suggested the use of the “ stamp ” to impress the print
of the groove, and the ¢ press” with perforating punch
to piercc the eye. These appliances are now uni-
versally employed in the needle trade.
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The stamp has two uprights, and between these

slides o “ram.”

To its under surface a die, cut in

intaglio, with a ropresentation of two necdle heads, end
to end, is attached, and another to the bottom or bed of

STAMP USED IN NEEDLE MAKING,

A. Ram or hammer.

B. Rope by which it is raised
to hold lower die.
CCC. Snags and screw bolts,

D. Lower die.

i . m\\\\.‘\‘

lll

EE. Poppets in which ram or
hammer slides.

F. Upper die.

G. Screws by which poppets
are held.
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the stamp, held by serews. The wire is laid in the
lower die, a rope pulled by the needle stamper elevates
the ram, the rope is released, the ram falls, and the
die which it carries leaves its impress on the upper
side of the wire, while the blow given has caused the
wire to receive on the opposite side the impression in
the lower dic, on which it was laid. The perforation
of the cycs is cffected by the press, which has a serew
operated ou by a bent lever handle. Into a screwed
hole at the lower end of the serew a punch is fitted,

A, Wire before stamping. B, Result of the stamyp.

which has two prongs corresponding to the prints in
the stamped double-headed needle blank; a bolster
with two holes corresponding to the two points of the
punch, is fastened to the bed of the press, and in a
suitable position immediately over it, is fixed a threo
pronged “taker off.” The needle wire is laid in a
“die print” in the bolster, the handle of the screw
of the press is worked, the punch descends on and
forces out the minute bits of metal indicated as prints
for perforation, in the stamped double-headed needle
wire; and on the return of the punch, should there be
any difficulty in withdrawing it from the perforated
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wire or necdle, the “taker off” assists in sctting it
free.

The wirc now presents the appearance of two
needles joined head to head, but the superfluous metal
or “flases” have to be got rid of; two wirces are

PRESS USED TO PERFPORATE EYES OF NEEDLLS,

mer*""'u m ’
D |

A A A, Frame of press. E. Bolster with two holes
B. Box for attachment of | corresponding to punch,
punch. C. Screw. ’ FF. Studs with screws to

D. Double punch. l hold bolster.
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threaded (technically «spitted ”) through tho eyes of
about one hundred ncedles, until the arrangement
presents the appearance of a fine toothed double-sided

Needles “spitted " together for removing fins caused by stamping.

nursery comb. The ncedles so “spitted ” are laid flat
on the work bench, and a few sweeps of a flat smooth
file remove the surplus metal.  The minute marking
at the junction of the two needle heads assists their

Before spitting. After spitting.

separation ; the strip is bent in its length, and two rows
of single indcpendent rollers are the result. One
row of the ncedles, still held together by the spit, is
placed in a wide-mouthed plier-like tool, and a sweep
of a file removes the roughness of the needle head,
where it was separated from its former companion.
Another file-sweep removes the sharp angular corners
1
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from the head ; the spits are now withdrawn from the
“gyes,” and the needles arc independent of cach other.

Row of single necdles held in plyers for removing roughness left
g Phy € &

on separation at heads.

= )
P |

Brokeu off and before filing.

The needles which may have been bent in these opera-
tions are moxt straightened by the pressurc of a flat
convex bar operating or pressed down on them, a8 they
arc made to rotate on the surface of a trued ” metal
plate, exactly on the same principle as the straightening
of the lines in the first operation, i.c. pressure under
rotation.

The qualities of elasticity and rigidity have yet
to be imparted to the needles, and for this purpose
thoy are conveyed to the shop of the “hardener ?
and “temperer,” which is fitted up with muflles, or
small furnaces with arched doors, fitted with bars in
their interior on which to rest the trays on which
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tho noedles are arranged. Tho trays are formed of
sheet iron bent up at each end, and with a flange
at right angles, by which to hold them for their in-
troduction into and withdrawal from the mufile.  The
needles arc arranged in rows many decp across the
trays, which when fillod are placed on the bar in the
muffle ; the door is closed, the fire underneath speedily
heats the trays and their contents, the “reduess™ of
the needles being determined by the “hardencer's”
knowledge, generally gained only by practice and ex-
perience. At the proper heat the trays arc withdrawn
from the mufile, aud their contents cmpticd into a
cistern filled with oil and fitted with a lining with a
perforated bottom, which retains the needles and per-
mits the oil to find its way again into the cistern,
The surplus oil is got rid of by shuking the nocdles
in sawdust, after which they are replaced on tho
trays, and again put into tho mufile, though at a much
lower temperature. Tho effect of tho heat on the
needles is carcfully watched, and on their assuming
a light or dark straw colour, as the nature of the
steel requires, the trays arc withdrawn, the ncedles
allowed to cool, and they are now considered “tem-
pored.” Tho test of the exccllenco of their temper,
the quality of the stecl, and tho skill of the hardener
and temperer is as follows: if on trying to bend
a needle, it neither breaks, nor remains bent after
the removal of the test pressurc, its quality may be
relied upon ; if the needle breaks, it is too hard, and if
it bends, it is too soft.

It has been remarked that in hardening. the red-hot
12
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necdles which were immersed in oil remained straight ;
but when immersed in water, a very considerable pro-
portion were found to be bent. A class of needle
workers was engaged in an operation called “hard
straightening,” and in consequence realized good wages
by making the erooked straight; but by substituting
oil for water, erooked ncedles have beeome the exeep-
tion, and hard straightening became exeeptional.  The
inventor and reviver of the oil hardening process
shared the fate of most inventors in this trade, and
wus driven away from Redditech by the abusc heaped
upon him. Thus it has ever fared with improvers of
industrial processes in times gone by—as witness
the Jacquards, Cromptons, Chambers, &e., though it
18 satisfactory to learn that increasing knowledge and
the demands of manufacture have dissipated preju-
dices, and oil hardening is now gencrally adopted.
The process of straightening needles hardened in
water consisted in tapping the bent needle with a
small hammer, as it lay on a flat steel anvil.

After hardening and tempering the needles, the
appearance that they present is a black blue, with a
shade of straw colour or *glance.” The blackncss
or scale has to be got rid of, and the needles made
bright, smooth, and clear, and this is the result of the
process of scouring, which is accomplished by the fric-
tion of thousands of ncedles rolling against cach other,
aided by a mixture of oil, emery, and soft soap, dis-
tributed among the necedles bound up in envelopes
of canvas, and subjected to the pressure of a platen.
The machine of which it forms a part is set in motion
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by stcam power; the preparation of the needles for
scouring consists in placing a strong picee of canvas
on a wooden truy, under which strings are laid, and
on it the noedles, heads and points indiscriminately,
but parallel with cach other, and with many rows
in the breadth. The mixture above deseribed is dis-

MAKING P NEEDLLS FOR SCOURING,

A. Wooden tray. DB, Canvas cover,
C ¢, Canvas cover on which needles are laid.
D D D. Strings with which to make up bundle,
E. Bundle made up for scouring,

tributed on the surface of the needles, the canvas
is then rolled up, is firmly bound together with the
strings, and laid with others on the bed of the scour-
ing machine. The movable platen is then placed over
them and the machine is set to work, the mangle-
like motion of the platen causing the bundles to roll
over and over, so that each individual needle revolves
against another, producing abrasion. The friction
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generates heat, and at this point some attention is
required, for the temper of the needle is at peril ;
at 300" no change takes place in it, but at 400°
the “mildest” steel needle-wire is affected, and the
operation of scouring is thercfore suspended (usually
at the end of cight hours) that the needles may be
kept cool.  The bundles are then withdrawn from the
machine, opened, the needles separated and washed
in an alkaline solution of soap and water, then
dried in a shaking barrel filled with sawdust, after
which they are again arranged in the manner already
described on a new canvas cover, though with a
change of mixture. The cmery is taken away, and
oxide of tin (the ©putty powder” of the workshop)
is substituted for it, in order to “fine” or polish
the ncedle.  “ Scouring” and “ fining ” are accom-
plished after five or six times of cight hours length
cach. The English method is not the same as that
of the Germans, who say that they are able to scour
and fine in forty hours a greater number of needles
than is accomplished by the process just described ;
they also avoid the heating of the needles and the
reduction of their temper.

The needles are now unloosed from their canvas cover,
and subjected for the last time to the action of the alka-
line solution, dried in sawdust in the shaking barrel
and then conveyed to the “bright shop,” where they are
examined, the defective ones being picked out, and the
porfect ones arranged on tin trays, to which motion is
given by hand, so that the needles arrange themselves
parallel to each other acrossthe tray. The heads and
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points, however, present themselves indiscriminately
on each side of the row, and a process follows, in which
the aid of a simple tool (a cloth finger stool) on the
forefinger of the left hand of the “header” (as the
female is called in the trade) is called into operation.
She seleets & number of needles, and with the right
hand presses them against the cloth-covered forefinger
of the left, into which the points stick and are with-
drawn, a8 the heads of the needles being blunt do not
adhere. Babbage sclects this as an example, where, by
means of the simplest tool, operations which involve
time may be facilitated and time saved.  Sclecting
needles singly out of a great number or heap would
involve a considerable expenditure of time, but the uso
of the cloth finger stool enables the header to draw
out from six to twelve by one operation. The further
reduction of the temper is neeessary to aid in polish-
ing the interior, and removing any roughness or sharp
edges likcly to cut or “fray” the thread. This is
done by arranging a number of needles on a square’
iron bar three or four inches thick, allowing so much
of the eye end of the needlo to project over the edge as
requires to be softencd. The ncedles are retained in
position by another picce of iron laid over them, and a
bar with a handle attached is then heated and drawn
along the perpendicular face of the block, under the
needles, so that the heated bar parts with a portion of
its heat, and the temper of the eye end is “ softened ” to
aid in the after process of polishing the interior. This
crude process is far inferior to the more intelligent
method adopted by the German needle-makers, who
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accomplish the softening of the eye end by a flame of
gas, with a revolving metal wheel and 2 vulcanized
rubber band to retain the ncedles in position, The
cireumference of the wheel has on its surface a series
of transverse slits cut at equal distances, cach sufficient
to accommodate onc needle.  The wheel is fed from a
hopper, a needle dropping into cach slit as it presents
itself to be filled ; the head end of the needle projects,
tho wheel revolves at a uniform speed, and carrics it
through a gas flamc, the progress being so timed, as to
reduce the temper of the cye end of the needle just
as much as is requirced, and no more. At a given time
the softened ncedles drop out into a receptucle pre-
pared for them.

The softening process finished, the polishing of
the interior of the cyc follows, this being the pons
asinorum of tho ncedle menufacturcr. Attention has
already been directed to the Studley maker who drilled
the eyes of his ncedles, and then polished the interior
by means of & ¢ rimer” revolving in o lathe, on which
he worked the interior of the ncedle eye. This was
attempted by a prior inveutor in 1775 and 1789, by
using very small revolving discs of two sizes, the
larger of which ground the “ guttering” of the eye,
while the smaller polished it. “Drilled eyed needles”
arc now a myth. The process, until recently, for best
necdles was carried out by the small rimer (revolving
in a lathe) which, passing through the eyo of the ncedle,
worked in all directions, smoothing, fining and polishing
the eyo. In 1839, however, a Redditch necdle manu-
facturer, Mr. Abel Morrall, invented a simple method
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by which thousands of ncedle eyes can bo polished
simultaneously. A platform, on which a number of
uprights are erccted, has imparted to it by power a
backward and forward shaky motion, and between every
two of the uprights arc suspended wires of steel, made
rough by mcans of a file pressed firmly upon their
diameter.  As they rotate under its pressure on the
work benely, the needles ure threaded on the wires, and

A A A A

7 |
B — — 3B

AAAA Upright erected on platform.
BB. Moved i dongitudinal direction, and a shaking motion
given it,

CC. Roughened steel wire on which needles
DD D are suspended by their eyes,

move about on it freely ; the wires arc then suspended
from upright to upright, motion is communicated to
the platform, and a pendulum-like motion is thereby
imparted to the needles, the polishing of the interior
of the cye being assisted by the wires being lubricated
with a little oil and very fine cmery powder, or oxide
of tin.

This process being coneluded, the needles are next
conveyed to the head grinding and “colouring” or
“fine” polishing shop. The former is dono by small
revolving grindstones, against which the head is held
and rapidly worked, until all the little angularities are
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taken away. The final polish is accomplished by re-
volving cylindrical picces of wood of small dismeter
covered with thin buff leather, technically called “bobs.”
They revolve with very great rapidity, froquontly at
the rate of from 2500 to 3000 revolutions per minute ;
the “bolt ” being placed in the head or rest in which
it revolves, the “ gut” band is lodged in one of its
threo speeds, and the buff leather is sprinkled with

NEEDLE POLISHER (LAST OPERATION) AT WORK.

A. The polishing “bob.”
B. The rest or “head ” into which it drops and works.

“putty powder;” the polisher then picks up a dozen
needles, presses them lightly against the “ bob,” causing
them to rotate in his hand, and thus polishes the heads;
then, reversing their position, he polishes the point,
and finally, presenting the needle lengthways, it is
polished longitudinally. The rapidity with which
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this is effected is shown, by a good workman being able
to polish a thousand necedles per hour.

The last operation completes the making of a needle;
what follows is confined to tho warchousing, the count-
ing, and wrapping them up. The paper sclected is
dark slate colour, and is dried carcfully (damp would
rust and injure the brilliant polish of the needles) and
then cut into the proper sizes by meuans of a book-
binder’s guillotine knife, a great number of shects at a
time. The folding is done by two rolling machines, one
of which determines the length of the “envelope,” the
other its breadth ; and a clover wrapper-up (generally a
woman) can count and wrap up 120 papers containing
twenty-five needles ouch, in all 3000, in the brief space
of one hour. Boys paste and attach the small labels,
which bear the number of the ncodle, manufacturer’s
name, or that of the retail dealer. The small packets
(when for exportation) are made up into larger packets
(in dried papers) and contain froquently ten, twonty,
or even fifty thousand nocedles, theso packets being
packed into tin boxes and hermetically soldered. A
recently introduced feature in the ncedle trado is the
sale of packets of needles in ornamental cases of brass
of various devices. Some of these clevato the needles
on being opened, by simple ingenious mechanical
arrangements, which, on closing, withdraw them into
its interior. The cases, however, not being made by
the needle maker (though an adjunct to their trade),
do not call for further notice.

The quantity of necdles produced annually in Eng-
land is immense, They embrace every variety, size,
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and number used by the lady in embroidery, crochet,
and netting, by housewives in their homely sewing,
and by the male sex as tailors, saddlers, shoemakers,
glovers, sail-makers, and packers. The advent of
sewing machines, while it hus created a speciality in
needle making, docs not appear to have decrcased the
demand for ordinary ncedles.  During the Franco-
German war, needles were made for the gun which
bears the prefis of the domestic instrument, i e. the
ncedle gun, and great quantitics were required by the
surgeons engaged in the merciful duty of ¢ binding
up wounds.”  The surgical needle, though made by
ncedle makers, is a curved needle, having the point
sharp, and four-fifths of the length thin and flat; they
arc made of various lengths, the longest of which are
used after amputations, the next for ordinary flesh
wounds, the shortest for sutures, The delicate pur-
poses to which these needles are applied, the necessity
which exists for sparing unnecessary pain to the patient
requires them to be made by hand, with the greatest
possible care, and each ground and polished separately.

There is probably no manufacture which illustrates
the division of labour more completely than that of
needles, and not one in which simple operations tend
to such successful results, or in which prejudice has
operated so potently in preventing the application of
machinery, or the adoption of really simple, useful,
and economical processes. Humanity and increased
intelligence demand that the process of dry grinding
should be put an end to, and there are others which can
be performed in a more scientific manner, such as
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hardening and tempering,  Even the softening of the
necdle’s eye, as ordinarily conductod, is disereditablo
to the ncedle trade.

The hands employed in 1861 were alittle over 1000,
but at the present period (1874) they have inereased to
upwards of 4700 ; the location of these shows the seat
of the needle manufacture to be Worceestershire and
Warwickshire, in the former of which counties 861
males and 897 females were employed ; in the latter,
1108 males and 1758 females, an aggregate of 1275
workpeople, as opposed to 454 distributed over other
countics, principally in Leicestershire, Nottingham-
shire, &ec.

The socinl condition of the workpeople residing in
the small towns of Redditch, Alcester, and Studley,
and in their immediate vicinity, is cqual to those en-
gaged in other manufactures practised under similar
conditions. The wages under these circnmstances
range from 1s. Gd. to 5s. per week for children, females
from 8s. to 15s., and males from 125, to 40s., though the
last-named sum may be taken as exeeptional.

In the ncedle trade certain curiositics are to be
found, such as double needles for seamstresses troubled
with imperfect sight, where the eye is made to open
at one side to facilitate easy threading; mugnetized
needles and thimbles, to prevent the needle being lost ;
needles, the eye of which is wider in the direction of
the point of the necdle, or with a double eye, to hold
the thread firmly; needles made with a swell in the
middle, tapering towards point and head, to facilitate
the easy passage through the cloth. A project was
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patented for dispensing with “dry grinding” by
“suspending the needles to be pointed to the positive
pole of a galvanic battery, immediately above the
nogative element, and us close as possible to it without
being actually in contact, some exeiting liquor, as
dilute nitric acid, completing the circuit.”
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SADDLERY.
By i Lare. W, 0 Arrkes (Birmingham).

SADDLERY is an important branch of national industry,
which is in extensive demand for home consumption,
and figures largely as an article of export to other
countries. The greatest quantity is sent to Australia,
South Africa, and British India, though other countries
also consume English made saddlery,  Viewed in rela-
tion to the number of workmen, &c., employed in labour
in this country, saddlery absorbs the labour of not
fewer than 22,000 individuals, and in this particular
the saddlery manufacture ranks high among English
trades.

Though every town and important village in this
country has its saddler, its chicf seats (though con-
siderable quantities arc made in London) are the towns
of Birmingham and Walsall, in both of which very
large well-conducted manufactories exist, cxclusively
engaged in the production of these articles.  As carly
as the end of the thirtcenth century, these places were
celebrated for the quality and quantity of their leather :
leather, it is almost unnccessary to remark, being the
raw material from which saddles are made. At an
equally early period, the inhabitants of these districts
were also famous for their skill in working in metal.
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Specialities in metal enter very extensively into saddle
work, morc especially into the harness department.
The production of metal work ecmploys a very large
number of workmen, the trade embracing bits, spurs,
and stirrups 1n iron and steel, the metal mountings of
harness, buckles of various kinds made of iron plated*
with silver or brass, covered with leather, or of solid
brass, “ terrets 7 through which the driving reins pass,
armorial bearings, as coats-of-arms, crests, and other
ornaments used for the enrichment or decoration
of carringes.  These latter are produced from thin
sheets of silver or brass by means of stamps and dies,
strengthened by © filling ™ with soft solder formed of
lead and tin.  Other plainer and more substantial
oruaments, used in the harness of drays, waggons, and
carts, where wear and tear render substuntiality neces-
sary, arc also produced in great uantities, by workmen
in saddlers” ironmongery.  These workmen, it may be
observed, are not included in the number given as
employed in the saddlery trade.

There are two classes of operative manufacture in
the saddlery, one of which is known as the “brown,”
cmployed in saddles, bridles, and articles of uncoloured
leather ; the other is engaged in the production of
ornamental harness for carriages, gigs, &c., and also
the more practically uscful barness used for traction,

* By the expression * plated” is not meant coated by means
of electro deposition, but thin sheet metal made to ussume the
appearance of a *shell,”” tinned inside with soft solder, and
made to adhere to the foundation or core of iron or steel by
fusing the solder.
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agricultural purposes. &e., and made out of leather
stained black, whether “ patent ™ or otherwise.

The processes of tanning the leather for the mann-
facturc of saddlery will be found in another volume,'
and it is therefore unnecossary to say more than that
the leather used in saddlery ix made frow the hides of
cattlo and horses, imported from South America.  The
“calf” skins and “kips” (the latter tuken from half-
grown cattle), in their raw state are chicfly supplied
from the Continent, while the ©pig™ skins, almost
exclusively used for saddles, to form the “seats,” on
account of their clasticity and wearing qualitics, are im-
ported from Scotland, these being superior to the skins
of pigs from other countries in durability and beauty
of colour. Attention may here be direeted to the very
suceessful imitations of pig skin, by menns of copios
from a hardened or prepared pig skin, which ix pro-
duced by the trongh of an clectro depositor: the plate
gives a perfect copy of cevery bristle-mark and irregu-
larity of the skin. All that is ncecssary is, simply to
lay the copperplate on the table of o press, and over it,
the smooth leather to be impressed, which is then
passed through rolls, and presents an exacet imitation of
pig skin, difficult of detection by the uninitiated.  For
tho “seats ” of saddles this imitation is not suited, but
it is used for those portions known as the “ skirts ” and
“flaps,” which in best saddles are covered with real
pig skin. Formerly the grunular appearance on the
surface of these portions of the saddle was produced

* ¢ British Manufacturing Industries,’ “ Hides aud Leather,”
page 33.
K
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by means of the hardencd, dried, and stretched skin of
a shark, pressure being required as just deseribed.
The chicf object in brown saddlery is to make a
good saddle, consisting of a skeleton, or “tree,” a
“goat,” “skirts,” and “flaps.” The tree is generally
made of beech wood, strengthened with iron plates,
though irvon is sometimes used alone. Sheet iron is
sometimes used, aud other materials have also been
recommended, but beech wood trec holds its own.
Noxt comes the means of attachment of the stirrup
leathers, now known as “spring bars,” which permit
of the casy release of the stirrup leathers in case of
accident. The modus operandi in saddles consists in
nailing on from the “head” to the “cantle” two
Iengths of strong girth webbing, to secure convexity
and clasticity of the seat, while other lengths of web-
bing arc nailed across. Improvements in the con-
struction of the foundation of the * seat” have been
introduced by the application of other materials as
vuleanized rubber, catgut strings, coiled springs, &e.
The preparation of the foundation of the seat for its
covering of hog skin having been completed, that of
the “skirts ” and “ flaps ” follows, these being of cow-
hide leather of medium thickness and good quality.
Greut attention is paid to the size of these parts, so as
to fit them correctly. The commoner leather or basil
which forms the “pannel,” and serves to contain the
padding retained by the inner lining of serge (which
is cut larger than the “basil”) is sewn together by
women.  Two “bellies,” formed of leather, ¢ thinned ”
and stuffed with doe hair, are nailed onc on each side
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of the “tree,” to give the seat the required broadth
and shape. The so far advanced seat is now covered
with serge, and the stuffing, which gives clasticity
and softness to the scat, is introduced through a slit
in the serge cover, by means of a thin steel tool called
a “geat-iron,” and by it is distributed over the scat
under the serge. The “trec” is now in a condition
to reccive its covering of hog skin, which is damped
on its under side, and temporarily fitted on; at this
stage the skirts and flaps are also fitted, the seat being
marked where the flaps come ; the @ pig skin ” is next
removed from its temporary * fixings ” and given to the
“ geamer ” to join the seat to the * skirts.” The
“ pannel ” is then stuffed with wool, and quilted  to
securc its shape and firmness; and the scat covering,
slightly damped, with the skirts attached, is finally
drawn on to the scat to the position which it tempo-
rarily occupied. The skirts and girth straps arc next
attached, and the pannel nailed on, completing the
manufacture of a saddle of the best quality.

Allusion has becn made to sewing togethor the
parts of leather forming a saddle by hand labour, but
in saddles, as regards stitching done by machinery, as
for example, where the saddle-seat, &c., is covered with
ornament, the flaps and skirts have cach also their
rows of sewing better and more speedily accomplished
by means of the now universal sewing machine, which
is largely taken advantage of by manufacturers of
saddlery. The leather, with the design to be sewn
“pricked” on, is turned in cvery direction by the
machinist, the ncedle supplied from the reel with

K 2
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its orange, or other colourcd silk thread, following
the sinuosities of the curves, leaves, and flowers in the
design.

Whether saddles should be made light or heavy,
long or short, and what the construction of the seats
before covering should be, taste, durability, and the
market for which they are made, will determine.
Racing raddles are the lightest made (many of these
do not weigh more than 2 1b.), those for military service
are the heaviest, while ordinary saddles vary in weight
from 9 to 13 Ib. The varicties of saddles made in
addition to those named, are “side” and “pilch.”
In military saddles (especially “ Hussar ”) the “head ”
and “ cantle ” are more clevated, the scat more concave,
than saddles generally used by civilians.

Bridles form an important clement in the “ brown ™’
saddlery ; thoy consist of parts designated «the head,”
“bit cheeks,” front, nosc-band, throat-lash, and reins.
To tho reins the bits are attached, the latter being
made and supplicd by the “saddler’s ironmonger,” so
that the actual labour of the saddler in the making
of a bridle is small. The “front,” which is generally
ornamented, is scldom the work of the saddler, his part
being confined to the attachment of the buckles and
the “keeper,” to retain the superfluous length of strap
after passing it through the buckle. The various
straps which form the bridle are cut with what is
called » “cutting gauge,” made of iron, and consisting
of a square iron bar, into onc extremity of which a
cutting blade is fitted. The bar is marked with a scale
to distinguish the breadth of the straps to be cut, and,
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on the bar slides, a picce of thick iron, with its perpen-
dicular and horizontal faces dead true and accurate.
This iron, when set, is held fast by means of a serewed
thumb-bit. To form a strap of the required breadth,
the skin is cut straight on the cdge, the workman
applying the cutting gauge and pressing the surface of
the guide against the leather, so that he can cut with
unerring accuracy numcrous strips or straps of the
breadth required.

Black saddlery embraces the production of harness
of every kind used on horses for drawing carriages,
chariots, and gigs. It also includes harness for the
artillery and transport military service, together with
mule harness, for exportation. The raw material is
still leather, with its natural colour changed by the
applieation of japan or varnish, and then called
“patent.”  This is applicd in the parts of the harness,
as the blinkers, covering of the collar, the saddle, &e.,
where ornament is desired, strength not required, and
strain not likcly to occur. The coating of varnish
is superficial, and, though tough, it cracks on being
subjected to strain. In harness making, the manipu-
lation is identical with that employed by the “brown”
saddler. Thestraps are cut by the cutting gauge, while
other parts of leather, formerly cut by means of a sharp
pointed knife following the outline of a model or tem-
plate, arc now operated on with & “ punch ” laid on the
leather and placed under the platen of a press. In
black saddlery, the application of the sewing machine
is even more general than in the brown, and may be
said to do all the stitching, plain and ornamental,
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save those parts which, it may be safely said, will never
be accomplished by the machine. A notable example
of the rapidity with which work is done by the machine,
is presented in the making of » traces.”  These consist
of two or more thicknesses of leather united together
by string; u trace throughout its entire length is
firmly scwn by the machine in as many minutes as it
formerly consumcd hours, if dowe by hand labour.
Again, the round edge of the trace (formerly produced
by “spokesheats” used by hand), is now accomplished
by means of the revolution of two concave cuttors,
through which the trace, the edge of which is to be
rounded, is rapidly passed. The subdivision of labour,
the improvement in tools, and the application of ma-
chinery, have very largely operated, more particularly
within the last few years, in quickening production,
and providing for the inereased demand for saddlery
for the purposes of export. It may be added, that if
the saddler’s ironmonger by his productions aids the
¢ brown,” in a very much more important manner does
be aid the “ black,” or harness maker, for the latter is
dependent on him for the great variety of parts in
metal, which are essentials in this department.

The productions of the manufucturer of saddlery
include an almost innumerable varicty of articles in
leather, whether brown or black, not named among
those already described; such as holsters, valises,
magazines for holding cartridges, saddle bags, sailors’
belts and « palms,” used by sailors in sailmaking and
vepairing. For travelling purposes there are port-
manteaus, railway travelling bags, letter bags, cash
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boxes, school-boys’ and other satchels, and dog collars,
with or without brass inscription plates. In solid
lcather, gun-cases, strong, light, and portable; powder
flasks, dram bottles of glass, ingeniously protected ;
shot belts, leggings for riding or walking, und cigar,
cigarette, and fusce cases, all enter into the productions
of the saddler, together with straps in an immense
varicty, for holding plaids, rugs, or coats, saddle cloths,
girths, and horse clothing. Though whip making is
practised apart from saddlery, as a scparate branch of
industry, many of the large mannfacturers of saddlery
also manufacture whips of all kinds, and for all purposes.
Where soundness of material and durability are
required in the articles exported to forcign countrics,
English saddlery is preferred; where ornamentation,
embroidery, and colour, is demanded, that of France
enters successfully into competition ; bat even in the
face of the latter, the sounduess, practical uscfulness,
and enduring qualities of our home trade are becoming
more and more generally recognized ; and as a conse-
quence the export is steadily and annually increasing.
The workpeople employed in the manufacture of
saddlery are stated by one of the largest manufacturers
in the trade, to be, as a rule, stcady, respectable, and
thrifty. The proportion of women employed (1830)
does not rcach one-twelfth of the males (21,181). For
wages, the “bridle cutter ” gets from 20s. to 30s., the
harness maker, 30s. to 40s. The highest paid are the
workmen employed in the production of saddles of the
best quality, who get from 30s. to 45s. Women earn,
on an average, 10s. per week; superior hands, who
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can attend to and exccute their work in the scwing
machine, carn 15s.

An allusion has been made to the export of saddlery,
which is shown to be steadily increasing, by reference
to the Government returns extending over five years,
though it should be remembered that in 1871 the
Franco-German war materially inecreased the exports
of suddlery.
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ELECTROPLATE.
By rhe nare W, COArrkeN (Birminghane).

Errorrornate has now entirely superseded the silver-
plated ware, which, some forty or fifty years ago, was
the only substitute for articles made entirely of silver.
The advantage of plated wares being cheaper than
those made of silver, was met by the disadvantage,
that the pluted article showed, after a very few ycars’
wear, the copper on which the silver was laid. Un-
questionably the discovery that a thin plate of silver
could be soldered to a thicker bar of copper, and that
by rolling, the two metals would adhere to cach other,
as the bar was extended under the action of the rolls,
was a great discovery, as it cnabled those of limited
means to possess objects apparcntly of solid silver,
which were not so.

It was impossible in the manufacture of wares in
plated copper, to produce details with any approximation
to sharpness. If stamps and dics were used, the results
were tame and unsatisfactory, and to sccure this
sharpness, the thickness of the cpidermis of silver on
the copper would have been so diminished, as not to
be able to resist the cleansing nccessary from time to
time. If the parts had been cast instead of being
stamped, they could not have been plated, for no known
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process then in existence could have accomplished it,
so that in all such objocts as salvers, covers, or dishes
on which meat was served up, the « gadroon” or other
pattern edgings or borders were stamped out of very
thin sheet silver, and filled in afterwards, in order
to strengthen them, with lead solder, which, like the
copper, speedily showed itsclf. The conditions ne-
cessary for working up the material cxercised a dete-
riorating influence on the forms, and hence the uniform
tameness and want of spirit which, in a marked degree,
characterized all objects cexceuted or produced in
copper plated with silver by means of rolling.

It is necessary to make these remarks, in order that
the morce recent processes introduced into the manu-
facture of clectroplated articles may be more clearly
understood. Tor copper, which is red and soft, is
substituted German silver, which is hard and white,
being an alloy composed of copper, zine, and nickel ;
and when these metals are completely mixed, the
contents of the crucible are poured into iron moulds,
and produce “strips” of various lengths, breadths, and
thickness. These strips, having the end at which they
were pourcd cut off, arc then subjected to the action of
the rolling mill, in which process the metal becomes
hard, its ductility being restored from time to time
by anncaling in a muffle furnace. IHaving been re-
duced in thickness to the required gauge, the sheets
of German silver are then cut up into the size cor-
responding to the object to be produced. Globular
“bodies,” dishes, vases, &c., are produced or *raised ”
by hammering, ¢ beating-up,” “ spinning,” or stamping
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in dies; ornamecnts, handles, and feet are stamped in
dies, or are cast from carcfully-chased permanent metal
patterns in German silver, and after casting they are
repaired and chased before being affixed to “body,” &e.,
of which they form a uscful, or integral purt.  They
are not fixed by meuns of soft, but with hard solder,
which necessitates that the respoctive surfuces be made
red hot, that the solder may fuse, and unite the parts.
This differs from the soldering adopted in the old
plated warcs, union of parts in these being accom-
plished by mcans of soft solder, which melts with the
heat of the tinman’s copper bolt or “doctor.”  This
style of union was very appurent in a plated candlestick,
when the candle burnt down into the socket and melted
the solder, or in tcapots which, when not quite full,
werc left in too close proximity to the fire, so that the
spouts dropped off, and the handles became discon-
nected.

By the electro-metallurgical process of coating or
plating with silver, every part of an object is plated
after it is fitted together, whercas in the wares mado
out of plated copper, they were plated before, so that,
in the putting together, the trimming of parts at their
junction reduced the thickness of the silver, and at
these junctions the copper became soonest apparent.
The density of the silver on the copper, as compared
with that deposited by the electro-metallurgical modern
process, has been disputed, but the articles plated in
the vat of the depositor wear better and longer than
those produced in the days when all plated goods,
whether made in Sheffield or Birmingham, were of
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copper plated with silver. Electroplate alone is to be
found in all establishments such as hotels, restaurants,
&c., where hard wear and rough usage are the rule,
while articles of an ornamental eharacter in clectro-
plate arc preferred, owing to their better taste and
superior design, united with cconomy of cost.  The old
plated wares, when partially deprived of their silver,
had to be thrown into the Iumber room or sold for old
copper—they could not then be replated ; but modern
electro-metallurgy has supplicd the mceans by which
they could have been. The old mode contrasts in
every way unfavourably with the new, the special
qualitics of which consist in the greater application of
artistic power in the designs to be worked out, and the
more enduring qualitics of the objeets produced.

I have already stated the composition of German
silver, and how it is cast and rolled. Forks, spoons,
and articles of that class are made from thick sheets
of this material, cut out into “ blanks” by punches,
and corresponding ¢ bolsters” of steel, worked in
presses moved by hand or machinery. The punch in
its form is exactly that of the outline of the spoon or
fork; the details of ornamentation on the handle,
whether “fiddle” or other pattern, and the concavity
of the mouth of the spoon and its sweep, being pro-
duced in dies by stamping with repeated blows of the
hammer or ¢ ram ” of the stamp, to which the counter-
part of the die is attached. The prongs of forks are
cut out also by punches and beds. Articles of a glo-
bular form, and others of a similar kind, as the ¢ bodies,”
tea and coffee pots, and other vessels connected with
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dinner and tea services arc “raised up” from flat
shoet metal by skilful hammering ; others are produced
by “spinning,” a process which consists in converting
a flat dise of metal, revolving in a lathe, and held
against o block of wood by the pressure of another
picce, to hold the metal against the “ chuck” in the
spindle head of the luthe.  When the lathe is set in
notion, the dise of metal revolves, the outer circumfer-
ence of the dise boing prossed against with o blunt long-
handled steel “burnisher,” while additional pressure
is gained by an iron pin which drops into a hole or
holes in the “rest ™ of the lathe to scerve as a fulerum,
the tool representing the lever.  The flat dise of metal
becomes concave, and is converted into a globular
or part of a globular form, and, as in rolling and
stamping, the metal in spinning requires to be annealed
to restore its ductility.

The process of stamping is also taken advantage
of very cxtensively in the production of eleetropluted
articles, such as “bodics” of spherical and other forms,
especially where “fluted” or covered with folinted
ornaments ; the “fect” and handles, when not cast,
are olso produced by stamping; and here again the
raw material used is thinrolled German silver.  Dics,
steel-faced, or stecl laid upon iron, called * fullered,”
are uscd, and the design to be reproduced is ent, incised,
or sculptured in intaglio. The dic is held firmly to
the bed of the stamp by mcans of four screws, and to
the fulling hammer of the stamp, which slides between
two upright rods of metal (i.e. the poppets of the stamp)
is attached a convex copy of the design sunk into the
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dic, which is frequently changed. The first suecession
of “forces” simply serves to give convexity, succeed-
ing “forces,” more developed, giving the details of
the ornament, until the last one brings up cvery
detail of the design in the die. It is almost unneces-
sary here to add, that when the flat dise of mctal is
sunk to the depth of the “foree,” it is anncaled in
mufiles, or oven-like furnaces, in which the flame from
tho fuel plays on the roof, the metal being as far as
possible from the oxides which are frequently associated
with the carbon of the coal.

Where portions of articles are cast in German silver,
and cconomy in production precludes the application
of hand-labour in “chaging” and “ repairing,” dies are
uscd in order to give additional sharpness.

It will at once be understood, from the facts alrcady
given, that the production of articles of clectroplate in
parts necessitates their being put together; and where
the parts are not held together by screws and nuts—
as the handles of dish covers, cruct stands, knobs of
tea and coffec pots—it is requisite that they should
be firmly held to the object, as “fect,” handles and
spouts of tea and coffee pots, &e. It is a distinguish-
ing feature of the clectroplate manufacture, that the
portious of the object to be permancntly attached are
done so by means of hard solder, and in order to
accomplish this, they are first carcfully fitted to the
“body,” and held there by means of binding wire
of iron, or clips. At the places to be united, ground
borax and solder arc laid, and in order that no heat



ELECTROPLATE, 143

may be lost, the objeet to be soldered is placed on
an iron tray, on which coke is distributed, The heat
necessary to melt the solder is produced by gas,
supplied through the instrumentality of an autogenous
blowpipe or double tube, the outer tube conveying
the gas, and the interior a blast of air, which,
uniting with the gas immediately before it issucs
from the orifice of the blowpipe, increuses the size
of the flame, and also its heating power. Change
in the dircetion of the flame to any portion of the
objeet to be soldered, is accomplished by the mouth-
piece being attached to a flexible indiarubber tube.
By this means the workman directs the flime, so as
to play upon the surface of the article, which speedily
assumes o red heat, its chief force being directed to
the parts to be united.  The borax melts into a trans-
parent glass, the solder fuses, and the parts formerly
twain become one, and are so firmly attached, that any
attempt to scparate them would only result in tearing
away the metal.

The borax which is left after the soldering is got rid
of by « pickling ” in a diluted solution of sulphuric acid,
after which the articles arc rinsed in water and dried in
sawdust, to be passed on to the “trimmer up,” who, by
specially formed files, removes the superfluous solder.
The goods arc next placed in the hands of the polisher,
who, with “ buffs ” and “ brushes ” revolving by steam
power, polishes or renders smooth every part of the
surface, abrasion being promoted by Trent sand, or
powdered Bath brick.
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Where the objeets require engraving or a simple
development of the repousser's art, they are next sent
into the cngraving shop, wherc the artist, having
traced the design with a sharp stecl point, with his
graver cuts it indelibly on the surface.  If the article
is globular, by mecans of bent tools, called “stakes,” he
forces up, by striking the opposite end of the stake
with & hammer, the projeetions on the exterior surface.
If the object is a salver, he strikes up clevations on
the side to be exposed.  The globular vessel is filled
with pitch, but if it is a salver, it is placed on a piteh-
covered block of cast metal or wood; the outline of
the ornamentation is traced and formed with small
blunt chiscl-pointed tools or “tracers.” Then follow
the details by meuns of chasing or “matting,” which
give the various textures that impart varicty to the
ornamentation.

The roughness conscquent on the action of the
 graver ” having been smoothed down, grease or objec-
tionable matter is removed from the surface of the object
to be coated, by placing it in a boiling alkaline solution
of pearl-ash or soda, rinsing in cold water, and drying in
sawdust, and it is then in a condition to be sent into
the depositing trough, which is filled with cyanide of
silver solution, in which it is suspended by copper
wires. The wircs arc attached to brass rods laid
crossways on the copper-covered edging in the thick-
noss of the wood of which the vat is made, and this
being done, connection is formed with the galvanic
battery ; the result being, that the silver held in
solution is released in minute particles, and attaches
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itsclf to the surfaco of the mectal object. A silver
coating of & greater or less thickness is secured, accord-
ing to the length of time that the object is aullowed to
remain in the solution, the strength of which is kept
up by plates of metallic silver being suspended in the
vat. The loss of the metallic silver plates bears a due
relation to that released from the ¢yanide solution and
deposited on the articles coated, which are then re-
moved from the depositing trough, boiled in pure water,
and again dried in sawdust. The appearance presented
on being removed from the vat is that of dead silver,—
a dull metallic opaque white colour, und the brightness
of silver is produced by the addition of a few drops of
bisulphuret of carbon to the cyanide solution. The
deadness in colour, which distinguishes the plated
articles tuken from the vat,is removed before burnishing,
by the use of circulur brushes, the bristles of which are
represented by very fine-drawn brass wire, and during
the operation of brushing, the goods arc kept wet by the
drippings of stale becr.

The next process is that of burnishing, in which
women, aided with blunt-pointed stecl tools with
variously formed points to penetrate into every cavity,
go over every part of tho object. They next use bur-
nishers of bloodstone, to impart the final brilliancy,
the surfaces being lubricated with soap and water to
prevent their being scratched. Spoons and forks,
&c., subjected to frequent cleaning, reccive their last
touches by means of “ rouge.” In places which cannot
be easily reached by buffs or brushes, the burnishing
is done by hand.

L
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The interior gilding of objects externally silvered, as
cream jugs and sugar basins, is accomplished also by the
electro-deposit process, but the cyanide solution, in
this casc, is permeated with gold. The vessel to be
gilt is filled with a solution of gold, decomposition and
deposition being effected by connceeting the outside of
tho objeet with the positive pole, &ec.; the end of the
wire of the negative pole is dipped into the gilding
fluid inside. The deposition of the gold commences
immediately, and in a very brief space the inside of
the object 1s gilt.  All gold solutions are worked hot.
Gilding cxternally is accomplished by the immersion
of the article to be gilt in the solution, as described in
the deposition of silver. Panel gilding, which gives
additional beanty to works executed in precious or
other metals, is also accomplished by the electro-de-
posit process. It is a simple operation, and is effccted
by ¢ stopping out” with varnish the parts of the ob-
ject which it is not desired to gild ; and on immersion
in the solution, the gold is readily deposited on those
parts which are not protected.

Another department of electro-metallurgy is rapidly
rising into an industry, if it may not already be said
to be onc, viz. the reproduction of articles originally
elaborated by art workmen of the Mediseval and Re-
naissance period. Copies of works by the Ghibertis,
Cellinis, Caradossos, &et., the originals of which are
priccless and unattainable, can now be had at a
minimum of cost, the rosult of the discovery and applica-
tion of the principles of electro-metallurgy. Upwards
of eighteen commemorative statues, varying in height
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from 6 feet 6 inches to 13 feet 6 inches, are the direct
results of tho copper depositing vats of Messrs. Elking-
ton. Three of these statues are equestrian; the largost,
that of Lord Eglinton, modclled by McDowell, is «
grand and noble work.

Not only can the finest examples of the sculptor’s
art be reproduced, but the most fragile objects in
nature can be equally preserved, such as flowers, in-
scets, medals, or the most exquisite triumphs of the
goldsmith’s or jewcller’s cunning.

Indeed, it may boe said that clectro-metallurgy,
nmong all the metal-working processes, is the most
generally facile and applicable for purposes of orna-
mental display, and it is by far the greatest of the
many gifts, within the last forty years, bestowed by
scicnce on our national industrics. Its discovery
diminished human suffering, by substituting a harmless
process of gilding for the bancful effects of the mer-
curial vapours, consequent on the process of gilding
with gold amalgamated with quicksilver. It has
furnished the artistic and industrial modeller with
abundant employment, largely added to the demand
for skilful “rcpairers” and “chasers,” and originated
a superior class of artizans, while it has vastly in-
creased the number of ordinary workmen. Thus, in
1841, the employed under the Ccnsus definition of
“goldsmiths, jowellers, and silversmiths” (platers
were included also), numbered 10,755.

Plating by the clectro process was introduced in
the ten years which elapsed, so that in 1851 the
number of workmen had increased to 13,250 ; in 1861,

L 2
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to 17,929 ; in 1871, to 21,530 : males, 18,344 ; females,
8186. The increasc in the numbers is clearly due
(for the old mode of producing plated articles is at an
end) to the development, application, and extension of
tho principles which, from copying a medal, by the
reduction of metallic copper from a solution, led up to
the reduction of the precious metals, as gold and silver,
by the same process.

The electricity which is cmployed in the smaller
cstablishments is usually supplied by mcans of gal-
vanic batterics ; but in the great works, where thesc
would be attended with inconvenience, machines are
cmpl()yod for the production of the nccessary electrical
force.

Several different kinds of machines have been tried,
that of “,4; mme ” being the most successful.  This
machine consists of clectro-magnets, between the poles
of which are rotated iron rings wound with cndless
coils of insulated copper wire. Commutators or col-
lectors of the clectricity are so arranged, that the
current delivered is a continuous onc, requiring very
littlo engine power to produce, and not cousing any
heating of the apparatus. Fig. 1 shows a perspective
view of one of tho machines.

The galvanic battery of Daniell had been long pre-
sonting the phenomena of depositing copper, before
any practical application of the principle was thought
of, until Thomas Spencer, of Liverpool, first reproduced
a medal as a practical result; scientifically trained
minds picked up the solitary fact,and, reasoning there-
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from, proved conclusively, that what could be done
with one, might and could be donc with other metals
more valuable. Then followed the scientific treatises
of Smee, Shaw, Napier, and Watt on electro-motal-

‘e, I,

lurgy, which supplied the manufacturer of eloctroplated
wares with practical information, to be made use of
in the depositing room.

The workmen and women employed in electroplate
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manufacture occupy a high position among artizans.
The business is a cleanly and healthy one. On
examination it will be obscrved that one-sixth of the
labour is performed by females

Casters of German silver get from 35s. to 40s.;
fitters from 30s. to 50s.; stampers, 35s. to 40s.;
polishers, 30s. to 35s.; chascrs, 30s. to 50s. ; assistant
depousitors, 30s.; engravers, 35s. to 50s.; embossers,
35s. to 45s. Females: burnishers, 15s., 18s., to 25s.
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STEEL PENS.

By Georgr LiNpsey (Birmingham).

Tre modern implement for writing with o fluid is a
very different thing to the pen of former times—the
stylus and the calamus of the ancients, for example,
which were used chiefly on the prepared bark of trecs,
palm leaves, or the papyrus of the Egyptians. Quill
pens, still affected by a few old-fashioned penmen, only
came into general usc after the introduction of modern
writing paper, and were made in immense quantities
from goose feathers, now utilized for other purposes in
connection with the industrial arts. The English
name “pen” is from the Latin penna, a foather.
During the last century many experiments wero
made to improve the quill pen, thoe great defect of
which was found to be its constant liability to injury
from mere ordinary use, and the trouble of frequent
mending ; moreover, even the most skilful maker could
not ensure uniformity of quality, and any variation in
this respect affected the writer's work. Theso efforts
were chiefly directed to fitting small motal, or even ruby
points, to the nib of the quill pen, but the fineness and
delicacy of the operation were so great, that but very
little success attended the experiments. The quill,
however, is not altogether discarded. A pen formed of
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the goose quill, in the shape of a steel-pen nib, is at
the present time extensively made in Paris, and com-
monly used in England and the Colonies. The outer
wing quills make the best pens of this kind, and some
writers prefer them as a medium between the old style
of quill pen and the steel pen.  Ingenious machinery
is used to manipulate the material to advantage: a
machine with guides and a small circular suw, having
very fine teeth, slits the quill, the concave halves of
which are afterwards pressed, pointed, and slit under
dies, in the same mode as steel pens.  No waste is
permitted, the plume or feather portion of the quill
being utilized in the manufacture of children’s shuttle-
cocks, or dyed and used by the makers of artificial
flowers, &e.

The steel pen is of comparatively modern invention.
At the beginning of this century pens began to be
made wholly of metal; they consisted of a barrel of
very thin stecl, and the nibs were cut and slit so as to
resemble the quill pen as closely as possible.  The
real inventor of the © knitting needle of civilization,”
as the steel pen has been not inaptly designated, has
yet to be discovered.  One of the earliest attempts to
make a steel pen is attributed to William Gadbury, a
mathematical instrument maker, who, for his own per-
sonal use, constructed a somewhat clumsy article from
the mainspring of a watch, out of which the two
separate halves or nibs were formed, and thesc being
brought together were secured by & small ring or band
of metal. Another amateur, Daniel Fellows, of
Sedgley, Staffordshire, is said to have been one of the



STEEL PENY. 153

early metal pen makers, and a similar honour is liko-
wise claimed for a Sheflicld artizan, whose name, cither
from jealousy or forgetfulness, has not been recorded.
The early history of stecl pens is involved in obscurity,
but reasoning from probubilitics, I should say that Bir-
mingham may fairly claim that the stecl pen was first
perfected by one of her manufacturers,

A greatscientist and theologian, Dr. Joseph Priestley,
was long resident in Birmingham, for whose personal
usc a split-ring maker named Harrison made o steel
pen, with which the doctor wrote some of his famous
polemical essays. It was rather rudely fushioned
out of a picee of steel formed into a tubce, the lower
part being filed away into the shape of a peu, and the
parts where the tube joined being left as the “split.”
Years afterwards one of the men associnted with
Harrison in his split-ring business—DMason by name—
successfully embarked in the trade of pen making, and
the same manufacturer (now Sir Josiah Mason), after
rcalizing an immensce fortune, which he has set apart
to the founding of special cducational and charitable
institutions in the Midland mectropolis, has just
(January, 1876) rctired from one of the largest pen
factories in the world, which will henceforth be carried
on under a limited liability company.

The name of Gillott descrves to occupy a foremost
place in connection with stecl pens, for by his own
individual skill and enterprisc was the first great
impulse given to the trade. The carly metallic pens
were of very indifferent quality, and exceedingly dear.
Pens which sold at from 6s. to 8s. per gross, forty
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years ago, are now procurable for about half the number
of pence, while wages have improved, owing to the me-
chanical facilitics of production. The chief fault of
the first pens of metal was their hardness, which pro-
duced a disagrceable scratching of the paper. As
early as 1820, Mr. Joseph Gillott, who dealt in the
metal pens then made, hit upon an improvement,
which, by removing this great defect, gave a stimulus
to the manufacture, and caused it to be developed to an
extent truly marvellous.  This improvement consisted
in making three slits instcad of the single one formerly
used, and by this means much greater softness and
flexibility were acquired.

At the time when Mr. Gillott commenced operations,
much of the beautiful machinery now in use had yet
to be invented, and was subscquently invented, and for
the most part perfected by himself. There were no such
things as the “slip” pen, which now constitutes the
staple of the trade—the thin piece of metal “raised”
from the flat. Gillott adapted the press to the making
of pens; he saw that this would enable him to dispense
with most of the slow and laborious operations of
pen making ; that it would be possible to cut out the
blanks, slit them, bend the metal, stamp the maker’s
name, and thus, by mechanical means, render produc-
tion at once rapid and certain. Tho metal had to be
prepared by annealing, pickling, and rolling for the
action of the press; special dies had to be made for
each size of pen,and for each operation of stamping to
which the « blanks” had to be submitted ; presses of
improved construction—quick, light, easily worked, and
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yet strong cnough to strike a sharp, firm blow—had to
be made. And when these difficultics wore overcome,
there remained others mot less formiduble—such as
hardening and tempering the metal after quitting tho
press, rendering the newly-made pens flexible, so a8 to
write easily, cleaning and polishing thom without in-
juring their fineness, and coating them with some kind
of varnish, so as to render them more presentablo to
the eye.

This was the work which our great modern pen maker
set himself to do; and with much ingcnuity and un-
flagging perseverance he accomplished it. By degrees
the press was adupted to the cutting, slitting, bending,
and marking processes; machinery was devised for
cleaning and polishing the pens; and experiments
were made with the different qualitics of steel, and
the various ways of preparing it for use. At last
Mr. Gillott attained the degree of exccllence which
has become inseparably associated with his namo ; and
the trade ultimately reached the importance, perfec-
tion, and cxtent which characterize it at the present
day,

Next to Mr. Gillott, perhaps, no onc has done more
to popularize the metallic pen than the well-known
promoter of the “ Perryian System of Education,” Mr.
James Perry. The characteristic of the “ Perryian”
pens was to give to the stecl pen the clasticity which
so closely approximates to the quill pen. Mr. Perry,
with characteristic energy, almost forced the steel pen
into use, when there were strong and deep-rooted
prejudices against it. Commencing the manufacture
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himself in London, about 1824, Perry patented several
varictics known as “Perryian Pens.” It is stated on
competent authority, that he used the best Sheffield
“ribbon” stecl, rolled out of wire, for which he paid
7s. per 1b.; that he paid as much as bs. per pen to the
first person whom he employed to make his pens, and
for years afterwards the price given to his workmen
was 30s. per gross. Since the year 1828 Perry was
supplicd with pens of first-class quality by o Birming-
ham maker (Josiah Mason) who was content for many
years to obscure his own name under the mark of
“Perry and Co.”

There are from twelve to twenty manufacturcrs of
steel pens in Birmingham, which is now the head-
quarters of the trade, some of them comparatively
small firms ; indecd the larger houses, whose products
are in repute in nearly cvery market at home and
abroad, may be counted on the fingers of one hand.
These are Joseph Gillott and Sons; Perry and Co.,
Limited (cmbracing the late firms of Sir Josiah Mason,
and A. Somerville and Co.); John Mitchell ; William
Mitchell ; and M. Turner and Co. The varicties of
pens made by thesc manufacturers may be numbered
by thousands, being of cvery size, shape, and finish.
In some instances a single manufacturer has two or
three thousand distinctive “ marks” made for different
buyers, who require their own names or devices im-
pressed on the pens.

The steel of which the pens are made is of Sheffield
manufacture, & large proportion of it being supplied
by Messrs. Jessop. It is cast steel of the best quality,
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made from Swedish iron, so as to sccure in its gra-
nular structurc peculiar density and compactness.
These sheets are rolled in Birmingham, and, as a rule,
on the same premises where they are to be worked up ;
they measure originally about 4 feot 6 inches long by
18 inches wide, and arc afterwards clipped across into
short lengths from 14 to 4% inches wide.

These strips are first of all packed in enst metal
boxes, and placed in a muflie or furnace, where the
mass is heated to a white heat.  This is called an-
nealing, a process which fits the metal for further
treatment on its way to the pen maker.  After twelve
hours of this roasting, the strips arc cooled and then
placed in revolving barrels, where, by tho friction of
motallic particles, the scules caused by the annealing,
and the rough edges arc removed. The strips are
next immersed for some hours in a ¢ pickle” eomposed
of dilute sulphuric acid, which clears away the seale
and imparts an even surface to the metal,

The stecl is now rcady for the rolling mill.  The
rollers consist of metal ¢ylinders revolving upon cach
other. A man and boy attend at each pair of rolls,
tho first introducing the strip of steel between the
opposing surfaces, and the boy pulling it out consider-
ably attenuated. From the first pair of rolls it passes
through several others, until, having been reduced in
thickness to about the }yth part of an inch, it as-
sumes the requisite tenuity. Such is the degree of
pressure employed, that the stecl in passing through
becomes hotter than it is sometimes couvenient for
unpractised hands to touch. At this stage the strip
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of stecl is preciscly the thickness of a pen, is quite
flexible, and has increased in length from 18 inches to
4 feet 6 inches.

The first process of manufacture now begins, and
before the series of operations have been gone through,
some fifteen or sixteen distinet processes have to be
complcted. The strip is carried to the cutting-out
room, where the pen first assumes form and shape.
Here a number of women and girls are seated at
benches, cutting out, by the aid of fly-presses, the
future pen from the ribbon of steel beforc them. This
is done with great rapidity, the average product of
an expert hand being 200 gross, or 28,800 pens per
day. Two pens are cut out of the width of the steel,
the broad part to form the tube, if it is to be a barrel
pen, and the points so cutting into each other, as to
leave the least possible amount of waste.

The “ blanks ” arc next taken to be pierced. The
flat blanks are placed separatcly on a steel die,
and, by a half circular action of a lever turning an
upright screw, a fine tool is pressed upon the steel,
and forms the delicate centre perforation and the side
slits which give flexibility to the pen. All this time
the metal is in its natural state of elasticity. It is
necessary, however, that it should be rendered softer,
and for this purpose the pens are again placed in the
muffle to be further anncaled. ,

Then comes the marking. On each side and down
the middle of the room, a number of young women are
seated at work, each of whom, while using her hands
to properly adjust the pen and hold it in its place,
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moves by the action of the foot a lover actuated by
treadle and wheel, and this marks the pen. When
it leaves the hand of the operator, the back of the pen
is stamped with the name of a retail dealer at home or
abroad, & national cmblem, an heraldie devico, or the
representation of some notability, forcign or domestic,
according to the fashion of the day. The rapidity of
this process is nearly cequal to that of cutting out tho
blanks, cach workwoman marking many thousands of
pens in a day.

Up to this time the pen is flat. It has next to be
“raised ” into the half-cylindrical form in which we seo
the finished pen. The flat pen is placed in a groove,
and a convex tool made to descend upon it, forcing it
into the groove, by means of which it is bent into
the required shape.

As a rule, the value of the pen d(\pcnds very much
upon the perfection of the slit. Those who can re-
member the difficulty expericnced in getting a perfect
slit in a quill pen, can understand how much less easy
it is to prevent the gaping of a mctallic substance,
The first preparatory process, after the pens leave the
raising room, is to rcturn them once more to the
muffle, into which they are introduced in small iron
boxes with lids, and heated to a white heat. They
are then drawn out and suddenly plunged into a large
tank of oil, where, by the chemical action of the liquid
on the steel, the pens attain a degree of brittleness
that makes them crumble to pieces when pressed
between the fingers. The oil adhering to the metal
is subsequently removed by agitation in circular barrels
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made of tin. The brittloness has next to be corrected
by a process of tempering. This is done by placing
the pens in a cylindrical vessel, open at one end,
and turncd over a fire, somewhat like a domestic coffee
roaster.  The action of the heat gradually changes the
colour of the pens, first from a dull grey to a pale
straw colour, next to a brown or bronze, and then to
bluo—the latter betokening the highest degree of
clasticity.

The pens are still rough, being covercd more or less
with small metallic particles. To remove this roughness
they arc placed in Iarge tin cans, with sand, pounded
crucible, or some similar substance. These cans are
made to revolve by steam power, until, by rubbing
against each other, the pens are cleared from roughness,
and are brightened to the colour of polished steel.

Another sct of processes now begins—those of grind-
ing and slitting, also performed by young women.
The nib is ground by picking up each pen with a pair
of pliers, and applying it with a single touch to a
rapidly-revolving whecl coated with emery, first length-
wise and then across the nib. This does for the pen
the same service that the scraping of a quill with the
penknife would do in the case of a quill pen, i. e.
weakening certain parts to ensure uniform elasticity.

Next comes the slitting, which is done with the
press. In thesc presses the descending screw has an
exactly corresponding chisel cutter, which passes down
with precise accuracy, by which movement the slit is
mado and the pen is completed.

There is yct somcthing more to be done before the
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manufactured goods are ready for the warchouse—viz.,
the colouring the pens brown or blue. Thisis effected
by placing them in a metal cylinder, which is revolved
over a charcoal stove at a proper heat, and removing
them the instant the desired tint is imparted. Bril-
liancy of surface is then given by immersing tho pens
in a solution of shell-lac dissolved in naphtha, and after
drying, they are ready to go to the hands of the work-
women, whose duty it is to examine the work, throw out
the pens which are defoctive, and count the remainder
ready for the packers.

The presses, tools, and other appliances required in
the pen trade arc numerous and varied. In all well-
regulated establishments, all these tools are made and
repaired by special workmen on the premiscs.

On reaching the warchouse, the pens are packed in
neat little boxes, each containing onc gross. These
boxes are usually made in another part of the manu-
factory, by a very simple but ingenious process. Suc-
cessive layers of paper arc pasted on to an oblong block
of wood, and when the proper thickness is obtained,
the outside ornamental layer having been added, the
block is pressed on ecach of its sides with a sliding
movement against a cutter of cxactly the depth of the
paper material, which is thus divided into box and lid,
and the imprisoncd mould sct free. A glazed paper
lining for the sides, made in a similar way, and exactly
fitting the interior, is slipped into the box, forming a
shoulder for the 1id, and it is then finished.

Pen-sticks or pen-holders are made by steam power,
actuating a number of machines constructed for the

M
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purposc. Most of the large manufacturers of stecl
pens make their own pen-holders ; others, in a smaller
way, buy them ready made.  The trees or logs of cedar,
or other suitable wood, having been sawn into boards,
and again slit into thin squarc lengths, the rounding
is managed by a machine in which a tube reccives
the end of each length, which, as it is drawn through
to the other side, is subjeet to the paring of a couple
of revolving blades.  After this the material falls out
at the other end perfectly cylindrical, although rather
rough. The roughness is obviated by another similar
machine, and a bundle of the long rods is then carried
to a large muhogany slab, through a slit in which is
seen about a third part of the dise of a circular saw.
The rods are laid flat upon the table, and brought
agoinst & gauge which regulates the length; they are
then pushed towards the saw and cut into sticks, a
dozon or so at o time. These plain sticks have yet
to reccive the spiral pattern so much in vogue, to have
the end which receives the holder reduced in size, and
the other ¢nd rounded. These opcerations, when
applied to the commoner descriptions of pen-holders, are
not effected by cutting, but by pressing; and one machine
suffices for the purpose. They are placed, about fifty
at a time, in a receiver, and disappear one by onc into
a lowor chamber, where the work is completed by dies,
after which the sticks make their appearance in rapid
succession through a tube, and fall into a box beneath.
They aro afterwards polished and varnished. The
metal ends for the rocoption of the pen nibs are put on
by hand.
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Gold pons are extensively made in Birmingham, and
as they resist the corrosive action of the ink, they are
exceedingly durable ; their durability is also greatly in-
creased by the ingenious process of soldering on to tho
points of the nib minute particles of iridium, which,
from their extreme hardness, resist wear for many
years. Pens arc also made in silver, zine, amalgamated
alloys, incorrodible platina, &e. Mr. W. E. Wiley, of
the Albert Works, is the largest maker of gold pens in
Birmingham. When the business of gold pen making
was introduced as o locul industry by Mr. Wiley thirty
years ago, the retuil price of such pens was a guinea
each. The first of Wiley's gold pens were retailed at
58. cach, and now cnormous quuntitics of gold pens are
sold as low as a shilling each. This is owing to the
adoption of improved machinery and applisnces in
the manufacture. At the time when gold pens were
first produced by Messvs. Mordan, of Loudou, and for
many years aftcrwards, the usnal method of slitting
the pens was with the aid of diamond dust—a very
costly process, since its uncertainty, by occasionally
cutting wide gaps in the pens, caused no litile waste
of material. To remedy this, Wiley introduced a
system of cutting the slit by means of emery on re-
volving copper cutters, which has been practised ever
since. This so cheapened the production, as to enablo
a good quality gold pen to bo sold retail at 5s., for
which s guinea was formerly demanded.

The same firm afterwards introduced a German
silver, or white metal pen, known as the  Perryian Red
Ink Pen,” which still has an enormous sale. At these

M 2
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works Messrs. Wiley make pen and peneil cases in gold,
silver, aluminium, gold, ivory. and vulcanite, in all pat-
terns, shapes, and sizes, and varying in price, from half-
a~crown a gross for common articles, up to the most
ornate and costly that can be imagined.  Some ten or
dozen years ago the proprietor commenced the employ-
meont of female Iabour in his works, and with so much
success that he has now upwards of three hundred girls
trained to the work of making pencil-cases. The ma-
chinery has beon specially adapted to this new order of
things, and as the pencil-cases are all produced here
on the interchangeable principle, the facilities of pro-
duction arc enormously increagsed. That these means
to an end have solved a difficult problem, may be gleaned
from the fact, that the weckly output of finished work
at this establishment cxcecds the possible production
of all tho pencil-case makers in the kingdom under
the former system. Messrs. Wiley’s works are now
carried on by Messrs. Perry and Co., Limited, with
Mr. Wiley as managing director.



PAPIER MACIIE.
By Growrae Lispsey (Birmincham).,

Parier Micugé (French, signifying mashed or pulp
paper), as o specinl branch of manufucturing industry,
has been known in Europe for upwards of a century.
Its use was probably first suguested by some of the benu-
tiful productions of Scinde and other purts of India,
where it is largely cmployed in the fabrication of boxes,
trays, and such-like articles of domestic employment, as
well as in China and Japan.  In France its value was
practically recognized at an carly period, and the seeret
of its manufucturc was subscquently imparted by a
French workman named Lefevre to one Martin, a Ger-
man varnish maker, who attained considerable fame as
the first maker of papier miché snufi-boxes, which,
under the name of “ Martin's,” became popular all over
Europe. The importation of papicr maché goods from
France into Prussia wus at one time so extensive that
Frederick 11. conceived and carried out, in 1765,
the idea of establishing & manufactory in Berlin.  The
trade soon extcnded from the Prussian capital into
several other German States, in all of which it was
successfully practiscd, though it must be acknow-
ledged that the articles produced in papier maché at
this period were of the simplest and rudest description
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Papicr maché was originally introduced into England
as a material for making trays, with a view to cnable
our manufacturers to compete with the productions then
largely imported from Japan. T believe that the real
Japancse trays are made of wood, which possesses the
very desiruble quality of not being liable to warp;
the best trays are covered with a peculiar kind of
canvas, to which a coating of varnish is applied.  The
varnish employed 1s prepared from the simple juice of
a certain tree indigenous to the country, and 1t is said
that the heat of the sun is sufficient to dry it.

The Japanese method of manufacturing trays, how-
ever, like most of the native industries of the East,
is shrouded in mystery, and as yet the “outer bar-
barians” resident in other parts of the world know but
very little about it.

About the middle of the last contury, Mr. Henry
Clay, who was formerly an apprentice to the celebrated
John Baskerville, of Birmingham, conceived the idea,
that if sheete of paper were carcfully pasted together
upon a mould, either of metal or wood, an article
might bo produced which would successfully compete
with Japanese work.  Clay mado experiments in this
dircetion, which emboldened him in 1772 to take out
& patent for “making in paper, high-varnished panels
or roofs for coaches and all sorts of wheel carriages
and sedan chairs, pancls for rooms, doors, and cabins
of ships, cabinets, bookeases, screens, chimneypicees,
tables, tea-trays, waiters,” &c¢. A contemporary record
of the period says: “These articles are heightened
with an elegance of decoration, which for design and
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execution are wholly uncqualled.” The inventor of the
new material claimed that it could be sawn, planed or
turned like wood, and that after being jupanned, it could
be brought up to the highest polish by friction with
the humau hand.  Some of the articles manufactured by
Mr. Clay are in use at the present time, and they fully
bear out the character for durability which he claimed
for his materinl.  The result of Clay’s discovery was
a princely fortune for the inventor, and from his
enterprise the pupier miché trade in England may be
said to have originated.

There are several varicties of papier miaché known
to the trade, each differing from the other in quality,
materials, and mode of manufacture, according to the
purposes for which the manufactured substance is re-
quired. These may be clussificd, as follows:

1. Sheets of paper pasted together over variously
shaped cores or moulds of mctal, according to Clay’s
invention.

2. Thick sheets or boards, produced by pressing
ordinary paper pulp between dies.

3. Fibrous slub, which is made of the coarse varie-
ties of fibre only, mixed with some carthy matter, and
certain chemical agents introduced for the purpose of
rendering the mass incombustible; a ccmenting size
is added, and the whole well kncaded together with
the aid of stcam. The mass is pussed repeatedly
through iron rollers, which operation serves to squeezo
it out to a perfectly uniform thickness, and the sub-
stance is then dried at a proper temperature.

4. Carton Pierre.—This, although often confounded
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with papier maché, is quite a different article. In its
composition carton picrre more nearly resembles plaster
than papier miché, and, although stronger, is much
hoavier. It is made of pulp paper mixed with whiting
and glue, pressed into plaster picce moulds, backed
with paper, and, when sufficiently sct, hardened by
drying in a hot room.

5. Ceramic Papier Mdiché (Martin's patent ), a modern
composition, which consists of paper pulp, resin, glue,
drying oil, and sugar of lead, mixed in certain pro-
portions, and kneaded together.  This composition
is extremely plastic, and may be worked, pressed, or
moulded into any required form. The last-named
material has been largely utilized in the production
of cornices, capitals, plasters, and mouldings for archi-
tectural decoration, &c.

A patent non-conducting papicr miché for covering
steam boilers, steam coppers, pipes, &c., has lately been
introduced with sucecss by Mr. M. Keenan, of London.
This article is of great practical value to engineers,
since it adheres to vessels of every shape and in every
position without any external casings; and it not only
prevents the radiation of heat and condensation of
steam, but effects a large saving in fuel and labour.

On the expiration of Clay’s patent, other manu-
facturers took up the trade, and, in addition to the pro-
duction of finished articles of use and ornament,
commenced the manufacture of papier miché tray
blanks, which they supplicd to the japanners, who
converted them by the ordinary process of ornamen-
tation into finished goods. From one of these manu-
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facturing firms sprang the justly celebrated house of
Jennens and Betteridge.  Sixty years ago, whon
Messrs. Jennens and  Co.  commenceed business in
Birmingham, they were sharp-sighted  enough  to
discover how valunble this matcrial would be for the
production of furniture, desks, inkstands, writing folios,
workboxes, and a varicty of other fancy articles; and,
carrying out this iden, aided by the best artistic talent
in the trade, so far as regards ornsmentation, this firm
was enabled for many years to place in the market o
constant succession of pupier miché wares of the most
exquisite form and finish.

Birmingham was not alone in this department of
manufacturing enterprise,  The manufacture of pupier
mich¢ was introduced very carly in the present century
into Wolverhampton, first of all at the Old Hall, by
the firm of Ryton and Walton, and was developed
by them into a large and important branch of trade,
especially in trays of diffcrent shapes, waiters, and
bread-baskcts.

The mode of manufucturing the “blanks” may be
briefly described as follows:

In the manufacture of real (. e., pasted ) papier maché
trays, the paper employed is of the very best and most
expensive description, specially mixed and specially
made for that trade alone. It i8 of a grey spongy
texture, and is chicfly obtsined from Farnworth Mills,
Lancashire.

The moulds used were formerly of wood ; they are
now generally made of copper or tinned iron. The
sheets of papcr intended to make the trays are well
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soaked in a very strong paste made of superfine flour
and best glue ; fomr thicknesses of paper, thoroughly
saturated with this paste, arc put loosely together;
they are then placed upon the mould, which has been
previously well  greased  with Russian  tallow, and
worked into shape with the fingers of the operator.
The extra paste is skilfolly exuded at the edges by
means of a small trowel, so as to leave no interstices
by which air bubbles counld form between the different
layers.  The mould with the thicknesses of paper upon
it is then placed in a stove, heated to about 1207, to
dry; and when the moisture is completely driven off,
the mass is again subjected to the same process, which
is repeated on each successive layer, until the required
thickness is produced.

The next operation is to dip these tray blanks in a
composition, the nature of which varies in different
cstablishments, and this process has the effect of solidi-
fying and hardening the material. The blanks are
next dried in a hot stove ; they are then taken to the
making-up shop, and are planed and filed, until the
surfuce is perfeetly flut and the edges made perfectly
true. The tray blank is now finally shaped, ready for
the black stove. an operation with which everybody is
doubtless fumiliar.

The exquisitely smooth surface of papier maché is
due to the fact, that the scveral coats of varnish are
rubbed down with pumice stone, much in the same
way as the outer surface of a coach-body is treated by
tho coschmaker. When the black stoving is com-
pleted, the trays are polished by hand, women labour
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being exclusively employed for the purpose; and at this
stage the blank is ready to pass into the hands of the
decorative artist, to receive the pattern or design which
it is intended to bear.

In the ornamentation of papier miché goods, both in
Birmingham snd Wolverhampton, the practice is to
employ the highest available falent. T know soveral
gentlemen of high position as artists, obtaining almost
fabulous sums for their paintings, who owo their intro-
duction to fame, and more than that, their rapidity of
exceution at the casel—as important to the jupunner as
the painter—to the systematic training and instruction
which they obtained, while practically employed as work-
men in the japan shops of Birmingham and its neighbour
town. Bird, who rose to be o Royal Acadomician, was
originally & workman at the Old Hall, Wolverhampton,
and specimens of his very earliest attempts at painting
are now in the possession of Mr. Fredevick Walton,
the present proprictor of the works, in which the manu-
facture of high-class papier miché goods is still carricd
on,

For many years, domestic articles manufactured from
papier maché were admitted to vie in excellence and
beauty of design with those produced’in any branch of
the ceramic art. But unfortunately tho trade, cspe-
cially a8 rogards ¢ fancy ” articles, fell into the hands
of retailers, who thought more of buying cheap and
showy goods, than in sclling a class of products, which
would have been a credit to them as salesmon, and a
source of satisfaction to those who purchased them,
The greatest blow to the trade, however, was the in-
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troduction of a very cheap material, made from scrap-
paper of the commonest kind and of every description.
These * paper” articles were made, in fact, of pulp,
under heavy pressure, and although they could be pro-
duced in Jurge quantitics, at very little cost, they were
found to be totally unworthy of the name of papier
miich¢.

The decorative processes cmployed upon papier
mich¢ ware have been the subjeet of numerous
patented inventions, a large proportion of which have
been abandoned or superseded by others of a more
practical or more rcwuncrative character. 'The more
artistic of thesc new styles of ornamentation were
applied almost exclusively to the best work.  In 1825
Jenncus and Betteridge took out a patent for a process
of “inlaying ” pearl shell on papier miché, the inven-
tion of onc of their workmen named Souter. This
ornamentation was very cffective when applied to trays,
hand-screens, workboxes, card-racks, &c. The pearl
ornaments were made from thin laminge of shell, from
one-hundreth to one-forticth part of an inch in thick-
ness; & patch of pearl was stuck with varnish to the
article about to be ornamented, the design being pen-
cilled on the pearl with a “stop-out ” varnish, permit-
ting the parts of the pearl not so protected to be eaten
away by the application of nitric acid. The various
patches of pearl being so treated, the surface of the
article was blacked all over, and the superfluous varnish
afterwards removed with pumice-stone and the orna-
ments displayed. The object was then polished with
rotten-stone, and thus fitted to receive the additional
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gold or other enrichment. The beauty of this style of
ornamentation was shown to great advantage in birds,
sprigs, and other designs scattored over the surfuce of
the article, which was treated entircly without colour,
and was at once chaste, neat, and durable.

In 1832 another style of ornamentation was intro-
duced by the same firm. This was originated by
Edwin Hascler, who, having just completed his ap-
prenticeship with Jennens and Botteridge, then began
his carcer as a workman with an improved style of
flower painting.  Up to that period the flowers intro-
duced upon papicr miiché were not imitations of nature,
but a sort of Chinese impasto ornwment, Natural
flowers were now painted upon the eentre of the article,
to which was given a border of light ornamental gold-
work, at once chaste and beautiful.  This was re-
garded by the trade as s bold step, but it scemed to
hit the public taste, and the putterns put into the
markct continucd to scll frecly for ncarly thirty
years.

The desire to produce something new, induced Mr.
Farmer, of Birmingham, in 1844, to associate clectro-
deposit medallions with papicr miché in salvers, card-
baskets, portfolios, &c.; and a year or two later a new
style of pearl-shell decoration behind glass was intro-
duced by Mr. Joseph Gibson. In 1845 a new and plea-
sing style of ornamentation of papier mich¢ articles was
adopted at the Old Hall Works previously mentioned,
and bad a marvellous run for a number of years, This
was the sclection of interior and exterior views of the
old baronial halls of England, and the various cathe-
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drals. These subjects were produced principally in
bronze, finished in gold and colours, the figures being
delicately painted in oil.  In this series, by the imita-
tion of stained glass windows of cathedrals, &e., the
cffects produced were remarkably good.  These effects
were obtained by the judicious use of transparent
colours upon pure gold and silver. Landscapes, too,
were admirably rendered in the same material, the skics
in particular being singularly effective and natural.
Each and all these new methods of decoration in-
volved more or less the employment of hand labour.
Other inventors, however, were soon ready with methods
for the multiplication, almost indefinitely, of various
styles of ornamentation by mechanical means. In
1852 Mr. Hascler, of Wolverhampton, patented what
was called “the negative process, for producing orna-
mentation in burnished gold upon japanned or other
bright surfuces.” By this meaus a full finish was im-
parted to the ornament. The pattern was produced
from an impression taken off on previously prepared
thin paper, from a lithographic stone or copperplate—
properly designated a acgative design—i. e, the sur-
roundings of the ornaments (the parts that are not
required to bo in gold) only being transferred. After
the negativo was transferred to the surface of the object,
it was covered all over with leaf gold, the size being com-
posed chiefly of isinglass and water, and when dry the
whole surface was rubbed over with spirits of turpentine,
which dissolved the “stop ” underneath the gold, leav-
ing the parts which the transfer had not touched, sharp,
clear, and perfectly finished. This process was worked



PAPIER MACHE, 1756

satisfuctorily for somo yecars by ome of the leading
houses in Wolverhampton.  Mr. €. Breese's invvntion’
patented about the same time, was 8o fur dissimilar, as
to be absolutely the reverse of the Hascler patent.
Breese first grilded thesurface tobe ornamented, und upon
that surface transferred the ornament which he wished
to appear, taking the superfluous gold off first with
water, then removing the transfer “stop ” with spirits
of turpentine. IHascler’s invention was doubtless the
more simple, beeause in his process there was only one
clearing off —the one application of turpentine taking
away both the gold and the “stop ;™ with the Breese
process, water was requisite to tuke away the gold, and
turpentine to clear away the “stop.”  Dreese's patent
was applicd almost exclusively to glass and porcelain
surfuces.

Shortly after the introduction of the cheaper kind
of material alrcady described as pulp, 0 morbid taste
arosce in the Birmingham jupan trade for placing great
blotches of pearl upon articles made of pulp, and
finishing them in the gaudicst of colours.  Nothing in
worse taste could possibly be conccived.  Certuin
manufacturers finding it more profitable, for the
moment, turncd their attention to and encouraged
the production of their meretricious decoration, to the
negleet of better and more carefully studicd work ; and
pearl landscapes, pearl ruins, sud pearl flowers and
fruit scemed destined to superseds the admirable
artistic productions of such men as Hascler, McCallum,
Stanier, and others of a like calibre.  Under these cir-
cumstances, some twenty years ago, trained workmen



176 BrITISH MANUFACTURING INDUSTRIES.

had the painful alternative cither to pander to a de-
praved and vulgar taste or leave the trade. The former
course was pursued by somec of the artisans, while
others honourably and profitably turned their attention
to other more genial occupations.

But while this tendency to over-claboration of
ornament, fostered principally by the production of
goods for the United States and other foreign markets,
was undermining the trade, there were other mis-
chievous influences at work in the same direction, The
public had been taught to believe that in purchasing
papier miché or pulp wares—for the two totally dis-
tinet fabrics arc still ignorantly supposed to be one
and the same—the quantity of material was the test of
value, and they naturally asked for more pearl and
morc gold. To cnable the manufacturers to comply
with this demand, the extra cost of material had to
be met by a reduction in the price of the workman’s
labour, and further disregard for the quality of the
work, so that cventually children came to be employed
very largely as ornamenters.

For these reasons the trade in real papier maché
was long in a declining state. It is now in a more
hopeful condition, Within the last two years a fresh
demand for the best description of papier miché has
sprung up, and still continues. At length purchasers
refuse to invest their momey in elaborate examples
produced in a depraved taste and vicious style, regard-
less of the material of which they are made and the
purpose for which they are intended. This wholesome
change is much appreciated by the better class of
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manufacturers, and is fostered and oncouraged by them
with most beneficial results. Tho firm of Jennens and
Bettoridge no longer exists, but another leading Bir-
mingham houso—that of McCallum and Hodson—
successfully imitates those worthy pioncers of high
art in the better stylo and ornameontation of this class
of ware.

The old showy, gaudy, unnatural style of flower
decoration will now only sell, at most unrcmunerative
prices, among the lower classes of socicty in Europe, and
among the uncivilized masses in othor countries. The
styles now in vogue arc chasto and decided in char-
acter, such as the Grecian, or Etruscan, or Persian ; or
if pearl inlaid, very neat narrow pearl lines and orna-
ments. A good demand for best finished goods is now
springing up, and the trade is in & morc healthy and
thriving condition than it has been for many years.
Artistic, really clever men, who can produce novelties
and well-executed designs, are at a promiumn, and can
obtain very high wages.

Oddly enough, papicr miché trays of the forms and
shapes that were popular half a century ago, arc in
renewed demand at the present day, and stranger still,
the ornamentation on these trays has once more re-
verted to the old Japanese style of enrichment, in
which Booth, the artist (the father of John Wilkes
Booth), who worked as a japanner at the Old Hall, was
never excelled.

The number of workpeople employed in this trede
in Wolverhampton is about 600, chiefly in the decora-
tive, polishing, and finishing branches. A few chairs,

N
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cabinots, and pianos arc made in London; but the
great seat of the trade is Birmingham. The papier
méaché manufacturers in the latter place are not more
than twelve, some of them very small employers of
labour; the number of hands is probably 750, com-
prising men, women, and boys, the latter as apprentices
in learning the art of painting or gold ornamentation,
women in the stoving and polishing, and men in cabinet
making and decorating, and lining with silk velvet, &c.

Papier miiché ornamentation, as applied to archi-
tectural designs and enrichments, received a consider-
able impetus from the patented inventions of Mr.
Bielefeld, now carried on by the London Papier Maché
Company, Limited, at their stcam mills, Staines,
Middlesex,  Builders and architectural decorators
have not been slow to avail themsclves of the adapta-
tion of papier miché to the purposes of decoration,
since it is found to add so much to the finish and
market value of houscs and public buildings. The
variety of purposes to which this class of papier maché
can be advantageously applied is almost innumer-
able. For example, it is expressly made for bosses,
brackets, canopies, cantilevers, capitals of columns and
pilasters, caryatides, ceilings, ceiling flowers, chimera,
chimney-pieces, consoles, corbels, cornices, enrich-
ments, festoons, finials, flowers, frames, friezes, fur-
niture, leaves (from naturc), mounldings, organ cases,
panels (Gothic), patere, pendants, picture frames,
pinnacles, royal arms (various), rosettes, screens,
scrolls, sculpture (copied), tables, termini, tracery,
trusses, ventilators, window cornices, &c. The leading
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articles in this category are the centre flowers for
ceilings; these are, in common with corresponding
fittings, from designs by high-class artists, architccts,
and sculptors, and all are characterized by sharpness
of outline, deep undercuttings, and a consequent rich-
ness of effect entirely unknown in plaster, and not
unfrequently equal to the highest order of carving and
sculpture.

No other material is so cminently adapted for these
purposes a8 papier maché. It is found to combine the
qualities of slight pliability with lightness and extremc
hardness ; it is tough, durable, and economical, and
without tendency to chip, warp, shrink, or fracturc;
and it may be steamed to almost any shape or curve:
The forms into which it is manufactured possess all
the characteristics of the finest wood carving, with
remarkable force and boldness of relief, while, being
devoid of the grain of the wood, it is not liable to split
or sustain injury.

The processes of manufacture, as carried on at the
Company’s mills, are very simple. The material
used is the best brown paper (old) for the strong or
back stuff, and the best white for the facing material,
which is put on at a second pressing. The paper and
ingredients are placed in a mixer, and thoroughly well
churned up, and afterwards rolled out in sheets, which
are placed in metal dies and pressed, either by screw
or hydraulic power; the ornaments are then dried in
a hot room, and afterwards trimmed. The larger
ornaments, centre flowers, &c., are of course pressed in
parts and afterwards joined up by * mounters.” This
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pressing involves the use of some 50 tons of dies, chiefly
of brass and typo metal, propared at a cost of 30,0001,
and a great many tons of large plaster moulds. The
mixing, rolling, wood-cutting, and other machinery are
driven by steam power; the drawing and modelling,
requiring a high class of skilled labour, are done on
the premiscs; and therc is a scparate foundry shop
for the preparation of the dics, which requiro careful
chasing up before being used. The subsequent gilding,
colouring, bronzing, &e., of the work is done in a
separate department. It is marvellous how readily
papicr miiché can, without “stopping” or preparation,
be gilded, silvered, painted, or bronzed. The art of
bronzing upon this substance has been brought to
vory great perfection, and is applicd here with such
success to bas-rcliefs, brackots, figures, &e., that the
differcnce between the metal and tho bronze papier
miché is very difficult to deteet, and almost impossible
to define. Majolica is also imitated with even greater
success, the special treatment bringing up the grada-
tions in shade and colour so faithfully as to defy de-
toction, Ornaments prepared in this way may be
washed and cleaned without detriment to the fabric.
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T.R.G.S,, Principal of Whitelands Training College. Coloured Wrapper, 1s.

PROJECTION ATLAS.—Containing Sixteen Plates of Projections. Intended
chiefly for use with the ¢ Physical Atlas.’ By the Rev, J. P. FAUNTHORPE,
M.A., FRGS, Principal of Whitclands Tralning Coliege.  Coloured
Wrapper, 1s.

BLANK SHEETS for MAPS.—Sixteen Leaves of Blank Paper for Map-Drawing.
Intended chiefly for use with the ¢ Klementary Physical Atlas.” By the Rev,
J. P. Fauntioree, MLA., F.R.G.S,, Principal of Whitelands Training Col-
lege. Coloured Wrapper, 6d.

PHYSICAL ATLAS.—A Series of Twelve Maps for Map-Drawing and
Examination. By Crarues Brep, B.A,, F.R.A.S,, Science Master inthe
Bradford Grammar School. Royal 4to, stiff boards, cloth back, 4s. 6d.

EVILL.—A WINTER JOURNEY to ROME and BACK. With Glances at
Strasburg, Milan, Florence, Naples, Pompeil, and Venice. Third Edition, with
Map and Appendix. Crown 8vo, cloth, 4s. 6d.

OSTER. —MANUAL of GEOGRAPHICAL, PRONUNCIATION and ETY-
MOLOGY. By A. F. Fosteg, A.M., Author of ‘A General Treatise on
Geography,’ &c. Ninth Edition. Feap. 12mo, limp cloth, 2s.

GAWLER.—SIKHIM: With Hints on Mountain and Jungle Warfare. By
Colonel J. C. GAwLER, F.R.G.S,, late Deputy Adjutant-General in India, Witn"
Map and Illustrations. Demy 8vo, paper, 3s.; cloth, 3. 6d.

GILL.—CHEMISTRY for SCHOULS: an Introduction to the Practical Study of
Chemistry. By C. HavauroN GrLr, late Assistant Examiner in Chemistry at
the University of London. Third Edition. One Hundred Illustrations. Crown
8vo, cloth, 4s. 6d.

Edward S;c;.‘x;fofrd,“55,méh§ri;g Cross, London.




BOOKS. b

GREEN.—VESTIGES of the MOLTEN GLOBE, as Exhibited in the Figure of
the Karth, Voleamie Action, and Physiography. By WiLLiax Lowruian
GrekN, Minister of Foreign Affalrs to the King of the Sundwich Islands, Demy
8vo, cloth, 6s,

HOLDSWORTH.,—DEEP-SEA FISHING and  FISHING BOATS.  An
Account of the Practical Working of the various Fisheries carried on around the
British Islands.  With IHlustrations and Descriptions of the Fishing Boats, Nets,
and other gear In use; und Notices of the Principal Fishing Stations in the
Umted Kingdom. By Epxunp W. H. Houpsworrn, V1.8, c., lat
Secretary to the Royal Sea Fisheries Commission.  Medium Xvo, ¢ ulll, ‘.!lx»

HULL.—COAL FIELDS of GREAT BRITAIN; their History, Structure, and
Resources ; with Notices of the Coal Fields of other parts of the World. By
Eowarp Hury, M.A., F.R.S, Dircetor of the Grologicul Survey of lrelund,
Professor of Geology in the Royal College of Science, Dublin, &e. With Maps
and [Uustrations. Third Edition, revised and enlarged.  Demy 8vo, cloth, 165.

JENKINSON.—PRACTICAL GUIDE to the ENGLISH LAKE DISTRICT.
With Nine Maps and Three Panorante Views,  With Chapters on Local Names
—Metcorology, Geology, und Bowny. Fiith Iidition. Feup. 8vo, cloth, 6s.

*¥ The Secrions separately: Keswick—Winneesere and  LANGDALE—

ConisToN, Burtermere, and WasTwa1ER—GrasMERE and UnLswater. Wilh
Maps, price 1s. 6d. cach.

~—— SMALLER PRACTICAL GUIDE to the ENGLISII LAKE DISTRICT :
Keap. 8vo, with Map, 1s. 6d.

~—— PRACTICAL GUIDE to the ISLE OF MAN. With Chapters on Local
Names, Mineralogy, Civil History, Lcclesinstical History, Geology, Botany,
Zoolugy, Agriculture, Commerce, and Sea Trout-fishing.  With Map.  Feap,
8vo, cloth, bs.

~—— SMALLER PRACTICAL GUIDE to the ISLE OF MAN. With Map.
Feap. 8vo, 2s.

—— PRACTICAL GUIDE w CARLISLE, GILSLAND, the ROMAN WALL,
and NEIGHBOURHOOD. By H.J. JeNkinsox.  With Chapters on Local
Names, Geology, Mineralogy, Botany, and Entomology. Map und Frontispicee,
Feap. 8vo, cluth, 5s.

~— SMALLER PRACTICAL GUIDE to CARLISLE and NEIGHBOURHOOD.
With Mup. kcup. 8vo, 2s

—— PRACTICAL GUIDE to the ISLE OF WIGHT. With Chapters on Local
Nuames, History, Mineralogy, Archacology, Botany, Geology, Natural Histwry,
Commerce, Agriculture, Sea kishing, and Yachung. Feap. svo, cloth, with
Frontispiece and 6 Maps, 5s.

— SMALLER PRACTICAL GUIDE to the ISLE OF WIGHT. With Two
Maups. Feap. 8vo, 2.

KING.—VIRGIL'S ANKID: Translated into English Verse by the Rev. J. M.
KiNG, Vicar of Cutcombe, late Scholar of Ball, Coll, Oxun. Sccond Edition,
Crown 8vo, cloth, 78. 6d.

LANCABHIRE —The COUNTY BOOK OF ENGLAND, and OFFICIAL

Lancashire, 1875, Comprising every Officlal Person in the County.
Crowu §vo, bound in roan, red edges, 5s.
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4 SELECTED LIST.

LEECH.—IRISH RIFLEMEN in AMERICA. By ARTHUR BLENSERHASSETT
Leecn.  With Coloured Plates and a Map.  Crown 8vo, cloth, 6s.

LEWIS.—The ENGLISH LANGUAGE: Jts GRAMMAR and HISTORY;
together with a TREATISE on ENGLISIT COMPOSITION, &c¢. By the Rev,
Hiaiy Lews, BA, Principal of Culbum Training College. Sixth Edition.
Feap. &vo, cloth, 35,

— ENGLISH GRAMMAR for BEGINNERS, in a SKRIES of KASY
LESSONS, Ry the Liev, IENuY LEws, B.A., Principal of Culham Training

e, Intended for the use of Jumor Clusses, and as an Introduction to the
Author's Jarger English Grammar.  Second Edition.  Feap, vo, 24.

LEWIS.—DIGEST OF THE ENGLISH CENSUS OF 1871, compiled from the
Officinl Returns aml Edited by James Lewis (of the Registrar-General's
Department, Somerset House). Sanctioned by the Registrar-teneral, and
dedicated by permission to the President, Vice-Iresidents, and Council of the

stical Socicty of London.  Royal ¥ve, cloth, bs.

LONDON GUIDE AND MAP. How to get from or to any part of
Lemdon, or its Saburls, Pablic Building, Place of Worship, Exhibition, In-
stitution, Mace of Amusenient, &e.: with Times, Fares, Prices of Admisgion,
Specialty, &c. Printed in colours. New Edition, 1876, Crown 8vo, cloth, 35, 6d.

LUCAS. — HORIZONTAL. WELLS. A New Application of Geological
Principles to effect the Solution of the Problem of Supplying London with
Water. By J. Lueas, F (.5, of the Geological Survey of kugland, 'With Maps.
Crown 4to, cloth back, 10s. 6d.

MANLY.—PRINCIPLES of BOOK-KEEPING by DOUBLE ENTRY, in a
Series of Kasy and 'rogressive Kacicises. By the late HENRY MaNLy, for more
than thirty-three years Principal Writing Master and Teacher of Book-keeping
in the City of London School.  Kourth Editwn, Revised and enlarged by
HeNgY WiLntam Manwy, F.LA. Demy &vo, cloth, 45, 6d.

ARTIN,—THEORIES of HORIZONTAL (‘URRENTS in the OCEAN and
ATMOSPHERE, and of Kastation of Planetary and other Celestial Bodies,
being new Theories of Natural Forces not before discovered, and aecounting for
many Natural Phenomena, hitherto unsolved problems. By JORN MAKTIN,
of Melbourne, Australin. 1% Itlustrations. Crown 8vo, cloth, 3s.

MEADEN.—A FIRST ALGEBRA for Use in Junior Classes. By the Rev. R.
ALBAN MEADEN, M.A,, Senjor Mathematical Master of the Bradford Girammar
School.  Fourth Edition, revised and enlarged,  Feap. 8vo, cloth, 13. 6d.

MEDHURST,—The FOREIGNER in FAR CATHAY. By W. H. MEDRURST,
HL.B.M. Consul, Shanghai, With Coloured Map. Crown svo, cloth, 6s.

MILLETT.—An AUSTRALIAN PARSONAGE; or, the SETTLER and the
SAVAGE in WESTERN AUSTRALIA. With Frontispiece. By Mrs.
Epwarp MiLrrr, Second Edition. Large post 8vo, cloth, 125,

MULHALL.—HANDBOOK TO THE RIVER PLATE REPUBLICS: Com-
ihrising Buenes Ayres and the Provinces of the Argentine Republic, and the
Republics of Uruguay and l'araguay. By M. G. and E. T. MurnaLz, Pro-
rictors and Kditors of the Buenos Ayres ‘Standard’ With Map and Two

lans,  Crown &vo, cloth, 8s.
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BOOKS. 5

NOBLE.—DESCRIPTIVE IANDBOOK OF THE CAPE COLONY - Its Con-
dition and Resources. By Jous Nosik, Clerk of the Honse of Assembly, Cupe
of Goud Hope,  With Map und Wustiations, Crown svo, cloth, 10s. 6d.

PALMER.—The ORDNANCE SURVEY of the KINGDOM: Its Objects,
Mode of kixecution, History,and Present Condition. By Caprasn M. S Panse,
RE  Five Coloured ludex Maps.  Demy svo, clath, 2. 6d.

PHILPOT.—GUIDE BOOK to the ¢ANADIAN DOMINION: Containing
full information for the Kmigreant, the Tourist, the Sporis an, and fhe sl
Cupitalist. By Haurvey J, Poinror, M.D. (Canada), M L, &co Witha
Preface by THosas Hucnes, Esq., M., und Map.  Super-toyal 16mo, 48,

POOR RELIEF IN DIFFERENT PARTS OF EUROPE:
being a Selection of Lesays, transtated {rom the German Work, * Das Avmen-
wesen und die Armengesctzgebung in kuropischen Staaten herausgegeben,’
Von A. Kmmmghaus. Bevisd by K. B. Kasiwiek, CB, M.P. Crown 8vo,
cloth, 7s.

BAMSAY.—PHYSICALGEOLOGY and G EOGRAPHY of GREAT BRIUTAIN.
By A. C. Ramsay, LL.D, KRN, &c, Director-General of the Geologieal
Surveys of the United Kingdom.  Fourth Editon, considerably enlarged, aud
Tilustrated with Numirots SecTioNs and a GFOLOGICAL MAP of GREAT
BEITAIN, printed in Calours.  P'ost svo, cloth 7s, 6.

ROBSON.—CONSTRUCTIVE LATIN EXERCISES, for Tenching the Elements
of the Language on o System of Analygis and Synthesis, with Latin Reading
Lessons and copious \ ocabuluries. By Jous Ronson, B.A. Lond., Secretary of
Unlversity College, London.  Ninth Kdition. 12w, oth, as. 6d.

—— FIRST GREEK BOOK. Contatning Exercises and Reading Lessons on the
Inflexions of Substantives and  Adjectives. With coprons Vocabuluries, By
Jaux Rossow, B.A. Lond, ‘Third KEdivon,  12mo, cloth, 38, 6d.

RUSSELL.—BIARRI'TZ and the BASQUE COUNTRIES, By Cousr Hivey
Reaskwr, Member of the Geograplucal and Geologieal Societies of France, of the
Alpmne Club, and Société Ramond, Author of 'Pau and the Pyrences,’ &c.
Crown $vo, with u Map, 6s.

SCHOOL-BOYS’ LETTERS for COPYING and DICTA-

TION: being a Series of Lithographed Letters on Subjets interesting to

School-Boys, with Bemarks on the Essentials of Good Writing, &c. 'Third
Edition, Large post Rvo, cloth, 28. 6d.

SHARP.—RUDIMENTR of GEOLOGY. By Samurn NSuwawr, FS.A,, F.O.S,
Introductory and Physicul — Siratigraphical and  Palswntological.  Necond
Edition, reviged and enlarged.  Crown svo, cloth, 45.

SULLIVAN.—THE PRINCES OF INDIA. An Historieal Narrative of the
priucipal events from the Invasion of Mahmoud of Glizni to that of Nadir
Shah. By Sir Epwanp SoLLivas, Bart., Author of ¢ Ls ttors on Indin,” * T'rip to
the Trenches,’ * Rambles in \mlh and South Amwles,” &e.  Seeotd Edivion,
Crown &vo, cloth, with Map, 5s, 6.

SHERRY. —FKUM VINEYARD to DECANTER. A Bk ahout Sherry,
By DoN Proko Vervan, With a Mup of the Jerez Diswrict, 5th Thou-
sand. Feap. ¥vo, cloth, 1s.

WILLIAMS.—THROUGH NORWAY WITH A KN4
Improved Edition. By W. M. WiLLiams, F.ILAS, F.C
cloth, with Froutispiece and Map, 6.

PSACK. A New and
.5, & Crown 8vo,
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6 SELECTED LIST.

Tibrary or Wl Flaps.

EUROPE.—Scale, 50 miles to an inch; size, 65 inches hy 58, Coloured and
mounted on linen, in moroceo case, 88 133, 6d. 5 on roller, varnished, 3. ; spring
roller, Gl

ENGLAND and WALES —Seale, 5 miles to an inew ; gize, 72 inches hy 84.
Coloured, . 125, 6d. ; mounted on Jinen, in morocco ease, '3l 13s. 6d.3 on roller,
varnished, 41, 45,5 hplhlgl(l“(l’ 6l 6s.

LONDON and its SUBURBS.—0n the seale of six inches to a mile :
constructed on the basis of the Ordnance block plan,  Price, in shects, plain,
215 coloured, in & portfolio, 318, 6d. 5 mounted on linen, in woroeco case, or vn
roller, varmshed, 21 1583 on spring roller, 51 5s. Ningle sheets, plain, 18,5
coloured, 15, 6d. A Key Map may be had on application, or per post for onc
stamp.

SCOTLAND.—Scule, five miles to an inch; slze, 52 inches by 76. Celoared,
4235 monnted on linen, v moroceo ease, 31 83. 5 on roller, varuished, 21, 13s.6d.;
spring roller, b, bs.

IRELAND.—Scale, 4 miles to an inch; slze, 66 inches by 81.  Coloured,
1. 115 6d.; mounted on linen, In morocco case, 20, 125, 6d.; or, on roller,
varnished, 3. 3s. 5 gpring roller, 51, 5s.

ASIA.—Neale, 110 miles to an inch: size, 65 inches by 58 Culoured and
mountcd on lnen, in moroeco case, 31. 135. 64. ; o roller, varnished, 3L spring
roller, 6L,

AFRICA.—Scale, 94 miles to an inch; size, 58 inches by 65. Coloured and
mounted on linen, in moroceo case, 36, 135, 6d.; on roller, varnished, 31.; spring
Toller, 6l

NORTH AMERICA.—Scale, 83 miles to an inch; size, 58 inches by 65.

Coloured and mounted on linen, in moroeco case, 3/, 138 6d.; on roler,
varnished, 3. ; spring roller, 6/.

CANADA.—LARGE MATD of CANADA, including New Brunswick, Nova
Seotia, Newfoundland, and a large portion of the United States. By Jory
ARrrowsMITH, Scule, 154 miles 10 an inchj size, 96 inches by 64, Kight
Coloured Sheets.

UNITED STATES and CENTRAL AMERICA, with Canada,
New Brunswick, Nova Scotta, Newtoundland, and the West lndws Seale, 54¢
miles to an inch; size, 72 inches by 56, Coloured and mounted on linen, in
1ioFocco case, 3h. 13s. ed; on roller, varnished, 31.; spring roller, 6,

SOUTH AMERICA.—Scale, 83 miles to an inch; size, 58 inches by 65.
Lolmm-d and mounted on Jinen, morocco case, 3. 135, 6d: on roller, varnished,
3 spring roller, 6l.

AUSTRALASIA.—Scale, 64 miles to an inch; size, 65 inches by
Coloured and mounted on linen, morocco case, 8l.13s, 6d. ; on roller, vamihed,
31.; spring roller, 61,

Edward Stanford 55 Churmg Cross, London.




GENERAL MAPS. 7

General Haps.
EUROPE.

EUROPE.—STANFORD'S PORTABLE MAT of KUROPE; showing the
Tatest Political Boundaries, the Railways, the Submarine Telegraphs, &e.  Scale,
150 miles to an inch; slze, 36 inches by 33, Fully coloured and mounted on
linen, in case, 10s. 5 on roller, varnished, 14s.

CENTRAL EUROPE.—DAVIESS MAP of CENTRAL KEUROPE;
containing all the Railways, with their Stations. The principal roads, the
rivers, and chief mountain ranges are clearly delineated.  Scale, 24 miles to
an inch ; slze, 47 fuches by 34, Sheets, plain, 10s.; coloured, 125, ; mounted vn
linen, in cuse, 168.

AUSTRIAN EMPIRE. By.). Arrowsyrri. Scale, 28 miles to an inch;

size, 26 inches by 22, Sheet, coloured, 8s. 5 mounted in case, 6s.

DENMARK and ICELAND. By J. Arrowsmiri. Scale, 13 miles to

aninchj size, 22 inches by 26. Sheet, coloured, 3s. ; mounted in case, 53,

PRANCE, in DEPARTMENTS. With a Supplementary Map, divided
nto Provinees, and a Map of the Island of Corsica. By J. Avrowsmrri,  Scale,
31 miles to an inchj size, 22 inches by 26. Sheet, coloured, 3s.; mounted in
case, bs.

GREECE and the IONIAN ISLANDS. ByJ. Arrowsmrmi. Scale,
15 miles t an iuch; size, 22 inches by 26, Sheet, oo]ourud, . 3 mounted in
case, bs.

ITALY, including Sicily and the Maltese Islands. By J. Arrowssiti, Scale,
20 miles to an inch; in two sheets, size of each 22 inches by 26.  Price of each,
coloured, 3s. 5 mounted in case, bs.

NETHERLANDS and BELGIUM, including Luxembourg and the
Country to the Kast as far as the Rhine. By J. ArrowsmiTi.  Scale, 13 miles
to an inch ; size, 22 inches by 26.  Sheet, coloured, 3s.; mounted in cuse, 58,

RUSSIA and POLAND, including Finland, By J. Arrowsmitii, Scaler
90 miles to an inch; size, 22 mdu»u by 26. Sheet, coloured, 38 ; mounted in
case, b8,

SPAIN and PORTUGAL. By J. Arrowswitit. Scale, 30 miles to an
inch; size, 26 inches by 22. Sheet, coloured, 3s. ; mounted in case, 5s.

SWEDEN and NORWAY, ByJ. AzrowsyiTH., Scale, 35 miles to an
inch j size, 22 inches by 26. Sheet, coloured, 3s. ; mounted in case, 6s.

SWITZERLAND. By J. Arrowsmrr. Scale, 104 miles to an inchj; size,
26 inches by 22, Sheet, coloured, 3s. ; mounted in case, 6s.

TURKEY in EUROPE, including the Archipelago, Greece, the Ionian
Islands, and the South part of Dalmatia. By J. AkrowsmrTH, Scale, 40 miles
to an inch; size, 22 inches by 26. Shcet, coloured, 3s. ; mounted in case, 6s.

‘Edward Stanford, 55, Charing Cross, London.




BRITISH ISLES.

ENGLAND and WALES.—LARGE SCALE RAILWAY and STATION
MAP of ENGLAND und WALES.  In 24 sheets (sold separately).  Con-
strueted on the basis of the trigonometrical survey. By J. Arrowsmiri, Seale,
3 miles to an meh ¢ of cach shieet, 20 miches by 2. Price, plain, 18,5
mounted in case, 28 6oL 3 colourmdy 15 6d. 3 mounted - cage, 35, Size of the
complete map, 114 mehes by 125, ]‘llu‘, plain, in case or purtlulm, 1L 585
coloured, in case or portiolio, 11 %8 3 mounted on cloth t fold, in case, coloured,
4l 45,5 on canvas, roller, and varnished, 4L 118 6d.: on spring roller, Wi 9s.

ENGLAND and WALES.—SIANFORI'S PORTABLE MAP of ENG-
LAND and WALES  With the Ruilways very clearly delimeated 5 the Cities
and ‘Towns disti hed according to their Populatton, &, Seale, 15 miles to
an inch; si 8 i v 32, Coloured and mounted on linen, in case, 5.5
or on roller, \urnhlu d, B8,

WALES.—NORTH and SOUTH WALES,  Re-issue of Walker’s Maps,
thoronghly revised and corrected to the pregent date.  Seale, 3 miles toan inel,
Fach in sheet, 32 inches by 27, coloured, 8s. 5 mounted to fold in case for vhe
pocket, 65,

SCOTLAND, in COUNTIES. With the Roads, Rivers, &c. By J.
Axzowsmiri,  Seale, 12 miles to an inch; slze, 22 mches by 26, Shed,
coloured, 35, ; mounted in case, bs.

IRELAND, in COUNTIES and BARONIES, on the hasis of th
Ordnance Survey and the Census, Seale, s mwiles to an inch g size, 31 inches
by 38, On twu sheets, coloured, 8.3 wounted on linen, in case, 10s. 6d. 3 on
roller, varnished, 15s.

IRELAND, in COUNTIES. With the Roads, Rivers, &e. By J.
ArrowsMITR.  Seale, 12 miles 10 an inch; size, 22 inches by 26. Sheet,
coloured, 3s.; mounted 1 case, bs.

LONDON.

COLLINS’ STANDARD MAP of LONDON is admirably adapted
for visitors to the City. Seale, 4 inches to a mile; size, 34§ fnches by 27,
Price, plain, in case, 18,5 coloured, 1s. 6d.; mounted on linen, ditto, 35, 6d.}
on roller, varnished, 7s. bll

ITISH METROPOLIS.—DAVIES'S NEW MAD of the BRITISH
METROPOLIS.  Scale, 8 inches to a mile size, 36 inches by 254,  Price,
plain sheet, 38, 6d.5 coloured, £8.: mounted on linen, in case, 75, 6d.; on roller,
varnished, 10s. 6. With continnation southward beyond the Crystal Palace,
plaiu sheet, 5s.; coloured, 7s. 6d.; mouuted on linen, in case, 11s.; on roller,
varnished, 158,

RAILWAY MAP of LONDON and ENVIRONS,—STANFORI'S
SPECIAL MAPD of the RAILWAYS, RAILWAY STATIONS, TRAM-
WAYS, POSI'AL DISIRICTS, and SUB-DISTRIC IS, in LO‘U)O\ and its
ENVIRONS. eale, 1 inch to & wile; size, 24 inches by 26, Price, coloured
and folded, 1. ; mounted on linen, in case, 35.

ONS LONDON.—~DAVIES'S MAP of the ENVIRONS of

of
LONDON. Scale, 1 inch to a mile size, 43 inches by 32, Price, sheet, plain, 4s.;
coloured 6s, 64. ; mounted on linen, in case, 8s.; or on roller, varnished, 145.

Edwa.rd Stanford, 65 Cha.nng Cross, London.




GENERAL MAPS, 9

ASIA.
GENERAL MAP OF ASIA.—ByJ. Awnowsviru, Scale, 300 miles to

an inch size, 26 mches by 22, Sheet, coloured, 38,5 mountad, fu case, 58,
.

NORTHERN ASIA, including Stherin, Kamtschatka, Japan, Mantchoorla,
Mangoba, Tehoongar, Tibet, and the Himalaya Mow wo By L Arkow-
sMiti. Scale, 170 miles toan incl y size, 26 mehes by 26, Sheet, coloured, 48,5
mouunted, in case, 7s.

CENTRAL ASIA.—STANFOLI'S MAP of CENTRAL ASIA, including
Teheran, Khiva, Bokhura, Kokan, Yarkand, Kalmt, Herat, & Scale, 110 miles
to an inchi; aize, 22 inches by 17, Coloured sheet, 28, 6id ;. monnted, 1 case, 68,

ASIA MINOR, &c. (FURKEY in ASIA). With portions of Persia, the
Cuspian Sea, and the Cancasian Mount: By J. Aukowswimin Neale, |
miles to an inchj size, 26 wmehes by 22, Sheet, coloured, 3s.5 mounted, in

INDIA.—STANFORD'S NEW PORTABLE MAP of INDIA, Exhibiting the
Present Invisions of the Country according to the most Recent Surveys,  Seale,
86 mles 1o an inch: sze, 29 mehes by 33, Coloured, 68,5 wounted on lney, in
cuse, 88,3 on roller, varnished, 11s.

INDIA.—MAP of INDIA, By J. Arrowsyri, Scale, 90 miles to an Inch;
size, 22 inches by 26, Sheet, coloured, 3.5 mounted m case, bs.

7

CEYLON.—MAP of CEYLON. Constructed from a Base of ‘Triangulations and
corresponding Astronomieal Observations. By Major-General Joun Fraser,
late Deputy-Quartermaster-General. Reconstructed by Joux  Arrowsairi,
Scale, 4 niles 1o an ineh; size, 52 mehes by 78 Faght sheets, coloured, 24, 68, 3
mounted, in case, 3L 135 6d.; on roller, varnished, 4L 455 spring roller,
Gl 168, 6d.

CEYLON.—COFF¥ TATES of CEYLON, Map showing the Position of the
Coffee Estates m the Central Provinee of Ceylon, — By J. Axgowsyirh,  Slze,
15,iuches by 20. Sheet, coloured, 3s.; mounted, in cuse, bs.

BURMAH, &c.—A Map showing the various Routes proposed for conneeting
China with India and kurope through Buanal, and developing the Trade ot
Eastern Bengal, Burmah, and China.  Prepared under the direction of Joun
Oorvy Hay, FRGS. Seale, 33 miles to an inch; size, 27 mches by 32,
Coloured, 3s.; mounted, in case, 5s.

BURMAH and ADJACENT COUNTRIES.—Compiicd from
various MNS,, and other Documents. By J. Arwnowsyirn,  Scale, 24 miles to
un inch; size, 26 inches by 22, Sueet, coloured, 3s.; mounted, in cuse, 5s.

CHINA.—MAP of CHINA. By J. Azrowswrrir, Scale, 90 miles to an inch;
8ize, 26 inches by 22, Sheet, coloured, 3s. ; mounted, in case, bs,

CHINA and JAPAN,—STANFORD'S MAP of the KMPIRES of CHINA
and JAPAN, with the Adjacent Parts of British India, Asiatic Ruseia, Burmah,
&c. Scale, 110 miles to an inch; size, 38 inches by 24 One sheet, full coloured,
8. ; mouuted on linen, in case, 10s. 6d.; on roller, varnished, 145,
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10 SELECTED LIST,

. AFRICA.L
GENERAL MAP of AFRICA.—By J. ArrowsmiTi. Scale, 260 miles

to an inch ; 8176, 22 inches by 26, Sheet, coloured, 3s.; mounted, in case, 6s.

EGYPT.—MAP of EGYPT. Compiled from the most authentic materials, and
founded on the best Astronomical Observations. By Colonel W. M. Lraxe,
R.A., LL.I, F.RS. Scale, 10 miles to an inch; size, 3¢ inches by 52. Two
shects, coloured, 215, ; mounted, in case, 285. 5 on roller, varnished, 36s.

EGYPT.—MAP of EGYPT: including the Peninsula of Mount Sinai. By
J. Arrowspirn,  New Edition.  Scale, 26 miles to an inchj size, 22 inches by
26.  Sheet, colourcd, 3s.; mounted, in case, bs.

AFRICA (NORTH-WEST).—MAP of NORTH-WEST AFRICA, in-
cluding the Coast of Guinea, and the 1sle of Fernando Po, on the South, and the
Western parts of Kgypt and Darfur, on the Last. By J. Acxowssirn, Scale,
130 wiles to an inch; slze, 26 inches by 22, Sheet, coloured, 5. ; mounted, in
case, bs.

AFRICA (SOUTH).—MAP of SOUTH AFRICA to 16 deg. South Latitude.
By Hexgy HaLL, Draughtsman to the Royal Engineers, Cape Town. Scale, 50
miles to an inch; size, 31 inches by 28. Two sheets, coloured, 10s. 6d.;
mounted on linen, in case, 13s. 6d.; on roller, varnished, 15s.

AFRICA (SOUTH-EASTERN). — MAI' of SOUTH-EASTERN
AFRICA. Compiled by Hrxey HaLL, Scalc, 26 miles to an inch; size, 26
inches by 22.  Sheet, 4s.; mounted on linen, in case, 6s.

AFRICA (WEST COAST).—MAP of the WEST COAST of AFRICA.
Comprising Guinea and the British Possessions at Sierra Leone, on the Gambia,
and the Gold Coast, &c. By J. Arrowsyirn. Scale, 50 miles toan inch. Two
coloured sheets; size of each, 22 Inches by 26, 6s. Mounted, in case, 10s,

CAPE of GOOD HOPE and SOUTH AFRICA —MAP of SOUTH
AFRICA, Cape Colony, Natal, &c. By Henky HaLL. Scale 50 miles to an
inch; size, 29 inches by 17.  Sheet, price 4s. 6d.; mounted, in case, 6s. 6d.

CAPE COLONY (EASTERN FRONTIER).—MAPof the EASTERN
FRONTIER of the CAPE COLONY. Compmled by HeNkY HALL. Scale,
8 miles to an inch; size, 40 inches by 38. Sheets, 18s. 6d.; mounted on linen,
in case, 26s.; on roller, varnished, 315, 6d.

NATAL.—A MAP of the COLONY of NATAL. By ALEXANDER MaI, Land
Surveyor, Natal. Compiled from the Diagrams and General Plans in the
Surveyor-General’s Office, end from Data furnished by P, C. SurHERLAND, Esq.,
M.D.,F.R.S,, Surveyor-General, Scale, 4 miles to an inch ; size, 54 inches by 80.
Coloured, Four Sheets, 2l. 6¢. ; mounted, in case, or on rollers, varnished, 3l

NATAL.—MAP of the COLONY of NATAL. Compiled in the Surveyor-
General's Office. Size, 114 inches by 14§. Sheet, coloured, 1s.; mounted, in
cage, 25. 6d.

NUBIA and ABYSSINIA, including Darfur, Kordofan, and part of Arabia.
By J. ARrowsMITH. Scale 65 miles to an inch; size, 26 inches by 22. Sheet,
coloured, 3s.; mounted, in case, 5s.
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AMERICA.

BRITISH COLUMBIA.--NEW MAP of BRITISH COLUNMBRIA, to the
66th Parallel North Latitude, showing the New Gold Ficlds of Omuneea, the
most recent discoveries at Gariboo and other places, und the proposed routes for
the Inter-Oceanic Railway.  Scale, 25 miles 10 an fneh; size, 39 inches by 27,
Price, in sheet, coloured, 6. 3 or mounted on linen, in case, 105, od.

CANADA.—MAD of UPPER and LOWER CANADA, New Brunswick, Nova
Scotia, Prince Edward’s Island, Cape Breton Island, Newloundland, and a large
portion of the United States, By J. ARzowsMiri. Scale, 35 miles to an inch;
size, 40 inclies by 26, Two sheets, coloured, 6s.; mounted, in cuse, 10s.; on
roller, varnshed, 16s.

UNITED STATES and CANADA ANFORI'S NEW RAILWAY
and COUNTY MAP of the UNITED and TERRTTORIES, topether
with Canada, New Bronswick, &, Scale 544 miles to an inch j size, 57 inches
by 36. ‘I'wo shects, coloured, 21s.; case, 208, 5 on vollers, varnished, 30s.

UNITED STATES.—STANFORD'S HANDY MAP of the UNITED
STATES. Seale, 90 miles w an wch; size, 40 inches by 25, Coloured sheet,
78, 6d. 5 mounted, in case, 10s. 6d. 3 on roller, varnished, 155,

UNITED STATES.—NTANFORD'S SMALLER RAILWAY MAP of the
UNITED STATES. Seale, 120 miles to an chiy size, 29 inches by 174, Two
shects, coloured, 45, 6d.; mounted un huen, in case, 65. 6d.

CENTRAL AMERICA.—BAILEY'S MAP of CENTRAL AMERICA,
mcluding the States of Guatemala, Salvador, Honduras, Nicaragua, and Costa
Rica. Seale, # miles toan meh size, 40 mches by 27, Sheet, 7s, 6d.5 mounted
on linen, in case, 108, 6d.; ou roller, varnished 148,

MEXICO.—A GENERAL MAP of the REPUBLIC of MEXICO, By the
Brigadier-General Proko Ganera Conpr, Engraved from the Original Survey
made by order of the Mexican Government,  Size, b0 inches by 33, Sheets,
price, 108, 6. 3 mounted on linen, in case, 188,

BERMUDAS.—MAD of the BERMUDAS, Published by direction of His
Eacellency Major-tieneral J, I Lergroy, C.B,, R.A,, Governor and Commander-
in-Chief of the Bermudas. Scale, 21 miles to an inch; size, 62 inches by 63,
Mounted, in case, or on roller, varnished, 21s,

WEST INDIA ISLANDS and GUATEMALA,—Showing the
Colonies in possession of the various European Powers, By J. ARROWSMITH.
Scale, 90 miles to an inch; slze, 26 mches by 22, Sheet, coloured, 35, ; mounted,
in case, 5s.

JAMAICA.—A NEW MAP of the ISLAND OF JAMAICA. Prepared by
TroMAs HARRISON, Government Surveyor, Kingston, Jamaica, under the direce
tion of Major-General J. R. ManN, R, K., Director of Roads and Surveyor-Generak,
Scale, 2} miles to an inch: size, 64 inches by 27, Mounted, in case, or on roller,
varnished, 218.

BARBADOES.—Topographical Map, based upon Mayo’s Original Survey in
1721, and corrected to the year 1846, By Sir Rosert H. Scnomsuxen, K.R.E,
Scale, 2 miles to an inch; size, 40 juches by 50, Two sheets, coloured, 212, ;
mounted, in case, 288, ; on roller, varnished, 37,
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ATUSTRALASIA.

AUSTRALIA.—From Surveys made by order of the British (iovernment, com-
bined with those of D'lntre, (0 “teany, lhmlm Freyeinet, ke. By J. Arrow-
sMITHL  Scale, S0 miles toan inch. On two ~1|uets size of each, 22 inches by
26.  Sheets, coloured, 6s.; wounted, in case, T0s.

EASTERN AUSTRALIA.—Cunstructed from Official and other original

Docunients, adjusted to the My cosurvey of Flinders, King, Wickham,

Stokes, Blackwood Stanley, & By J. Arowssen, Seale, 27 miles to an

inch § size, 66 mches hy 57, [New Edition, preporing.

WESTERN AUSTRALIA.—With Plans of Perth, Fremantle, and Guild-
ford. From the surveys of John Septimus Roe, Esq., Surveyor-General, and from
other Official Documents n the Colomal Office and Admiralty. By J. Ariow-
siTi, Seale, 16 uules to an inch j size, 40 mches by 22, Two sheets, coloured,
6s. 5 fu case, 108,

SOUTH AUSTRALIA.—Showing the Division iuto Counties of the settled
portions of the Provinee,  With Situation of Mines of Cupper and Lead, - From
the Surveys of Capt. Frome, ILE., Surveyor-teneral of the Colony, By J.
ArrowsyiTu.  Scule, 11 llllllh to an inch 5 size, 22 mches by 26, Sheet,
coloured, 3s 3 in case, bs,

QUEENSLAND.—STANFORD'S NLW MAP of the PROVINCE of
QUEENSLAND (. h-kastern Australin) : Compiled from the most reli-
able Authorities.  Seale, 61 miles to an i size, 18 inches by 23, In sheets,
coloured, 2s. 6d, 3 mounted on lnen, in case, 48, od.

VICTORIA.—A NEW MAP of the PROVINCE of VICTORIA (Australia) :
Showing all the Roads, Rivers, Towns, Countirs, Gold Diggings, Sheep and
Cuttle Stations, &e.  Seide, 20 miles to an inchy size, 31 mcehes by 21, In
sheet, 25, 6d. 3 or wounted on linen, in case, 48, 6d.

NEW ZEALAND.—STANFORI'S MAP of NEW ZEALAND: Compiled
from the most recent Documents. Seale, 64 miles to an inch § size, 17 inches by
19. Full-coloured, fn sheet, 25, ; mounted on hinen, in case, 3s. 6d.

NEW ZEALAND.—From Official Documents. By [. AxrowsmiTa.  Scale,
38 miles to au inchj size, 22 inches hy 26, Sheet, coloured, 3s.; mounted, in
case, 55,

NELSON and MARLBOROUGH.—A NEW MAP of the PRO-
VINCEN of NELSON and MARLBOROUGH, W New Zealand, with Cook’s
Strait, and the Southern Part of the Provinee of Wellington. Scale, 8 miles to
an inch. Size, 40 incles by 27, In sheet, colonred, 7. 6d. ; mounted on linen,
in case, 108, 6d

TASMANIA (Van Diemen’s Land).—From MS. Surveys in the
Colonial Oftice, ‘and in the Van Diemen's Land Compuny’s Office. By J. ARROW-
SMITH. Ncale, 10} miles to an inch ; size, 22 inches by 26. Sheet, coloured, 3s. 3
mounted in case, 5s.
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thool @Llps

STANFORD'S NEW SERIES OF SCHOOL MAPS.

Prepared under the direetion of the Soctry 1ok ProMotine Ciristiax KNowLene
and of the NATIONAL Soc) sare patronized by Her Mugesty’s Government
for the Army and Navy Schools, the Commussioners of Nattonal Education tor
Ircland, the School Boards of London, Fdinburgh, Bumingham, Liverpool,
Manchester, Sheflield, Leeds, Brighton, Bristol, Bradford, Canterbury, berby,
Glasgow, Halifax, Huddersheld, Hull, Lewester, Neweastle-on=Tyne, Notting-
ham, Oldban, Perth, Searborongh, Stockton, Sunderlaud, West Bromwich, &c.,
and are used in the chiel fducational Estabbishiments of Great Britain and the
Colonies.  The Series comprises the following Maps, size 5% inches by 60,

coloured, mounted, and varnished, cach 13y, i—

Eastern Hemisphere. England. ‘ Africa.
Western Hemisphere. 1 Asia. North America.
Europe. ' Holy Land. 1 South America.
British Isles. India. | Australasia.

Also, size 42 inches by 34, cacti 9s.

Scotland. | Ireland. | Australia. | New Zealand.

Old Testament. | New Testament. | Acts and Epistles.
The British Isles. Size 75 wnches by 90, price 42s.
The World in Hemispheres. Sue 102 inches by 90, price 26s.

This New Series of Large School Maps has been drawn and engraved with the
utmaost care, and is constructed upon the prineiple of combining with g ographical
aceuracy and systematic arrangeuent the bold outline and letering requisite for
teaching.

STANFORD'S SMALLER SERIES OF SCHOOL MAPS.

Published under the dircction of the SocikTy Fok PROMOTING CHRISTIAN KNOW-
LEDGE and of the NATIONAL Soctery, These new Maps retain all the character-
istic boldness of the larger series, and are specially suitable for small classes,

The following are ready, coloured, and mounted on rollers, varnished, 65,3 or
in coloured sheet, 28, 6d. 5 siae, 32 inches by 27.
Eastern Hemisphere. Asia. North America.
‘Western Hemisphere. Holy Land. India.
The Hemispheres can be had mounted as one Map, coloured, and mouated on
rollers, varnished, 12s. ; size, b4 inches by 32.
Also, coloured, and mounted on rollers, varnished, 4s.; or in coloured sheet,
18. 6d.; vize, 17 inches by 22,
0ld Testament. | New Testament. | Acts and Epistles.

Maps of South America, Australia, and New Zealand are prepariug, und will
bhortly be issued.

Edward Stanford 55 Charmg Cross, London.
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STANFORD’S NEW PHYSICAL SERIES of WALL MAPS,
for use in Schools and Colleges.  Kdited by A. C. Ramsay, LL.D, F.R.S, &e.,
Dircctor-General of the Geological Surveys of the United Kingdom.

The British Isles. Scale, 11} miles to an inchi; size, 50 inches by 58,
mounted on rollers. varnished, 305,

England and Wales. Scale, ® miles to an inchj size, 50 inches by 58,
mounted on rollers, varnished, 30s.

Europe. Scale, 65 miles to an inch ; size, 8% inches by 50, mounted on rollers,
varnished, 30s.

The following Maps arc in preparation :—
Scotland. Scale, 8 miles to an inch j size, 34 inches by 42,
Ireland. Scule, 8 milesto an inch; size, 31 inches by 42,
America, North, Scale, 97 miles to an inch; size, 50 inches by 58,
America, South. Scale, 97 miles to an inch; size, 50 inches Ly 58,

VARTY’S EDUCATIONAL SERIES of CHEAP WALL
MAPS, for class teaching, constructed by Awrowsmiti, WaLkeg, & New
and revised editions, coloured, mounted, and varuished.

The World in Hemispheres. Size, 51 inclies by 26, Price 12s.
The World (Mercator). Size, 50 inches by 32, Price 10s.
The British Isles. Size, 51 inches by 41. Price 10s.

Also the following, cach 6s., size, 34 inches by 26 :—

Europe. Australia. | Journeyings of
Asia. England. the Children of
Africa. Scotland. ‘ Israel.
America. ) Ireland. S. Paul’s Voyages
New Zealand. | Roman Empire. and Travels.

VARTY’S LARGE OUTLINE MAPS. Price, in plain sheet, 2s.;
coloured, 3s, 5 mounted on rollers, 7s.
The World (globular), 2 feet 3 inches by 4 feet 3 inches. Price, in plain
sheet, 1s.; coloured, 1s. 6d.
The World (Mercator), 21.inches by 16 in.
And the following, plain sheet, 1s. 3d. ; coloured, 18. 6d. ; mounted on rollers, 4s.;
size, 2 fect 10 inches by 2 feet 2 inches.

Europe. America. Ireland.
Asia. England. Palestine (0. Test.).
Africa. Scotland. Palestine (N. Test.).

STANFORD'S OUTLINE MAPS. Size, 17 inches by 14, printed on
drawing paper, A Series of Geographical Excrelses, to be filled in from the
Useful Knowledge Society’s Maps and Atlases. Price 6d. éach.

STANFORD'S PROJECTION SERIES. Uniform in size, price, &c.,
with Stanford’s Outlines.

The OXFORD SERIES of OUTLINE MAPS. Size, 16 inches by 14.
Price 3d. each.

Edward Stanford, 55, Charing Cross, London.




NATURAL HISTORY DIAGRAMS, &o. 15

Stanford’s Dingrams of Natural History.

TuEsE Diagrams, compiled by the eminent Scientific Men whose names are appended,
are drawn with the strictest regard to Nature, and the Plates bave been engraved in
the best style of art.  The Series consiats of Twelve Subjects, cach arranged so that
it may be mounted in one sheet, or be divided into four sections and folded in the
form of a book, thus rendering them available cither for Class kixercises or indi-
vidual study.
Price of each, mounted on roller and varnished, 6s. ; or fulded in book form, 4s.
Characteristic British Fossils. By J. W. Lowny, F.R.G.S.
Characteristic British Tertiary Fossils. By J. W. Lowzy, F.R.G.S.
Fossil Crustacea. By J. W. Savrer, A.LS, F.G.S., and H. Woopwagp,
F.G.S, ¥.Z8.

The Vegetable Kingdom. By A. HenrREY.

The Orders and Families of Mollusca. By Dr. Woonwarn.

Myriapoda, Arachnida, Crustacea, Annelida, and Entozoa.
By Avam Wiurk, and Dr. Bamp.

Insects. By Avay Wmre,

Fishes. By P. H. Gossk.

Reptilia and Amphibia. By Drs. BeLL and Barep.

Birds. By GEORGE GraAY.

Mammalia. By Dr. Bamp.

British Sedimentary and Fossiliferous Strata. By IL W,
Bristow, F.RS, F.G.S,

Jrbing's Jmprobed Cntechisms.

Eprtep By ROBERT JAMES MANN, M.D,, F.R.A8, F.R.G.S, late Super-
intendent of Education in Natal,  Price 9d. each.

NATURAL PHILOBOPHY.
RoMAN ANTIQUITIES.
RoMax HistoRY,

ENGLISH GRAMMAR.
Excrisn History,
FRENCH GRAMMAR.

ALGEBRA. ! GRECIAN HisTORY.

ASTRONOMY, Imisn Hrstony,

Boraxy, 1TALIAN GRAMMAR.

Bririsu CONSTITUTION. JEWISH ANTIQUITIES,
* CHEMISTRY, Music.

CrAssICAL Biograrmy, | MyTroroey.

Frencu Hisrory. SACRED HIsTORY.
GENERAL GFOGRAPHY. Scorrisn Hisrory,
GENERAL KNOWLEDGE, UNIVERSAL HisTORY.

GRECIAN ANTIQUITIES,

Edward Stanford, 55, Charing Cross, London,
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Seripture and Jnimal Yrints,

PRECEPTIVE ILLUSTRATIONS OF THE BIBLE, A Series
of Fifty-two Prints to aid Scriptural Instruction, selected in part by the Author
of ¢ Lessons on Ohjects” The whole from Original Designs by S. BENDIXEN,
Artist, expressly for this Work. They have been recently re-cngraved, and are
carefully coloured.  Size, 171 inches by 13.

Price of the Work.
The Set of 52 Prints, in Paper Wrapper .. . « .. B2

———— in One Volume, handsonme ly balf-bound . Lo .. 60s.

In Varty’s Oak Frame, with glass, lock and key  60s.

Single Prints, Is. cnch; mounted on millbourd, 1s. 4d. each.

VARTY'S SELECT SERIES of DOMESTIC and WILD
ANIMALS, Drawn from Nature and from the Works of Kminent Artists. In

46 caretully-coloured Plates, exhibiting 130 Figures. Size, 12 inches by 9.
The selection of Animals ha< been limited to those which are most known and
best adapted to clicit inquiry from the young, and afford scope for instruction and
application.

Bound In Frame
in Cloth. and (lass.
Set of 36 Prints, Coloured .. .. .. 18s. o AUs. L s,
Plin.. .. 12 .. 178 L, 185,
Single P'rints, culouml T6d.; 3 mounted on millboard, 10d.

The ANIMAL KINGDOM at ONE VIEW, clearly exhibiting, on
four beautifully-coloured Plates containing 184 Ith,ruunns the relative sizes of
Animals to Man, and their comparative sizes with each other, as arranged in
Divisions, Orders, &c., according to the method of Baron Cuvier,

Exhibited on four Imperiul Sheets, each 30 inches by 22 :—

. ]Cloth, o
Rollers, and
Yarnished. Sheets.
Complete Set, —_ —
Animals and Landseape, full cohmred 38s. 188,
Animals only coloured .. . 36s. 153.
Single Plates, full coloured .. .. .. 10s. 8.

VARTY’'S GRAPHIC ILLUSTRATIONS of ANIMALS,
showing their Utility to Man, in their Services during Tife and Uses after
Death,  Beautifully coloured. Size, 15 inches by 12, Price, the set, 315, 6d.; H
in frame, with glass, lock and key, 39s. 6d.; or half-bvund in leather,and
lettered, 1 vol. folio, 42s.

The 21 separate Prints may also be had, price 18. 6d. each.
Or Mounted on Millboard, 1s. 10d.

For complete lists of Epwarp STANFORD'S PUBLICATIONS, see his GENERAL
CATALOGUE of MArs and ATrLAses, List of Books, EDUCATIONAL CATALOGUE, &c.,
gratis on application, or by post for one penny stamp.
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