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PREFACE.

OxE of the striking features of the Art of Mining,
in its wide application, is the variety which
characterizes the tools used for prosecuting it.
This variety may be to some extent the result of
prejudices which establish local custom; but in
the main it is the fruit of skilful design, or selec-
tion, for advantageously accomplishing the sundry
details of mining operations.

The subject in general is one of interest and
importance to those who aim at promoting the
prosperity of mining, since, for the successful
prosecution of that industry, so much depends
upon the adaptability and quality of the tools
used. It is consequently requisite that the prin-
ciples which regulate their efficiency should be
thoroughly understood, and as several mining
tools are required for work of an exceptional
nature, it is desirable to have specisl acopeint-
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ance with some points, as touching both prin-
ciples and practice, in relation to those tools in
particular.

It has been endeavoured to make the following
pages of some service to mine managers, viewers,
or captains, and overmen, whose knowledge of
the quality, durability, manufacture, and selection
of tools is often appealed to, and who, conse-
quently, require to be familiar with the practical
bearings of the subject.

The affording of information to mining stu-
dents has also been aimed at. For their advan-
tage the principles of operation of some of the
tools have been noticed, with additional points,
which otherwise would not have been introduced.
It is hoped, however, that those of their number
who intend to successfully direct mining opera-
tions, will be prompted by the perusal of these
pages to seek possession of an acquaintance with
the actual use of, at least, the -ordinary mining
tools. To such individuals the advantage of ex-
perience thereby gained cannot be overrated, and
they should constantly remember that when the
time arrives for them to take charge of the
execution of work, they ought to be able to
bring to bear the requisite practical knowledge,



PREFACE. v

and not to be entering upon the acquirement
of it.*

Another intention has been that of affording
English superintendents of foreign mines such
particulars, derived from practice, as may be
useful to them when engaged in the discharge of
functions demanding their close acquaintance
with details which, in this country, where manu-
facturing industry and skilled labour are always
close at hand, may be regarded as insignificant
and unnecessary.

With the hope that these pages will be read
by working miners, and artisans concerned in the
furnishing of mining tools, it has been attempted
to treat the subject in a way calculated to interest
and inform them upon numerous points. The
writer is proud to acknowledge that much of the
information which has served him well in daily
practice has been communicated to him by men
of these vocations, amongst whom prevails a high
degree of natural intelligence, which is often con-
cealed by modest reserve.

* Frequently, disappointments in mining enterprises are
witnessed at home and abroad, through those who have con-
trol of the works labouring under the drawback of a training
—if any at all—in which actwal practice in mining hes teen
quite neglectod.
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In ¢ases of the most common tools, data relating
to the weights, costs, and prices have, in several
instances, been given, as nearly as it has been
found possible to strike the average ruling in this
country. Although these figures may slightly
fluctuate in any particular neighbourhood, and
may vary somewhat in different districts, such
details as are supplied will often be acceptable
as a guide in agreeing for, purchasing, and
valuing tools.

The writer is persuaded that a more general
diffusion of knowledge regarding the special
forms of mining tools used for particular work,
in different districts and countries, must be
advantageous. Consequently, various tools more
or less peculiar to different localities, and also
some foreign tools, have been illustrated. In-
stances are occasictially to be seen of miners
working under tunfavourable circumstances
through being uninformed regarding tools used
in a remote district.

The illustrations—drawn to scale—may be
found convenient to some for reference, when
requiring an insight into the character of details
belonging to our subject, which, amongst mining
and manufacturing circles, and in engineering
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publications, are often alluded to m technical
language.

The foregoing remarks summarize the purport
of thislittle book. It hasbeen written in the midst
of busy occupation in mining and mechanical pur-
suits—a circumstance which, almost as a natural
consequence, has added to its imperfections.

Simple as the subject appears, it was adopted
because the need of some work devoted to it has
been long and often expressed. Should this
publication in a small measure tend to promote
the miner’s important calling, its production will
be significantly honoured.

Any suggestions or additional information
will be highly esteemed by the writer.

Bristor Scmoor or Mings,
June, 1871,






INTRODUCTION.

IN noticing some points pertaining to s¢ron and
steel—which have become indispensable in the
manufacture of most of the tools and implements
now employed in the industrial arts—it will
neither be necessary to enumerate the many
different kinds of iron ores met with, nor to
consider the various systems pursued for winning
or working them. Many of our readers will be
more or less acquainted with the processes by
which iron is reduced from its ores and manu-
factured into a saleable product. Reference will
be made to some of these processes, but only so
far as partly to account for the differences between
good and bad iron and steel; and, further, to
explain briefly some chemical and other facts to
such readers as may not have acquired much
technical training.

The purest state in which the metal iron can
be generally obtained is that known as wrought-

B
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iron. Absolutely pure iron is a chemical curiosity.
The best bar-iron has traces of other elements,
some chemically combined, and others mechani-
cally alloyed with it; but they appear to have
no very positive influence upon the quality of
the iron until their quantities become more
appreciable.

Chemical analyses have proved that, almost
invariably, red-short iron contains in some form
sulphur, and that cold-short iron contains phos-
phorus; hence, when iron is tender and weak at a
red heat, or when cold, the cause is attributed to
sulphur in the former case, and to phosphorus
in the latter. Iron derived from the ores of
some districts is noted for red-shortness; that
from the ores of other districts for cold-shortness.
Some ores give iron which is both red-short and
cold-short. Naturally, those ores which are freest
from sulphur, phosphorus, and other deleterious
elements, yield pig-iron most suitable for the pro-
duction of best bar-iron. The smelter reduces
and separates metallic iron from the ores by
slagging or scorifying the accompanying earths,
metals, &c. ; and during this operation it is his
duty to prevent, as far as possible, the com-
bination of any injurious element with the iron
obtained. This is partially, or wholly, accom-
plished by introducing to the smelting furnace,
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simultaneously with the ores and fuel, such sub
stances—either lime, clay shale, sandstone, or
any mixture of some of these, according to the
composition of the ores—as shall fluz the earths
and accompanying injurious substances in the
ores, and form liquid slags or cinders, which,
through being lighter, easily separate from and
float upon the surface of the metallic iron. In
other words, the smelter brings into intimate
contact with the ores such substances as, at the
high temperature produced in the furnace, have
greater chemical affinity for, and offer greater
attraction to, the earths and deleterious elements
than is possessed by the molten metallic iron.
Injurious elements, especially sulphur, some-
times abound in the fue/, and they often occur
in the fluzing material itself. If they are very
abundant in any of the material which the
smelter has to use, it is in practice impossible
for him to prevent the combination of some of
them with the pig-iron. It then devolves either
upon the puddler, or refiner, to eliminate, besides
the carbon—to be spoken of further on—the
greater amount of the impurities from the pig-
iron by his process. The result is dependent
not entirely upon the skill of the workman,
but more generally upon the costliness, in labour
and loss of material, of the process resorted to.

B2
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A fair amount of loss in weight—according to
the composition of the pig-iron—during the re-
fining, or puddling, process, caused by forming
some of the iron into cinder to attract and carry
off the injurious substances, will contribute to
producing good bar-iron ; and severe pressure, as
in rolling, or abundant percussion, as in hammer-
ing, will extrude most of the cinder suspended
in the masses of iron which leave the puddling
furnace, or refinery, and improve the iron to that
extent. Cheaply-made iron is not submitted to
severe mechanical treatment to expel the cinder
(some iron being even too weak and bad to stand
it), because the latter sells as bar-iron at a higher
rate than as cinder, and for the cheap production
of iron the puddler, or refiner, is expected to
bring out from his furnace a larger proportion
of wrought-iron to the quantity of pig-iron
charged, than when working for better quality.

A bar of very best hammered Yorkshire iron,
‘ome inch square, will suspend a load of 28 tons
before it breaks; and a cubic inch of such bar-iron
will weigh, as nearly as possible, 7§ times more
than a cubic inch of pure water—both iron and
water being at the ordinary temperature of 60°
Fah. Common qualities of irom, especially those
which have not undergone sufficient mechanical
treatment during manufacture to expel the in-
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terposed cinder and compact the iron, and other
sorts having injurious elements in combination,
will break with a load of from 20 to 22 tons per
square inch; and a cubic inch of such quality
will not generally weigh more than 7} times the
same volume or bulk of water. A cubic inch of
forge or mill cinder does not weigh more than
from 32 to 4 times the weight of the same volume
of water; and the presence of some such cinder,
improperly occupying the place of iron in bars,
reduces the specific gravity of the latter, besides
impairing their strength. The very best bar-iron
contains a little cinder, some of which may be
seen to “‘sweat ”’ out when at a good heat in a
clear fire.

One of the most useful and valuable properties
of wrought-iron is its capability of welding when
at a high temperature. In a good weld the union
is so complete and perfect, that upon the appli-
cation of strain there is no greater tendency to
rupture at the weld than elsewhere—that is,
supposing the cross section at the weld to be
of exactly the same area as at other points in
the bar.

It is essential for welding that the surfaces
brought into contact should be free from scale.
Iron, highly heated, scales very rapidly when in
contact with air. Scale is formed in o s
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fire, and the more rapidly when there is only
a thin layer of fuel between the article being
heated and the twyere, because some of the blast
in an almost “ raw ” state touches the article ; or,
in other words, the fuel does not abstract all the
oxygen from the blast before the latter comes
into contact with the article, and the remaining
oxygen then scales it.*

Iron scale is simply iron and oxygen combined,
and commonly in the proportion of 7 of the
former to 3 of the latter by weight, so that 101bs.
of scale contain 7lbs. of iron, but sometimes
more.

Scale can be melted at a very high tempera-
ture, but it is not fusible at the welding heat of
iron, and therefore it sticks to the scarfed ends
prepared for a weld ; and wherever it thus occurs
the welding is defective, since it prevents proper
contact of the two scarfs, and consequently there
is no union at that particular part. Common

* Disregarding moisture and about ygssth part of carbonic
acid, common atmosphere consists by volume of 79 parts of
nitrogen to 21 parts of oxygen; by weight of 77 parts of
nitrogen to 23 parts of oxygen. It is the chemical combination
of the oxygen of the air with the fuel that burns the latter.
Nearly all the coal consumed in a fire-grate goes up the
chimney in the form of carbonic acid gas, which, when pure, is
invisible. Each pound of carbon—fuel—requires 2§lbs. of
oxygen for its perfect combustion, and this quantity of oxygen

is contained in 11:5941bs. of air, which, at ordinary temperature
and pressure, measure 143:62 cubic feet.
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sand is more infusible than iron scale, but in the
proportion of about 3 of sand, by weight, to
7% of scale, a compound is produced which melts
at about the temperature of 1,600° of Fah.—
the welding heat of wrought-iron approximating
2,700° Fah.

This singular melting property of mixed sand
and scale—similarly possessed by many other
compounds—is of the highest value for welding
iron. The addition of a little sand to the scarfs
while they are being heated not only dissolves
the scale invariably formed in a smith’s fire, but
the resulting fluid compound—chiefly tribasic
silicate of iron—forms a coating to the scarfs
largely preventing their further oxidation by the
blast. "When the two scarfs are butted together
on the anvil, the sledge blows expel any liquid
slag with the greatest ease, and thus clean un-
scaled surfaces of iron are brought into contact at
a welding heat, and united before the surrounding
air has time to effect any scaling.

‘Workmen should be careful to form scarfs full
in the middle, rather than dished, as is often done.
If so hollowed out, the two scarfs, upon being
brought together, resemble the cups of a closed
bullet-mould, and, being welded at the edges
first, sometimes enclose a little cinder or slag,
which weakens the weld as much as the presence
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of scale. 1If, after welding the edges, the ham-
mering is sufficient to force out any enclosed
slag, the iron must again open at the weld, or
some other place, to admit of this. On the other
hand, when both scarfs are full in the middle,
there they first unite, and the welding proceeds
towards the edges—all the slag being easily
forced away as the welding extends.

It is proper to remark that, strictly speaking,
iron scale and sand do mnot chemically combine.
There are three well-known oxides of iron of the
following percentage composition :—

Per cent. Per cent.

Red oxide, or sesquioxide of iron,*
contains iron . . .+ . 70:00 and oxygen 30-00
Black oxide, or magnetic oxide . - 72-41 . 27+69
Protoxide of iron . . . . 7777 . 2223

Protoxide of iron is difficult to obtain in a
separate form, and if exposed to the atmosphere,
it is instantly changed into sesquioxide by the
absorption of more oxygen from the air; but
almost every combination of oxidized iron with
other substances occurs with the iron in the
protozide form ; and if any other higher form of
oxide is presented for combination, it is first de-
oxidized, or reduced to protoxide, before the
combination is effected. Iron scale consists of

* Common rust is sesquioxide in combination with water.
It is known as hydrated brown oxide.
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layers of mixtures of each of the above oxides.
The outermost layer contains most oxygen, and
is nearly pure sesquioxide. The middle layer is
nearly pure magnetic oxide—scale being strongly
magnetic, as may be shown with any common
horseshoe magnet—and the innermost layer,
next the iron, is a mixture of magnetic oxide and
protoxide. Sand, chemically known as silica,
will combine with iron in the protoxide state
only. At a high heat, sand in admixture with
red oxide will reduce the latter to protoxide—by
driving off some of the oxygen—and then com-
bine with the protoxide to form slag. This
occurs in the process of welding iron. The
reduction of scale to protoxide is greatly assisted,
too, by the presence of the fuel, which is nearly
all carbon, and which has a gpeat affinity for
oxygen at a high temperature.

It may be useful to observe here that, in the
absence of sand, a welding slag may be obtained
by dipping the heated scarf into finely-powdered
limestone, or unslaked lime. This is one of the
exceptional cases in which the sesquioxide com-
bines with another substance in metallurgical
operations. In the proportions of 8 of sesqui-
oxide of iron to 5 of limestone, or to 24 of un-
slaked lime, a fusible slag is formed experiment-
ally. The fact that scale and lime will form wadh

B3
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a slag is occasionally taken advantage of by
smiths.

The appearance of the fracture of wrought-iron
varies with the mode and rapidity of its occur-
rence. A good bar of iron slightly nicked with
chisel or clift, and then slowly bent to and fro until
it breaks, displays a fracture full of fine, clean,
bright, silky fibres, of some shade of dark grey
colour. The same bar nicked deeper, with the
nicked part placed between supports two or three
inches apart, and there smartly struck with one
or more good blows, will break short off, and show
a crystalline fracture of a colour very near that of
silver. Frequently in the piling up of pieces of
puddled bar for the succeeding process of rolling
out into finished bars, pieces of inferior quality,
yielded by pig-iron derived from cheap ores con-
taminated with phosphorus or any other injurious
element, are built into the middle of the pile.
The presence of any cold-short iron from phos-
phatic ores, thus introduced, may be discerned in
the fracture of a bar which has been broken by a
dead pull, as having a light and bright crystalline
short-broken appearance, surrounded, perhaps,
with moderately good fibre. As the strains pro-
ducing such a fracture act almost uniformly upon
the molecules of iron, it is clear that it must be
composed of different qualities to show the dis-
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similarity of fracture. A crystalline fracture may
be induced in the middle of a uniformly good bar
by a to-and-fro breaking movement, as at that
place—the neutral axis—no tensional strain from
the bending, which develops fibre, has acted upon
_ the iron, and the fracture of the central part being
" sudden, is therefore similar to that produced by a
smart transverse blow.

Similar crystalline patches in a fibrous fracture
may result from insufficient working—incomplete
decarburization—in either the puddling furnace,
or refinery. Such is known as raw iron by forge
workmen. Its condition may range from that of
mild puddled steel up to that of cast-iron.

The appearance of the fracture of iron, wrought
or cast, is by no means a perfectly reliable index
to its quality. Very indifferent wrought-iron
sometimes shows good fibre. As a rule, the finer
the crystals and fibres are, the better the quality.
Sometimes very strong hammered charcoal-refined
iron, when smartly broken, shows a very coarse
crystalline fracture. Good bars generally have a
clean smooth skin, with their edges full and
sharp, and free from skin cracks. A similarly
clean and smooth appearance can be imparted to
inferior bars by passing them through the last
and finishing groove of the rolls at a low heat—
an arrangement being at the same time provided
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for carefully removing any scale adhering to the
groove, that it may not be pressed into the skin
of the bar at the next revolution.

The quality of bar-iron is best determined by a
direct-pull testing machine, supplemented by a
smith’s trial of subjecting it to bending, and to
punching near the edge, both while in a hot and
cold state, and also to a good heat to determine
its welding capability.

Good bar-iron is inclined to brittleness when
cxposed to cold during frosty weather. Chains
and bars often then snap suddenly when struck.
If a bar requires slight bending during very
cold weather, it should be first slightly warmed.

Long-continued vibration, or percussion, will
resolve fibrous iron into ecrystalline. This is
frequently seen in broken railway-waggon axles.

Steel occupies a chemical position between
wrought and cast iron. Wrought-iron holds only
the slightest quantity of the element carbon.
Coal, soot, plumbago, and the diamond are each
carbon in a less or more pure form. In iron,
carbon can exist simply suspended or uncombined,
so that it is disseminated in distinet particles or
flakes through the iron, although these particles
may be too fine to be visible; but in some descrip-
tions of iron they are easily perceived. It occurs
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in this way in, and gives distinctive properties to,
dark grey pig-iron, and from a fresh fracture of
such pig-iron it can occasionally be picked out
with a penknife in the form of scales of graphite
or plumbago. Carbon can also exist in iron in
a chemically combined state, in which case the
physical features of the carbon are entirely lost,
as in steel, and most kinds of white -pig-iron,
some of the properties of which differ widely from
those of grey pig-iron, and still more widely from
those of pure iron, or pure carbon. We have
already seen that by the chemical combination of
iron scale and sand, induced by heat, a compound
is produced, having some important qualities dif-
ferent from those of either of the substances of
which it is formed. Pig-iron holds an average
of from 3 to 5 per cent. of carbon. In dark grey
pig-iron it exists mainly in flakes of graphite,
but yet with some little in combination. Such
cast-iron is soft, is not very strong, can be
readily chipped and filed, is only very slightly
elastic, and breaks with a dull thud or leaden
sound when thrown down smartly across any
other piece of iron. Light grey and mottled pig-
irons have the carbon partly free and partly com-
bined. They are harder than dark grey under
the chisel and file, are both stronger and tougher,
break with a clearer sound, melt at a lower
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temperature, and shrink more during cooling.
In white iron the carbon is nearly all in com-
bination. It is much harder than the greyer
sorts, and sometimes cannot be chipped or filed.
It breaks with a clear bell-like sound when
thrown, is very brittle, and therefore weak for
most purposes, and is used only in such castings
as require hardness without strength.

Pig or cast iron cannot be welded, but is quite
brittle under the hammer at a high red heat.
The presence of as little as 2 per cent. of carbon
deprives cast-iron of the property possessed by
wrought-iron, of becoming plastic and weldable
through a considerable range of temperature
before arriving at the melting point.

Steel contains from 4 to 2 per cent. of car-
bon. When the quantity of carbon is small,
the steel is termed “mild;’’ and, seeing that it
then differs from wrought-iron only in the matter
of about 4 per cent. of carbon, it naturally
partakes largely of the properties of wrought-
iron. Like it, it is readily weldable, and only
melts at a high temperature, but is stronger,
tougher, and more elastic than wrought-iron.

As the amount of carbon in steel increases,
both its melting point and weldability decrease.
Steel with 1} per cent. of carbon very decidedly
partakes of the properties of cast-iron, and if then
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capable of welding, it is so at a very much lower
heat than wrought-iron.

Of the several methods of manufacturing steel,
we will, in a few words, glance at only two, viz.,
Bessemer’s, and the Sheffield cementation process.

The Bessemer process begins operations upon
pig-iron containing 4 or 5 per cent. of carbon.
From this, steel, containing any desired quantity
—say from } to 1} per cent.—of carbon, is ob-
tained by blowing common air upwards through
the pig-iron in a molten state, contained in a
converting vessel, suitably lined with some very
refractory material, and having a perforated fire-
brick bottom through which the blast is intro-
duced. The converting vessel is filled with
molten iron to a depth of about two feet, and as a
column of iron that height exerts a pressure on
the bottom of the vessel of about 6lbs. per
square inch, the pressure of the inflowing blast
must necessarily be above that, to prevent the
iron from running down through the perforated
fire-brick twyere. To debar the possibility of this,

and to hasten the process, blast is commonly sup-
" plied at a pressure of from 15lbs. to 20lbs. per
square inch. The molten pig-iron thus operated
upon isrun from a cupola, or air-furnace, into the
converter, the blast being, of course, turned on
before the iron comes into the vessel.
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Now grey cast-iron often contains as much as
2 per cent. of an element termed silicon, and the
presence of nearly this amount is requisite for the
success of the Bessemer process. Experiments
have shown that the blast first attacks the silicon,
and converts it into silica—a substance identical
with common sand—and so much heat is deve-
loped by this chemical change as to raise the tem-
perature of the mass very considerably—a favour-
able condition for the continuance of the conver-
sion. The silica produced incorporates itself
with any cinder previously existing in the pig-
iron, and further combines with any oxidized
iron, resulting from the blowing, to form cinder.
The cinder floats on the surface of the metal, and
much of it is projected through the neck of the
converter by the violent boiling of the mass.

As soon as nearly the whole of the silicon is
oxidized into silica, the blast begins to attack the
carbon, to combine with and remove it, in the
form of carbonic oxide gas, which burns with a
pale blue flame at the mouth of the converter,
and engenders an intense heat. Although upon
first thought it might scarcely have been ex-
pected, the heat developed during the combina-
tion of the silicon and carbon of the iron with the
oxygen contained in the blast is something
astonishing.
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In the early days of the process, Mr. Bessemer
used to stop the blowing when so much of the
carbon had been consumed as would leave the
desired amount of that element in the fluid mass,
which would then be properly called steel. It was,
however, found impracticable to stop at the de-
sired point with any degree of accuracy, and so,
instead of attempting this, the whole of the car-
bon was burnt out, and a plan of Mr. Mushet’s
adopted—that of adding to the decarburized
mass & known weight of molten pig-iron, con-
taining a known weight of carbon. Thus, if the
vessel contained 4 tons of decarburized iron, which
it was desired to form into steel having 1 per
cent. of carbon, it would be necessary to add about
90lbs. of carbon—about 22ilbs. to the ton—to
effect that object. In a ton of iron known to
contain 5 per cent. of carbon, the total of carbon
amounts to 112lbs. Therefore, by melting, and
adding a ton of such iron to the 4 tons in the
converter, the whole mass of 5 tons would be
saturated with 1121bs. of carbon—one hundredth
of the whole, equal to about 2241bs. of carbon to
the ton of metal—thus giving steel with 1 per
cent. of carbon, as desired. It is seldom, in
practice, that so much as 1 per cent. of carbon is
added. Frequently it happens that by insuring
the total removal of the carbon the iron gew
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overblown, resulting in the oxidation of some of
the iron itself after the carbon is all gone. By
continuing the blowing, the whole of the iron
could be burnt away in this manner. Any free
oxide of iron thus formed, and floating in the
mass, has to be removed, or its presence in the
pores of the cast-steel would greatly damage its
tenacity. The removal of such oxide is very
simply and beautifully effected thus:—The pig-
iron having a known percentage of carbon, and
which is added to the decarburized iron in the
converter, has also from 5 to 10 per cent. of the
metal manganese alloyed with it. Manganese,
having a greater affinity for oxygen than is pos-
sessed by iron, attacks the oxide of iron mingled
in the mass, and frees the iron by combining
with its oxygen. The oxide of manganese which
is thereby formed readily rises through the mass
and mixes with the slag, which it renders still
more fusible and liquid by its presence. Pig-
iron alloyed with sufficient manganese for the
purpose just referred to is most commonly pro-
duced in Germany, and is known as spiegeleisen.
As soon as spiegeleisen has been added to the
converter, the mass is run intd ingots and cooled.
After examination, the ingots are heated, ham-
mered, and rolled into bars.

Unfortunately, blowing air through pig-iron
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does not remove either sulphur or phosphorus,
and the Bessemer process is so far restricted to
the use of pig-iron containing only traces of those
elements, During the blowing, there is a certain
loss of weight in the charge by oxidation and
removal of silicon, carbon, and some iron; but as
sulphur and phosphorus are not attacked or
reduced in quantity, the mass, at the termination
of the blowing, contains a larger percentage of
those elements than at the commencement.

The other process of producing steel which will
be noticed is that very extensively followed in this
country, and known as cementation. It is far less
direct than Bessemer’s original, and much less
expeditious than his modified, process. The
cementing process starts with bars of good
wrought-iron, derived, almost invariably, by com-
plete decarburization of pig-iron. They are then
saturated with from } to 1} per cent. of carbon to
form them into steel, the operation being simply
that of putting back a portion of an element which
once before existed in the iron. Thisis effected by
placing the bars in layers alternately with layers
of ground charcoal in a rectangular “pot,” or
walled crucible, capable of holding from ten to
twenty tons of bars. Each bar is completely
surrounded with a layer of charcoal about half an
inch thick, space being allowed for expension.
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The “ pot ” is constructed over a fire-place, and
is surrounded with flues. When filled with the
layers, the top is closed with a thick plastering of
sand and clay, or any substance suitable for form-
ing a compact and gas-tight covering at a high
temperature. Fire is next kindled under the pot,
and the heat brought up to about 2,000° Fah.,
the melting point of copper, in the course of from
twenty-four to forty-eight hours. This heat is
continued as equably as possible for from six to
nine days, the time being dependent upon the
thickness of the bars and the amount of carbon it
is desired to impart to them, If for certain bars
six days would be deemed sufficient to make
spring-steel, about seven days would be required
for the production of that for skear, and eight
days for that for cast steel. After conversion,
each 100lbs. of bars has increased to from 100}
to 101lbs., according to the degree of carburiza-
tion. If the process were prolonged, highly-
carburized cast-iron would be produced. The
carburization is by no means uniform in the
whole of the bars, and there is often much differ-
ence at different points in the same bar. The
bars situated in the hottest positions absorb most
carbon. After treatment in the pot, the bars are
covered with blisters, and are known as blister-
steel. )

L
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The cause of the blistering is the subject of two
or three scientific theories. It is believed to occur
only where a little slag exists in the pores of the
bars; and as its presence weakens the tenacity
at those points, the heat causes a separation and
blister by expansion, assisted by pressure from
gas generated through chemical reaction between
the advancing carbon and the impounded cinder.
It would be expected that in the best and most
uniformly worked iron the unexpressed cinder
would be most uniformly distributed, and so cause
a regular arrangement of small blisters over
the steel. The best iron does yield such steel,
whereas inferior bars, after conversion, display
large and small blisters of very irregular occur-
rence.*

* CasSE-HARDENING wrought-iron is effected by the applica-
tion of the cementation process during a short time only. Case-
hardened turned and fitted pieces of iron are frequently used
in the gearing of engines and machines, and for other purposes.
Axles and journals are sometimes thus superficially hardened,
as are also screw-bolt nuts which have to be frequently moved
with a spanner. This occasionally very serviceable process is
conducted in the following manner :—In a wrought-iron box of
suitable size, made of sheet-iron or boiler-plate, is laid a layer
of dried parings of leather, horns, or hoofs, to nearly an inch in
depth. Ifthought proper, these substances may be previously
charred enough to admit of their being crumbled into coarse
dust for use in layers. Upon the bottom layer are placed some
of the articles to be hardened, with not less than quarter-inch
spaces between them. These spaces are then carefully filled
with the dried parings or charred powder, and the iron articles
are overlaid with not less than one-quarter inch of the wawme
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In cast-steel the carbon is more uniformly
distributed than in blister-steel. It is manufac-

carburizing material. Alternate layers of iron articles and
parings are arranged, finishing with a top layer of parings of
not much less than an inch in thickness, as at the bottom, ends,
and sides of the box. A flanged cover is placed over, or a
plain cover is dropped into a rabbet in, the top of the box, and
the joint well luted with fireclay, to exclude air as perfectly
us possible. ‘The box is then placed in any heating furnace or
fire at hand, gradually raised to a good red heat, and steadily
maintained at that heat for from half to three or four hours,
according to depth to which it is required to carburize. Two
hours will carburize some qualities of iron to a depth of nearly
ono-sixteenth of an inch. Upon withdrawal from the fire, the
box may be opened and the articles at once dipped in cold
water, when they will be hardened to the depth to which they
are carburized; or the box may be covered with ashes and
allowed to cool slowly, after which the articles must be heated
and quenched, as in ordinary hardening. Cast-iron boxes can
be used for the case-hardening process, but require more care
in handling. The case, while in the fire, being always hotter
than its contents, allows for free expansion of the latter; but
if allowed to remain in the case until cold, the case, from its
earlier cooling, contracts first, and is thus capable of throwing
enough of strain upon delicate articles within to distort them.
To prevent bending in any of the articles, a heat sufficient to
soften them should be avoided, otherwise the unequal pressure
from the top layers will alter the form of the bottom ones.
The leather and hoof parings, &c., used in the above process,
besides being carbonaceous, are nitrogenous. Some chemists
assert that nitrogen is essential to the conversion of steel, and,
further, that it exists in all steel. Others dispute both these
statements, especially the latter. The presence of nitrogen
may have a catalytic influence upon the carburizing process.
A convenient and ready means of case-hardening to a slight
depth, for polishing, or moderate wearing, purposes, is simply to
sprinkle upon the red-hot article powdered yellow prussiate of
potash (ferrocyanide of potassium). This substance, during
the few seconds the requisite temperature exists, effects carbu-
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tured by cutting up the latter into small pieces,
and melting them in crucibles, then casting into
ingots, and afterwards tilting the ingots into bars.
The melting is generally conducted in small
draught coke furnaces, similar to those used for
melting brass in pots. It being necessary to
exclude the air, the pots are closed with covers.
The heat required is manifestly above that
required for welding cast-steel. From this pro-
cess, it is evident that simply /eating steel to a
high temperature, even above its melting-point,
does not injure it if air is ewcluded. Air present

rization enough to give a hardened surface upon quenching in
water. By returning the article after sprinkling to a quiet fire,
and re-sprinkling once or twice before quenching, hardness to
a greater depth may be obtained. Yellow prussiate of potash
is prepared from skins, horns, woollen rags, &c., and consists
percentically very nearly of—potassium, 37; carbon, 17;
nitrogen, 20 ; irom, 13}; water of crystallization, 12§. The
latter is driven off upon the application of heat. ‘

MALLEABLE CAST-IRON, the introduction of which is daily
progressing, is prepared by cementation, the object being to
withdraw instead of to introduce carbon. In most foundries the
details of the process are kept strictly secret, but the points
refer chiefly to the kind of pig-iron used. After objects are
cast in the usual way, they are embedded in red iron ore—ses-
quioxide of iron—then raised to a bright heat, bordering on
fusion, and kept at that temperature for from two to four days,
according to the size of the articles and depth to which it is
needful to decarburize them. Thered oxide of iron at this heat
parts with some of its oxygen, which combines, through stronger
affinity, with the carbon of the casting, by that means forming
& gas which escapes. The iron ore is reduced to the state of
magnetic oxide, and possibly lower. Cast-iron so treated is
toughened, and afforded malleability when cold.
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in a smith’s forge instantly acts upon hot steel,
by removing some of its carbon and oxidiz-
ing or burning some of its iron—both effects
injuring the steel if they occur beyond a very
small extent. For this reason a difference exists
between the processes of welding steel and iron.
‘While heating wrought-iron the scarfs are allowed
to scale to a slight extent, in order that a protect-
ing cinder may be formed by the scale and sand
when the latter is applied. During the heating
of steel for welding, it is sought to prevent oxida-
tion altogether. This is done by dipping the
steel, at a dark red heat, into powdered borax,
which of itself forms a liquid glaze at a low tem-
perature. By heating in a clear fire, and fre-
quently adding borax, scaling of the steel may be
entirely prevented, seeing that the borax glaze
protects it exactly as the fusible cinder protects
wrought-iron.

Shear-steel is obtained by cutting blister-steel
into lengths, then piling them into faggots, and
afterwards getting them up to a welding heat, so
that they may be drawn out into bars under a
tilt-hammer. The product is known as single-
shear steel. When single-shear bars are in like
manner cut up, faggoted, and drawn out, the
product is called double-shear steel. During the
shear-steel process the percentage of carbon is
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somewhat reduced in course of heating and ham-
mering ; but it is clear that shear-steel has its
carbon more uniformly disposed than blister-steel.

The presence of the carbon in steel very singu-
larly renders it capable of being kardened to a
very high degree; and, whether in a soft or hard
state, steel is materially stronger than the pig, or
wrought iron, from which it was made. The
reason why heated steel becomes hardened by a
sudden and great reduction of temperature is not
perfectly understood. Singularly enough, it be-
comes slightly increased in volume during the
process, so that a cubic inch of soft steel measures
rather more than that size after it has been hard-
ened : consequently, for equal bulks, soft is heavier
than hardened steel. In usual practice, heated
steel is hardened by sudden quenching in a fluid.
‘Water, oil, and mercury are the fluids most com-
monly used. Neither of them is a good conductor
of heat ; nevertheless, they rapidly abstract heat
from an immersed article by the processes of con-
duction and convection. When a molecule of
either of these fluids touches something hotter
than itself, it abstracts heat by conduction, and
accordingly expands in volume. It consequently
becomes lighter for equal volumes than the sur-
rounding molecules, and is pressed upwards
towards the surface by them. Fresh molecules

C
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then touch and expand, and in their turn are
pushed upwards by the colder and denser ones,
and thus an ascending current is formed, each
atom of which takes away some heat from the
article immersed. For equal additions of tempe-
rature, water expands about two and a half times
more than mercury ; but, on the other hand, the
same quantity of heat that would raise a given
weight of water one degree, would raise the same
weight of mercury ¢hirty degrees; hence, for
equal quantities of heat imparted to equal weights
of water and mercury, the mercury expands about
eleven and a half times more than the water,
which results in its partaking of a much quicker
motion, by which the heat is conveyed away more
rapidly than in the case of water. Mercury is
the most useful of all fluids for disclosing the
presence of carbon by the hardening process. It
will harden steel that has too small a quantity of
carbon to be affected by water.

Oil is not quite such a good conductor of heat
as water. A quantity of heat that would raise a
given weight of water one degree, would raise
the same weight of olive oil three and a quarter
degrees. For equal increments of heat, the rate
of expansion of olive and most oils is nearly
double that of water. For equal guantities of heat
imparted to equal weights of oil and water, the
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oil expands five and a half times more than the
water, and would thereby ascend from a heated
article, by the influence of convection, much more
rapidly than would result with water, and, so far,
would insure quicker cooling; but as it happens
that a red heat carbonizes oil, any red-hot article
plunged into it is immediately coated with a little
charred oil, which largely prevents further con-
tact between the liquid and the article immersed,
and thus retards the cooling process.

It must be remarked that at 212° Fah. water
is vaporized, as is mercury at 660°; and since
even highly-carburized steel requires a dull red
heat, say 1,200°, before hardening can be effected
by quenching, it follows that upon its immersion
in water or mercury, either of these fluids is
necessarily vaporized, and the hardening is
effected in an envelope of vapour. The simple
changing of state from fluid to vapour instanta-
neously abstracts a very large amount of heat,
which becomes latent in the vapour. The vapour,
being so much lighter than the fluid, in a moment
rushes upwards, where it is condensed,* if covered
with sufficient fluid, and is followed by succeeding

* In the case of water-hardening, if any scaling has occurred
in the water by which some of the latter has necessarily been

decomposed—its oxygen having gone to form the scale—the
liberated hydrogen is not condensed by the overlying water,

but escapes as gas.
c?
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portions of vapour—the effect being a very speedy
reduction of heat in the article immersed.

The degree of hardness imparted depends upon
the difference of temperature between the heated
steel and the cooling medium. The greater that
difference, the greater the resulting hardness ; but
while very hot steel quenched in very cold water
is made extremely hard, the long range of cooling
here involved is so violently sudden as often to
fracture steel so treated, or, if not that, it induces
such unequal internal strains as occasion great
liability to break from percussion or sudden
strains. Thin strips of steel at a strong heat can
be hardened in boiling water. Highly-carburetted
steel is more sensitive to hardening, and becomes
harder, than mild steel containing less carbon.
It requires more care than the latter, being far
more liable to fly. It consequently does not bear
heating so high as mild steel before quenching.
In cold weather water is generally warmed to
about 60° Fah. before it is used for hardening. If
during cold weather anything thin is hardened in
warmed water, and then quickly exposed to cold
air, especially to a cold draught, the further
reduction of temperature frequently causes the
steel to fly, unless of mild quality.

For the sake of tenacity and toughness, the
lowest possible heat requisite for producing the

[
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desired hardness should be imparted to the steel
prior to quenching, because then occurs the least
range of reduction in temperature, which is
attended with the least tendency to disruption
within the steel. A matter of great significance
is the fact that steel hardened in oil is not merely
toughened, but is likewise increased in tenacity.
Steel hardened in water bears less pulling strain
than the same steel in a perfectly soft state.
Smiths have long practised hardening screw-taps
and other tools in oil for toughening them; but,
until demonstrated by Mr. Kirkaldy, it was not
understood that steel so hardened was much in-
creased, but was rather believed to be decreased,
in tenacity. Experimenting upon pieces of the
same bar of chisel-steel, of unusually good quality,
that gentleman found that one piece in a perfectly
soft state broke with a pulling strain of 54 tons
to the square inch of cross area; another piece,
highly heated and hardened in water, with 40
tons ; another piece, hardened at same heat, and
tempered to ¢ yellow,” with 45 tons; another,
similarly hardened, and tempered with tallow to
“spring ”’ temper, with 47 tons; another, so
hardened and tempered to ¢ blue,” with 50 tons;
another, highly heated and quenched in oil,
required 96 tons per square inch to break it.
Each piece was turned down in a lathe to about
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half an inch diameter before the experiments were
begun. As regards quenching in oil, it was found
that the higher the steel was heated before dip-
ping, the stronger it became. The reverse of this
is true with water-hardening. That there is a
wide difference, chemically and physically, between
the operations of hardening in water and oil will
be readily perceived. Water is composed, by
weight, in round numbers, of 89 per cent. of
oxygen, and 11 per cent. of hydrogen—both of
these clements being gases when in a free state.
Their affinity for each other when combined, as
in water, is not very strong. Red-hot iron easily
breaks the combination, by taking the oxygen to
itself, and freeing the hydrogen as gas. When
a large and highly-heated piece of iron is im-
mersed to a shallow depth in water, it fires the
liberated hydrogen gas, which may be seen burn-
ing in yellowish-blue flames on the surface of the
water. With lower heats and greater depth of
water, hydrogen does not take fire, but it always
escapes, if unobserved, when iron is in the least
degree scaled by the action of water. The oxygen
seized by the iron forms the well-known scale,
which, being thin, brittle, and instantly cooled,
is peeled off and drops away by the later contrac-
tion of the iron. It has been observed, in the
foregoing mnotices of the Bessemer and other
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metallurgical processes, that when oxygen is
brought into contact with a highly-heated mixture
of iron and carbon, as ordinary pig-iron, the
carbon first combines with oxygen—the affinity
between these two being greater than between
iron and oxygen. When hot steel is dipped in
water, and decomposes the latter, the same ratio
of affinity for oxygen exists between the iron and
carbon forming the steel, and it is probable that
the carbon is removed to a greater depth than the
iron is scaled, in proportion to the greater or lesser
heat of the steel. It might be expected that the
sudden movement among the molecules of steel,
during the rapid fall of temperature in hardening,
would diminish its tenacity, and this might be
somewhat promoted by a slight decarburization
of its surface, if such is assumed to occur.

Now wood—which, when heated without access
of air, yields charcoal, besides some liquid and
gaseous products—has an average composition of
—carbon, 62} ; hydrogen, 51 ; and oxygen, 42}
per cent. Olive oil, which is similar in composi-
tion to most common oils, contains—carbon, 77 ;
hydrogen, 13%; and oxygen, 9} per cent.; and
in the absence of air becomes carbonized or charred
at between 600° and 700° Fah. An ordinary red
heat, visible in daylight, is of about 1,000° or
1,100° Fah. in temperature, so that red-hot iron
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or steel, if covered with oil, will readily char the
latter. This occurs in oil-hardening. A coating
of soot covers the article after the process, instead
of the scale attendant upon water-hardening.
This sooty covering attached to the steel being a
bad conductor of heat, greatly retards the rate of
cooling, and in this respect the process resembles
annealing, in giving the molecules some time
for equable arrangement. At a red heat carbon
will combine with iron, or, at the same heat,
will disunite itself from iron to combine with
any element at hand, as oxygen, for which it has
a greater affinity. It is possible that during the
short time a red heat exists in steel immersed in
oil, a slight carburization or case-hardening of the
skin occurs, from the presence of sooty carbon—
a process exactly the reverse of that presumed to
occur by water-hardening. Regarding this point,
and still more the retarded rate of cooling, a wide
difference is to be expected between the effects of
immersion of hot steel in oil and in water.

‘When numbers of any article are to be hardened,
a special heating furnace is made, suitable to the
size and number of the articles it is desired to
have together in the furnace. As one hot article
is withdrawn, a cold one is introduced, which
becomes hot enough for dipping by the time its
turn comes. Such articles are generally supported
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above the fuel, that they may be in contact with
flame only ; and flame-giving coal, in small lumps,
is constantly thrown on the fire by hand, and the
draught regulated with a damper, to produce an
abundance of smoky flame. When articles thus
heated are withdrawn for quenching, they are
coated with hot soot, instead of scale, and the steel
suffers no damage. In furnaces for this purpose,
heated by carbonic oxide gas, the admission of air
for its combustion is so regulated that the gas
is always in slight excess ; accordingly, the oxygen
of the air admitted is all appropriated by the gas,
leaving none to scale the articles.

Sometimes a bath of molten lead, kept at a con-
stant red heat, and covered with sawdust, is
employed for heating articles for hardening. No
scaling occurs during heating by this mode.

All hardening operations are, for the sake of
judging heats, best conducted in the dark; and
darkened shops are for this purpose provided in
establishments where hardening is extensively
practised.

Chisels, borers, &c., to be hardened are gene-
rally treated for this purpose in a smith’s fire at
the time they are made or repaired. It is well to
have them thoroughly covered with fuel, and far
enough from the twyere to prevent contact of the
blast with the steel.

c3
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Several theories to account for the hardening
of steel have been propounded by distinguished
chemists and others. There is not compass for
inserting any of them here.

The operation of tempering steel requires as
much skill and judgment as, or even more than,
hardening. The theories to account for hardening
are elaborated to explain the phenomenon of
tempering. One or two of them are supported
by considerable probability, but not perfect proof.

It is desirable to use all tools at the lowest pos-
sible temper compatible with the performance of
their work. The lower the temper, the stronger
and tougher is the steel, and therefore the longer
it will endure in work ; but in all cases the hard-
ness of the tool must be so much in excess of the
hardness of the material operated upon, as shall
remove the necessity of too frequent grinding or
sharpening. It occasionally happens in rock-boring
operations that tools having the utmost hardness
are “ blunted,” from the very refractory nature
of the ground, after a few blows only, although
with light percussion the edges may not «fly.”
When a tool is to be prepared for work, it is first
hardened, and then some of the surface around the
cutting edge is filed, ground, or rubbed up cold to
a clean and bright surface. Heat is then applied
to the hardened portion, and the brightened sur-
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face is carefully watched for the colours produced,
which always succeed each other in regular order
as the temperature increases. The order accord-
ing to which they appear is as follows: pale
yellow, straw yellow, golden yellow, brown, brown
dappled with purple, purple, bright blue, full
blue, and dark blue.

Experience has shown that for edge-tools, saws,
files, &c., for specific purposes—which should
always be made of steel having the most suitable
percentage of carbon—certain of the above colours
are particularly suitable ; but the best colour and
temper vary somewhat in tools for the same
purposes when there is a difference in the amount
of carbon in the steel from which they are made.
The steel possessing most carbon must be brought
to the lowest temper.

Brightened surfaces of iron, when heated,
acquire colours in the same manner and order as
steel, but not so distinctly, and a higher tempera-
ture is required to produce any given colour.
‘When iron and hardened steel, both brightened,
are similarly heated together, the iron will have
acquired only a straw colour when the steel is
purple or bright blue.

Both hardening and tempering of many things,
as chisels, borers, &c., are performed by a single
heating. Their cutting edges are first dipped
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and hardened, and then immediately filed, or
ground, or rubbed bright. The heat stored up
further back in such tools is sufficient to bring the
edges gradually down to the colour required,
whereupon further progress is arrested by instant
quenching. When hardening and tempering are
made two separate operations, first by completely
cooling the article for hardening, and next by
raising it to the necessary tempering heat, the
heat for the latter object is sometimes imparted
by holding the article in a flame, or on some hot
substance ; but when quantities are to be tem-
pered, metallic baths are provided for heating
them. Metals melt at certain constant tempera-
tures, and mixtures of them melt at certain inter-
mediate constant temperatures. Experiments
having shown what temperatures are required to
produce certain temper colours, the proper alloys
are prepared, and kept just melted, so that articles
dipped into them acquire the desired temper with
great certainty and uniformity.

The following table shows the melting points of
certain alloys, and some of the articles for which
such tempering heats are employed :—
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i Melting
Lead Tin. proﬂt, Colour. Suitable for tempering
| .
Dg. .
420 ‘White Lancets.

430  Yellowish white  Surgical
442 Very pale yellow Best razors.

450 Pale straw Razors.
470  Full yellow Common razors and
large pen-knives.
490 Brown Shears, scissors, cold
chisels.
510 Brown, dappled Hatchets, planeirons,
with purple pocket-knives.
6530  Purple Table-knives, large
shears.
6550  Bright blue Swords, watch and
bell springs.
558 Full blue Fine saws, augers.
Boiling 600 Dark blue Pit and hand saws.
linsicied
o

Those colours ranging from s¢raw, for very hard
ground, to bright blue, for mild ground, are
commonly selected for tempering rock-borers,
picks, &c., according as the ground may require
them to possess greater or less hardness. When
hard ground is also very cellular and much
fissured, so as to cause unequal strains on the
cutting edges of the tools, then it is necessary to
lessen their liability to break through brittleness,
by adopting a somewhat lower temper than would
be adapted for use in ground uniformly solid.

By far the best temper for boring and other
tools is that obtained by heating them only so
much_ as shall, upon quenching, give the proper
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hardness at once. To perform this it is, of course,
not necessary to heat the steel as much as for full
hardening, and therefore such considerable and
irregular strains are not produced within the
steel as are often evinced by water cracks and
the breaking away of pieces under slight strain.
Tempering, without first hardening, as just men-
tioned, requires much judgment regarding the
proper heat, which is dependent upon the nature
of the steel, whether mild or otherwise. The
system is always attended with some failures,
often to such an extent as to preclude a pur-
suance of it.

Passing to another subject~—that of fuel—
which is of some importance in the preparation
of miners’ picks, boring tools, &c., a few observa-
tions will suffice.

Coal that is slightly caking or binding in its
nature is most useful for a smith’s fire when
an intense heat is required, seeing that the heat
is reflected and concentrated within the vault
formed before the blast; and such coal yields
plenty of flame when required for any purpose.
The most important points relating to any forg-
ing coal are the quantity and nature of the ash
and clinker or cinder which result from burning
it. A conl may yield a large quantity of ash,
yot bo usoful for pretty high heats, providing the
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ash is white, and does not form any sticky cinder
. upon the “heats.”” Many caking coals contain a
considerable amount of iron pyrites, which is occa-
sionally invisible, but more generally can be seen
in the form either of yellowish spots, crystals, or
thin plates. Iron pyrites consists solely of 8 parts
of sulphur, by weight, to 7 parts of iron. Cold
sulphur brought into contact with red-hot iron
readily combines with it, and forms a sulphide of
iron, of which there are several kinds, having
different proportions of sulphur. On the other
hand, when sulphide of iron—especially the one
known as iron pyrites—is made red hot with
free access of air or blast, some solid sulphur
separates by sublimation, and most of the re-
mainder flies off in gases of various compositions,
while the place of the sulphur, in connection with
the iron of the pyrites, becomes occupied by
oxygen with which the iron forms the well-
known red or sesquioxide, and this red oxide of
iron so formed it is which gives the reddish-
brown colour to the ashes of “red-ash” coal.
During the burning of such coal the solid sulphur
liberated by sublimation acts very injuriously
upon highly-heated iron, or ¢ scarfs’ heated for
welding, by becoming incorporated with the
welding cinder, and communicating red-shortness
to the iron. Some coals have clay shale mixed
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with them, and occasionally silica and a little
lime. The shale often forms a sticky paste upon
the heats. In other coals, shale, silica, and any
red oxide of iron from pyrites, form a fusible
cinder which goes to the bottom of the hearth.
‘When shale sticks to the heat, it is a source of
danger to the welding, and of great irritation to
the workmen, When an abundance of clinker
is formed, the fire has too often to be raked out
to keep the twyere clean, that good heats may
be obtained. Many coals, unsuited for smiths’
forges, can be made useful for the purpose by
thoroughly washing them by one of the several
methods in existence.

TasLe or Hears, MELTING PoOINTS, &C.

Fah.  Fah.
Dg. Dg.
‘Water freezes. . . .at 32
Olive oil freezes . . . . .y 36
Summer heatmEngIa.nd oo . .y 16t0 80
Blood heat . e e e e e e g 98
Waterboils . . . . . . . . . ., 212
Sulphurmelts. . . . . . . . . ., 218
Tin melts . e e e e e e 4 e ey 426t0 442
Bismuthmelts . . . . . . . . ., 476to 607
Teadmelts. . . « « « « « « . ., b594to 630
Mercury boils . . . . . . . . . ., 661
Zinc melts . . . ., 680to 700
Iron: red heat hardly vmble in dark .5 100
red heat visible in dark . . 5 810

dark red heat just visible in dayhght , 980
dark red heat. . . .. .5 1,200
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Iron: commencing cherry red

strong cherry red
full cherry red .
Silver fuses . . . .
Iron, dark yellow heat .
Copper melts . . . .

.

Iron: light glowing beat .

white heat. .
strong white heat

.

bright white heat .

Cast-iron melts . . .
Steel fuses. . . . .
‘Wrought-iron fuses. .

.
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Fah. Fah.

Dg. Dg.
.at 1,470
. » 1,650
. 1,800
» 1,870
s 2,000
. 5 1,990 to 2,140
. 2,200
. 9 2,370
. 2,630
. 5 2,700 to 2,900
. 5 2,740 to 3,090
. 4 3,090 to 3,450
. 3 3,450 to 3,800



BORERS.

Toors for penetrating rocks by bore-holes are
every day contributory to the accomplishment of
the miner’s ultimate purpose. The rock-borers,
we have to notice, work either by percussion, or
by revolving under weight or pressure. They are
sometimes termed ¢ drills ”’ or “ augers.” *

The cutting or operating part—termed the
“bit”’—of a borer is nearly always formed of
steel.

Percussion borers are by far the more exten-
sively used. It is difficult to get a steel bit to
stand well for a revolving borer, except in rocks
which are not very hard, such as coal, salt, &e.+

* Nitric or hydrochloric acid, passed down a small funnelled
glass tube drop by drop, is capable of making vertical holes in
some rocks. Limestone, magnetic ore, and native copper have
been acted upon in this way. Iron pyrites also, which is some-
what impregnable to a steel bit, will yield to this treatment.
The process is slow. Acids are also used for enlarging the
bottoms of holes to receive the charges.

+ Very hard minerals—black diamonds—mounted on the end
of a revolving borer, have been found to answer very well,
excepting their expensiveness.
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In percussion borers the d%w is frequently pro-
duced by the force of gravity acting upon the tool
itself. The common ¢ jumper ” represented by
Fig. 1 is an example. It conmsists of a bar of
iron with a steel bit formed on each extremity,
and having a swell or “bead” formed between,
to give it greater weight. The bead divides the
jumper into two ¢stocks” of unequal lengths.
The shorter one is used for commencing a bore-
hole, and the longer one for finishing it, and
often the bit on the long stock is made a trifle
smaller than the other, to remove any chance of
its not following into the hole which has been
commenced. .

To properly use the jumper, it must be held by
both hands in the direction of the required hole,
and a series of sharp blows must be produced, by
lifting it up about a foot high and letting it drop,
assisted by a little force, so that by the concus-
sion of the bit against the rock, the latter gets
gradually pounded or nibbled away, and by
slightly turning the jumper between each blow,
a round hole can be bored very truly with a little
expertness.

The jumper is well adapted for boring ordinary
holes which are intended to be vertical, or nearly
80 ; but it is not suitable in other cases. Although
very serviceable tools in quarries and open cut-
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tings, jumpers are not often used underground ;
but it is found more convenient to use instead
borers having bits at one end only, so that the
comminuting effect may be produced by striking
on the other end with a hammer or sledge—the
borer being turned slightly between each blow,
to secure a round hole in the rock. These are
sometimes called “striking borers” for distinct-
ness, and they are most extensively used.

The jumper is considered to have what is
termed a liveliness in its fall—due to direct impact
—which gives it greater effectiveness in cutting
vertical holes than accompanies the use of the
striking borer under similar conditions.*

Frequently the steel bits of borers get broken
or blunted in use, and the re-sharpening of them
is the work of a smith—sometimes requiring the
employment of considerable skill. A smith who
can sharpen well is always held in esteem by
miners having to work in hard ground, and, to
say the least, he is a valuable miner’s coadjutant.

If a borer is to stand well, five things must be

* Whenever it is possible, it is usual to keep water in a bore-
hole, to facilitate the work and to assist in preserving the
sharpness of the bit. This converts the boring dust into a wet
sludge, and to keep it from splashing out and over the person
boring, a piece of leather, having a hole in the middle, is placed
over the stock of the borer, thus forming a collar above the
mouth of the hole. Sometimes a small hay-band is wrapped
around the stock instead.
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secured, viz.: 1st, good steel ; 2nd, good smith’s
coal ; 8rd, a well-shaped bit; 4th, good temper-
ing ; and 5th, fair-jumping or striking, and good
turning when the borer is in use. There are
also two things to be avoided, viz.: 1st, over-
heating in the smith’s shop; and, 2nd, very heavy
blows in forging.

Before steel was as plentiful and cheap as at
present, all borers were usually made of bars of
iron, with a tongue of shear or blister steel
welded in a “split weld” at the extremity, in-
tended to form the bit. At many places these
borers are still used.

Shear-steel is most suitable for forming the bit,
and, to preserve its good qualities, a careful smith
will sometimes draw out the iron to overlap the
steel like two ears—sprinkling over plenty of
sand or borax to form a flux, in order to keep the
steel from losing its nature in the fire. Some-
times the steel and iron will be heated sepa-
rately—the steel tongue, heated to bright redness, .
being put between the split of the iron bar upon
drawing the latter out of the fire with a welding
heat.

Striking borers of this class are nmow being
superseded by borers made entirely of cast-steel,
which is generally drawn under the tilt-hammer
into octagonal bars called ¢ borer-steel.”
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A bar of steel being stiffer and stronger than
tron, admits of using steel borers with stocks of a
smaller diameter—i.e. lighter—than if made of
iron. Consequently a hammer-blow of given in-
tensity will be transmitted with greater effective-
ness through a sfee/ borer than an dron one,
because—independently of its superior firmness
or solidity of texture—to satisfy the inertia of a
borer, the lesser quantity of matter in a steel one
will not require to appropriate as much of the
effect of the blow as in the case of a heavier iron
one. This is also one reason why a skort borer
is iore effective than a long one. We have in
some cases realised like advantage by using very
small steel stocks, upset at the bit end to the
usual size ; but these borers require more than
ordinary care. The use of steel borers is, more-
over, favoured by their comparative lightness for
transport through the mine ; but they are more
easily broken than iron by careless conveyance.

Some sorts of borer-steel are greatly superior
to others. Actual use is the only reliable test.
We have referred to this subject in our Introduc-
tion. Many different qualities are in the market
at from £28 to £60 per ton. The price is a very
poor criterion to quality. Good shear-steel for
iron-stock borers costs from 45s. to 55s. per cwt.;
blister-steel about 35s. per cwt. ; and suitable iron
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from £8 to £10 per ton. Common iron bars,
hard and crystalline, answer well.

Experience has always shown that good coal is
of great importance in forging and tempering
steel. The impurities of dirty coal affect the
composition of steel, and probably its molecular
arrangement, so as to impair its most valuable
properties. This subject has also been before
alluded to. _ ,

The bit of a borer is generally formed by flat-
tening and spreading out the end of the bar until
about a quarter of an inch thick, and a little
wider than the diameter of the hole intended to
be bored. A sharp edge is then hammered or
filed up, and the corners hammered in at inter-
vals, until the width of the bit corresponds with
the diameter of the intended hole. Sometimes
the edge is filed up with a rasp ; but when it has
to be used in boring hard ground, it is better
formed by tapping with the face of a light ham-
mer, and afterwards touching it up with a file.

The edge is sometimes made “straight,” as in
Fig. 2, or “bowed ” (curved), as in Fig. 3. Ina
set of borers intended to work in succession, if
any difference is made in the widths of the bit,
the long borers should be slightly narrower than
the short ones, to allow them to follow easily in
deep holes.
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The shaft of a borer is generally from a
quarter to three-quarters of an inch, and for the
larger sizes an inch, smaller in diameter than the
width of the bit when finished. In very hard
ground the corners of the bit break off if it is
much wider than the diameter of the bar.

The following are about the average propor-
tions of the diameter of the sfock to that of the
hole, employed with borer-steel :—

Diameter of hole
or width of bit. Diameter of stock.
linch. . . . . . . g
1 S 3
B o, e e i
S 1
B o,y e e e e 13
2 L . e e e e 1}
2 13
D 1%

The contained angle between the two sides of
the cutting edge, as seen in section across the
edge itself, and represented by Fig 4, is com-
monly about 80° or 90°, but varies from 60° to
100°.

In free-boring ground, or ground which is
tough, but not hard, the edge may be rather
acute ; but in hard ground the edge should have
greater obtuseness,

A curved or bow bit 1s stronger in the corners
than a straight one, consequently in hard ground
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the bow bit is the better one for standing ; still, in
softer ground the straight bit answers well, and
is considered to cut its way more freely, but it is
not so readily forged.

By hammering in the corners of a bit, care
should be taken to preserve the splay throughout
to the extremity, by properly inclining the face
of the hammer. When this is neglected, the
corners get ‘“mnipped,” as in Fig. 5, and the bit
will not free itself in cutting.

‘When one part of the edge of a bit is “back-
ward,” as shown by Fig. 6, or when a bit is
¢ odd-cornered,” as in Fig. 7, the onward parts
have to bear too much from the blows; for, by
turning the borers in the holes, these parts have
constantly to cut away the rock, while the other
parts do not encounter any work. In this way
the edge soon gets damaged, and frequently the
overstrained part flies off, and causes much
trouble by remaining in the hole. We have
examined blunted and broken bits having such
defects, and found that some parts of the edge
had not even touched the face of the hole while
inuse. If a smith has a good eye, he can largely
obviate the defect here mentioned ; but the best
sometimes fail. Somewhat recently the writer’s
father contrived a tool for sharpening borers,
which gives satisfactory results. It is represented

D



50 MINING TOOLS.

in two side views by Figs. 8 and 9, and is simply
a kind of swage made of steel, and having, in the
bottom part, a groove of the same form as the
edge of the bit is required to assume. The swage
is placed upon the heated and flattened bit end of
the borer—which is represented by dotted lines
—and a few blows struck on the top of the swage
mould the bit, and form an even and uniform
edge. After the corners are hammered in, the
swage is again applied, and another blow or two
struck upon it. ’

When curved edges are required, the swages
can be made three or four at a time, all centred
on a lathe face-plate, as shown in Fig. 10, and
the sharp V groove can be turned out of the
lot with a bent V point tool. They can be used
also as boffom swages, and the borer-bits ham-
mered down on them ; but there is some diffi-
culty in keeping the scale out of the groove.

The greater durability of borer-bits sharpened
by the tool described is referable to the regular
evenness of the edge, and the effect of the swage
in compacting the steel without straining its
particles, as in the ordinary case of hammering
the edge, first on one side and then on the other,
in succession.

The tempering of bits exercises an almost para-
mount influence upon their durability and service.
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When the rock to be bored is very hard,
or when traversed by hard veins or interspersed
with nodules of closely-compacted siliceous and
other obdurate minerals, then very careful tem-
pering is required.

Some elvan ccurses and tinny capel are almost
impenetrable ; so that a hundred borers are known
to have been blunted in them by two men in a
single core, and all the work done for it would
be about three inches of boring, costing over
2s. 6d. per inch. Compact iron pyrites also
defies penetration in a very similar way.

But when the rock is of a more yielding nature
and of equable texture, then great nicety of tem-
pering is not so indispensable.

The usual method of tempering borers is as
follows :—About four inches of the bit end—pre-
viously sharpened—is heated to cherry redness in
the fire.* It is then immersed in cold water to a
depth of about three-quarters of an inch, and tho-
roughly chilled or “ hardened.” + The remaining

* If it is 8o arranged that sufficient heat remains in the bit
end, after sharpening, to avoid again exposing it to the fire,and
to proceed to temper direct from the anvil, it is better than re-
heating for tempering, and thereby further submitting the
steel to the effect of the blast and heat.

1 At this stage of the process the bit should not be steadily
held in one place, but it should be slightly moved up and down
in the water, else the hardness will terminate abruptly in a
line corresponding with the surface of the water, and the
different conditions of the molecules of steel above and below

D2
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hot portion is next plunged in altogether for a
short time, still leaving sufficient heat in it for tem-
pering, and then the borer is entirely withdrawn.
The heat still remaining in the body of the borer
and adjoining the bit will be conveyed through
the particles of steel towards the hardened edge,
and the hardness will be thereby reduced, while
the increasing temperature of the bit will be
marked by first a yellow and then the succeeding
hues, creeping on towards the edge. If the scale
be rubbed off with, -say, a little grit-stone, the
colours are very plainly visible, and when the
proper tint appears, the borer is plunged into
water, and the tempering finished.

After first observing the proper tint, instead of
plunging the bit finally into water in the usual
manner, if the edge is simply dipped in—say
half an inch deep—it will be chilled sufficiently
to let the colour creep on again, so that the same
colour can be produced in this way three or four
times before final cooling, and when the trouble
is taken an improved tempering is believed by
many to result; but it is not often practised.

With bits having much convexity or bow, the
colour creeps on to the corners before it reaches
that line will there render the borer weak, and almost certainly
cause it to break off at that point during work. Numerous

persons are perplexed through not recognising this cause of
fracture. . :
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the middle, so that it has to be checked by dipping
the corners in the water, otherwise the middle
would be too hard or the corners too soft to
stand well.

Almost every different sort of steel requires its
own peculiar tempering, and thus sometimes an
excellent steel, through not being properly mani-
pulated in this respect, has been condemned by
smiths and miners. Afterwards, when the smiths
get into the way of tempering it, the same steel
might give great satisfaction to all parties.

The colours for tempering bits mostly vary
from straw to purple. The shades of brown give
excellent tempering for many kinds of rock.

The best degree of tempering depends as much
upon the condition and nature of the rock to be
bored as it does upon the character of the
steel; and smiths can secure considerable ad-
vantage by observing the results of different
temperings, as indicated by the blunted bits
from various sorts of ground. If the edges
blunt very much by wearing off round and
smooth, they may be tempered a little harder ;
but if they break and crack off very much—
unless due to burning the steel, or the fault
of holding the bit sti// in hardening—they may
be tempered a little softer to advantage.

Oil-tempering is not often used for borers,
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but it is advantageous when having to deal
with some extremely hard and brittle rocks.
The bit is first kardened by sudden cooling in
water. The hardness thus produced is mnext
tempered by slow re-heating while smeared
with oil, until it flames, whereupon it is finally
cooled by immersion. When moistened over
with oil, and cooled in the same fluid, the bits
are believed to acquire greater elasticity and
toughness.

As steel is known to suffer injury by heating for
. frequent hardening and tempering, it is sometimes
beneficial to avoid high hardening and subsequent
tempering, by giving the steel its final degree
of hardness direct by the first cooling. To do
this, instead of heating the steel red hot at random,
as in the case of high hardening, it must be heated
to a particular degree for each stage of hardness
required, and cooled at that temperature, by
which means all tempering by drawing down is
avoided, and the required amount of hardness is
obtained by the first cooling.

Heating the steel to the exact temperature is
the main point to be secured. This has been .
referred to in the Introduction. A cheap and
enduring alloy, melting at the proper temperature
for this purpose, would be extremely useful for
heating for the operation.
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Unfair blows, and bad turning when a borer is
in use, will spoil bits almost as quickly as any-
thing. The force of the blows for boring to the
best advantage depends chiefly on the nature of
the ground and the size of the bit. As a rule, in
having to encounter very dense, sharp rock, the
borer will not bear beating as heavily as in more
impressible yet tougher rock, such as some sorts of
killas and hornblende. Generally speaking, heavy
blows are not desirable, “ smart blows and plenty
of ’em ”’ being preferable, and intelligent miners
always notice what strength of blow answers
best.

Nearly as much depends on the turning of
borers ; and if this is not done well, so as to keep
the hole round and true, the bit suffers undue
strains, and soon gets impaired.

Under these circumstances, it is a matter of no
surprise that the same bit will go through much
more ground with some men than with others.

Cast-steel should never be heated above bright
cherry red. In all particular cases it should be
worked at a dull red if possible. In fact, the
lowest heat at which all kinds of steel can possibly
be worked is always the best heat.

Overheated steel is apt to fly or crack in hard-
ening. Its fineness of structure, elasticity, and
Obhesiveness are also greatly injured, and this
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injury increases with the intensity and frequency
of overheating.

Although overheated or burnt borers do get
sent underground, they are of poor use there, and
are very soon sent back again. Further, they
never can be of any good until the burnt part is
broken or cut off. Good steel is often blamed
from neglect in this direction; and when mine
managers and agents give a little attention to the
smith’s shop, now and then taking a borer out of
the fire, and properly reprehending any cases of
having in the fire too many tools to attend to,
or of some being overheated, the results are
surprisingly modified for the better.

In forging steel, very heavy striking should
be avoided, because it is known to impair the
texture of the steel ; and hence, in drawing out
borer bits on the anvil, this should be borne in
mind.

Ordinary bore-holes for blasting range mostly
from % to 1} inch diameter for single-hand bor-
ing, and from 1} to about 2} inches diameter for
double-hand boring.

A smith and striker will usually sharpen and
temper from thirty to forty-five medium size
single-hand borers per hour, according to how
much they are blunted or broken, or from twenty
to forty medium size double-hand borers in the
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same time. These will be hardened in water, and
the colour brought up once in tempering.

By use in hard ground, borers shorten rapidly.
In striking borers this shortening goes on at both
the bif and striking ends. The wear at the bit
end is governed by the quality of the steel, sharp-
ening and tempering, and the nature of the rock
to be bored, as well as the character of the strik-
ing. The wear of the striking end also depends
upon the quality and condition of the metal of
which it is formed, and the character of the strik-
ing and the rock.

‘Wrought-iron borers, when not steeled on the
striking end, wear away very fast—especially so
with poor and badly-welded or “ hollow ” iron.

Good cast-steel borers stand decidedly better ;
but they should always be well annealed on the
striking end. Should the steel, however, be rash,
it will wear down quickly, even with the best
annealing, and pieces four or five inches long will
often spall off the side of the borer at the striking
end.*

In very hard ground some steel will do good
service at the bii end, but stand very indifferently
at the striking end, and this is a consideration

® Borers which have been some time' in use are considered
to transmit the blow better than new ones. This applies mainly

to borers with iron stocks, the structure of which becomes con«
spicuously changed by repeated concussion.

p3
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which should be attended to in selecting borer-
steel. If new borers be marked in the middle
with a centre-punch, and their lengths measured,
the rate of wear and tear of both ends can be
ascertained at intervals, under different conditions.

The writer found, from carefully-noted results,
that some sorts of steel wasted away from two to
three times faster on the striking end than on the
bit end; and that in the same kind of ground
one sort of steel stood three times the work of
another, and, notwithstanding the extra striking
to which it was thus submitted, the striking ends
did not wear down any faster, although both sorts
were sharpened, tempered, and annealed to the
best advantage.* The great quantity of steel
used in British mines is ample reason for noticing
this subject, and mine agents would often derive
useful information by recording such results for
themselves. It would invariably inculcate the
principle that the use of tnferior steel is attended
with loss and disadvantage, and that careful sharpen-
ing and tempering pays best in the long-run.

It is almost a cruelty to provide bad steel for
_miners, or to make them receive their tools from
the hands of an incompetent smith; and when
they have to pay for the steel wasted, it is proper

* Steel thimbles, with thick tops for striking on, are sometimes
driven on the borers to keep them from wearing on the striking
end.
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for masters to see that their earnings are mnot
epitomized by the expense and waste of time con-
sequent upon carelessness on these points.

The bits we have noticed are the commonest
* forms in use, and for most cases of ordinary hand-
" boring they are unexcelled. Other forms are
in use, particularly in some foreign mining dis-
tricts.

Fig. 11 represents the “swallow-tail” bit. It
is rather weak, and requires to be used with care
in very compact rock. In some sorts of ground
it cuts rather dead, but it makes a good hole, as
the width of the corners contributes to removing
any ruggedness from the sides. The “club” bit,
Fig. 12, has two cutting edges crossing each
other at right angles, so that the impact of the
blow is divided over more cutting edge. This is
an advantage in some mild and some hard rocks,
which would require light striking on a single
edge. Fig. 13 represents the “nicker” bit,
having a cross edge at one corner for cutting
the circumference of the hole, and keeping it
round.

All of these bits are troublesome to sharpen
when they break, and it is difficult to temper
them equally.

Some bits, instead of being curved outwards
or bowed, as in Fig. 3, are curved inwards—
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crescent-like—but the cormers are necessarily
very weak.

Revolving borers are generally turned direct,
either by a lever, crank, wheel, gearing, or some
such contrivance.

Fig. 14 represents a revolving bit, sometimes
used for hand-boring in coal for “benching-down,”
either by explosives or by hydraulic benching-
down machines, instead of wedging. The bit
fits into the end of a mandrel, sometimes made
hollow, and out of a piece of wrought-iron gas-"
Ppipe.

When used for making holes to receive bench-
ing-down machines, a fine thread is in some
instances cut around the outside of the mandrel,
which passes through a nut fixed in an upright
prop, and the prop is secured firmly between the
floor and roof by end screws or wedges. Upon
turning the handle, the nut forces the mandrel
and bit to advance, and thus the borer is self-
feeding. A worm is sometimes coiled around the
mandrel to clear out the boring dust.

‘We shall conclude this chapter by noticing some
boring bits used for sinking artesian wells, or
deep exploratory bore-holes. The bits are usually
fastened by a key, or screw joint, to the tail of
the rope or rods which descend into the hole.

Fig. 15 shows a “bow ” bit, which is exten-
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sively used. Sometimes the edge is formed as at
a, and then it is called a “ 'V ”’ bit.

Fig. 16 is a double nicker bit, with a straight
edge, and is a very serviceable tool. In some
instances only one corner has a nicker, and its
width is equal to about half the width of the bit.
It is bent, to fit the circular form of the hole.
This is called a «“ T ” bit.

Figs. 17 and 18 represent bits which present a
good deal of cutting edge, but are difficult to re-
sharpen when broken. They both answer very
well for fair ground. The “S” bit cuts a very
true hole. For boring holes of large diameter,
instead of using one large bit, it is better to use
separate bits of a convenient size for sharpening,
and all made to screw firmly into one iron block.

In some instances the bits are arranged around
a cylinder for the purpose of cutting * cores,” as
shown in Fig. 19.

All these are percussion borers, and they gene-
rally act by the force of gravity.

For penetrating soft ground, such as clay,
revolving borers are preferred. One of these is
represented by Fig. 20, which is an ‘ auger
shell ” for scooping up the clay. In some cases
there is a valve inside, opening upwards, for
keeping the stuff from falling out when it is
being drawn up.
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For boring in Aard clay, or loam, the “nose”
of the bit is shaped similar to the dotted lines,
and there is a narrow slit all up the side of the
shell. The stiffer the clay the wider the slit may
be. Sometimes a similar tool, forming half a
cylinder, like a carpenter’s barrel auger, is used
in like manner.

Figas. 21 and 22 show other tools used for
penetrating stiff clays. Fig. 21—the “ worm
auger ”’—is occasionally used for loosening the
stuff in bore-holes.

The patterns of borers employed in well-sink-
ing and trial borings are very multifarious, espe-
cially those used in soft ground.
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Tais class of tool is of indispensable service, be-
cause it admits of sforing up power, that it may be,
with convenience, given out abruptly in the form of
a blow, which is useful for the purpose of striking.
The striking part of the tool (called the *head ’’)
is proportionately massive, and for most purposes
made of metal. It is usually furnished with an
“eye” for receiving a wooden * handle,”  stick,”
or “helve.” When such a tool is made with a
metal head, and is intended to be used with one
hand, it is called a ¢ hammer.” When intended to
be used by both hands, it is called a “sledge.”*
Miners’ hammers and sledges are of various forms
and dimensions. A variety of patterns (as used
in various mining districts) are illustrated. Fig.
23, called the “bully ’ pattern, is a very frequent
form. Fig. 24 is the “block,” Fig. 25 is the
“pointing,” Fig. 26 is the “ bloat,” and Fig. 27
the “plug ” pattern. The striking face is called

# Hammers and sledges are sometimes called ¢ mallets,” but
the name properly refers to wooden-headed tools.
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the “ pane,” and it has generally a little convexity
when new to allow for its wearing.

The shape of the “head”’ is sometimes modified
by varying its width, as in Fig. 28, which is
termed a “broad bully,” and Fig. 29, which is
termed a “mnarrow bully.” Besides this, the
“head”” is sometimes curved, as in Fig, 24, in
which case it is said to ““sweep.”

Occasionally the “head ” is formed with the
side of the “eye,” extended to form *cheeks,” as
at a, Fig. 80, which represents a ¢ bloat” head
cheeked. .

The “eye” is commonly oval, as in Fig. 23,
but sometimes round, as in Fig. 26, and occa-
sionally it is square, or rectangular, as in Fig. 24 ;
but it is varied often in the same pattern. The
patterns described are drawn to represent sledges,
but the same shapes are used for Zammers, and the
proportionate length of the head is often varied
from that shown in both hammers and sledges.
These patterns are used for boring, and for driv-
ing wedges and other tools to be again noticed.
Fig. 33 shows the ‘““dally’ hammer, sometimes
made with a circular or cheese-shaped head, and
sometimes with four faces, or six (as shown), or
more. This hammer is used for single-hand bor-
ing, and so is the cube hammer, shown by Fig.
34. The St. Just miners are, perhaps, unexcelled
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for expert single-hand boring, and they use a
hammer shown by Fig. 85, which is a long bloat-
head with a little sweep. There is not usually
any steel in the panes. In some other parts of
Cornwall, very short, broad bully-heads are used,
with the panes sharply chamfered down to about
the size of a halfpenny, so that with a false blow
the sledge glances sideways instead of striking
the individual who turns the borer. These are
called “cat’s-head” hammers or sledges, and
Fig. 31 represents a sledge of the kind. A
miner’s boring mallet is illustrated by Fig. 32.
The head is usually made of a block of elm.

Hammers for single-hand boring range from
211bs. to 4lbs. weight. Some miners like them
lighter than others, and much, in this respect,
depends on the nature of the work. For boring
downwards, as in under-hand “stoping,” heavier
hammers can be used than for Aorizontal or up-
ward boring.

Sledges used for double-hand boring (i.e. in
the case of one person striking the borer while
another turns it) vary in weight in the ‘head ”
from 4lbs. to 10lbs. for the same reasons as do
hammers. A very convenient weight for a boring
sledge-head is 71bs. or 8lbs.

The handles of boring hammers are from 6 to
18 inches long ; but in boring sledges the handles
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range from 18 to 30 inches long, common lengths
being 24, 26, and 28 inches.

Sledges used for driving wedges are almost
identical with boring sledges, and very often
the same one is used for both purposes. Wedge
or gad driving often injures sledges more than
boring, so that some miners like to use a par-
ticular sledge for each purpose. In some col-
lieries a special kind of sledge is used for wedging
down coal after holing. It is commonly a point-
ing sledge, with a head 10 to 15 inches long, by
from 13} to 2} inches square in the thickest part,
tapered to about 1} or 1} inch at the panes, with
the angles taken off by a chamfer gradually in-
creasing from the eye to form an octagon shape
at the panes. The weight of the head varies
from 4lbs. to 10lbs.; a very serviceable weight
being 8lbs., with a head 12 inches long by
2} inches square over the eye, tapering to 1}-
inch octagon panes.

It will be noticed that most of ithe hammers
illustrated have two striking ¢ stumps,” with
panes like each other. Miners are partial to this
form, because it balances well in the hand.

Sledges are frequently required for breaking
up lurps, and as this work is very rough usage
for a sledge, there is often one of a particular
form used for the purpose, and called a “lump
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sledge.” The weight of the head is from 10lbs.
to 20lbs. It has usually egg-ended panes, but
varies in shape. Fig. 36 shows a lump sledge
used in some metalliferous mines. '

Fig. 87 shows a “ cobbing hammer ” used for
dressing ores by hand. The head varies from
14 to 18 inches long, and from 2lbs. to 41lbs.
weight. TFig. 38 represents a “ bucking iron”
with the stirrup (to receive the handle) welded
ou the back of the striking-plate. This is used
for hand-crushing in dressing ores. Fig. 39
represents another bucking iron, in which the
handle is secured in the stirrup by a wooden
wedge driven on the back of the striking-plate.
The adoption of rollers and other crushing
machinery is gradually dispensing with the use
of these tools.

The ¢ spalling hammer ” is used for breaking
up lumps of orey mineral for sorting before crush-
ing and stamping. The head weighs generally
about 2lbs. or 8lbs., according to the class of work
to be done. It is shaped similarly to the point-
ing pattern, Fig. 25, but with spherical ends—
almost identical with the common road-metalling
hammer—and furnished with a handle about 26
to 30 inches long. Spalling hammers are not in-
tended for cleaning ore fit for market, as are
cobbing hammers.
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Sledges are often made at the mines where
they are used. The head then consists of
wrought-iron with steel panes. The eye is
generally punched hot, out of a short square
bar of iron of suitable size, and a drift is
worked in to keep the eye in shape while the
sledge is being forged.

Bar-iron being generally manufactured by roll-
" ing, at a welding heat, a pile of separate pieces
of iron, has often a laminated or leafy structure,
due to imperfect welding in its manufacture,
which can be detected on inspection. Fig. 40
shows this laminated feature as it would appear
in the section of a bar.

When sledges have to be made out of such
a bar, the eye is not as strong if punched with
the laminss, according to Fig. 41, as if punched
across, as in Fig. 42. If sledges are to stand
well, it is important to punch the eye across
the laminz; but many smiths overlook this
point, and sledges punched the other way are
constantly splitting in use. Bully-heads are often
forged as follows :— A

A bar of iron, say 2 inches square and 13 inches
long, is cut off. This will make two 8lb. sledges.
One set of corners is chamfered down in the
cutting-off heat, as shown by Fig. 43. The eye,
a, is next punched, and then &, and the sledges
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are divided by a clift, one set of corners being
chamfered down, as shown by dotted lines, all in
the same heat which was drawn for punching b.
Afterwards the other sets of corners are similarly
chamfered down by new heats, and both sledges
are ready for “steeling.” For this purpose is
used a flat bar of good blister or shear steel of
about 2 inches wide by % inch thick. One end is
heated to redness, and after about 2 inches have
been nearly severed with a clift, as in Fig. 44, it
is bent, and two corners hammered down on the
anvil, as in Fig. 45. Then, by bending it the
opposite way, the two other corners are ham-
mered down similarly, as in Fig. 46, where it
assumes an eight-square outline, and forms a
pane for the sledge, attached to the bar by only a
slender neck. The steel pane is next welded on.
This is done by heating the steel and one end of
the sledge separately. When a welding heat is
‘drawn—sand having been used to form a glaze—
the sledge is rapidly placed on the anvil, with the
heated end uppermost, and the hot steel pane
being quickly laid on, with the sides correspond-
ing with the iron part, as in Fig. 47, a few light
hammer blows on the surface of the steel pane
weld it firmly to the iron, and by twisting the
steel bar it breaks off at the narrow neck, leaving
the pane properly attached.
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The chamfers are then dressed with a hammer,
and after the opposite face has been treated simi-
larly, the sledge is hardened by heating both faces
to redness, and plunging it into cold water until
quite chilled, upon which it is finished. Although
the faces are not fempered at all, they are often
found to be too soft, and this arises from the
violent ebullition which the hot sledge produces
. when immersed, and which prevents the water
from coming into close contact with the steel, so
that it is cooled too slowly to be sufficiently hard.
If streams of cold water are made to play with
some force against the hot panes, they are always
found to be well hardened.

When these sledges are made well, out of good
iron, they stand a great deal of wear, and pos-
sess the advantage of being easily re-steeled
when the panes are worn out. If, however, they
are defective in quality, or workmanship, they are
very liable to break by splitting, or giving way
across the eye. A smith and two strikers will
commonly forge eight 71b. bully sledges per day,
and turn them out of hand in a workmanlike
manner. This is a fair day’s work, although
some smiths, after getting well used to the work,

can do ten. The cost may be arrived at as
follows :—
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18mithat6s. . . . . = 60 pence.
2 Strikers at 2s. 6d. (5s.) =60 ,,
Labour . . . . . . . 120 pence.
60lbs. iron,say . . . , . 50 pence.
8lbs. steel,say . . . , .32 ,,
82
Total . . . . . . . . . 202 pence.
‘Weight of sledges 8 X 7 = 56 1bs.
Thenlg—z- = 860 pence per lb., or nearly 33d.

The cost of coal, wear and tear of tools, &c., would amount to a
trifle, say 44. to 1d. per lb., extra.

Similar sledges can be bought ready-made by
the cwt. at about the same rate; but they do not,
as a rule, stand as much work as home-made
sledges, and it is sometimes necessary to make
sledges at the mine in order to fill up the smith’s
time. A smith and striker can re-steel about
twelve of these sledges (twenty-four panes) per
day. Excellent solid cast-steel sledges are now
procurable from steel manufacturers at 94. per 1b.
for sizes above 6lbs. weight, and increasing to
1s. per Ib. for smaller sizes. Occasionally these
sledges break by cracking, after which they can-
not be repaired; but if they are well made, and
used carefully, they are remarkably durable, and
are becoming very favourite amongst some miners,
many of whom claim that they give a “smarter ”
and more effective blow than steeled iron sledges.
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Tue pick is notably a miner’s implement. Ir
different districts it is called either a ¢ mandrel,”
« pike,”” ¢ slitter,” “mattock,” or “hack.”*

Fig. 48 shows the common pick. The head is
usually made of wrought-iron with steel at the
“tips,” a, a, b, b, which form the wearing parts.
Ax eye is formed at e, to receive the handle or
“helve,” which is secured by a wedge (shaded
dark), and the sides of the eye are spread out to
form “cheeks,” asat . About half of the head, viz.,
1, a, or f, b, is occasionally termed a “shank,” or
«stem.” The ““helve” is ordinarily made of ash ;
and the part g, formed to suit the eye, is called
the ““feather,” while % is called the ¢ haft,” which
is made of a suitable size for holding in the hands,
and is usually oval in shape. There are many
other patterns of picks to be noticed presently.

The action of a pick is very similar to that of a
sledge, but the tools are of different utility. While

* This tool is said to be represented on Egyptian monuments
of great antiquity.



PICKS. ' 73

the sledge conveys impetus for driving other im-
plements which make the impression, the pick
does the twofold work of supplying the blow and
making the impression also. The pick-head is
mounted on a helve similarly to a sledge, but the
stems of a pick are sharpened out at the ¢ips, to
penetrate, chip, or pulverize the mineral sub-
stance against which the tool is directed.

The tips of a pick are generally sharpened to a
point by a square taper, or to a chisel-edge; so
that the tapering extremities possess the property
of a wedge, which is very advantageous in work-
ing jointy, scaly, or fissured rock, and equally
serviceable for excavating more yielding kinds of
ground, because the force of each blow expends
itself in making the tip penetrate the ground,
which is thereby loosened or disturbed all around.
Another feature which affords most substantial
value to the pick is the facility it offers for being
used as & bent lever. When once entered into
any sort of ground, the pick forms its own ful-
crum, and acts like a crowbar, by prising on the
helve, so that it offers the most convenient oppor-
tunity for levering out the surrounding ground at
every stroke. 'When one tip of a pick has entered
in hard ground, the miner often assists the prizing
by pressing withone foot, or hand, against the otker
tip, thereby diminishing the strain upon the helve.

E
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The last use to which a pick is applied, which we
shall notice, is that of a scraper, which is occa-
sionally required in narrow cuts for dragging out
the stuff loosened by working.

In Fig. 48 the head of the pick is curved
slightly. When this is the case, it is said to
“sweep.” Picks, as Fig. 60, having straight
tips converging to the eye, instead of being
curved, are said to be ¢ elbowed ”’ or ¢ anchored.”

In some picks there is no curvature, and then
the head is said to be *straight,” as in Fig. 50.

For under-hand work, a pick having a little
sweep is preferred, because, as miners say, it
“falls” into its work better than a straight
head; but for over-kand or long-reaching work a
straight-headed pick is generally chosen, or one
having but very slight sweep.

Straight-headed picks assist the reach, and are
best for getting into corner work.

As in the case of sledges, the weights of pick-
heads vary according to the preferences of the
users, and the sort of work to be performed.
From 2lbs. to 8lbs. are the common extremes.
When required chiefly for downward cutting,
heavier picks are used than for Aorizontal or
upward work ; and it is usual to employ heavier
picks in hard ground than in soft.

The stems are commonly rectangular in cross
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section—the angles being sometimes chamfered
down—and they are from } inch to 1} inch thick
near the eye, according to the shape, strength,
and weight required. Very commonly the stems
are square in section, but often they are flattened
sideways to make them deeper in the direction
of the helve, as in Fig. 63. This gives them
greater strength for prizing. Fig. 49 represents
a form of pick in very common use in iron mines.
It is forged out of 1}-inch square iron, and
weighs about 41lbs. when new. A similar pick,
largely used for the same purpose, is forged out
of 1-inch square iron, and weighs 83lbs. For
working loose or soft iron ore, picks of the same
shape made out of 1-inch square iron, and weigh-
ing 3lbs., are often preferred.

The helves in these picks are generally from
24 to 33 inches long. The length varies accord-
ing to the nature of the work and user’s taste; it
being further influenced in some cases by the size
of the lode or deposit to be worked.

Fig. 50 represents a coal pick in common use
in the Gloucestershire and Somerset collieries for
“holing” and “cutting’’ purposes,* The head is

* The operation of under-cutting the coal, so that it may
afterwarda fall, or be wedged or blasted down, is called ¢hol-
ing,” “benching,” “kirving,” or “under-going.” The long
gash, jad, or jud, cut for this purpose parallel to the plane of the
seam does not sometimes excecd 8 or 9 inches in width at the

E2



76 MINING TOOLS.

double-cheeked, and weighs about 211bs. or 241bs.
A common length for the helve is 30 inches.

Fig. 51 shows the pick commonly used in the
same districts for “dead work” or ‘deading.”
The head weighs about 4lbs. or 43lbs. Fig. 52
represents a very similar form of pick, used for
coal-cutting in the Bedminster part of the Bristol
coal-field. The head weighs 23lbs., and the
helve is only 25 inches long.

Fig. 563 represents a holing pick slightly
sweeped, as used in the Forest of Dean—
weight about 21lbs.; and Fig. 54 represents a
cutting or ¢ cut-off ” pick—used in the same
place—the head being somewhat heavier.

Fig. 55 represents the form of holing pick in
common use at the collieries of South Wales.
The head weighs about 2}lbs.; sometimes 2Ib.
heads are used. At other times two sizes are used,
—large, with heads about 38lbs., and small, with
heads about 1lb. less. When a long reach is
required, the helve is 34 or 36 inches long.
28 and 30 inches are lengths frequently adopted.
Fig. 56 represents the cutting pick commonly

front or ¢ foreside,” and it may penetrate to about 3 feet in-
wards, gradually narrowing. It is generally made near the
JSioor, but its position depends mainly on the nature of the de-
posits—being often cut with advantage where a layer of soft
coaly or other substance occurs in or adjoins the seam. See
p. 86—holing and cutting picks.
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used in the same collieries. It is sometimes the
same weight as the holing pick, but often a little
heavier—3lb. head. The stems, as a rule, taper
regularly from eye to tip.* After holing and
cutting, a somewhat stronger pick—about 41b.
head—called a “stripping mandrel,” is employed,
in some instances, for ¢ pulling down ” the coal.
A form of “rock pick ” for dead work, frequently
used in the South Wales coal-fields, closely re-
sembles Fig. 48, the head being about 6lbs.
weight. Another form resembles Fig. 49, with
a 43lb. head. “Bottom picks” are also used in
the same locality for cutting the floors or thills of
coal seams. These are often shaped like Fig. 49,
and sometimes like Fig. 67, with 5lb. or 6lb.
heads; but when the bottom is not very hard,
lighter heads are used.

Fig. 58 represents a holing pick, with about a
21b. head, used in Flintshire. It has a sweep
head, and often chisel tips. The cutting pick is
slightly heavier, and has points, but is of the
same pattern with less sweep. Fig. 59 repre-
sents a “ driving pick” for dead work, having
about a 3lb. head, used in the same collieries.
It is top-sweeped only.

Holing and cutting picks, extensively em-

* In this district new heads for cutting and holing picks often
measure 20 inches long. The stems are very thin and slender.
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ployed in the North of England collieries, are
represented by Figs. 60 and 61. The heads
weigh from 23lbs. to 3lbs., and have very small
cheeks. Fig. 60 is more elbow-anchored than
Fig. 61. Fig. 62 represents a ¢“driving” or
“stone” pick, elbowed in character with the
former ones, and used for dead work. The angles
are not always chamfered, and the head weighs
about 4}lbs. or 5lbs. In Northumberland lead-
mines a pick represented by Fig. 63 is used. The
head weighs about 3}1bs.

Were we to omit reference to the ¢ poll-pick,”
we should overlook one of the most valuable of
the British miner’s tools.

Fig. 64 represents the poll-pick commonly used
in Cornwall. It has one stem about 12 inches long,
from the end of the eye, and one stump about 3
inches long to form the “poll.” The eye is about
2} inches long. When forged out of 1}-inch
square iron—the thickest part of the stem—the
head weighs about 4lbs., and is a favourite size
for hard ground. The face of the poll is steeled
like a sledge, to form a pane, so that it can be
used for striking blows. 26 to 28 inches is a
common length for the helve, which is slightly
feathered on one side only, and curved in the haft.

The head is sometimes quite straight. The
poll-pick has the ¢ much-in-little ” recommenda-~
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tion. It has the properties of the pick, and, in
addition, it can be used as a sledge to drive
in wedges, &c., thus avoiding the necessity of
laying it aside and taking up a sledge for the
purpose ; but more than this, it can be used as a
wedge itself, and, by striking it on the poll end,
it performs very useful service in this respect,
although the eye is liable to burst if thus tried
too severely. '

With these points in view, it is easy to under-
stand why the poll-pick should be a favourite
tool with many miners, and any one need only use
it for a bare month or two to comprehend how
greatly does a miner accustomed to its.use feel
the loss when deprived of it by any circumstance.
Sometimes, for soft ground, the stem is 18 inches
long, and only % of an inch square in the stoutest
place.

Poll-picks are used in several parts of Great
Britain. Fig. 65 represents a rather stumpy
form used in some hard ground by Derbyshire
lead miners. The head is about 331bs. weight.

Fig. 66 represents a poll-pick used by Flint-
shire lead miners.

In prizing or levering a pick, strain is thrown on
the Aelve in the eye, thereby inducing a tendency
to “ wince,” by the yielding of the feathered part,
as shown in section by Fig. 67.
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Now the bearing surface at each end of the
“eye” is usually rather short and narrow, but
it should be long and wide to best counteract
wincing. The keener the edges of the helve
feather are made, the more liable it is to wince,
or to split the eye.

Prevention of wincing is aimed at by wedging
the helve in the eye, so as to make it press
very tightly against the cheeks and sides. This
makes the helve tight; but it sometimes causes
the eye to split, so that the proper amount of
wedging to stop at is not always easily deter-
mined.

The mischief of wincing can be largely avoided
by increasing the end bearing surface of the eye;
for which purpose the eye should not feather very
keenly, as in Fig. 68, but should rather have the
ends rounded, as in Fig. 69, and the ends of the
eye should be made as deep as possible in the
direction of the helve, in order to give the
feather, when prizing, fulcrum as far as possible
from the neutral axis of the head. There is
generally not sufficient regard given to this
matter. We have found it an advantage, for
picks exposed to severe wincing strain, to weld
two corbel bits at the ends of the eye, as shaded
dark on Fig. 70.

The Forest of Dean miners have a device to
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prevent wincing which is applied to some of
their tools, and illustrated by Fig. 71, which
they call a “strap-mattock,” and Fig. 72, which
they call a “dresser.” Fig. 71 is a double-
stemmed* pick, and Fig. 72 is a poll-pick which
is very useful for repairing roads. Both are used
in collieries for dead-work purposes.

The plan consists in using two iron “ straps,”
—one being represented quarter-size by Fig. 78,
—which are put in the ends of the eye, with the
tee-piece clipping the top of the pick. The helve
is properly fitted, and a long wedge—shown at a,
Fig. 71—is driven between the straps to force
them tightly against the ends of the eye, and to
wedge the helve at the same time. This being
done, the straps are bent to the shape of the
helve feather, and riveted firmly to it by two
rivets passing through the whole.

The tee-pieces, clipping the ¢op of the pick, tend
materially to prevent wincing, and if some sort
of stud on the strap were contrived to clip under
the pick also, it would be better still.

Occasionally the stems of picks are made much
longer than any of those illustrated. Sometimes
long heads, 2 to 3 feet over all, are useful for
sinking under the snore or windbore. They offer

* These are often confusedly called double-Aeaded picks.
E3



82 MINING TOOLS.

a good purchase for levering, without prizing
greatly on the helve.

In loose ground, light stews, each as much as
18 inches long, are at certain times used.

Continental miners have very diversified forms
of picks.. Figs. 74, 75, and 79 are single-stem
picks, which belong to a very general class used
in some collieries.* Figs. 76, 77, and 78 belong
to the poll-pick class, which is very common in
metalliferous mines.

Our continental friends give much more heed,
in the construction of their picks, to the pre-
vention of wincing than is manifested in this
country. ‘ :

Figs. 74, 75, 76, 78, and 79 give a large and
long bearing surface for the helve in the eye.
Sometimes the eye is lightened by cutting out the
sides, as in dotted lines Fig. 74. Fig. 77, though
not affording a long bearing for the helve while
priging, nevertheless offers a broad, flat surface at
the ends on account of the eye forming a wide
rectangle. Very slight wedging of the helve is
sufficient for either of these picks.’

The sizes of picks vary in foreign countries
just as they do here. A fair variety was shown
at the late Paris Exhibition. Some of them in

* A pgingle-stem pick of this class—74—is used in our
anthracite collieries.
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handling felt rather clumsy, according to British
notions, while others evidently possessed great
handiness. Although continental mining tools,
on the whole, cannot be considered superior
to those used in this country, it is probable we
may derive a few good hints from them, espe-
cially in the construction of pick-eyes, which are
often the most faulty portions of mining picks.

Fig. 78 is often made without the poll. The
pick illustrated by Fig. 80 is a very favourite tool
~ with Bé]gian colliers, who call it a ¢ rivelaine.”
It is light for using—in some cases not exceeding
24lbs., including helve. The head (which is
either sweeped or straight) and part of the
handle are formed of one piece of flat iron, and
it is furnished with two ears or straps, between
which a straight, round handle is fixed. The
tips are of steel, as usual.

Fig. 81 represents a common form of pick
used in Saxony, the single-stem head being
from 3lbs. to 4lbs. weight. Fig. 82 is a stumpy
poll-pick, with a 61b. head, used also for working
veins in Saxony. Sometimes it is small, for
single-hand wuse, with only 21llb. head, as in
Fig. 83.

Fig. 84 is a form of “stone pick ’ much used
in Brazil and other countries. A very similar
tool, known as a “scabbing pick,” is often used
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in quarries for scabbing over the surface of large
blocks of stone (to partly reduce irregularities)
before they are sent to the stone dressers. A
miner’s “twibill ” is a similar pick, with an eye
generally rectangular. Fig. 85 is a form of pick-
head sometimes used in Germany. Figs. 86 and 87
represent the forms of *“ Australian ”’ or “ nugget ”’
picks, used in gold-mining districts, the weight
of the heads varying from 15lbs. to 3}1bs.

We understand that American mining picks
are closely akin to those used in Great Britain,
and some of them are similar to the single-stem
and poll-picks used on the Continent. Fig. 88
shows a poll-pick used in some American iron
mines, where it is called a * hammer-pick.”

The tips of picks are sharpened on an anvil to
the required form. Most commonly they are
drawn out to a point like a four-sided pyramid,
and this is the best form for hard or crisp ground.
But when required for ckipping the ground, or
for working tough ground, a chisel tip is more
suitable. Some kinds of holing ground are rather
binding, so that a chisel tip clears it out better
than a point, after the pick has entcred. For
this reason, chisel tips }-inch wide are used for
working parts of the so-called “soap” vein in
Monmouthshire. When the tips taper gradually,
they are spoken of as being “slim;” but when
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they taper quickly, they are said to be “bluff.”
The rate of taper is regulated by the following
considerations, viz.: the stremgth required, the
nature of the work to be performed, and, some-
times, the length of the head. The bluffer the
tips, the stronger they are ; but very stumpy tips
will not always cut the ground well, or penetrate
it sufficiently. Coal picks, used for holing and
cutting, are often required to work in a narrow
slit or cut, to deepen or prolong it. Reference to
Fig. 89 will explain why, under such circum-
stances, the tips must be drawn out slim,
because it is necessary for the point to “ catch”
in the corner of the cut, and if made bluffer, as in
Fig. 90, the head cannot be turned sufficiently
oblique to enable the point to touch the side at
all, and so with such a pick, by losing its catch,
the sides of the cut would soon close together
and meet, or “cut out.”” It will be clearly
seen that the skorfer the pick-head the more
obliquely it can be turned in a narrow cut, and
the blufifer the tips may be used without losing
the catch.

Cutting picks are used for cutting or shearing
off the coal at the sides of the stall or face, so as
to part the seam on each side, and facilitate the
bringing down of the coal between the cuts.
These “side cuts ” are generally vertical, and are
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made as narrow as possible, to avoid wasting the
coal.

Some good colliers will work in cuts from 2
to 3 feet deep, and not exceeding 5 to 8 inches
wide at the front, so dexterously, that the stand-
tng side, as the face advances, will form a large
surface with evenness resembling a good brick wall,
and covered with marks of the pick-point, not
unlike the track marks of circular-saw teeth.

The tips are tempered in the same way as
borers—generally to a straw colour, or a very
light blue on the extremity—by first hardening
and then reducing or tempering with the heat
remaining behind the extremity.

This is the right principle of tempering, because
it leaves the hardest parts nearest the extremity.
When picks are not blunted very much before
they are sent to be sharpened (ué is usually the
case with coal picks), one smith and a boy can
sharpen and temper in the ordinary way about
70 to 100 tips per hour; 120 per hour is viewed
as brisk work. Mr. J. T. Green, manager of the
Tredegar Collieries, informs us that a smith and
a boy can sharpen 150 points of their picks per
hour in the usual way. Two. or three points or
tips are generally heated in the fire together for
following in succession. Some dead-work picks,
and picks used in metalliferous mining, are
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commonly blunted much more than coal picks,
so that they take a longer time to sharpen, and
often require to be drawn out a little with the
striker’s sledge. In this case, 40 to 60 tips per
hour are as many as one smith, assisted by a
striker, can sharpen and temper.

Picks are ordinarily made at the mine. One
method will be understood from the following
description, which, for convenience, will refer to
heads weighing about 41lbs., a very useful size
for hard ground. A piece of 1}-inch square bar
iron, about 14 inches long, is cut off. The middle
part is’ then heated, and “ upset’—by striking
the bar endwise—until it forms a swell about 1}
inch square where the eye is to be made. A gash
is next cut through the middle of the swell, with
a kind of clift, after which the bar resembles
Fig.91. A “drift” of the proper shape and size
is then worked in, to form the eye, as shown by
Fig. 92, and the sides of the eye are stretched
out, by hammering, to form cheeks of any de-
sired shape. When this is finished, each end
of the bar is split, as shown by Fig. 93, and a
tongue of steel (shaded dark on the figure) is
welded between, to form the wearing extremity.*

After this the stems are drawn out to the re-

* The remarks on borers for making * split welds ”’ apply to
picks also,
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quired taper,—being curved to any sweep, if so
required,—and the tips are next sharpened and
tempered to finish the head.* One smith and
striker will make, in the usual way, twelve of
these pick-heads per day, well finished and good,
the labour costing about 7d. per pick; making
the cost of the head ls. 1d., or nearly 3d. per
Ib. for labour and materials. If the pick-heads
are about 21lbs. weight, and made out of -inch
square iron, one smith, with a striker, will make
twenty per day—the cost for each head being,
for labour 4}d., and for materials 44. ; in all, 83d.+

Poll-picks are made by the same method, only
a poll is left for welding on a steel pane, instead
of drawing it out into a stem. They take about
the same time to make as double-stem picks of

* The eye should be punched across the lamins of the bar, as
in sledges.

t At some collieries in South Wales, where hard steam
coal is worked, a smith and striker are paid 4s. 94. per set, not
including wedges, for labour only for making colliers’ tools.
The set consists of :—

1 Bottom pick . 6 lbs

18ledge . . . 7%, 251bs.
6 Coal picks . . 11} ,, /
2Wedges. . . 6 ’

A good smith and striker, accustomed to the work, will
make two sets per day, excluding wedges; and they consider
it good work to make 10 bottom picks per day, or 8 sledges, or
24 2}lb. coal picks. By long practice, however, some will
exceed this. For some of the soft seams of North Somerset,
one or two coal picks with a sledge and wedge make up a set.
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the same weight, and are commonly sold in Corn-
wall at from 3d. to 4d. per lb.

Another method of making picks—commonly
practised in Somerset and Gloucestershire—is by
welding together two flat bars, having the sides
of the eye flattened out in them as indicated by
Fig. 94. The welding is commenced for each
stem at the end of the eye,—which is formed on
a dresser,—and the tongues of steel, shaded dark
in the figure, are welded in before the stems are
drawn and tapered.

Picks made in this way stand excellently if
well welded, otherwise they are apt to split in use.
Sometimes a tongue of iron, or a “ burr” from a
punching machine, is welded in each end of the
eye, to make it stronger ; and this also increases
the end bearing surface for the helve.

To make ten 4}lb. heads in this way, or
twelve 21lb. heads, and turn them well out
of hand, is a fair day’s work for an ordinary
smith and striker.* At some collieries they pay
for labour only, for making these heads, 94.
each for the larger, and 7d. each for the smaller
ones.

After much use the stems of picks wear away
too short for further service, but when the eyes

* Cast-steel pick-heads are sold at from 9d. to 1s. per lb.,
but are not much employed, on account of their liability to
break.
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have stood well, they are generally considered too
valuable to throw aside, and the stems are length-
ened by first cutting off the old tips, and then
welding on new pieces of iron, putting in tongues
of steel between split welds at the extremities,
after which the whole is drawn out to the re-
quired taper, and shaped as in making new picks.

This is called “lining ” picks. A smith gene-
rally lines eighteen 2}lb. pick-heads — equal
to thirty-six stems—in one day, or fourteen
44lb. heads—equal to twenty-eight stems—in
the same time. This is about as much trouble as
making new picks, but the advantage connected
with Zned picks is that the eyes have been proved
to stand well in work.

Figs. 95, 96, and 97, show some of the chief
forms of Messrs. Dihne and Thomas’s patent
picks for holing and cutting coal, the particulars
of which were kindly furnished us by Mr. David
Thomas, Manager of the Rhymney Iron Com-
pany’s Collieries. These picks have removable
tips, which can be readily changed. They are
very portable, weighing only from 5 to 7
ounces each, so that a miner can conveniently
carry several to work, and need never be short
of a sharp tool. This is equivalent to a great
saving of weight and of expense in furnishing
each miner’s equipment. It cannot be expected’
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that these picks are as strong as the ordinary
ones; but for work not requiring much prizing,
the contrivance possesses many recommendatory
points. .

Figs. 96 and 97 represent holing picks, with
gun-metal or malleable cast-iron stems and steel
tips, examples of the same patent.

A form of pick, patented in 1869 by Mr.
Charles Atwood Hardy, of Philadelphia, is illus-
trated by Fig. 98. The “bills,” or stems, s, 8, are
in this case formed out of a distinct bar, and can
be readily removed and changed by slackening
the top screw-pin, p, in order that the bar may
be slipped out endwise. A simple key for turn-
ing fits into the square hole shown in the centre
of the pin, for screwing into the middle of a boss,
b, formed at the top of a malleable socket-piece,
b, r, k, which may be made of malleable cast-iron.
The spreading part of the helve is embraced by
the socket-piece—a rivet passing through the
combined legs or ears at %, A, as there shown in
dotted lines. The movable bar may be recessed,
leaving in the middle a stud, as shown in dotted
lines at 2, matching a corresponding surface
formed within the socket-piece. The end steps
of the recessed part clip over the socket-piece at

_r, r, where the shoulders are intended to retain
the bar firmly in its place.
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Since the socket-piece and movable bar of this
pick go together to make up the whole weight of
the head, it naturally occurs that for picks of a
given weight, this one would not be expected
to give blows quite as effective as the ordinary
pick, in which the head is made of one entire
piece of metal, so disposed as to be very direct
and effectual in its work; but the merits as
regards facility for renewal and transport are
of very material consequence in some instances,
and the firmness and simplicity of this particular
arrangement are highly spoken of.

In the specification diagrams, the legsor straps
of the socket-piece, which embrace the helve, are
seen to be so tapering as to converge towards the
extremities. Fig. 98 is drawn accordingly, but
it is not clear how the helve could be got into
the socket under these circumstances, since the
screw-boss prevents its being passed in at that
part, and the feather or spreading end of the
helve is too wide to pass between the straps in
the reverse way. But this is merely a matter
of detail, and is readily met by forming the
straps so as to taper or converge the opposite
way, corresponding with the dotted lines g, &,
shown on one side only.

The designing of a really good pick, with
movable tips or stems, is an object which has
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long been aimed at; and various ideas have
arisen, some more or less similar, but it does not
appear that any yet tried can supersede the
common description of pick, except in some
special cases.
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Tue ground which is loosened and broken by
blasting, and by the use of picks, and other tools
to be hereafter noticed, soon requires to be
collected together or shifted. The shovel is a
highly serviceable tool for such work, within
small limits. It consists essentially of a light
“plate,” furnished with a handle, or helve—the
plate being suitable for scraping together a mass
of loosened ground, and also for passing under
a portion thereof which will afterwards rest upon
it; while the handle is required for conveniently
carrying the stuff thus supported, or for jerking
it off to a different place, or into vehicles.

The desirability of having such a tool must
have been recognised by the ancients at a very
early period. 'An examination of the relics of
some of their wooden shovels is likely to satisfy
any one that they thoroughly apprehended the
principles of the shape of a good shovel. To
facilitate the passing of the plate under or be-
tween the stuff, they reduced it to the minimum



SHOVELS, SPADES, ETC. 95

thickness consistent with the strength and wear
of the available material. To remove a conve-
nient quantity at each stroke, they took pains to
secure a broad plate, and that the grain should
run the best way to give it strength. They knew
the conditions of distance for shovelling, and of
space available in large and small workings, as
is proved by their having used long and short
handles, according to the controlling circum-
stances.*

These considerations include most of what
enters into the question of shovels.

When iron and steel became plentiful, it was.
a fortunate circumstance as regards shovels.
Scarcely any materials could be more suited to-
the requirements for the plate, as they combine
toughness, stiffness, and hardness.

Fig. 99 illustrates the very useful and common
«gravel shovel.” The plate is of iron, with
steel around the front edges or “mouth,” and
is furnished with two ¢straps” or “ears,” to
receive a helve, which is nearly always made of
ash wood. The plate is slightly ¢ dished,” which
means that it is slightly concave in the top
surface, caused by the sloping of the back and

* We have the plate of an oak shovel found in the old
workings of an iron mine at Llantrissant. Although much
worn, it is as large as an ordinary shovel of the present day.
The handle was formed out of the same piece.
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sides. This affords firmness, and enables the plate
to sustain and keep together its load better than
if quite flat. The shaded part of the plate—where
it joins the straps—is buckled upward to give
strength, and it is termed the ‘“crease.” The
part of the plate each side of the straps is called
the “shoulder.” The entering part of the plate
—or mouth—which in the gravel shovel is pointed
like the bow of a ship, forms two sides, which are
termed the “edges.” The helve is set at an
angle of about 140° to 160° with the surface
of the plate, and is about 30 inches long. This
is necessary in all shovels on this principle, to
enable the plate to be horizontal with easy stoop-
ing by the users. The plate of this shovel is
well formed to facilitate its enfering between
closely-compressed, heavy, or lumpy ground.

Fig. 100 represents a “Devon” or “long-
handled ”’ shovel, with a plate of the same class,
only furnished with a “socket” for receiving a
long handle, generally 4 or 5 feet long, which ’
admits of shovelling with less stooping, and of
getting a longer reach. The crease is long and
pointed, to facilitate entering. These shovels are
frequently used in Cornwall, Devon, and Somerset,
when there is sufficient room for such ¢ stand-off ”’
helves. The point of the crease is the place at
which they are most liable to break.
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Fig. 101 represents a “frying-pan shovel,”
used for “filling” at many North of England
collieries. The plate resembles a shallow frying-
pan, but the turned-up edges drop away at the
mouth. This has a socket-helve also.

Fig. 102 .shows a “round-mouth shovel,” used
for filling coal in many North Somerset collieries,
where the thinness of the seams necessitates using
helves not exceeding 20 inches long. “Round-
mouth” shovels—known also as ““ ballast shovels”
—answer very well for shovelling loose stuff not
too lumpy or heavy, and they are extensively used
at collieries, with helves about 30 inches long.
Sometimes the same sort of shovel is made with
a “ square-mouth,” as indicated by dotted lines,
Fig. 102, and these are often used for shovelling
very loose stuff, like small coal, &e.

Each of these shovels, except Fig. 100, has
a “crutch” handle or hilt, so called From the
cross-piece at the end. This kind of handle is
mostly preferred by miners to the D handle or
hilt (known also as the “open” or “eyed”
handle) shown by Fig. 103, which represents a
¢ pronged shovel,” used for shovelling lumpy stuff,
or for leaving small stuff behind. Sometimes a
strip of iron or steel is welded along the points of'
the prongs, to strengthen them, as in ““chaff” or
“pulp forks,” and sometimes the prongs are

F
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welded to the back. These are sold either of cast-
steel or welded iron, as “ graips” or “digging
forks,” with diamond, square, flat, or round
sectioned prongs, and they are stronger than
prongs riveted.

Shovels are almost invariably bought ready
made. Ordinary qualities have the plates manu-
factured by rolling out, under a welding heat,
two pieces of iron with a piece of steel between.
The ears, having been previously drawn out, are
kept from sticking together by sprinkling ashes
between. Iron of inferior quality can be used by
this method. Before rollers were employed, the
plate was formed by spreading out iron under a
weighty hammer. This is still done by some
manufacturers, and as only good iron will bear
spreading in such a way by “plating” under
the hammer, it is considered that good quality is
guaranteed in shovels made by this method.*

There are various other shapes of this class of
tool. In clay ground, a “clay spade,” having a

* Anvils used for “plating” are 5 to 7 inches long by 1}
to 2 inches wide. The hammer faces are somewhat smaller
and oval-shaped. They are of mottled cast-iron, with chilled
working surfaces ground to a slight convexity. In order that
there may be a clean bright skin to the plate, it must not be
heated above a dull yellow heat, else the plating tools chop in
too much, and embed scale in its surface. From this limited
temperature, and the action of the tools, the process is a severe
test of the quality of iron.
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long and narrow square-mouthed plate, is in
many cases used. When the plate of such a
spade is straight lengthwise, but curved in the
back, like part of the side of a cylinder, as in Fig.
104, it is called a “ grafting tool ”’ or a “ grafting
spade,” and is much used for working in soft or
clay ground. The plate is a little wider across
the mouth than shoulders. A bit of iron, called a
tread, for putting the foot upon, pointed at one
end, is driven into the handle, and the other end
riveted on the top of the plate, at 2. When
the plate tapers so as to be narrow at the
mouth, but not at the shoulders, it is called a
“ soughing tool.”

The sizes of shovels are distinguished by the
width of the plate, measured in the widest part.
Shovels 8 and 10 inches wide are used for heavy
stuff ; 11 to 12-inch shovels are useful for general
work ; and for shovelling moderately light stuff,
such as coal, &c.,, 12 to 16-inch shovels are
regularly used. :

In use, shovels are often strained like levers,
although they are ill fitted to withstand much of
it. This happens repeatedly, and in a manifest
manner, by shovelling from the bottom of a large
heap of stuff. After the shovel has entered the
pile of stuff above, the plate is freed by prizing
on the helve as indicated by the arrow a, Fig. 99.

F2
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The shovel immediately takes fulerum at the part
near the dotted lines b, and by the superimposed
weight or resistance acting on the surface of the
plate, a severe tensional strain is thrown on the
crease, over the fulcrum, and on the fop strap
near where it joins the plate. Shovels often give
way at this part by the breaking of the top strap,
and many almosf new ones are spoiled thereby.
This is the weak point in most shovels, and as the
prizing is, within certain limits, legitimate and
necessary, shovels made with long straps extra
strong at the shoulders, and strong over the crease,
will always carry good recommendation.

Very good 10, 11, and 12-inch gravel shovels
and round-mouth filling shovels can be bought at
from 22s. to 28s. per dozen, fitted with crutch-
handles complete. ,

Grafting tools, 12 inches by 6} inches, with
similar helves, cost about 2s. 6d. each, and 14 to
16-inch frying-pan shovels from 33s. to 43s. per
dozen. Well-made iron-pronged shovels, with
three to six prongs welded, and strapped helves,
cost from about 3s. to 5s. each; if of cast-steel,
from 6d. to 1s. each extra. The best plated shovels,
without handles, can be bought for about 74d.
per Ib. A 41b. Devon shovel-plate, often used in
Cornwall, is generally sold for 2s. 6d.

There is great multiformity in the shovels used
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in foreign mines. Many of them are much like
those of our own country. Some are of a large
size, but in many instances they are used down to
as small as 5 or 6 inches in length and breadth.

We have no equivalent in this country for
some of the continental mining shovels. They
are more like what would be termed scrapers in
the British Isles ; but they are used by foreigners
in some cases as substitutes for shovels. Fig. 105
represents such a tool, which is made use of in
Saxony. The plate is a little curved up at the
gides. It will afford an idea of numerous other
congruent forms of shovel, with square, round,
and pointed mouths, to the use of which Hun-
garian and other foreign miners are accustomed.

The practice of using scrapers and scraping
shovels is very common in foreign mines. A
box or tray having two sides and a back, some-
thing like a waiter’s tray, is used with them.
The stuff is first scraped into the tray, which is
then taken up by two side handles, and conveyed
in front of the individual (who generally wears a
leather apron) to the point required, where it is
tipped.

In Norway and Sweden wooden trays about
2 feet long, 15 inches wide, and 6 inches deep,
are used with a rectangular scraper, having a
blade 8 inches wide by 5 inches high, and handle
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2 feet long. The trays carry about 40lbs. of
mineral, and answer much the same purpose as
the ¢billies” so commonly used in the Dean
Forest iron mines by persons there employed
at conveying ore upon their backs—a mode of
transport which is in some measure advantageous
to the working of the irregular accumulations of
that district, but very prodigal when depended
upon to a great extent.
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A MINER cannot do much in soft-ground mining
without the use of timber, to cut and dress which
he requires a few tools well adapted to the pur-
pose. Those now to be considered form an im-
portant part of them.

A hatchet or axe consists essentially of a broad
heavy description of chisel, called the ¢head,”
having an eye running in the direction of the
cutting edge for receiving a handle, so that, like
a pick in one particular, it is suitable for giving
out a blow, to be expended in actuating the
cutting edge, which forms part of the tool itself;
the main difference being that a pick is used for
cutting rock, but an axe for cutting timber.

Illustrations of several patterns of this class of
tools are given. Handles shorter than those
shown are often used.

Fig. 106 represents the form known as the
«Irish axe,” of very general use in numerous
districts. The main objection to this form is that
the edge gets narrower by wear. Fig. 107 shows
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the “Yorkshire axe,” not much unlike Fig. 108,
which represents the * Newcastle axe.” The
“Scotch axe” is shown by Fig. 109, and the
“Kent axe” by Fig. 110. A “claw” is often
formed on the back of this axe, as shown in
dotted lines, for drawing out spikes and nails.
Sometimes the “claw” is put on the under side ;
and in other cases a slit, dotted on Fig. 109,
is used instead of a claw. Fig. 111 is known as
the “ wedge axe,” from its being suited for use as
a wedge ; and another axe, somewhat similar in
that respect, is shown by Fig. 112, called the
« forest axe.”

The hatchet and axe are almost identical in
character. Some persons consider the axe is the
heavier tool, with heads weighing above 3lbs.,
and suited for use with bof2 hands, while the
hatchet is intended to be used by one hand only,
and has a head weighing under 3lbs.

Some manufacturers consider that the differ-
ence between hatchets and axes is entirely in the
grinding of the edge. When the edge is bevelled
off distinctly, as at a, Fig. 106, it is a hatchet ;
but when the edge is rounded off gradually, as

at §, in Fig. 107, like the bow of a ship, it is an
" aze. Axes sre considered best for splitting and
cross grain hewing; but for chopping with the
grain, hatchets are best, because the bevel turns
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off the chips, and keeps them out of the way of
the head. The part p, 4, Fig. 106, is the kead
in every hatchet or axe. The back, p, is called
the ¢ poll,” and, when well made, it is strong and
faced with steel, to form a surface for striking
moderate blows. The “eye” lies between the
cheeks ¢, ¢. The “blade” of an axe is the part
between the eye and cutting edge. It is gene-
rally broad and thin, composed of a doubled piece
of flattened wrought-iron welded together, with a
thin piece of steel between, to form the edge.
Hatchet and axe-heads used in mining may be
said to range from 2lbs. to 8lbs. in weight.

In some Somerset collieries, where light timber-
ing is practised, a 3lb. hatchet is found very handy.
A 41b. hatchet is in very general use in many dis-
tricts. A 6lb. or 71b. head is, perhaps, usually the
most convenient size for a timbering axe. Itisin
very general use for ordinary timbering, and for
rather heavy work. Axe-heads of 8lbs. weight and
upwardsarein common useatSouth Wales collieries,
the pattern being like the forest axe, with the
length of the head disproportionately increased
8o as to measure 12 inches and more when new.

Hatchet handles are generally single-feathered,
and from 14 to 20 inches long. Axe handles are
longer ; from 16 to 26 inches, in many instances
30 inches, and occasionally as much as 36 inches.

F3
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The cutting edge of these tools is formed by
grinding the front of the plate, both sides in
ordinary cases, on a grindstone, so as to form two
inclined planes or curved surfaces, meeting each
other at an acute angle. In this manner the
iron on both sides is ground away, and the steel
between forms the edge.

The acuteness of the angle forming the edge
should not be enough to make it very thin and
liable to break, for it wastes a lot of time and
material to grind out notches in order to repro-
duce a sharp edge. On the other hand, if the
edge is bluff by a very obtuse angle, it will not
cut well, and for chopping deep cuts it will not
catch the sides in a narrow gash, but will require
a cut to be very wide at the top to allow the head
to be held sufficiently oblique.*

For chopping hard wood, the requisite strength
requires a bluffer edge (a more obtuse angle) than
may be used for soft wood. The angle contained
between the two sloping planes to form the edge
usually varies from 15° to 30° accordingly.

For chopping large flat surfaces, some hatchets
or axes are always used one way—i.e., only one
particular side of the blade is ever used to face

* This will be clearly understood by referring to Figs.
89 and 90, relating to picks. The same conditions apply to the
hatchet and axe.



HATCHETS, AXES, AND ADZES, 107

the surface which is being chopped. This is called
the inside of the blade, and the edge is ground
very acutely on this side, while on the outside it
is ground more obtusely, as shown by sections at
8, Figs. 106,109, and 110. Such a form of edge is
very suitable for side chopping over large flat
surfaces. The so-called ¢ squaring axe ”” or « side
axe,” of sundry patterns, is ground in a corre-
sponding manner.* Miners almost invariably
grind both sides alike, so that the tool may be
used with equal success both ways.

The ¢felling axe” has usually a long narrow
blade, shaped like Fig. 113, thick and heavy at
the eye, and tapering gradually towards the edge.
The ¢ mortise axe,” Fig. 114, is often useful for
mortising heavy timber used in large workings.

Hatchets and axes are generally bought ready
made. Only the best quality can be recom-
mended for mining. The sizes of axe-heads are
sometimes classed under the following heads :—

Extra light, from 211bs. to 33lbs.
Light, from 331bs. to 41bs.
Medium, from 41bs. to 531bs.
Heavy, from 5%1bs. to 71bs.
Extra heavy, above 7lbs.

* Sometimes the eye of a squaring axe is altogether on the
outside, as shown at ¢, Fig. 110, or like a cooper’s axe.
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With steel polls, good axes cost in this country :
for the light size, about 8d. to 94. per Ib. ; medium
size, from 7d. to 8d. per lb.; and Aeary size, from
61d. to 7d. per Ib. Solid steel axes cost about 6d.
per 1b. extra.

Best solid steel 6lb. axes, with good helves
complete, are sold by some ironmongers at 8s. 9d.
each.

Sham-polled iron axes can be bought for 5d.
per Ib,, but they are almost worthless to miners.

Hatchets and axes are often made at the mine,
and some miners think them stronger and more
serviceable than those supplied by ironmongers ;
but they cost more than ready-made ones. Mine
smiths are not, as a rule, much accustomed to
making them.

Usually they form the eye by doubling over a
piece of iron to make a loop for afterwards drifting
to shape. The doubled part is then welded and
spread to form the blade—a piece of steel having
been put between to form the cutting edge.
After the head is shaped as desired, and the
poll faced with steel, the edge is hardened and
tempered straw colour, and the poll about purple.

Axe-heads which have much “ outlying,” as is
represented in Fig. 108, are liable to quiver in
use, and to produce a tremor through the helve
when the cutting comes on the outer part of the
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~ edge. They are not generally considered to fall
so effectively as ““inlying” axe-heads, indicated
by Fig. 112.*

As may be expected, foreign miners have a
great variety of chopping tools for timbering.
They are oftenest single-hand, and rather light
tools.

Figs. 115 and 116 are hatchets used in Saxony,
and Fig. 117 shows one used in Hungary, with
an outer and inner keen edge on the blade.

The adze known as the railway adze (the head
of which is seen in Fig. 118), or the platelayer’s
adze, Fig. 119, is very useful where much flat
surfacing or “ dubbing” work has to be done.
Both have steeled polls.

Adze-heads vary in weight, like hatchets and
axes, and cost about the same, or often 1d. or 2d.
per Ib. extra. A convenient weight is 5lbs.

The edge of an adze stands square across the
helve, as it is used underhand for cutting surfaces
parallel to the soles of the user’s feet.

As a rule, miners are not adepts at using an
adze, but now and then they find it a very useful
tool.

* The relative positions of the centres of gravity and of per-
cussion are more favourable for the prevention of jarring in
inlying than outlying axes.

For block-chopping stone axe, see Miscellaneous Tools,
Fig. 169.
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A~ attempt to divide thick timber with an aze
will soon show that, in order to give the axe room
to work, the cut must be a gash of considerable
width ; and the deeper it is required, the wider it
must be at the top. This involves great waste
of timber and physical effort; and, after all,
the cut is not, at the best of times, very even or
regular. Timber can be divided in a neat and
comparatively easy manner by the saw.*

The saw consists essentially of a thin plate—
best of steel—having a line of small chisels or
teeth, formed in succession on one of its edges, and
furnished with means for moving it in the direc-
tion of the teeth while they are pressed against
the material to be sawn.

Each tooth, one after the other, cuts away a
shaving or chip; and as all the teeth follow in

* The saw is of great antiquity, and is said to be represented
on Egyptian monuments, owing its origin to the use of a snake's
Jjaw-bone for dividing small pieces of wood.
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line, they form a narrow slit, or “kerf,” of the
same width as the teeth occupy.

‘While the motion is continued, the kerf is pro-
longed, or deepened, and the plate or blade, as it
is usually termed, passes into the kerf to allow
the teeth to follow their work.

Saws are used for cutting various substances,
but it will be our business to consider them mainly
as applied to cutting timber for underground
work.

The best saw-blades are made of cast-steel.
Shear-steel makes fair blades. They should be
thin, and as stiff as possible, with sufficient elas-
ticity to regain their truth after bending. The
blade is made as thin as possible, consistent with
giving it the necessary stiffness, in order to secure
a narrow kerf, thereby to save timber and useless
expenditure of power in sawing.

Fig. 120 represents a ‘“hand saw,” which is
frequently a very useful tool to miners. 26 to
28 inches is a convenient length for the blade.
The cost of such a saw, of the best cast-steel
quality, is from 4s. 6d. to 5s. at ironmongers’ shops.

Fig. 121 is a sketch of the * crosscut saw.”
This is a very serviceable tool for dealing with
heavy timber. Two persons are required to use
it. A blade of from 4 to 5} feet in length is a
useful size, and when made of good cast-steel, the
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cost may be taken as ranging from 10s. to 13s.
each.

Fig. 122 shows the blade of a “ pit saw.” This
saw is of great utility in converting large quan-
tities of rough timber into true pieces, planks, or
boards. It is used by two persons—one standing
above the other. The top sawyer’s handle, called
the “ tiller,” is illustrated by Fig.123 ; and the
“pit saw box,” the bottom sawyer’s handle, which
is made entirely of wood, by Fig. 124. For the
latter purpose, Fig. 125 shows one which is made
partly of iron.

Although the pit saw is seldom used by mine
timber men, it is advantageous if they are able to
work with it in some cases of emergency. In
cases of rareness it finds its way underground, and
a capital saw-pit can be made by stoping out the
floor of a level.

A pit saw blade about 7 feet long is a useful
size, and if made of best cast-steel, it would cost
about 17s. to 20s

Saws of an inferior quality, known as German
steel, can be bought for about one-sixth less.

As much as possible of the sawing required at
mines is best done at the surface by men specially
accustomed to the work; but often a miner’s
calling demands that he should be able to saw for
himself, underground as well as above.
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The teeth of saws are sharpened by fine files—
generally second-cut single, or smooth, or dead-
smooth float-cut, according to the fineness required.
Three-square files* are used for sharpening hand
and crosscut saws, and half-round or round gul-
leting files are used for pit saws. For hand-saw
files, serviceable lengths are 6 or 7 inches, and they
cost 6d. to 7d. each, or less if bought in quantities.

After the teeth are filed, a little raggedness is
left on their outside edges. This should be re-
moved by laying the saw down on its side on
some flat surface, and rubbing a long /one, or fine
grit-stone, along the sides of the teeth—thus
giving the tips smooth and keen edges and points,
and reducing any prominences.

Of all saws, the %kand saw is most useful to
miners. The handle—made of wood, and fixed
on the wide end of the blade—is generally more
slender and gracefully formed than the one we
have shown ; but a plain, strong, and comfortable
handle is what is really required.

Properly there are two sorts of hand saws,
differing chiefly in the shape of the teeth. One
is used for cutting with the grain of the wood, and
. is called a “ 7ip saw ; ’ and the other is adapted for
cutting across the grain, and is called a “ crosscué

¢ These files are called blunt when the corners are parallel,
and taper when they tend to a point.
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hand saw.” Hand saws are made to cut one way
only—by pushing—so that the thinness of the
blade requires that it should be made wide to give
it sufficient stiffness to resist buckling, and to
afford room for sharpening the teeth, which gra-
dually wear away by filing.

‘When a curred cut is required, saw-blades must
be narrow, in proportion to the radius of the
curve and the width of the kerf, so that they
may form a tangent to the circular cut. This
circumstance requires that the blade should be
strained—to give it stiffness—in a frame, some-
times called a ‘““saw bow,” in which it is tight-
ened by a screw, or Spanish winch arrangement.

Four poinfs, relating to the teeth of saws,
deserve consideration, viz. :(—

1st. Setting.

2nd. Bevelling.

3rd. Angle of the cutting edge.

4th. Size of the teeth.

‘We shall find it most convenient to take them in
this order.

1st. Setting—The teeth of a saw have to be
arranged to cut a kerf somewhat wider than the
thickness of the blade, to allow it to move freely
between the sides of the kerf, without wasting the
power applied by having to overcome much fric-
tion. This object is sometimes attained by grinding
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the blade of the saw thinner behind the teeth.
Oftener, however, the same purpose is answered by
bending every ofher tooth sideways in one direc-
tion, and every intervening tooth in the opposite
direction. This operation is called “ setting,”” and
it explains the spreading out of the teeth notice-
able in Fig. 126, which shows the end of a saw-
blade as seen by looking along the line of teeth.

As the teeth thus bent, or sef, would cut a kerf
equal in width to the space between the dotted
lines, the blade would have plenty of liberty to
pass between.

The setting of the teeth requires care. It
should be done throughout with as much wuni-
Jormity as possible. A wrench having slits in it
to fit over the teeth, and called a ‘“saw set,” is
generally used for bending the teeth, each suc-
ceeding tooth being inclined in an opposite direc-
tion. Many persons require long practice to do
this well. There are some mechanical contri-
vances to be obtained for setting saws by hammer
blows, which greatly simplify the work. Very
wet or “green”’ wood, being a little spongy, re-
quires more set on the saw used for cutting it
than timber which is dry. For the same reason,
the sawing of soft wood requires a little more set
than kard wood. The set should be only just
enough to permit the blade to move easily in the
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Fig. 127, and consequently, by looking at the
end of the blade, the line of teeth is seem to
form two rows of poiats, as shown by Fig. 128.

Bevelling, then, makes the tips of the teeth
more incisory, and enables them to score into the
wood on each side of the kerf The more
obliquely the file is held to the line of teeth, the
more the bevel will be, and the more acute will be
the points of the teeth. The aculeness of the points
can be influenced by the amount of bevel on the
backs of the teeth independently of the bevel on
the front edges, but in the crosscut saw both
cdges are alike.

The proper bevel to be adopted depends mainly
upon the angle at which the line of teeth has to
intorscct the grain of the wood to be sawn.
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The advantage of bevelling applies principally
to saws for cross cutting, because in this kind of
work the fibre has to be severed on each side of
the kerf, and the teeth should have acufe points,
in order that they may easily score down the sides
of the kerf, whereupon, through the fibre being
completely cut off in two places, the intermediate
bits will crumble out as “ dust > by contact with
the moving teeth.

The more acute the points can reasonably be
made for crosscutting any sort of wood, the
better for sawing; but with hard wood much
bevel would make the points too slender to stand
well. _

For crosscut hand saws, one thing to avoid is
filing foo much bevel on the front edges of the
teeth. 'When bevelled very much the teeth do not
carry out the dust well, but they ¢urn it over alter-
nately from side to side of the kerf, so that it gets
jammed in and binds the saw. Fig. 129 shows a
plan of a horizontal saw cut, showing two teeth
in it, and supposing the back of the saw to be
removed. It will be noticed that, at a, the bevel
fronts of these teeth act like the breast of a
ploughshare by turning the dust aside, but the
square-front teeth, shown at b, are better adapted
for carrying the dust forward that it may be
cleared out of the kerf. The difference between
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the bevel filed on the dack and on the front of a
tooth is not sufficiently understood. Many sin-
gular opinions respecting much bevel being a
disadvantage for crosscutting hard wood on
account of the teeth scoring too easily, and cutting
deeper chips than they can carry out, probably
owe their origin to an oversight of the difference
just referred to.*

Now, for rip saws hardly any bevel is required,
since the fibres part easily in longitudinal direc-
tion, while the dust, instead of being crumbled, is
shaved off, as will be seen hereafter. A slight
bevel is generally allowed, as the grain of the
wood does not always run exactly in line with the
saw cut.

3rd. Angle of the cutting edge.—This refers
to the inclination of the front edge of the tooth,
and it is sometimes spoken of as the pitch.

In the case of rip saws, the angle of the cutting
edge is a very important point, because each
tooth ought to be well adapted to the paring off
of small shavings. Reference to Fig. 130 will
show that the teeth at the lower part are formed
suitable for paring the shavings easily, while the
upper teeth can only drag or jag out little bits,

¢ The crosscut saw, shown by Fig. 121, must have the same
bevel filed on the front as on the back of the teeth, because it
cuts both ways.

3
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at the expense of much waste of power. Parrot
bill and gullet teeth are not used for hand saws.
In sawing timber, one tooth cuts a shaving or
carries out a bit of ‘dust’’ behind another, and
this allows the blade to progress in its course or to
“advance”” by deepening the kerf continuously.
The rate of advance depends upon the thickness
of the shaving cut by each tooth, as will appear
plain on reference to Fig. 130, where the thick-
ness of the shavings, represented by dotted lines,
is a little exaggerated for the sake of clearness.
‘When the teeth are sawing, the line of motion
of each tooth is parallel to @, 4, and not to the
line of tips, 4, ¢. By the time the tooth & has cut
along and down to a, other teeth, above b, will
have cut the upper part of the kerf back to d, so
that the face of the kerf always remains parallel to
a, d—the direction maintained by the line of tips.
The thicker the shavings are, the greater will be
the angle contained between the line of tips and
a, b, and the quicker will be the rate of advance.
As in the case of any cutting tool, the thickness
of the parings, or the penetration of the edge, is
governed not entirely by the angle of the edge,
but largely by the pressure applied ; and so it is
with the teeth of a saw. The total pressure
applied to a saw may be said to be divided about
equally on each of the teeth which take bearing.
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If, then, the piece to be sawn is very thick or deep
in the direction of the face of the kerf, there will
be more teeth bearing, and consequently less
pressure per tooth, so that thinner shavings will
be cut than when the piece is thin or shallow.
In sawing such a thin piece, all the pressure on
the saw being divided on few teeth causes them
to penetrate deeply and cut coarse shavings or
dust; hence the saw advances rapidly. This
explains how, with the same saw, the dust from a
deep-faced cut is finer than from a shallow-faced one.

Although the teeth z, Fig. 130, would be a
better form for a rip saw than the teeth s, they
would not answer as well for a crosscut saw, be-
cause, as it will be remembered, the teeth of a
crosscut saw are not required to pare shavings so
much as to score through the fibre on both sides
of the kerf. It also appears plain that the tooth
shown by Fig. 131, if moved in the direction of
the arrow over a piece of wood, is not adapted to
make such a smooth and clean incision as the
dog-tooth shown in Fig. 132.*

If, however, the teeth of a crosscut hand saw
are made quite of the dog-tooth shape, they will
often be found to have too much tendency to ride

® Bcribing tools are, for a similar reason, sharpened with
diagonal edges, to enable them to scribe into wood without
causing raggedness,
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over the dust, so that the fronts of the teeth re-
quire to be a little more upright, as at 2, Fig. 130,
to properly clear the kerf.

The crosscut saw (Fig. 121), having to cut
both ways, has peg-teeth, which are filed so that
the cutting edges are identical in shape for both
strokes, as previously observed with reference to
the bevel. The result is that, although the angle
is favourable for scoring easily, it is not the most
favourable for clearing out the dust either way,
unless made moderately upright with slight bevel.

To remedy this, Tuttle’s patent crosscut saw
has been introduced. The novelty is in the shape
of the teeth, a few of which are represented by
Fig. 133, which shows a piece of the edge of the
blade, supposed to be broken off with a few teeth
on it. The dog-teeth are bevelled for scoring
easily, whereas the intermediate %ook-teeth are
filed with square edges, and shaped well for
clearing out the dust.

This saw is reputed to do its work very rapidly.
The teeth are rather slender, which is no recom-
mendation for underground work; and after
repeated sharpening, the hooks, instead of being
preserved, will file out altogether, thereby neces-
sitating the formation of a new set of teeth.

4th. Sige of teeth—After deciding the snape
and the pifch or cutting edge of saw teeth to the

¢
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best advantage for strength, efficiency, ana con-
venience of sharpening, their size depends on four
considerations, viz. :—1st, the nature of the wood
to be sawn; 2nd, the direction of the cut; 3rd,
the pressure to be applied on the saw, and the
sharpness of the teeth; 4th, the depth of the cut.

When a saw is in use, every space between the
teeth becomes a store-room for the chips, shavings,
or dust, until it passes through the wood, where-
upon the dust falls out. It is an advantage, in
some respects, to have the greatest number of
teeth which can be consistently formed in a saw
for doing the work, but if the teeth are numerous
they are necessarily narrow, and the spaces be-
tween them are small. These spaces have to
serve as repositories for the dust, and in case of
their not being sufficiently large, the dust, by
accumulating, gets compressed in them, and keeps
the teeth from advancing with good effect.

Now spaces cannot be enlarged between teeth
of given distance apart without weakening the
latter ; therefore, when large spaces are required,
it necessitates having fewer teeth.

The softer the wood, the coarser the teeth are
required, to afford ample intermediate space for
holding the dust, which collects more rapidly
from soft wood than from hard-cutting sorts.

For a similar reason, as wood cuts more easily
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with than across the grain, the teeth of a rip saw
should be coarser than are needed for acrosscut saw.

As increased pressure on the saw, or sharper
teeth, make it cut dust more rapidly, it is clear
that the greater the pressure and sharpness, the
larger the store-room or space should be. Saws
worked by two persons, on account of having
more pressure applied to them, require coarser
teeth than saws worked by one individual; and
sometimes good cutting saws get crammed or
choked by putting an excess of pressure upon them.

In a deep or long kerf a great many teeth pare
at once, and under a given pressure the shavings
or chips cut are thinner than would come from
a shallow or short kerf, but the whole volume of
dust cut by each tooth throughout the long kerf
is generally greater than would be produced in a
short one; and hence the deeper kerf needs the
larger store-room or space between the teeth.

For hand saws the following are the numbers of
teeth per inch suitable for the different sorts of
wood :—

Soft wood . crosscut . 6 teeth perinch . 6 points
8

Medium ') . ”» 7 ”» ” . ”
Hard 9 e ” . 9 ” . 10 ”»
Soft wood . rip . 3 ” . 4 »
‘Medium ” - 7] . 4 ” 1 . 6 ”
Hﬂl‘d ”» . ” 3 i ” 6 ”
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Saws should be selected to suit the work which
they are intended chiefly to do—in some mines
cutting larch, spruce, &c., in others chestnut or
beech, and sometimes chiefly oak.

Before a saw can be expected to cut with facility,
the plate should be true and smooth, and every
tooth should be formed to do its work with as
little expenditure of power as possible. Moreover,
the kerf ought to be as narrow as practicable with
giving the blade sufficient freedom. The teeth
should stand in regular order, and should be
uniformly filed; for if only one tooth projects
beyond the rest, or is too prominent sideways,
it encounters unnecessary work, and interferes
with the duty of others, while a too retired tooth
does no service whatever, but rather overburdens
the adjoining ones.

In hand and pit saws the line of tips should be
straight, or very slightly “bellied.” If the tips
get very irregular they had better be filed off until
all project equally, and then every tooth can be
sharpened again, care being taken to stop the
filing immediately the tip is formed, for if con-
tinued further it shortens the tooth. If by any
accident a tooth becomes too short, it should be
allowed to remain so until, from wear, all the rest
of the teeth get filed down to fall in line with it.
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No good can be done by filing down a few teeth
adjoining the short one.

When a hand saw is held vertically, a piece of
fine cotton suspending a weight, and fastened be-
tween the top pair of teeth, will hang like a
plumb-line, and ought to lie quite straight in the
bottom of the valley formed by the bevel and set
of the teeth, from top to bottom of the saw.

“Stone saws,” which are commonly of the
double-hand crosscut pattern, but with a straight
back to the blade, like a Russian crosscut saw,
are used by miners in certain instances for cutting
soft minerals, such as rock-salt, freestone, &c.
They are furnished with dog-teeth, which are
filed without any bevel. A common size is § of
an inch from point to point. The blades of stone
saws are commonly nearly 3 of an inch thick;
and, for large sizes, still thicker. Sometimes the
difference between the thickness of the blade at
the back and at the front is sufficient to give
proper clearance without any set on the teeth.
Setting of the teeth may be performed by laying
them on an iron block, so that the points over-
hang a little more than } of an inch, and then
giving every other tooth a smart tap with
a hammer having about a 1lb. head, with a
narrow pane. The intermediate teeth are set in
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the same manner, after turning the blade to lie
on the reverse side. This mode of setting bends
the teeth only near their tips, and produces a
small flattened surface where contact with the
hammer occurs on one side or the other of each
tooth—slightly diminishing the thickness at the
points. It is a method preferred by many to the
use of a saw set, which they consider increases the
liability to break teeth by straining them at
the roots, especially as the saws referred to are
of a rather hard temper for wearing well in use.
In cutting dry freestone, the dust from sawing
clears out from the kerf freely; but in dealing
with damp stone, though softer, the dust often
clogs, unless water is passed into the kerf in suffi-
cient quantity to convert the abraded stone into
a liquid sludge capable of being worked out by
the movement of the saw. The handles of stone
saws used for freestone cutting are usually from
18 inches to 2 feet in length. Sometimes they are
furnished with ferrules like file handles, suited for
driving over tangs,—called “ stearts,”—riveted
to the blade. More generally, however, the
handles fit into sockets, after the manner shown
in Fig. 121—a plan which is better for convenience
of changing, or renewing, when needed. The blade
of a 7-feet stone saw, about 11 inches deep at
the bellied part, can be procured for about 21s.
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At the Box stone-quarries “ one-handled saws ”
are in constant use for cutting off blocks of stone
from their natural positions, in a manner which
is far superior to the former practice of doing so
with jadding tools, which required more time and
caused greater waste of stone—no trifling con-
siderations.* The length of these saws is, of
course, governed by the dimensions of the blocks
. required. It is seldom less than 5 feet, but some-
times more than double that length. The end at
which the handle is placed is called the ‘“heel,”
and it is less in depth than the other extremity—
the “toe” or ‘point,” which encounters greater
wear in use, chiefly by a tendency of the saw to
weigh upon that part. When new, the teeth range
in a straight line, continuing quite out to the
point. The back is also straight, and the blade
regularly increases in depth from its heel until
near the point where the back is curved off, as &
quadrant, to meet the line of teeth at the toe end.
By use, the wear of teeth near the toe, and fre-
quent filing, cause them to deviate from a
straight line, and to curve upwards to meet the
back. Small sizes of such saw-blades when new

® Jadding tools are still used for holing over the upper sides
of the blocks to be detached, in order that room may be pro-
vided for the saws to commence working for the vertical side
and dack cuts. :
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are about 10 inches deep at the heel, and 12
inches at the toe, but after continued wear the toe
becomes much less in depth than the heel. Socket
handles are usually employed, on account of being
handiest for changing. When beginning a cut
close under the overlying strata or roof of the
so-called quarry, the handle has to be removed
and driven in at the under side of the socket, in
order to clear the roof and enable a sawyer to
take hold below the socket-piece. 'When socket-
pieces are fitted to saws at the quarries, smiths
put them on the blade in a red-hot state, and the
holes are not punched through the steel blade
until it has become a little heated to reduce any
risk of cracking. The three-square files used for
sharpening are about 10 inches long, and cost 9s.
per dozen or thereabout. Some proprietors of
these quarries—producing Bath stone, so much
in request for architectural purposes—order their
saws by fons. This will convey some idea of the
extent to which saws are employed by those
engaged in this branch of industry.

Proficient saw-filing, although in some cases
involving many considerations, is an art never-
theless easily acquired by any person of ordinary
intelligence. When a miner has much timbering
to do, his work will be greatly facilitated if he can
command the use of a good saw, and he will soon
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experience the advantage of keeping it in efficient
order.

A good saw is a most serviceable cutting instru-
ment, and, by attending to the points which have
been noticed, miners will be able to make favour-
able use of its capabilities, and to fettle their saws
for themselves better than many who profess to
understand it.

It may be noticed that the teeth of a saw,
especially if worked by machinery, can become
so heated by work as to reduce their temper, at
the same time causing, by expansion, local or
general buckling of the blade or plate.

¢ 3
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WE now enter upon a very diversified chapter.
Fig. 134 represents a “scraper,” used for clean-
ing out, at intervals, the pulverized matter from
bore-holes, so that it may not prevent the bit from
operating freely on the solid rock. The pulverized
matter is called boring-dust or meal, and when it
has been wetted to facilitate boring, it is called
sludge. If much of it is allowed to accumulate in
a hole, it materially interferes with the effective-
ness of borers. Scrapers are usually made of-
light rod-iron—} to § inch diameter—sufficiently
long to reach to the bottom of the hole intended
to be cleaned, and having the scraping end flat-
tened out nearly as large as the diameter of the
bore-hole, so that it may be turned up at about
right angles to the rod for forming a small circular
platform, on which the boring-dust may be collected
and removed. When the scraper is put into a
bore-hole and slightly turned round, the dust, or
sludge, accumulates on the platform, and can be
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drawn out a little at a time until it is sufficiently
cleared away. From ascending bore-holes, with a
rapid upward inclination, the dust falls out of its
own accord ; but the advantage of thus having the
end of the hole constantly cleared is countervailed
by the disadvantage of there being no means of
keeping water in the hole while boring. Fig. 135
shows a double scraper, with a mushroom stage
on one end. Fig. 136 shows a scraper having a
sliding-rod, so that it can be lengthened for long
or deep holes. Fig. 137 shows a scraper with a
“ drag-twist” on one end of the rod. The drag
is used for cleaning out holes before putting in
the charge. In this case a wisp of hay is pushed
into the hole, and the drag is afterwards put in
and turned around, so that the hay, becoming
entangled, gets turned around also, and sweeps
the sides of the hole. Upon withdrawing the
drag, the hay comes out in one wad, and carries
the sludge with it. Fig. 138 shows a scraper
made out of light flat iron, with a “loop-drag”
on one end, used also for cleaning holes by pass-
ing a bit of rag or tow through the loop, so that
it may be put into the hole to sweep out the
sludge.

Fig. 139 represents a scraper having a powder
charger on one end of the rod, forming a ¢ scoop ”’
or “spoon’’ for conveying the powder to the



132 MINING TOOLS.

ends of horizontal holes. The scoop is also used,
in some instances, for clearing out the boring-dust.

Drags and spoons are often made as separate
tools. These, and ordinary scrapers, cost from
4d. to 6d. per Ib.

The “swab-stick,” represented by Fig. 140, is
habitually used by many miners for clearing bore-
holes. It is simply a piece of stick—generally
deal—small enough to enter the hole, and long
enough to reach to the bottom, with its fibre at one
end spread out by bruising to form a stumpy sort
of brush, called the “swab.” When this is put
into the bore-hole, the sludge passes by the fibrous
swab, which, when it reaches the extremity of the
hole, can be spread by pressure so as to touch the
sides all round ; and when it is withdrawn, it
sweeps out the sludge before it. Repeating this
operation a few times makes the hole tolerably
clean, and by throwing a littlé dust, at the latter
part of the operation, into the hole, the moisture
is absorbed thereby, and the sludge dried up. Any
grains of powder adhering to theside of the hole
after charging are removed by damping the swab
in water.* Another contrivance also used for
clearing bore-holes is the ¢ sludger,” represented

* When a borer-bit breaks in the hole, the broken piece can

often be extracted by hammering down the swab-stick upon it
80 as to embed it in the swab.
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by Fig. 141. It consists of a long cylinder—
ordinarily a piece of wrought-iron gas-pipe—for
reaching into the hole, furnished with a small rod
of iron to work inside, having a bow handle at one
end, and a drag-twist at the other. A bit of hemp
or tow is wound around the twist, to form a kind
of piston for working within the tube. When
this sludger is placed in a descending hole, upon
drawing up the piston-rod it sucks the sludge up
into the tube, and by rapidly withdrawing the
whole apparatus, the sludge can be squirted away
outside by pushing the rod back again. The
hole will be properly cleared by repeating the
operation a few times. There is no valve at the
bottom of this sludger, which is seldom made of
a tube above three-quarters of an inch diameter
inside, so that it is suitable for use only in bore-
holes of ordinary size for blasting.

In cases of deep bore-holes, as for wells or ex-
ploratory purposes, Fig. 142 shows a section of
a sludger or “scoop” sometimes employed, and
dropped down into the hole on the end of a rope,
chain, or the rods. By jerking the sludger on the
bottom of the hole, the sludge raises the valve at
the bottom of the cylinder, and enters. It soon
becomes laden with sludge, and is then drawn to
the top, the valve at the bottom resting on its
seating, and preventing the contents from running
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out. The same kind of sludger is also used for
clearing bore-holes through running sand. The
common trap-clack, or conical valve, is sometimes
fitted at the bottom. A butterfly-valve, or an
ordinary ball or shot valve, is also used in some’
instances.*

Mr. Mather, who employs flat wire ropes in-
stead of rods for deep boring, uses a sludger which
is fitted with an inside piston for producing a
partial vacuum above the bottom valve, in order
to suck the sludge into the cylinder upon the
same principle as in Fig. 141, with the addition
of a bottom valve. The tool shown by Fig. 20 is
occasionally used for removing boring-dust or
sludge from the bottoms of deep holes.

Figs. 143 and 144 represent ordinary forms of
“clay-irons "’ used for forcing clay into the joints
and crevices around watery holes, in order to
make them dry, and fit for using naked powder,
which is more effective and cheaper than when
enclosed in cartridges or pitch-bags. The clay-
iron is a round bar of iron (called the *shaft’’)
a little smaller in diameter than the bore-hole,
furnished with a broad top (called the “head )
for striking upon. Some provision is necessary
for turning the shaft around its axis, &e. This is

* Leather or india-rubber valves are said to hold tighter than
metallic valves, which are sometimes trigged with grit.
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usually done by a lever, shown at a, which is put
into an eye formed through the head of the clay-
iron; but the one illustrated by Fig. 145 hasa
square head for being turned by a spanmner or
wrench, c. ,

After a wet hole is charged with some tough
clay, the shaft of a clay-iron is driven through it
by a sledge, and this, acting like a wedge, forces
the clay into the crevices on all sides. The shaft
is then turned and gradually drawn out. Some-
times the entrance of water is thereby stopped,
and the hole remains quite dry after the first
attempt, but it may require several repetitions,
and in some instances it cannot be made to succeed
at all, either from the rock being too open or
cavernous, or from the water acting with great
pressure—in some instances sufficient to make
the clay-iron rebound after each blow of the
sledge, and to force it completely out of the’
hole.

Clay-irons have to endure a good deal of ham-
mering on the Aead ; therefore this part is usually
made very stout on account of the wear. Those
with an eye are most convenient for drawing out.
The shaft should be smooth, and should taper a
little to conduce to withdrawing, but the bottom
of the hole will be too much contracted unless
the taper be very slight. Miners accustomed to
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driving through watery strata, often attach im-
portance to the clay-iron, and it is easy to con-
ceive why so, if we remember how frequently it
enables them to stop back all water running into
a bore-hole, and thereby provide a dry receptacle
for the charge.

Ordinary clay-irons cost about 3d. per lb.

‘When the heads wear down near the eye, they
should be sent in good time to the smith’s shop to
have a new piece welded on.
. Fig. 146 represents a ‘ shooting-needle” or
“nail,” made of round rod-iron, and used for
forming a “ vent-hole ” or small passage through
the famping which confines the charge in a bore-
hole for blasting. The passage is used for ad-
mitting a mofe or squib to enable the charge to be
ignited. When the charge is put into the hole,
the needle is laid in with its point penetrating
"the explosive compound. The tamping is next
rammed or stemmed in, and the needle is after-
wards drawn out, which is often facilitated by
putting an iron bar through the bow handle, and
striking the bar with a hammer. When it is
withdrawn, a small passage or channel remains,
like a long touch-hole, leading into the charge.
A rush, reed, paper, or quill tube, filled with a
“priming” of gunpowder, and termed a *“ match,”
“squib,” ¢ mote,” or ¢ train,” is next passed
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through the touch-hole into the charge. Subse-
quently, a “smift,” which is variously made of
either a bit of touch-wood, touch-paper, greased
candle-wick or paper, or cotton dipped in molten
sulphur, is attached by a bit of grease or clay to
the outside end of the frain. At the extremity far-
thest from the train, this smift is ignited, after it
has been arranged to burn long enough to give the
miner sufficient time to retire before it kindles the
top of the train, which then instantly conveys the
fire to the charge and explodes it. This primi-
tive method of exploding charges is still in con-
siderable use. Many casualties have occurred by
accidentally lighting the ¢rain instead of the
smift, whereupon the explosion occurs before the
miner has any chance to get away. Such acci-
dents may now and then be traced to carelessness
in adjusting the smift in places where a current
of air occurs, by thoughtlessly putting it on the
windward side. Then, on attempting to light
the proper end of the smift by applying a flame,
the latter may be so deflected by the draught as
to prematurely ignite the squib. Again, in work-
ing some parts of coal measures a little fire-damp
will sometimes escape unawares through or about
the bore-hole, and lurk about the smift. On bring-
ing a naked light into contact with the smift, the
gas explodes and forms a small cloud of fire sur-
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rounding the priming, which thereby fires the
charge without warning.*

Untold accidents have also occurred by drawing
out the needle, in consequence of sparks being
produced by its rubbing against any silicious
matter in the tamping, whereupon the charge, or
any powder in stray grains t adhering to the sides
of the hole, becomes ignited, and disastrous conse-
quences succeed. For greater safety the needle
is often greased and coveted by a casing of
paper. To better avoid danger, copper needles are
used. Being more liable to bend than iron
needles, they are often made stouter. Fig. 147
shows a copper needle with an iron handle heated
and shrunk, or brazed on. It is about the best
sort of needle that can be used.

Fig. 148 represents a “ pricker,” used instead
of a needle, for being driven through the tamping
with a hammer after the tamping is finished. It
is next drawn out, something like a needle, and
leaves a perforation for putting in the train. The
pricker is more dangerous to use than the needle.
If made of copper, it is too easily bent.

* By employing safety-fuse—to be noticed shortly—instead
of the common squib, the risk alluded to is, so far, removed.

+ This danger is avoided by using powder in cartridges.
Miners’ common objection to cartridges is, that the powder
space below the tamping is not so completely filled as when
naked powder is used, and that the air spaces around the car-
tridge act as cushions against the force of the charge.
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Shooting-needles and prickers are usually from
18 inches to 3 feet long, and from 1 to § inch
diameter, tapering almost regularly to the point.
When made of iron they are worth from 4d. to
6d. per lb., and if copper, about 1s. 4d. per 1b.

In some continental mines a much safer plan is
adopted—that of putting a casing of large reeds
around the needle. This keeps it away from all
grains of powder and tamping; and, after the
needle is drawn out, the reed casing remains be-
hind, to form a passage for the train.

In many places the use of needles and prickers
has been entirely abandoned in favour of safety-fuse,
.which is sold in coils of 24-feet lengths, resembling
a coil of plain cord. The fuse is made ordinarily
of tape, hemp-cord, yarn, gutta-percha, or metallic
covering, called the *countering,” which forms
a small tube for containing a continuous core of
slow-burning powder-composition or priming.
A piece of this fuse is put into the hole instead of
a needle, and the tamping is rammed in after-
wards, one end of the fuse being outside of the
hole, and the other end penetrating the charge.
When the outside end is ignited, the fuse serves
as a slow train, burning at the rate of about
two feet per minute, and it can be cut off suffi-
ciently long to give the miner time to retire in
security after lighting it.
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The main dangers with fuse are, the risk of its
being pressed into crevices and bruised, or cut
through with sharp angular stones in the tamp-
ing, and moreover of there being a defect in the
continuity of the powder core, or of its becbming
damp and wetted through in the hole, in all of
which cases there is danger of the fuse kanging
fire, and, by smouldering, it may rekindle the
unburnt portion, and unexpectedly explode the
charge after a long interval. We have known
this happen after fuse has hung fire nearly an
hour, but it almost exclusively applies to fuse
of inferior quality, which ought never to be used.
With good fuse, and especially when covered
with a waterproof coating of gutta- percha,
and having one or two touch-threads running
throughout the middle of the core, hardly any dan-
ger need be apprehended from this source if only
ordinary precaution be observed. Reliable safety-
fuse can be obtained in most mining localities
at an inexpensive rate; and wherever this is
the case, needles and prickers, with their con-
comitant dangers, should be regarded as things
of the past.

The method of firing charges by electricity is
calculated to surpass all others for perfect safety.

‘Fig. 149 represents the ordinary ¢ tamping
bar,” used for driving some suitable substance,
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called “tamping,” into blasting-holes after the
charge has been put in, in order that the force
of the explosion may be pent up and act against
the side intended to be removed. The tamping
end of the bar is grooved on one side, to admit
of its clearing the needle or fuse lying along
the side of the hole. The other end is left plain
for the hand, or for being struck with a hammer.

‘When tamping can be put in sufficiently tight
by simply ramming the bar against it with the
hand, then, instead of leaving one end plain for
being struck—ramming by sledge blows being
dangerous in the estimation of many—another
tamping end is sometimes formed, as indicated
by the dotted lines on Fig. 149.

Tamping bars are commonly made of iron, and
many accidents have happened in consequence of
their striking fire against quartzose matter which
they have come in contact with. To prevent
such accidents, tamping bars are sometimes faced
with copper, as at a, Fig. 150. This tamping
bar has a b at one end for boring holes in any
frangible mineral, by impetus given with the
hand. Another form of tamping-end, sometimes
faced with copper, is shown at b, Fig. 151.

Bronze facings or tips, as shown at ¢, Fig. 151,
are also used to avoid the danger of striking fire.

Occasionally these tools are made wholly of
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copper or bronze. Bronze has the advantage
of being harder and stiffer than copper.

Iron tamping bars cost from 2d. to 3d. per 1b.;
with copper or bronze tips, from 6d. to 9d. per
Ib. ; and copper or bronze altogether, from 1s. to
1s. 6d. per lb.

Many different persuasions are to be met -
with regarding the material best suited for
the purpose of tamping, or, as it is sometimes
called, stemming. Baked or sun-dried clay
makes tamping of very good quality. Powdered
brick answers the purpose very well. The
boring-dust out of dry rising holes—generally
collected on the plate of a shovel—in many in-
stances makes excellent tamping. It is not
uncommon to find an accumulation of binding
argillaceous ground, possessing good properties for
tamping, occur in mines; then the miners dig it
out as required. All tamping should be selected
to contain no particles likely to strike fire; but
the cause of such casualty may lie in the sides of
the Aole itself, and it is surprising that this is so
much lost sight of.

Under these circumstances is seen the advisa-
bility of using bronze or copper-faced tamping
bars, and of not hammering violently on the tamp-
ing until a little of it has first been gently pressed
down to cover over the charge, because the
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earlier blows on the tamping bar are most dan-
gerous in event of any spark occurring. A little
wadding, tow, paper, or a wooden plug, is some-
times put to lie against the charge before any
tamping is placed in the hole.

It is generally troublesome work to get tamp-
ing up into rising holes, having a rapid upward
inclination.

The hand sludger is occasionally made to assist,
by putting a little tamping into one end of the
tube, which is then placed in the hole so that the
tamping can be forced out by the piston-rod.

Fig. 152 shows a “ tamping case,”” which may
be used to greater advantage in such instances.
It is made of copper or brass, with a long handle,
and is passed over the end of the tamping bar.
‘When this is done, the case—which has a s/i¢ for
clearing the fuse—is filled with tamping, and
pushed up into the bore-hole. The case is next
drawn back, so as to leave the tamping in front
of the bar, by which it can be pressed or ham-
mered up.

‘We have found plaster-of-paris, used in a plastic
or semi-fluid state, make excellent tamping, first
putting a little dry plaster against the charge.
The plaster costs only about 2s. per cwt. in large
lots. It sets quickly, expands slightly by setting,
and requires no ramming, as it can be poured
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into downward holes, and can be put, in a plastic
state, into rising holes, with a light copper scraper.

Fig. 153 shows a funnelled ¢ powder-charger,”
best made of copper. The powder is received by
the conical part, and passes through the pipe
—which may be screwed together in several
lengths—to the bottom of the hole without hang-
ing about the sides, thus avoiding a well-known
danger. A long stick fits inside for pushing
forward the powder when necessary. A common
saucepan handle is often used for charging.

Figs.154 to 158 show ordinary forms of “ gads,”
used for working jointy or cellular ground, or rock
which has been fissured by blasting. They are
also much used for wedging down hard coal after
undercutting. Some apply the term gad to these
tools when they have a poinf, and when they
have a chisel edge the term wedge is used.

Figs. 159 to 163 represent other forms of gads
and wedges used in various mining operations.
There is great multiplicity in the sizes of gads,
the length often varying from 3 inches to 2 feet.
Six inches to 1 foot are useful lengths.

They are sometimes made or wrought-iron, with
a tongue of steel welded in to form a point, and
sometimes the striking-end is faced with steel.
Very often, for the sake of durability, they are
made of steel altogether. Cast-steel borers, which
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have been worn short, are often used for making
gads in hard-ground mines, and, in order to stand
well, they should be carefully annealed, as they
are submitted to cross strains by side blows from
the sledge, for the purpose of loosening them or
the adjacent rock.

Fig. 164 represents a Saxon gad, having near
the middle an eye, which is used by Saxon miners
for threading several gads together on a sling, to
facilitate carrying them to and from work, or for
putting in a light helve to form a temporary
handle. This has but little recommendation to a
British miner, considering that the eye weakens
the gad. Fig. 165 shows a gad used by Mexican
miners. It is round in cross section.

In working some sorts of “ jointy * or “ vuggy
ground, gads are of great importance, and each
miner sometimes carries over a dozen of them to his
work daily. The best sort of gad for this purpose
is made of shear-steel, and to cleave well it should
approximate the shape of Fig. 154. Itis generally
about 11b. weight, and 6 inches long by 1} x £,
or 1 x 4 inch, in the largest part, tapering to a
point.

Iron gads with steel points are chiefly used in
collieries. Their lengths range from 6 inches to
2 feet—a very common length being 12 inches,
and weighing about 3lbs.—the greatest thickness

H
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being about 1 inch, and the greatest breadth about
1§ inches. These wedges resemble Figs. 154 and
155 in shape, and one smith with a striker can
make about two and a half dozens per day. The
collier’s wedge-sledge, noticed on p. 66, is specially
adapted for driving these wedges (as is often
necessary) after their ends have gone in flush
with the face, because the panes of the sledge are
small enough to follow the wedges.

Steeled iron wedges cost from 23d. to 3d. per
Ib., and solid steel wedges from 4d. to 5d. per lb.
Gads are usually blunted more than pick-points,
and therefore they take a little longer time to
sharpen. They are tempered in the same manner
as picks. In some collieries the remnants of old
iron wedges are collected in when new ones are
supplied; and when sufficient numbers have
been accumulated they are faggoted under a
steam or other hammer into bars for new wedges.

Gads and wedges are very liable to get buried
beneath the coal, rubbish, ore, or attle under-
ground, unless carefully looked after. A great
deal of steel often gets lost in this way, and it has
been the chief reason for introducing into many
mines the system of charging miners for all the
steel they wear away or lose.

In some collieries, where wedges have to be
driven into a yielding substance, or under a soft
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top, a pair of thin plates, called “clamps,” are
first let into the ground, to afford a larger bearing
when the wedge is driven between, as shown by
Fig. 166:

The “plug and feather” arrangement, shown
by Fig. 167, is very useful for wedging off large
blocks of mineral. A hole is first bored, and
after the two inverted wedges, a, @, with circular
backs, are placed in it, the driving wedge, or plug,
is driven between to detach the mass. Plugs and
feathers lessen the friction of wedging. They
are occasionally found useful for benching down
long faces of coal, and are of constant use in
some quarries for breaking off large pieces of
stone, by arranging several of them along the line
of intended fracture. In the Box stone-quarries,
two iron wedges called ¢ chips ’—see #, Fig. 167
—are used instead of the feathers, @, ¢, and are
placed, with the thin edges outward, in a recess
eut to receive them, so that a wedge may enter
between. '

It is to be hoped that the time is rapidly
approaching when a very large part of the labour
of driving gads and wedges will be superseded by
the use of the excellent hydraulic machines now
being introduced into collieries by Mr. J. Grafton
Jones—well known in connection with his patent
coal-cutting machinery—and other inventors.

H2
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These machines fit into holes previously bored
for them, and they force down the coal by pistons
or wedges acting under very great hydrostatic
pressure, produced by a small hand-pump. The
entire apparatus is quite portable, and where the
occurrence of fire-damp in collieries makes the
use of blasting-powder dangerous, these machines
are destined to acquire a highly important sub-
stitutionary value. They are also applicable to
many other branches of mining.

Mr. Davies, of Crumlin, has invented a machine
to act upon the same principle, which, by a kind
of flexible or jointed arrangement, will relieve
itself of undue strains when at work, and accom-
modate itself to a crooked hole.

‘We now turn to notice some tools which are of
special utility for advantageously working the
well-known Bathstone at the quarries of Box (and
other places), where, instead of removing the over-
burden, the quarrying is carried on underground,
from adits or shafts, without disturbing the
cultivated surface.

The “jadding pick,” illustrated by Fig. 168,
serves for cutting in long and deep holings, juds,
or “jads,” for the purpose of detaching large
blocks of stone from their mnatural beds. The
jads specified were formerly made in vertical as
well as horizontal directions. Not long since,
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however, an improved plan of sawing the vertical
—or, as they are termed, “ upright ”’—jads be-
came generally adopted ; but for working in the
first cut horizontally in order to free one side—
generally the top surface — of the block, and
thereby to provide room for the saws afterwards to
commence severing the other sides, nothing has
superseded the use of jadding picks. They are
made in sets of about three or four, with helves
ranging from 3 to 5 and even 6 feet in length, so
that the reach of the pick may be accommodated
to the increased depth of the jad as it advances;
and to enable the pick-point to catch properly
under the same circumstances—besides having to
reach into the corners—the head is not fixed on
square, but obliquely, with the helve, as appears in
Fig. 168. Wedges or iron dogs, driven in be-
tween the helve and the ends of the eye, assist in
maintaining the proper obliquity of the head.
That stem which forms an obtuse angle with the
helve is called the ¢ spreading” end, while the
other is called the “coming” end; and the
longer the handle—which implies the deeper
the jad—the more the spreading is required to
be, in order that the tip may have a chance to
penetrate properly. For example, with a handle
5 feet long, a line square from helve, set off through
the middle of the eye, would leave one tip about 2}



150 MINING TOOLS.

inches on the inner side of it, and the other tip
about 2% inches on the outer side. This is called
5 inches of spreading. With a helve of about 3%
feet long the spreading would be, say, 3} inches,
and with a 3-feet helve about 1} inches. The
feature here particularised prevents one tip from
being employed. It is only the spreading stem
that is usable in the long-handled picks, since it
is impossible to get the opposite tip to even touch
the face of the jad.

The tips have chisel-edges 3th to **ths of an inch
wide.* They are sharpened with a fine file, being
bevelled off from the inner side, like the edge of a
common adze. They are not sent to the smith’s
shop oftenér than about once a fortnight, as the
stone operated upon is very mild for working.
For the shorter helves—say 3 feet—the heads
may be 6 or 7lbs. weight ; but for longer helves
the weight usually diminishes to but little over
half as much, seeing they are more fatiguing to
use. Smiths in the locality supply 6lb. heads for
about 3s. each, and re-steel for 4d. per tip.

A pick of the same character, known in these quarries asa
¢ holing pick,” has its spreading-tip about §ths of an inch wide,
for cutting recesses just of the right size for receiving the two
chips, #, Fig. 167, in cases of wedging. Sometimes, instead of
this pick, the quarrymen prefer to use a ‘“holing iron,” which
consists of a bar of 1-inch round ironm, with a crutch handle at

one end, and a steel chisel-edge about ths of an inch wide at
the other extremity.
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Horizontal jads are constantly being cut in
these quarries close under the roof at the faces of
the advancing headings, which are 15 feet wide
and upwards, separated by pillars. After pene-
trating a depth of about 30 inches, a course of
stone some 9 or 12 inches thick is *rapped in”
—wedged down—from over the jad toincrease its
width,and then it is worked in another 30 inches, or
80, deeper, making in all 5 feet, or sometimes more.

It is interesting to observe a Box quarryman
cutting in a jad under the roof with a pick having
a handle 5 or 6 feet long, and striking each blow
with the nicest precision, thereby forming a large
surface as even as the top of a table. Such a man
will do an average day’s work of 13 superficial
feet of jadding, and with his long-handled pick
will deal out about 26 effective blows per minute.
Accustomed to the work, perhaps from boyhood,
he can cutin very deep jads, not more than 4
inches wide, with surprising evenness.

For clearing out the corners of jads, or for
widening them a little inwards, when they tend
to cut out and get somewhat too narrow for the
fair working of the pick, the jadding iron, Fig.
168a, is found a very serviceable tool. It is
made about 7 feet long, out of, say, 1-inch round
iron, and is furnished with a steel chisel-edge
about } inch wide, which is very effective in
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chipping away the stone when driven against it
by smartly-directed strokes. It is difficult to cut
jads deeper than & or 6 feet with picks, but a
depth of 7 feet and upwards can be more readily
accomplished with the jadding iron, which is
directed by hand so as to deal out a succession
of strokes against the face of the jad. To pene-
trate this extra depth is sometimes very desirable
for working out large blocks, or it may be for
making the jad reach in to a suspected joint
traversing the beds. Jadding irons were found
to possess great adaptableness for cutting the
upright jads formerly required. The jad was
commenced with a pick, and continued with
jadding irons until several feet deep. A man
would thus do an average of 12 superficial feet
of jadding per day, wasting only a width of
about 4 inches of stone. Extravagant this may
appear when compared with the kerf of a saw-
cut; but the only marvel is that deep cuts so
extremely narrow could be at all worked in by
jadding, and that so evenly (as is testified by old
pillars) that were it not for the tool marks the
surfaces would be hardly distinguishable from
those that are sawn. For deep horizontal cutting
the jadding iron is greased to slide freely over
a pick-helve, which is laid across under it.” More
than one bed at a time is worked in the quarries
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under notice, and thus the workings are some-
what lofty. The sawn pillars are mostly rect-
angular and regular, but their position is to some
extent regulated by the occurrence of joints, or
disturbances, as well as any occasional difference
in the quality of the stone at certain parts. When
the face of any heading from which the stone
is to be worked away has been properly jadded
under the roof, the side saw-cuts are proceeded
with. A narrow block between two vertical cuts
—generally made at one side, unless some flaw in
the stone or some question of sizes would dictate
anothé} place—is afterwards wedged up from one
of the bedding-joints, for the purpose of enabling
the sawyer to get forward for sawing the back cut
parallel with the face. This being done, and the
ends and top being free, the principal block
easily parts from its lower bedding-joint, and is
drawn out by a crab or crane.*

Blocks thus obtained from the working faces
often need a little squaring or trimming, which
is effected by the use of a “stone axe.”” The head
of one is illustrated by Fig. 169. It is furnished

* Tt by no means appears palpable that some elements of
this system of excavation might not be successfully applied for
the working of hard coal, and other minerals which occur in
thick deposits. Lewis holes are frequently used in these quarries
for securing snatch-blocks to the pillars in order to draw out
blocks of stone from the different headings.

H3
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with an oval handle from about 26 to 80 inches
in length. The head is of iron, with steel in-
serted at each edge. Smiths in the neighbour-
hood supply them at about 10d. per Ib., a 12lb.
head costing 9s. or 10s. The edges are sharpened
on a piece of pennant grit, and now and then
they need to be drawn out by a smith, his com-
mon charge for doing so being 4d. They are
tempered to about drown or purple.

In the same quarries the wedges employed
with the chips, 2, Fig. 167, are commonly about
18 inches long, in shape approaching that of Fig.
160, but with less taper from near the point to
the striking-end, where the size is about 8 inches
wide by 1% inches thick.

What is termed a “driving iron,” used for
rapping or wedging down from over the jad, as
before explained, is simplya bar of round iron about
13 inches diameter and 3 feet long, having a few
inches at one end flattened out to a chisel shape
for being driven like a wedge.

The sledges employed with these tools and for
general purposes belong chiefly to the bully pat-
tern, with heads varying from 8 to 20lbs., accord-
ing to the use for which they are intended.

Passing from the class of quarrying tools
which have engaged our notice, we may now
glance at some for other purposes.
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Figs. 170 and 170A represent two “pickers,”
and Fig. 1708 represents a “ poker.” These tools
are used in Saxony and in parts of Cornwall for
working in jointy ground, and in some thin hard
veins. They are very useful for getting between
the sides of narrow clay joints, for clearing them
out, to give side shots a better chance for blast-
ing. Such tools are commonly employed in
Saxony, but their use is, in this country, almost -
confined to the St. Just district. Some of the
miners in that part use them very dexterously,
and a St. Just miner can often be distinguished
from his fellow-countrymen by a horny blister
mark on the back of the little finger on his
left hand, caused by holding it under the haft of
the picker, or poker, for keeping up the point.
These tools are generally made out of J-inch
round iron, with steel tips. The picker is
flattened out to form a blade about 1 foot long.
The remaining part is left round to form the haft.
The whole length rarely exceeds 30 inches, the
average being about 26 inches. They are
sharpened to a point, or narrow chisel-edge, and
tempered in the same way as picks. They are
held by the miners in one hand, and struck by a
hammer held in the other hand. When they
have entered they are often used like short levers
for loosening or clearing out the ground.
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Fig. 171 shows a “set’ or ‘“moil,” used for
cutting ground where it requires to be done
evenly, such as in the case of cutting “hitches,”
or preparing seatings for pit work, or forming a
regular bedding for supporting a wedging-curb
for tubbing shafts, and for various kindred opera-
tions. Sometimes the tip is sharpened to a
diamond-point, or to & circular form, to suit parti-
cular cases. Most usually it is shaped like the
tip of a poker, or picker. When intended for
single-hand use, sets do not often exceed 4lbs.
weight. If much heavier than this they are
called double-hand sets, and are the more useful
size. They are often made of cast-steel borer-
bars, or of a bar of wrought-iron with a tongue
of steel welded in to form the cutting part.
After sharpening they are hardened and tem- "
pered like ordinary borers.

Sets of this character, with chisel tips, are in
many cases used for working the native copper
accumulations of Lake Superior.

Fig. 172 represents an iron ¢ socket-bar” or
“ beche,” used for drawing cartridges, or broken
drills, out of ordinary bore-holes by wedging the
socket over them.

Fig. 178 represents a * pointed crowbar.”
Fig. 174 is a “ pinch-bar,” with a chisel-edge on
one extremity. Sometimes one end of these bars
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is left blunt for striking on. Fig. 175 shows
another pointed crowbar. Fig. 176 is called a
“crook-bar,”” and is also pointed at one end.
‘When the ends are shaped as at s, with A points,
it forms a ¢ timber-bar,” useful for moving heavy
timber. In this case the bend of one end is usually
opposite to that of the other, and one bend is
somewhat shorter than the other. Fig. 177 is a
crook-bar, occasionally used for dragging stones
and lumps out of loose ground.

Bars are very useful in mining operations for
levering out ground, and for splitting rocks
traversed by cleavage planes. They are also
useful, in some instances, for forcing down coal
after undercutting, and are constantly employed
for moving or purchasing heavy weights.

Bars are nearly always made of round iron with
steel at the extremities, welded on by a splice or
split weld. They require occasional sharpening,
and are tempered like borers—generally to a blue
tinge. For lightness they are now and then
made hollow. They usually range in length
from 3 to 5 feet. A convenient size is 4 feet or
4} feet long and 1} to 1} inch diameter for ordi-
nary work. They are worth about from 12s. to
15s. per cwt., and each bar weighs from 12 to
241bs.

Fig. 178 shows a “claw-bar,” well suited for



158 MINING TOOLS.

drawing out bolts or spikes, and for purchasing
weights. A light bar of this description, about
- 4 feet long and 1 inch diameter, is very handy
for repairing tramroads. The pointed ends of
bars are often slightly bent, to facilitate getting a
pinch and levering in certain positions. The
end, d, is called a “dibber,” for making holes.

Figs. 179 and 180 represent two sorts of bars
used in some foreign mines. Round crowbars,
with points and chisel-edges, are also used abroad,
as are claw and crook bars.

Fig. 181 shows a tramplate or rail “ scraper,”
used for clearing off dirt from tramroads. In
some cases one extremity is formed as at a.

Fig. 182 represents a  push-pick,” sometimes
used for working in soft or clayey ground. It
consists of a thin iron palm or fluke-plate, with
steel around the front edges, resembling a flat
shovel blade, and has ears for receiving a long
and straight wooden handle.

Fig. 183 represents a similar tool, with an iron
handle, and a long fongue tapering to a chisel-
edge, which is formed of steel, and ground nearly
as sharp as the edge of an axe. These tools
are useful for cutting out corners in driving
through soft ground, for making headway for
breasting boards, and for clearing the course for
laths or laggings, &e.
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Fig. 184 represents a tool called a ¢ spiker,”
which is used in some collieries for clearing out
places for the cleats or laggings, posts, bars, or
caps, &c., in places where a pick will not work
or reach. The spiker is made of wrought-iron,
with a steel tongue welded in to form the point.
It seldom requires sharpening, but when it
does it is treated just like a pick-point. Some-
times a bow handle is made instead of a crutch
handle.

Fig. 185 represents a ¢ bull-crook,” used in
some collieries, principally by hitchers and banks-
men, for dragging the boxes or trains.

Fig. 186 represents the ordinary two-prong
“ pitchfork,” which -miners often prefer to use,
instead of a shovel, for filling or removing lumps
of tough clay which have been cut with the
grafting tool or spade. The pitchfork is easily
stuck into lumps of clay, so that they may be
moved as desired, and it can be drawn out again
without the clay sticking about it, as is often the
case with the use of a shovel for the same work.
A medium-sized two-pronged cast-steel pitchfork
with 5-feet haft or'handle costs about 3s.

Fig. 187 represents an “ axe-mattock,” which
is sometimes used for working or driving through
clay ground, growan, soft elvan, or other loose
or soft accumulations. The head consists of an
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eye and two blades, one standing like a hoe, and
the other at right angles to it, like the blade of
an axe. The ordinary-sized head weighs about
5lbs. It is mounted on a helve like a common
pick. One smith and striker will make five of
these heads per day. The edges are generally
sharpened—which is seldom required—by filing
them when hot, and they are tempered to about
blue. TFig. 187 shows a top view of the head.

Fig. 188 represents the head of a ¢ pick-mat-
tock,” used for a similar purpose. The pick stem
is useful for loosening harder portions of the
ground. When the blade edge is turned parallel
with the helve it is called a ¢ pickaxe.” Axe
and pick mattocks from 5 to 8lbs. each can be
bought from tool-makers at about 40s. per cwt.

Fig. 189 represents a “mortise chisel,” often
found useful for framing timber work. Miners’
mortise chisels are made with iron handles, with
steel welded on the back of the blade to form the
cutting edge, which is usually from § to 1 inch
wide, and tempered straw colour. Sometimes
they are made with a socket for receiving a
wooden handle, .as in Fig. 190. This is the sort
always sold by ironmongers at from 1s. to 1s. 6d.
each. Socket-firmer chisels—Fig. 191—are used
for wide mortises. 1 and 1} inch are useful sizes,
and cost from 10d. to 1s. 3d. each.
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Fig. 192 represents a miner’s “screw-auger,”
much used for boring pin or bolt holes through
timber. The cross handle of wood is fastened
by driving it on the flattened dagger at the top
of the auger-stem, which is afterwards clenched,
as shown ; or by forming a round eye on the top
of the auger-stem, so that the handle can be
driven into it. A more durable auger, but less
free for cutting, known as the ¢ barrel >’ or ¢ shell
auger,” is shown by Fig. 193. Augers of this
type, with long shells, are known as * treenail ”
or “long-pod augers.”

A gouge, Fig. 194, is used with these augers
for cutting out a circular bit of wood, where
a hole is to be commenced, to enable the bit
to catch. Augers are drawn out of the holes at
intervals when boring, to clear out the chips
or dust. The cutting part is of steel, and the
stem of iron. They are generally bought ready
made. The most convenient sizes for mining
purposes are &, 4, 1, and 1} inch diameter of
bit. They cost from 9d. to 1s. 6d. each, without
handles. Eyed augers 2d. to 6d. extra. The
cutting edge is occasionally sharpened with a dead
smooth file, or a thin hone stone.

Fig. 195 shows the “skewnose auger,” often
used by platelayers.

‘When required for a deep reach, the stem of an
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auger may be cut off, and a piece welded in to
make it of any required length.

Fig. 195A shows a “pad-handle,” used for
receiving augers of different types and sizes,
either of which fits into a metal socket, where it
is secured by a set-pin at the side, as shown.

A strong “spike-gimlet,” which is a small
kind of barrel-auger with a screw tip, is also a
very useful tool. A strongly-made one, 1l-inch
size, costs about 9d.

Fig. 196 shows a form of “rake” which is
used in many collieries and mines for separating
lumps from the small stuff, and sometimes for
facilitating the picking out of rubbish or impurities
from mineral heaps. The rake illustrated has a
wooden cross-piece, to which teeth of iron or
steel are fastened, and a wooden handle is wedged
in the middle. Sometimes the cross-piece is made
of iron, through which the teeth are riveted, and
provided with a socket to receive the handle. These
are best known as “ gravel rakes,” and cost from
2}d. to 3d. per tooth. The length of the teeth,
and their distance apart, vary according to the
character of the work required to be done.

Fig. 197 shows a “brace-key,” or “tiller,”
which consists of two iron handles screwed to-
gether in opposite ways, so as to clip between
them the rods used in deep borings. When the
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handles are screwed on firmly they form two
levers for turning the rods as required, the top
length of rod being furnished with a swivel.
Sometimes the levers are welded to a short inter-
mediate length of boring-rod. Their extremities
are occasionally turned up at right angles.

Instead of tillers of this class, some boring-
masters prefer to employ a wooden lever or hand-
spike, which passes through an eye in the rods
just below the swivel-joint. The reason is that
with the concussion of the rods iron tillers are
more jarring {o the hands.

Fig. 198 represents the “ wrench”’ in common
use for screwing and unscrewing rods employed
in sinking bore-holes.

Figs. 199 and 200 represent the * grips,” or
«lifting-dogs,” which are fastened to the end of
a rope or chain, and used for letting down or
drawing up boring-rods, by catching them under
the collar at the joints of the rods. Other forms
of grips are used, and sometimes a simple lashing
chain is made to answer the same purpose. Per-
haps with screw joints the best plan is to use a
¢« drawing-cap,” which is a strong iron loop or eye
with a socket having an internal thread, so that it
can be screwed on the rods and drawn up by a hook.

Fig. 201 represents the nipping-fork,” or
“tiger,” often used for temporarily supporting
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the train of rods while they are being let into,
or drawn out of, a bore-hole. The joints of the
rods are too large to pass through the nipping-fork,
so that when it is placed over the bore-hole the
rods cannot run back if one of the joints is resting
upon it. In case of an unexpected breakage the
nipping-fork is often valuable in preventing the
rods from falling down the bore-hole. It is also
used as a wrench.

Fig. 202 is a form of “ wad-coil,” now and then
employed for drawing loose stones out of bore-
holes, such stones being clipped within the coils.

Fig. 2024 shows a “ worm,” used like worm-
augers, for loosening some tough clays at the bot-
toms of bore-holes. A similar tool, called a
“ coil-drag,” is in some instances employed for
drawing up the bottom part of broken rods from
bore-holes or pumps. The coil-drag is welded or
screwed on to a length of rods, and lowered down
to the broken portion. It is then turned around
several times until it entwines itself around the
broken portion sufficiently tight to draw it up.
The coils are often made of a larger diameter at the
lower part than upwards, and frequently the tool
is made out of a square bar of iron bent dia-
gonally, in order that the angular edge running
inside- the spiral may grip the tighter. It is
proper to remark that in Figs. 202 and 2024 the
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way in which the coils are represented to twist is
reverse to what it should be. They should twist
the same way as the joint-screws, otherwise there
would be a tendency to unscrewing in use.

Fig. 203 represents a “claw ” used for the
same purpose. It is lowered into the bore-hole,
or pipes, to get below a joint in the broken rods,and
is then turned round, so that the claw may get a
holdfast under the collar, or knob. _

Tools working on these principles are known
amongst many miners as “ German keys.”

Fig.204 represents the “bell-screw,” or “screw-
socket,” which is also used for drawing broken
rods. It is generally furnished with an internal
screw tapering with the socket. When let down
over a broken rod the socket is designed to
embrace the top of the same, so that after a few
turns the thread will often make sufficient bite to
draw up the rods. The accompanying torsional
strain is objectionable on some occasions.

Sometimes a plain socket is filled with wax, and
lowered down to take an impression of the top of
the unrecovered broken rods, when the nature of
the fracture is not shown with sufficient plainness
by the recovered portion. Information thus
derived may be useful for designing a special tool
for raising the rods which have broken off.

By using similar sockets filled with tough clay,
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fragments of broken bits, by embedding them-
selves within it, have been easily removed.

Fig. 205 represents a “ grappel,” or ¢ trap,”
used in connection with exploratory bore-holes,
in which the borers used are constructed with
narrow bits arranged on a cylinder or ring, so as
to make an annular cut, with a solid core, column,
or carrot in the centre. The tool illustrated is
used for cutting off and raising the carrots. It
consists of a cylinder with several feefh or pauls,
hinged around the bottom, and forced towards the
centre by springs. After the boring-bit is taken
off from the rods, this tool is fastened on instead,
and dropped down the bore-hole. The teeth slip
over the carrot nearly down to its base. The
rods are next slightly moved up and down in quick
succession, so that the teeth may nibble notches
into the side of the carrot, as shown. A sudden
upward jerk is afterwards given to the rods, and
the carrot snaps off near the bottom. Being thus
detached, and within the cylinder, it can be raised
to the surface, as the teeth at the bottom close
inwards, and prevent the carrot from dropping
out. A heavy iron ring is sometimes employed,
instead of the springs, for pressing the teeth
inwards. In other cases the springs are
fastened to the outside of the cylinder—holes
being made through the side so that the teeth may
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be pressed inwards—and a wedge on the outside
of the cylinder is used for snapping off the carrot.
This tool is revolved—turned like an auger—so
that the teeth cut away a neck all around the
bottom of the carrot, where it is intended to be
broken.

When carrots are cut in a bore-hole, they
afford an excellent opportunity for ascertaining
with the greatest certainty the mineral and fossil
characters of the strata which are passed through ;
and they often reveal lines of stratification, so
that the true power or thickness of any stratum
can be determined by multiplying its carrot length,
or vertical measurement, by the cosine of the angle
of its dip from the horizon. This contrivance
then is a kind of witness-trap, as we have heard it
called, which brings to view the soundest and
most reliable testimony regarding the strata which
have been pierced by the bore-hole.

A similarly-designed tool, called a ¢ bell-box,”
with pauls, Fig. 206, is occasionally used for
passing over the joints or projections on broken
rods for drawing them up. It is not unusual to
find bell-screws fastened to the ends of forked rods,
after the manner of the bell-box here noticed.
The hole then passes completely through the
socket portion, so that, if needful, the top of the
broken rod may pass up between the fork, in



168 MINING TOOLS.

order that the internal screw may get a holdfast
around the first joint below the fracture.

Fig. 207 shows a “stud-block,” which is used
for suspending tube or pipe linings for bore-holes,
either for putting them down or drawing them
up. It consists of a block made to fit inside the
end of the tube, and attached to the rods. In
the side of the block are fixed iron studs for
slipping into slits cut in the side of the tube,
like a bayonet-joint, so that it may be suspended
as illustrated.

Fig. 208 shows a “spring-dart,” used for the’
same purpose.

Sometimes a conical plug with a screw cut
around the outside for tightening itself in the
upper end of the tube is used for raising and
lowering the linings.

« Heating-tongs > resemble a smith’s tongs,
but they are made circular to clip around the
tube lining of a bore-hole. The part which em-
braces the tube is made very stout to retain heat
for melting solder at joints, for uniting some
sorts of tubing, by making the stout part red-hot,
and causing it to surround the joint. The
“heater,” which is a heavy bar of iron, dropped
hot down the tube by a chain, is used for the
same purpose.

Occasionally it has been found necessary to cuf



MISCELLANEOUS TOOLS. 169

off the tube linings in bore-holes. This is done
by fastening on the end of the rods a taper
block pointing downwards. A serrated tooth pro-
jects by the force of a stiff spring from the side
of the block. When this contrivance is forced
down inside the tube, the tooth retires, and when
opposite the required point the rods are.turned
around by a lever, so that the tooth, by pressing
tightly against the inside of the tube, cuts a
groove all around and severs it.

Fig. 209 represents the ¢ scraper,” or
¢ spreader,”’ used for spreading ore when it is
being dressed on the frame-table and racks.
Sometimes the pattern is like the “solid half-
moon hoe,” as at a. The scraper is like a broad
turnip-hoe, fitted with a long handle. It may be
simply a piece of wood nailed across one end of a
long handle.

Fig. 210 shows the “broom,” used for moving
ore about when it is undergoing dressing in the
tye and other apparatus. It is a little smaller
than the common broom. The broom is generally
made of /eath. Birch would be too rough.

Fig. 210A represents the “horn,” used for
washing and cleaning the dressing-frames and
tables. In the case of ¢in-dressing, a thin surface
of ore left in the frame is washed down into a
sort of chest, called a “cover,” by water dipped

I
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up in the horn. The handle, about 5 feet long,
is fitted and wedged to a bullock’s horn, which
is cut off at the point and plugged up with wood
to form a water-tight bottom.

The “limp,” used for scraping mineral off a
jigging-sieve}is a piece of board, or sheet-iron,
about a foot wide, and formed semicircularly,
resembling half the head of a small cask.

The plate of a * bulling-shovel,” also used in
ore-dressing, is shown by Fig. 211.

Fig. 212 represents a ¢ dipper,” or ¢ dip-
scuttle,” or * bail,” used for dipping water out of
a shallow place. The scoop part is generally
made of elm board. The sides and back are high
for holding the water. Sometimes a piece of
board is nailed on the top, at the back, to prevent
the water from spilling over. The long wooden
handle, passing through the scoop, enables it to be
used like a shovel.

Fig. 213 represents a platelayer’s ¢ keying-
hammer,” used for driving keys in the chairs
of tramroads and railways, for securing the rails,
One stump is made half-round for this purpose.
In some instances both stumps are the same.

Fig. 214 represents a ‘ beater,” or * beating-
pick.” The cross-piece on one tip is used for
packing in ballast under the sleepers of tramroads
or railways. A similar tool, made stouter, but
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without the pointed stem—i.e., with the beating
stem only—is known under the name of a
“ packing-tool.”

Fig. 215 represents a “rail-gauge,” employed
in laying or repairing railroads or tramways, for
showing the proper gauge or width between the
rails. Fig. 216 is another, with two discs on a
round bar, faced in a lathe, and termed a “ rolling
rail-gauge.”

Fig. 217 represents a steel “punch,” and
Fig. 218 a steel “set,” used in some instances
for laying rails. Both are furnished with iron
handles, made of light rod-iron, bent around the
tool. A platelayer’s ¢ driver,” or ¢ drifting-
punch,” is a long form of punch resembling
Fig. 217, but with a flat end suitable for driving
out keys, &c.

Fig. 219 illustrates a * rail-cramp,” used for
bending rails and tramplates for going round
curves. A spanner, shown, is used for turning
the nut working on the ram, after a rail is
adjusted in the claws. About 6d. per lb. is the
value of cramps of this kind.

Fig. 220 represents a “bottle-jack,” which is
very useful in mines for raising heavy weights,
and, in some instances, for supporting timber
undergoing renewal in heavy ground, or for
forcing the pieces into their proper positions.

12
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Fig. 221 shows the extensively-used “ traversing-
jack.”

A bottle-jack to lift 6 tons costs about £3. A
good traversing-jack to lift the same weight may
be bought for about £7.

Very serviceable hydraulic lifting-jacks can
now be obtained. One to lift 6 tons, weight not
exceeding 70lbs., costs about £10. If traversing,
about £3 extra.

Fig. 222 represents a “lewis,” which is a con-
trivance made of iron, and often used in raising
or drawing heavy weights, particularly in quarries.
The two side-pieces, which are made with taper,
are dropped into a dovetail recess, formed in
the piece to be removed. The ring-tongue is
then put in between, and a bolt is afterwards
passed through all three of the pieces, and
secured by a small split-key inserted through its
point. If the lifting-gear is next attached to
the ring for raising the piece, the lewis will
obtain a firm hold by wedging itself tightly in
the dovetail.

Fig. 223 represents a “nipper,” of frequent
use in quarries for raising blocks of stone. The
fangs open and close on a hinge, like a scissors
joint, so that the points may span over a block
of stone, and catch in two small notches cut in
opposite sides. When the hoisting-gear is
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applied to the ring, the bridle-chains make the
nipper clip firmly in the notches, and the heavier
the weight the more tightly it holds. A very
similar contrivance is used for raising timber.

Fig. 224 represents a “cant-hook,” found con-
venient for rolling over timber by means of a
lever or handspike passed through the ring.
Sometimes two of them are strung on a chain,
and used instead of a nipper. These, made some-
what stronger in the hook, are known as “ quarry-
dogs” or ¢ crane-hooks.”

The last tool we shall notice is the * marline-
spike,” Fig. 225, used for rope splicing. It
consists of a round pointed piece of steel, called
the ¢ tusk,” fixed in a stout wooden handle. A
tusk about 6 inches long, by 2 inch diameter in
the largest place, is & very convenient size; but
much larger ones are used for splicing very stout
ropes, such as capstan ropes. Sometimes the
marline-spike is made entirely of steel, or iron
steeled in the point, with a hole in the head for pass-
ing through a string, or with a pear-shaped loop
to form the handle. In other cases the head of the
spike is turned off at right angles to form a handle.

Besides understanding how to tie good hitches
and knots, every miner should be able to splice
well. A short splice is a very useful one ; but when
the rope has to run through tackle or blocks a
long splice is necessary.



HELVES OR HANDLES.

Many of the tools which we have noticed are
furnished with wooden hkelves, handles, shafts, or
sticks, as they are variously termed. A tool helve
ought to combine three qualities, viz.:—tough-
ness, with moderate hardness; slight elasticity;
and lightness. It should also be sufficiently large
to enable it to be held firmly in the hand without
cramping the muscles. Ash-wood complies with
these conditions better than any other material
which is easily procured in this country.
Hickory —a valuable American nut-bearing
tree, of various kinds, similar to the walnut tribe
—is largely used for helving tools of American
manufacture, many of which find their way into
English markets.* This wood makes very good
helves, and is commonly considered to be particu-
larly suited for axes. Some of it is peculiar for the
* Hickory is very much employed in the manufacture of

handspikes—imported from North America, ready made, and
weighing about 201bs. each—fishing-rods, shafts, &c.
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lozenge-shape structure of its tissue. For most
purposes, however, good ash helves are unsur-
passed.* .

The holding surface of a helve has all its angles
rounded off smoothly, so that it may be used
without galling the hands. The best shape is
either oval or round, in cross section. Ouval is the
better shape for picks, sledges, and axes, because
it gives the hand greater control over the directing
of the tool; but in the case of shovels round is
generally preferred for sliding and turning in the
hand. When shovel helves of short or medium
length are used, the crutch, or open handle, is
serviceable, not only for affording a large pressing
surface to one hand, but also for controlling the
turning of the helve in the other, and for pre-
venting any capsizing of the plate when filled;
but when long helves are used—as with the
Devon shovel—their high inclination enables the
helves themselves to afford a large pressing
surface, and the weight upon the plate is so much
below the level of the hands that it has hardly
any tendency to capsize; hence the ordinary grasp
of the hand gives sufficient control over the turn-
ing of the helve when needed. Very common oval

* The following is the order of arrangement usually accepted
as showing the relative values of a few sorts of wood for elas-
ticity :—ash, hazel, hickory, lancewood, yew.
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sizes are—for small tools, 1} inch x £ inch; for
medium size, 13 x 1%; and for large size, 1§ x 11
or 13. The length is not usually less than 18
inches, or more than 36 inches; 24 to 30 inches
being most common.

Round helves may be said to vary from 1} to
12 inch average diameter; 1§ inch being a very
convenient size.

Long shovel helves are commonly from 4 to 5
feet long, and short ones about 30 inches long,
except where required for use in confined places.

Short-helved shovels are usually bought with
helves fitted to them.

Spare shovel helves are often kept in mine
stores, although it is comparatively seldom that
one has to be replaced ; but the helves of sledges,
and of picks especially, are found to break so
often that a large stock is usually kept at the
mine for replacing broken ones.* Fig. 226 repre-
sents a pick helve, and a sledge helve is shown
by Fig. 227. '

Both sorts are generally split out of round logs
of timber into shapes represented by Figs. 228
and 229. They are next rough hewn by an axe
into the shapes represented by Figs. 230 and 231.

* Axe handles do not often break. They are usually replaced
by a handle made out of a pick-helve, when they require to be
renewed at mines.
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Afterwards they are dressed by drawing-knives,
spokeshaves, or planes, until they assume the
forms shown by Figs. 226 and 227. In con-
sequence of the feathered part, a, b, occurring in
a pick helve, there is some extent of timber wasted
in forming the haft, 5, ¢, as will be seen by
reference to Fig. 226, where the dotted lines show
the outline of the piece of timber from which the
helve is made. It will be seen this does not
apply to sledge helves, Fig. 227, unless they
are formed with a feather, as in Figs. 24 and 28,
which is not usual. The sizes of helves are, to a
certain degree, regulated by the sizes of the eyes,
into which they must fit tightly. This is always
the case with the feather of a pick helve, which
ought to taper as represented in Fig. 226, so
that the helve might be taken from a worn-out
or broken tool, and used in another, or refitted in
cases of wincing. As a rule, it is about 1 to 1}
inch thick, by 8 to 4 inches wide, in the largest
part of the feather.

A helve should be fitted into the eye of any
tool as nicely as possible, by driving it partly in
and withdrawing it a few times, so that the too
prominent parts, which will be marked by having
pressed against the inside of the eye, may be
reduced until an equal bearing is obtained. Before
the helve is permanently wedged in, it is neces-

13
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* sary to see that the stems stand perpendicular,
or at a proper angle, thereto. Almost invariably
double-stemmed picks should be fixed square with
their helves. To test that they are so before
wedging up, it is common, after driving a pick-
head on the feather end, to place the other end of
the helve against a fixed point on the ground—
usually, for the time being, against the shoe worn
on left foot. With one stem then pointing down-
wards, a line is scratched on the ground with its
tip. The other tip is next turned down, and if it
do not touch the same line, the head will be out
of square, and must be struck, so that the lines
scratched by both tips coincide. The helve is
then fastened by a hard oak wedge (about % inch
thick, and as wide as the eye is long), which is
driven at the top of the feather, in the direction
of its long axis, as shaded in Fig. 48. An
entrance is made for the oak wedge by a broad
steel chisel. Sometimes narrow iron wedges are
driven in across the oak one. .

In some instances the eye is “threaded * over
the haft, and then the feather tapers the opposite
way, as in Fig. 187,

For making helves, suitable ash timber in the
round is cut by a crosscut saw into logs of
lengths corresponding with the lengths of the
helves required. The logs are then split or
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cleaved, as required, by an iron wedge, like Fig.
160, driven in at one end.

The manner in which helves are cleft is of
some importance. It is well known that in every
tree the wood is more porous at the circumference
than at the centre, and consequently the outer
part shrinks more by drying than the inner
part.* It is very objectionable to have helves
warp sideways, and to avoid this, as well as to
counteract, as far as possible, the tendency of
helves to warp at all, they require to be cleft in
a particular direction, so that the long axis of the
oval or feather shall radiate from the centre of the
log, similarly to the medullary rays, or just like
the cracks often seen in the end of a felled tree
after drying.

The foregoing will be easily understood by
reference to Fig. 232, which represents the end of
a log, with lines showing how it is cleft radially
in segments for forming pick helves as described.
The dotted lines show the feathered part after-
wards formed out of each piece. At a, the outside
angles are chopped off, to suit for a straight axe

* Boards often warp from this cause, and the same reason
explains why the middle cut in a piece of timber over the saw-
pit so commonly requires no wedging for clearing the saw,
because the tendency of the outer portion of the timber to con-
tract naturally causes the separated pieces to splay away from
each other.
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handle. The diameter of the log must slightly
exceed twice the widest part of the feather. Im
converting larger logs there is ample latitude for
the exercise of good judgment in making the
most of timber. In Fig. 233 the log is first
halved, then quartered, and each quarter is cleft
in the most advantageous manner into pick or
sledge helves, or both, according to the sorts and
sizes required.

The best helves are those from nearest the
centre. In Fig. 234, and part of Fig. 235, the
quartering is wnequal to economise the timber.
A cleaver will often apply unequal quartering for
gaining a few more helves out of a log than could
be otherwise obtained ; and when some of various
sizes are required, and there is much difference in
the sizes of the logs, a considerable amount of con-
triving is necessary to make the timber go as far
as possible. Generally a few wasters may be
expected, much according to the skill of the
cleaver, but with good straight-grained timber
there need hardly be any. A log of suitable ash,
1 foot girt (about 153 inches diameter), is expected
to cleave into 86 or 38 good coal pick helves, each
of about 8 inches wide, by 1} inch thick, in the
largest part of the feather.

The same timber would cleave into about twice
as many sledge helves.
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As regards the number of helves which one
man will cleave per day, there is great variable-
ness, as in all other things, according to the skill
of the handicraftsman.

Two men are required to use a crosscut saw,
and it is considered a fair day’s work for both of
them, with good timber, to cross cut sufficient ash
into suitable lengths, and cleave and rough hew
about 12 dozen 30-inch pick helves per day, or
about double as many sledge helves.

It is considered that one man will afterwards
dress about 5 dozen rough-hewn pick helves per
day, or 10 dozen sledge helves; and that he will
fit and wedge up about 7 dozen dressed helves into
picks, or 10 dozen into sledges, per day.

In some places a carpenter is considered to
cleave, rough hew, dress, fit, and -wedge up 2 dozen
pick helves per day, or 4 dozen sledge helves in
the same time.

At many collieries and mines, dressed pick
helves are sold to the men at 4d. each, and some-
times the colliers do the fitting and wedging up
themselves. In other cases a new helve, fitted
and wedged complete, is sold for 5d. to 6d. each
for picks, and 4d. each for sledges.

Helves ought always to be cleaved and rough
hewn when the timber is green, and then they
should be stored away for about three months to
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season and dry before use, after which time any
slight warp can be corrected in dressing.

At some collieries, where the grain of the ash
used is not straight, or good for splitting, the
logs are divided by a circular saw. This often
produces very bad helves, when, as often, the grain
does not run properly w«ith the haft ; consequently,
they warp and break too easily. For the same
reason they are not so easily hewn and dressed as
cleft helves.

The price generally paid for simply kewing and
dressing pick helves which have been sawn out of
curly-grained ash is 2s. 6d. per dozen.

The expense of a new helve is not of so much
importance as the delay often occasioned by the
breaking of one. It is always more profitable in
the end to give a little more for good helves
than to go on using poor ones because they are
procurable at a less cost. At one colliery where
sawn helves are used, we ascertained that two
dozen pick helves, per hundred hewers, were
broken per week, although the picks were not
exposed to very hard holing or cutting, and only
ore face of hard dead work was being carried on
at the time. This gives about four weeks as the
average duration of each helve; whereas a good
helve ought to last more than four times as long
under the same conditions.

It is by no means an uncommon thing in col-



HELVES OR HANDLES. 183

lieries to find the same helve, where good ones
are used, last a hewer in regular work upwards
of twelve or eighteen months. In collieries
where very hard coal seams are worked in South
‘Wales, and where a hard botfom has to be cut
very much, moderately good cleft helves are found
to endure six or seven weeks on an average—
bottom picks included. As a rule, pick helves
are exposed to much greater strain in metalli-
ferous mines, and their duration is considerably
shortened, in some instances not exceeding a fort-
night.

A little observation bestowed upon this subject
will sometimes show & surprising disparity be-
tween different sorts of ash, as regards durable-
ness for helves, although in external appearance
there is nothing very dissimilar.

In some colliery districts, good cleft helves in
the rough-hewn state, and 80 to 34 inches long,
are sold at from 2s. 3d. to 2s. 6d. per dozen for
holing and cutting picks, and 2s. 9d. to 3s. per
dozen for bottom picks.

The haft of an axe handle is generally oval in
section. Ordinary axe handles range from 18 to
26 inches long, with a difference of 2 inches
between each intermediate size. If straight, they
cost, dressed, from 4d. to 6d. each, and if bdent,
from 1d. to 2d. extra.

Felling axe handles, straight, and from 34 to
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36 inches long, cost from 6d. to 7d. each in iron-
mongers’ shops.

‘Wedge axe handles, from 32 to 34 inches long,
are sold at about 10d. to 1s. each.

A round-sectioned helve, as before observed,
is the most convenient shape for a shovel. The
grain should run with the handle. The best
handles are bent, after steaming, out of tough,
straight-grained ash. If sawn out, and they
are cross-grained between the straps, helves do
not afford sufficient support to the shovel

Gravel shovel helves, about 30 inches long,
with crutch handles, are commonly sold for about
6d. each, best quality. Long shovel helves cost
about the same price, and up to 9d. each.

The common growth of ash is confined to tem-
perate and northern latitudes. Locality, climate,
and soil each greatly influence the quality of the
timber, and sometimes a very remarkable dis-
tinction exists in the natures of different varieties
of ash-trees grown in proximate positions.

Ash produced on land which is rather poor, or
only moderately rich, is said to be most suitable
for helves.

Ash does not suffer by altitude, if it is mode-
rately well sheltered. When it grows in very
moist or boggy soil, the timber is not very .solid
or tough.
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If growing at the bottom of a slope, near a
stream, in a loamy soil, where it is not wet, but
kept slightly moist during the heat of summer,
ash thrives in an excellent manner.*

It often grows to perfection on the sheltered
sides of hills and glens.

A uniform hazelly loam is very congenial soil
for ash. It produces tough, straight-grained,
and durable timber, of the character required for
helves.

Some very tough and hearty ash, good for
riving into helves, is found to grow in coldish
parts of our country, on clayey soils covering
argillaceous rocks, about hill-sides often exposed
to the westerly wind, but sheltered from the east.t+

Ash may be said to be of rapid growth, but the
difference of soil influences the growth so much
that trees fifty years old may each give seventy-
five feet of timber in one coppice, while in another
they may not yield thirty feet each.

It is not well for ash intended for helves to grow

* Ash roots are very strong suckers of the nutritive pro-
perties of soil, and they will reach as faras 40 or 50 yards from
a tree of eighty years’ growth. The roots often impoverish
pasture and crops growing over them to a very marked extent,
which is shown in stunted vegetation, so that it is unad-
visable to adopt ash for hedgerow planting and such-like.

+ The timber which has grown on the west side of a tree is
noticed by some woodmen to be harder than other parts, and
many sawyers aver that they can readily detect the difference
in sawing the timber.
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very rapidly. A moderate rate of growth gives
the greatest toughness and compactness of fibre.

Foresters consider that the most profitable age
for felling ash is from ninety to one hundred
years’ growth. It is then generally ripe,” which
indicated by the “leading point’’ beginning to is~
fail and to lose its verdure. But for making
helves, this is too old to cleave well. The best
age for felling ash for helves is from forty to
fifty years. It will then cleave in a proper
manner, and be hearty and tough. At this age
it is termed about ¢ half ripe.”” The proper
season for felling it is between October and
February, when the sap is down.

Some ash is imported from Canada. About
forty cubic feet are allowed to the ton, and the
same quantity if not “squared”” makes a ‘“load.”*

The price of good ash for helves generally
ranges in this country from 9d. to 1s. 4d. per
cubic foot—standing in the coppice—including
the measureraent of branches over 6 inches girth
but all the rest, with brushwood, &c., is included
free.

Not unfrequently the difficulties of getting the
timber away from the place where it grows in-
fluence the value in parts of England to the

® A variety of timber called * hally wood,” not much unlike
ash, is occasionally imported from New York.



HELVES OR HANDLES. 187

extent of 3d. per foot. In country places, large
standing lots can often be bought for 6d. per
cubic foot, the branches over 6 inches girth
being measured in, but tops, brushwood, &c., go
free. .

At seaport towns it costs about 1s. 4d. per foot
in the rough.

Sometimbs owners sell trees felled and lopped
for 1s. to 1s. 3d. per cubic foot in the wood ; and
they consider the value of the Zops, brushwood, &e.,
sufficient to pay for the labour of cultivating the
young trees and felling.

Forty to fifty years’ growth may be considered
to produce, under average circumstances in this
country, about forty cubic feet of measurable
timber in each tree, and ninety trees will grow,
on an average, per acre.



NOTES AND SUPPLEMENTARY
MATTER. ‘

Note To Pace 4.

Amount of loss auring conversion of pig-iron to wrought-

sron.—27 to 28 cwts. of forge pig-iron make a ton of cheap

merchant iron, or common railway bars cut to length. 30 to

35 cwts. of good grey pig-iron are used for the production of a
ton of good merchant bars, sheets, or rods for wire-drawing.

Note 10 PacE 4.

For proportioning the sizes of materials for bearing certain
strains—as in the case of boring rods, &c.—and for estimating
the weights of tools or implements, the following data are now

and then serviceable :—

5’ @ s | BREAKING STRAIN IN LBS.
& % g ® PER BQUARE INCH.
MEzTALS. © ﬁoﬁ
o 38| Tension. (Compression.|
g |87 Res. to Res. to
& |B tearing. crushing.
Brass—cast . . . .| 84 524 18,000 10,300
s Wire . . . .| 86 630 49,000
Copper—cast . . . . . [ 87 543 19,000 11,700
”» wire. . . o .| 90 562 60,000
70 .| 437 17,000 80,000
Iron—cast . . . . . to to to to
726 | 463 28,000 100,000
55,000 35,000
» wrought,bar, . .| 7:69 | 480 { to { to
70,000 40,000
» plates . . . . . 60,000
’ 5 double riveted 35,000
» 1 single } seams { 28,000
w WIre. . . . . . 85,000
s Wireropes . ., . 85,000
Lead—cast. . . . . . |114 712 1,824 7,000

-
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BREAKING STRAIN I¥ m‘

g ;g . PER BQUARE-INCH.
MrzraLs, §‘ -‘ér;i Tonsion. | -
i B8 | Besto | Resto
& tearing. crushing.
100,000
Steel—tempered . . . .| 785 | 490 { to
120,000
74,000
,, hardened . . . .| 778 485 to
80,000

Tin « o o o o « o .| 780 456 4,760 15,000

Zin6 . « . + o o o o 700 437 7,500
Dry TiMBER.

Ash . . . .« « ¢« . . ‘8 50 17,000 9,100
Beech . . . . . . .| 7 | 44| 11,000 9,100
Birch . . . . . . . 7 44 15,000 6,000
Chestnut . « . . . . 63 33 12,000

Em. . . ..« .. *66 35 12,500 10,000
Hazel . . . « .+ . . 17,000

Larch . . . . « . . 66 35 9,600 6,400
Oak—English. . . . . 93 58 18,000 10,500

s American . . , . 11,000

Spruce and Red Deal . . 65| 40 12,000 5,700

‘WEIGHT oF ROUND AND SQUARE BAR-IRON IN LBS. PER LINEAL

FOOT.
Size. Round bars. Square Size. Round bars. Square
Inches. 1bs. 1bs. Inches. 1bs. 1bs.
*164 209 2 10-49 13-36
+369 470 11-84 15-08
6566 836 13-27 16-91
1-024 1-304 1479 18-84
1-476 1-879 16-39 20-87
2:008 2:556 18-07 23-11
2:622 3-340 19-84 2526
3317 4227 21-68 27-61
4-097 6219 23:60 3007
4-960 6-315 3 2770 3528
5900 7-617 3 32:13 4091
6-926 8-820 3 36-89 4697

8-032 10-227 4 41-97 S¥ AN
9-222 11-742 4% ATRN N ¥
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‘WEIGHT OF METAL SHEETS IN LBS. PER SUPERFICIAL FOOT.

i

Thickness. Thickness.
— Iron. |Copper.| Lead. | —
ilmxh.I B.W.G.| Inch. B.W.G.;

Iron. Copper.| Lead.

20°00| 22-90 | 29-565
22:60| 25-76 | 33-24
2500 | 28-63 | 3693
27-50 | 31-49  40-62
30-00( 34-35| 44-32
8260 | 37-21 | 48-01
35:00| 40-08 | 51-70
37°50| 42:94| 6539
40-00| 45°80| 69'10

o | 28 63 72 92
vy | 22 126 1-43| 1-84
Ye | 16 250 2-86| 3-69
13 3:75( 429] 663
11 500| 673| 7-38
7 7°50( 8-69| 1107
4 [ 10-00| 11-45( 14-77
1 (12560 14-31| 18-46
156-00| 1718 22-15
1750 | 20°04 | 25-84

1 e BN b oo onois

St o et

Taking wrought-iron as an example, although a bar of given
quality will not break until each square inch of its sectional
area has to bear a tensional strain of, say, 65,0001bs., or a com-
pressive strain of, say, 35,0001bs., yet it is not safe in actual
practice to load the iron up to more than from 3th to ird of
that strain. The safe * working load ”’ is found by dividing
the ¢ breaking strain’’ by a certain figure, termed a * factor of
safety.” 'When the strain brought to bear upon any material
is perfectly steady and uniform, it is called a ‘“ dead load ;”’ but
when, as in the case of the moving parts of a machine, the
strain is irregular, vibratory, or sudden, it is called a ¢live
load.” TFactors of safety vary accordingly, and may be re-
gistered as follows :—

For dead loads 3, for live loads 6 to 6, in the case of
Metals.

For dead loads 5, for live loads 8 to 10, in the case of
Timber and Masonry.

‘When, however, dealing with cases like pump rods, which may
be submitted to extra strains by the jamming of pump buckets
or otherwise, and which are liable to quiver or shake con-
siderably in work, the factors of safety are increased to $ or
even 4 times greater than those given above, or, to meet the
same end, the strain on the pump rods is taken at 3 or 4 times

.
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grealer than the nominal ¢ load,” and the ordinary factors of
safety are then adopted.

It is useful to carry in mind th.at a square foot of wrought-
iron plate, 1-inch thick, weighs 40lbs., because, by reckoning
parts thereof, the weights of plates of other thicknesses, as well
as the weights of different sizes of square and flat bars, may be
easily worked out mentally.

To find the equivalent weights of other metals, multiply the
weight of wrought-iron by 1-021 for steel, by 928 for cast-iron,

- by 1092 for cast brass, by 1'106 for brass wire, by 1131 for
cast copper, by 1-171 for copper wire, by 1-16 for sheet copper,
by 1:483 for lead, by 9560 for tin, or by 910 for zinc, as the
case may be.

‘WEIGHT AND STRENGTH OF CHAINS.
( Diameter

in inches
of iron in
links.

per
fathom.
Proof

strain
in cwts.

SaorT-LINK CHAINS.
N

To find the weight which ordinary short-link chains will carry
with safety.—Multiply the square of the diameter (reckoned
in 16ths of an inch) by 035 ; the product will be the weight in
tons. Thus, in the case of a #-inch chain: § =1%, and
12 X 12 =144 ; then 144 X *036 =504, say 6 tons—the safe
working strain. If the squares are divided by 28, a similar
answer is obtained. Thus, 14428 =514 tons. For general
purposes 30 may be used as a divisor. The same squares,
multiplied by *052, give approximately the proof strains in tons.

Diameter in
inches of iron 113 1} 2
in links

‘Weight in 1bs. 5

per fathom. 6 18- 10

Proof strain 860 450 1,100 1,440

CuAm CaBLes—8TUD-
LINK.
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‘WEeiGHT AND STRENGTH OF WIRE AND HEMP Rorpeks.

RBROUND ROPES.

B
§
3

SteeL ' Wme. Iron WIRE.

8 . %] ] . h,g é. w2 ] ME
Bg B2 85 B2 By B osf
HosofoE o on o g
B -a;o . .s'g u:s 'Ué B s-
Eﬂ BE 2% ki 5% B PFE A%
1 13
i é 1i 3 1*
1 4 1
i 1 2 13 6 1
11 2 2 7 2
1 1 1 24 24 8 2
1 13 1 23 3 10 3
2 12 4
131 24 8 8 15 b
li 1 3 3 4 18 6
1 2 3 3 43 20 6
33 4 5 22 7
13 2 4 4 6 24 8
4 4 ey 21 9
13 3 4 5 7 30 10
2 3 63 65 8 33 11
2 3 6 6 9 36 12
2l 4 7 6} 10 42 14
2 4 7% 7 12 46 15
2 3 8l 73 14 49 16
3 8 52 17
b 9 8 16 56 18

3 8 4 14 10 28 85 27
3 9 4 16 11 30 96 29

3% 11 4 20 12 32 130 40
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8 3x1 16 32 14

11 X 20 40 18

12 22 48 20

8 14 24 56 22

10 16 26 64 24

11 18 29 72 26

12 21 32 80 29

14 24 36 88 33

16 26 40 96 37

18 28 45 110 42

21 32 52 120 48

24 39 64 145 68

28 48 78 176 70

34 X1 69 98 212 86

Ropes differ somewhat in weight and sl:réngth according to
make,

Note T0o Pace 6.

Ozidation or scaling in a smith’s fire.—At the hottest position
in a smith’s fire there is a surplus of air which will scale iron
placed there to be heated. Further away from the blast, all
the oxygen is appropriated by the fuel to form carbonic oxide
gas, which possesses both reducing and carburizing properties.
It will reduce iron scale to metallic iron by combining with
the oxygen of the scale, and in its presence iron absorbs part of
its carbon to form steel. This gas burns in blue flames on the
outside of the fire, and then forms carbonic acid gas. Carbonic
acid is an oxidizing agent, which, in the absence of carbonic
oxide, readily scales highly-heated iron. It will also oxidize
or “burn ”’ the carbon in iron (as well as that and some other
constituents of fuel) when at the requisite temperature. In like
manner it will reduce heated steel to the state of wrought-iron by

K.
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combining with and removing carbon from the steel. By this
reaction, carbonic acid is reduced to the state of carbonic oxide,
the former consisting, by weight, of 1 of carbon to 2§ of oxygen,
the latter of 1 of carbon to 1} of oxygen.

Notes 10 Pace 12,

Welding test for wrought-iron. — Wrought-iron containing
enough of phosphorus to render it to some extent cold-short,
can be welded with the utmost facility.

A simple test for distinguishing steel and wrought-iron is
that of placing a drop of aqua-fortis (nitric acid) upon a
brightened surface of each. The acid must be sufficiently
dilute to prevent the formation of frothy gas bubbles. The
drop placed upon steel becomes darkened to a resemblance of
ink through the separation of solid earbon, which remains float-
ing in the acid by reason of not being dissolved like the iron.
Acting upon wrought-iron, the drop of acid soon becomes
tinged yellowish brown, which gradually changes to a greenish
colour. Upon washing off the acid with cold water, very
slight rubbing removes almost all trace of the spot from the
sron, whereas there is a dark stain left upon the steel. Steel in
a hardened state exhibits more decided and rapid separation of
carbon, and bears a deeper stain after washing than the same
steel in a softened state. This arises, probably, from the more
porous condition of hardened steel, due to its permanent
expansion by hardening.

The bevel edge of a hatchet, ground through both wrought-
iron and steel, is convenient for this experiment. The line of
junction of the iron and steel can usually be seen by reflected
light, but if not thus discernible, it can be readily distinguished
by drawing a little agua-fortis across the bevel.

The same dilute acid will act upon brightened grey, chilled
grey, mottled, and white cast-iron with much the same effect
as produced upon wrought-iron, but with less coloration in
the cases of chilled and naturally white ¢ast-irons. In each
case, if washed and slightly rubbed, after having been acted
upon five or ten minutes by the acid, scarcely any trace of the
spot remains upon cast-iron.

Brightened steel, rich in carbon, can be distinguished, when
hardened, from mild or slightly carburized steel, similarly
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brightened and hardened, by merely placing the two sorts side
by side, whereupon the former will be observed to have a
decided yellowish tint, but a silvery whiteness will be shown
by the latter.

Note 10 PagE 16.
" Heat developed in the B converter during blowing.—The

chilling. effect of blast blown dotwnwards into molten iron is well
known. In refining-fires this is compensated by the com-
bustion of a considerable quantity of fuel upon the surface of
the molten iron. By introducing the blast at the bottom of a
“ converter,” the heat of chemical combination becomes well dif-
fused throughout, and is largely absorbed by, the charge. In
the case of the refinery, the reactions occurring on or near the
surface permit the upward escape of heat without directly con-
tributing to the liquefaction of the mass.

Nore 10 Page 17.

Bessemer Steel.—In Sweden, first-class razors and cutlery
are made out of steel manufactured by this process from pig-
iron derived from very pure iron ores smelted with charcoal.
Bessemer steel, or steely-iron, for wire drawing and sheet
rolling, contains from 005 to 0°15 per cent. of carbon ; steel for
boat, bridge, and boiler plates, railway axles, and gun barrels
from 0-3 to 0-4 per cent. of carbon ; for tyres and rails from
0-4 to 0°5 per cent. ; for files, razors, and cutlery, 1-0 to 1-6 per
cent. Swedish Bessemer steel must be quite suitable for borers
and other mining tools.

Note T0o Pacr 21.

Case-hardening.—Strongly-heated wrought-iron plunged into
fine charcoal powder, or sprinkled with it, becomes skin
carburized. Only a very thin coating of steel is formed by the
experiment ; but, after hardening, it will resist a file. Russian
sheet-iron, 8o generally celebrated for toughness, is hammered
—prior to the finishing process—in piles at a red heat, in which
the sheets are separated from each other by a thin layer of
nearly impalpable charcoal powder. This operation, no doubt,
effects a degree of carburization sufficient to partly account for

X2
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the excellence of the sheets, which might be called steel, or
steely-iron sheets. We have drawn attention, on page 32, to
the likelihood of similar skin carburization in the process of
oil hardening,

Note 10 Pacr 24.

Welding Steel.—Some smiths mix a little sal-ammoniac with
the borax used for forming a glaze to prevent scaling in draw-
ing heats. About 1 part of the former to 8 or 10 parts of the
latter are mixed in a powdered state, and heated over a fire.
‘When melted to a clear liquid, it is poured out to cool, and then
pounded up for use as required.

Nore 1o Pacr 27.

Vaporization of Water during process of hardening steel.—
Sainte-Claire Deville recently found that the higher the tem-
perature iron is raised to before plunging into water, the less
water is decomposed during the first given measure of time after
the instant of immersion. He concluded that the affinity of the
iron for the oxygen in water decreased with increase of tem-
perature, or, what amounts to the same, that the affinity of
hydrogen for its accompanying oxygen in water increased
notably with increase of temperature. The fact observed
may be influenced by the well-known spheroidal condition
which water assumes when in contact with heated metals,
besides by the greatly increased temsion of the envelope of
vapour surrounding a more highly heated mass of iron when
in water—a circumstance which would prevent the access of
equal quantities of water to the iron.

The phenomenon above referred to must have an influence
on the operation of hardening steel. This operation is also
greatly influenced by the shape and mass of articles under
treatment. A 1l-inch cube of steel exposes 6 square inches of
surface .upon which water can operate for cooling ; while a
12-inch cube, containing 1,728 cubic inches, exposes only 864
square inches of surface, or only } a square inch of surface per
cubic inch of content, instead of 6 square inches per cubic inch,
a8 in the first case. In this example the ratio of cooling surface
per cubic inch of content in the two cubes is as 12 to 1, so that
to obtain equal effects in the same time, twelve times the
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quantity of water, per unit of surface, must come into contact
with the larger cube, and the heat or caloric must travel ouf
through the mass twelve times faster—the first condition diffi-
cult, and the last impossible, to obtain. For hardening smiths’
anvils—and heavy sledges, referred to on page 70—large
running streams of cold water are requisite, but even then the
articles are often too soft, owing to the annealing influence of heat
slowly travelling from their centres. For obtaining sufficient
hardness in dies used for coining—which, though not of large
mass, require to be exceedingly hard—a stream of cold water
escaping from heavy pressure is used.

Note To Pacr $5.

Tempering Colours.—The various colours occurring in regular
order on the surface of either brightened iron or steel are
attributable to the decomposition of light by the film of oxide
of iron—which increases in thickness—formed on the article.
The colours can be produced upon brightened soft as well as
upon hardened steel. Misleading consequences as to the
quality of steel, and mischief to others, have been effected by
ill-disposed workmen acquainted with the fact that colours can
be reproduced on steel already tempered.

Nores To Pace 39.

Red-ash Coal.—The depth of reddish coloration of the ashes
from this, in conjunction with the quantity of ash, is an index
to the amount of sulphur existing as iron pyrites in the coal.
The deeper the redness the greater is the proportion of oxide of
iron, representing a larger amount of pyrites.

Saws are invariably hardened in oil, which also toughens
them. Various oils are used, as linseed, whale, &c. The oil
bath is kept heated to a certain point—often about 200° Fah.—
to render it thinlyliquid; thus, by its increased fluidity, to
accelerate the abstraction of heat by convection. In regular
work more than one oil bath is necessary, because the tem-
perature of oil very rapidly rises (already referred to on
page 26), and above & certain point it will not harden plates of
ordinary thickness. At the most favourable temperature it is
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very difficult to “strike’’ hardness through saw blades which
are as much as §-inch in thickness.

Some reference has been made to the various sorts of tamp-
ing in common use in connection with rock blasting. When
nitro-glycerine—discovered by Nobel—was first being intre-
duced as an explosive agent, one point, urged strongly in its
favour, rested on the convenience it offered regarding tamping.
A little soft clay, mould, dust, or sand, gently placed against
the charge, afforded sufficient resistance to cause most effective
blasts by using nitro-glycerine, because of the instantaneous and
violent action of its explosive force. Even water tamping was
adequate, and for downward holés nothing could be more con-
venient. Necessity for claying wet holes disappeared. The
charge had simply to be poured in, that it might sink to
the bottom of the water. In case a faulty fuse caused a mis-
fire, there was no occasion for risking the loosening out of
tamping by prickets, or otherwise, in order to recharge.
Tamping bars were, so far, valueless. To be able to discard
their use entirely could grieve no one.

The necessity, however, for creating parliamentary restric-
tion against the employment of nitro-glycerine was soon sug-
gested by several calamitous accidents which attended its
storage, transit, and use, and which soon caused its destructive
peculiarities to be regarded with widespread alarm. Many
who looked forward to increased prosperity of mining industry
regretted that an explosive agent, possessing after all so much
to recommend it, should, notwithstanding, be characterized by
such dangerous attributes.

Since that time Nobel set himself the task of discovering a
safeguard against the danger, and of producing a compound
having practically the enormous strength of nitro-glycerine,
yet without its special drawbacks, and his labours have been
encouragingly rewarded by the production of dynamite, said to
consist of about 75 per cent. of nitro-glycerine and 25 per cent.
of soft and porous silicious matter.* The compound is of pasty
consistence. Lit by fire in the open air it burns away in a

* Porosity seems to be an important character, to render the material
sufficiently absorbent toimbibe all the nitro-glycerine, and secure against
any separation of the same in free drops, which would be extremely dan-
gerous.
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very quiet manner, but if fired by a detonating or percussion
cap, or gunpowder, it explodes with almost incredible force.
Sand tamping, gently laid against it, is sufficient for dry holes,
and water tamping serves for wet ones. Its extreme quickness
in exploding makes it highly effective, even in blasting open,
fissured, or potty ground, where ordinary blasting powder
would be of little or no good. Dynamite has been proved to
keep without any deterioration for years. If frozem, it is put
in & warm place until softened fit for use. It is used in
cartridges of oiled paper, or tin, each having a fuse with a cap
fastened on one end, which penetrates the charge, and is
secured in place by a string tied around the mneck of the
cartridge. At about 2s. per pound, in small quantities, it may
seem to be expensive, but against this must be set its far
greater strength and convenience than blasting powder, as well
as its better adaptability for smail bore-holes.

Nitrous oxide fumes from exploded nitro-glycerine have
been complained of, but dynamite has acquired great favour in
actual work on many parts of the Continent; and the risk of
its exploding under any ordinary conditions, excepting those of
actual work, is sufficiently remote to satisfy all reasonable
requirements. )

Another compound with which we have more recently been
brought acquainted in this country is Zithofracteur, first brought
out under that expressive name in Germany, by Professor
Engels of Cologne. According to accounts, it consists of 76
per cent. of nitro-glycerine, and the rest gunm-cotton, con-
stituents of gunpowder, and infusorial earth. Lithofracteur is
a black plastic substance, manufactured (under trade secrets) so
that it may be made up into cartridges of any sizes. It is
employed much like dynamite, and offers similar advantages
regarding tamping, &c. Fired by a capped or percussion fuse,
it gives out immense force, otherwise there appears to be
practically no liability of explosion. For some time past, it
has been used in Germany with good results, and lately it has
been submitted to the most searching tests upon its strength
and safety at quarries near Shrewsbury, owned by Mr. R 8.
France, the results being very convincing of its value. The
encouragement given by that gentleman to the carrying out of
the experiments—no cost being spared to make them con-
clusive—deserves to be acknowledged in high terms.
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The chief difference between dynamite and lithofractenr
appears to be that the latter contains a small percentage of
explosive ingredients besides nitro-glyceriue, and therefore it
may be expected to be somewhat stronger, which is some
advantage, providing no element of safety be thereby sacrificed.

Since nitro-glycerine happens to enter into the composition
of such explosive mixtures as those referred to, we are at
present prohibited in this country from benefiting by the ad-
vantages accruing from their use. On the Continent their
application is not hampered by any Nitro-glycerine Act, but
their superiority, compared with powder, is taken advantage of
daily. In this country the mining portion of the community
is not prone to agitation, but every day adds to the dissatis-
faction felt towards the Act alluded to, and the anxiety to
witness proper modification thereof is already very great.
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INDEX.

ADOO HEADS, weight and cost of,
1

composition of, 6: scaling
e&m of, 5, 193; upon ma, 23.
American pi 84.
Anohor-l\ead picks, 74.
Annealing in oil ba.th, 27, 82.

Australian pick, 84.
Axe (see also Hatchet), 103;
angle of cutting edge, ; claw

105, 183;
inlying, 109; forging and tem-

pering, 108; construction, sizes
and welghta of, 104, 106, 107; 7;

B
g
, danger of

using smift
and train, 137.
Blister-steel, 20.
Borax for weld.mg 4.
Borers, 42; auger-shell, 61; bits
42, 48’ effectiveness of nhort,
46; for deep holes, bow-bit, 60;
double t:lgk:’r-}nt, 61 ; B-bit, g%
separate bi orla.rgemzes,
!or soft ground, 62; for shf
i‘v 62; hardening, 83; sizes
of bit, shaft or stock, 48.
Borer-steel,
Borers, stnhng- making and

Borer-ints, angle of cuttin
backwa.rdg 49?.9&‘;:

efective shapes, 49 t-f:hrgmgpe’ i
ve pes,
49, 66, 66; im 55
{nfluenced by shnpe of:
48; muﬁrgd by overheating, 56

Irish, 103; Kent, 104;
169; morﬁme, 107; 'Newmtlo,
104 ; Scotch, 104 ; nde or squar-

ing, 107; awne, 168; wedge,
104; Yorkshire, 104. ’

Bavrvast shovels, 97.

Bar-iron, weight of round and
square, 189.

Bars, size, weight, and cost of,
167 ; used in foreign mines, 1568.

Bathsﬁone, jedding in quarries,

Beater or beating-pick, 170.
Bell-box, 167, ok

for atool: \_!
15-19, 30; ; over-blo;m clm.rges,

dphnr and phospﬁoms, 19;

lleat

pped corners
49; odd-cornered, 49; temper-

ing, 86, 87, 51, 52—in oil, 58,
precaution in = har y.
revolving, for coal, 60 ; st: ht,

47; ow-tul, t.lme

to ahnrpen and temper, 56 ; tool

for shn.rpenmg 49 ; width o!, in
Bore-! %oles for blasting, ordinary
mms, 56 ; putting in pxi)e-lnnngn,
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Breaking strains of metals and
tunber, 188.

ot

and
dles, pnckeru y and tnmpmg ba.rs,
138, 139,
B]}rgs-;;sed for ore-d.ressmg, 169.
uc) u-on,
Bull crool
Bulling ahovel, 170. .

CANT-HOOKS, 173.

Carbon, forms of, 12; affinities of,
82; modes of, mxron, 12.

in oil, 81; in pig or cast-

uon,s,ls,lb.mltael,ls-w

22, 81; in wood,

1 in hnrdening pro-

pe ; influence upon

tempering, 35.

y remov from pigor cast-
iron, 8, 16, 28, 81,

Carbome acid, oxidizing mﬂuenoe,

Cu"bomc oxide, formed b
mer process, 16; car nzmg
roperty of, 198, for heating
38.
Carbonm;hon of oil, 27, 81; of

wood, 81.
Carbunzahon of iron, 19, 21, 193,

71.
Cat’s-head sledge, 65.
Cementation process for steeli 19.
Chmns, weight and strength of, 191.
coal for case-hardening, 195;
for steel-making, 19.
Cheek-head hammers, 64,
Chips and chmps, 147,
Chisels, firmer

and mortise, cost
Cl?lt'sels or borers, hardening, 83,
54; tem g, 36, 61.
Cm ers (see Slags).

Clamps and chips, 147.
Claw, 165 ; -bar, 167.
Clngﬁ’uom, 184; eosto!, 188; use of,
C.lay e in ood, 89; effect upon
hea

Chnkerﬁ‘omooal,
nh!, m,88,40 impor-
tance o

47, l.unexn,tg tyforfom

I)hurm,si) she in, 89; silica

cakingnst) ; suitable for

INDEX.

Coal, impure, effect upon weld-

,red-ash, 197 smith’s, 88.
washing
Cobi:mg lm.mmu',
Coil-drag, 164,
Cold-short iron, 2, 10.
Colours during tempering, 85, 197.
on brightened iron, 85,

Copper and bronze sh
needles and prickers, 188, 139.
Corbel-bxts to counteract wincing,

Cn.ne hooks, 178.
Crook-bar, 157.

Crosscut law, 111,
Crowbar, 1

Cutting coal, “side cuts, 85.
Cul pxcku, 76, 1, 78.
Cut-off pick, 76.

Dg;:notﬂnngohngesbysnﬁﬁ;,

Dark sghops for hard y 83
Dead-work picks, 76-78, 1.
Deca.rbu.nzatwn of pig-irom, 8, 11;

of cast-iron, 28.
Devon shovel, 96.
Dibber, 158.
anper or bul, 170.

twist, 13

Drag-1
memg eap, 168.

Dnver, or dnving punch, 171.
Driving iron, 164.
Dynamite, 198.

ELBOW-ANCHOR ck, 78.
Em-";“;’ por!
ci for e of
charges, 140 firing
Expanmon of mercury, oil, and

water, 26.
—————of steel by hardemng,
e8 of Torei i 82, 83; of
E‘mmmers, g‘n, pochgmk%, &), of
Facrors of safety for loads, 190.

e"mf axe, 107.
Files for 8a 118.
Fluids mshnrpenmgm ws,

Forging borer-bxtn 47, 49, 86;
cast-steel, 55. » 85,
Fracture of bnr-mm, 10 ; containe
ilng phosphorus, 10; raw iron,”
1.
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Frost, effect of, apon bar-irvon, 12. Heat, effect upon steel, 23.
Frying-pan shovel, 97. ——, best for hardening, 28; for
Fuel, 88, 47 ; sulphur in, 8, 89. tempering, 87.
Furnace, hardening, 82. Heater, 168.
Gaps and wedges, 144; cost of, 87, 40.
146 ; losi same umierground, .miles), 174;
146 ; Mexican, 145; Saxon, 145. ),180; -
German keys, 165. of, In use,
Gimlet, spike, 162. ; fitting and
Gor:g;, sizes and cost of, 161, for picks and
Grafting tool or spade, 99. for shovels,
Grappel, 166. picks, how
Gravel rakes, 162. 177 ; hiekory,
Gravel shovei, 95. bori.nf ham-
Grips, 163. . . . 65; lengths
for picks, 75, 76; 1 for
Hack, 72. shovels, 96, 97 ; price of, for picks

Hammers (see also Sledges%, H
balance of two stumps, 66 ; broad
and narrow heads, 64; cat’s-
head, 65; cheek-heads, 64; cob-
bing, 67; dally, 64; description
and use of, 63; eyes of, 63, 64,
6s; headof, 63; lengths of han-
dles of, for boring, 65; shape of
eye, 64; spalling, 67; 8t. Just,
boring, 64; various patterns of,
63 ; heads, weight of, 65-68.

Hammering iron, purifying by, 4.

Hammer-pick, 84.

Handles (see also Helves), 174 ; for
axes, shape and length of, 105;
shape, sizes, and cost of, 183, 184.

Hand saw, 111.

Hardened steel, tenacity of, 29,
189; effect of cold draughts, 28.

%:geningsl zg’o.se 5, 1

ening steel, )y 96;
B iy e e

; 0] water, 28 ;
furnace for, 32, 83; moffen leag
for, 83 ; coal for, 83; darkened
shops for, 83.

—_— ——, effect upon tena-
city, 28-81.

, degree of, 28.
in oil, tougheni

and shovels, 181, 183; rough
hewing, 181; of
hewing and dressing, 182 ; shape
of, in section, 175 ; sizes of, 176,
177; time taken to make and fit,
for picks and sledges, 181 ; warp-
ing of, 179 ; wasters and numbers
made from a log, 180; wood suited
Hfo'rm’;;"?ﬁs 85,
() y 3
Hglﬁing ‘picks, 76-78; taper of tips,

Horn used for ore-dressing, 169.
Hydrogen, in water, 80; libera-
tion of, 27, 80; in oil, 81.

Irish axe, 103.

Iron for borers, price of, 48.

frm e A e
ron,

194 ; loss during conversion from

pig to wrought, 4, 188.

- fure, 2;
leable cast, 23.
—,_ oxides of, 8, 93, 89; sul-
phides of, 39, pyrites, 39.
—-l—gasoale, 8; . Erodu?tg’n; of, b,
3 com; on of, ; mag-
ti o}, 9; difficult fusibility

]

by, 29.
bon by, 81.
38.

sels, 83, 85, 61.
Hardness of some rocks for boring,

51.

Hatchet (see also Axe), 103;
blade of, 105; description of,
103, 106; eyes of, 103, 105;

£, 103, 105, 1 dles'lllosoihos

of, 1 07 ; pol 105;

weight of heads, 104, 107. ’

y T 1 of car-

, water cracks by,
borers and chi-

of, 6; effect of, upon welds, 6;
combination with sand, 9; fusi
ble compound with sand, 7, 18.
——, heated, scaling in water, 27,
80, 33, 198.
—— ores, 2; fluxing or slagging,
2.

——, pig, varieties and charac-
teristics of, 13; carbon in, 8, 13,
15; phosphoraus in, 2, 19 ; silicon
in, 16; sulphur in, 2, 19 ; decar-
buﬁzatifon of, 3, él, 28,841’; re-
fining of, 3; loss during, 4, 188:
reduction from ores, 2; fluxes

for, 8.
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I’“‘:m‘""’;f""m,"i“ m%& o,

4; we:gh of, ’5,'
?ﬁmgt.hof,d.&,l&&lw ﬁ-no-
uhno‘},f' io'testmgof,lz wegg-

unmtl

,W

19 21 i
22 95 oa.ri)on in, 12; oold-
n.hort, 2 H red-ahort 2, 39
of vibration, 12; of col

Jacxs, cost of, 172.

Jadding, 151, 162.

imn, 151; picks, 148, 150.
Jads or juds, 148.

Jumper, 43

Xzxr axe, 104.
Keying hammer, 170.
Kirving, 75.

Lifting-d« 1
Lime fox?s:’ron-umelhng, 8; for
wel 9, in coal, 40,

MarvrEABLE cast-iron, 23.
Mallet for boring, 65.
Mandrels, 72.

& P 8,

18.
Marline-spike, 178.

Match, 138
Mattock, 72; cost of, 160.
ﬁ:tll’nlg points of metals, 87, 40
m .
Mercury for hardening, 26; ’npo-
rization 27.

Metallic baths for tem; , 86.
Metals and timber, wexgh and
‘breaking strains of, 188.
Metal sheets, wufsht of, 190,
Miscellaneous
Mortise axe, 107.
chisel, 160,
Mote, 136.
Nam or needle, shooting, 186,
Needle, sh A 868 copper,
188; eibgt& of, dangws in
Newmstle axe, 104,
Nipper, 172.

INDEX,

168.
Nlmfgrk,m‘ oonverthg 2.

anse pick, 84-

On.s&oomo%oqzi’ﬁonof,al earbo:i"
zation s expansion
used fo xm&mg

Outlyi grlw 5, 107

scaling effect of, 6, 27, 80,
in oil, 31; in water 80.

Pacxma tool, 171,
Pad- e, 162.
Pl;'os{:)homl, cold-short effect of,

———, influence in Besse-
mer pmeels, 19; upon welding,

Pick helve, 176 ; s T9.
Picks, action and use
steel, cost of, 89; cheeks
Déhne and Thomas’s e}m&m 90;
elbuw(=ll ;gclqmr, 78; "’ ms:
ancho: 4; of, 72; i
82-84; form :p 73 ;. form
and weight used—at i
76;in Forest, 76 ; ml"lmt-
shire, for holnag, 77, in Glou-

hire and t, 75, 76;
in iron mines, 75 ; in lead

Northumberm'lséld in N.

England, for g cutting,

“m’ “‘..g“n?’ “é?;a" > = 91,

cuf 8 pn :

ol, for holing u’nd cntﬁng. 71;

[ boteom, ﬂom and weight

_— dead-work, 76-'18, 81,
—_— dnvmg or stone, 77, 78.
d b ht of e.ds,
and weig] 74-
79, g, 87-89.
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Picks, jadding, 148; cost of, 150.
—, poll-, rmmdwelght of
Co! 78; used in Derbyshi
79; used in Flintshire, 79 ; ser-
vice of, 79; size of stem for soft
gmu%,'l!).

, push, 158,
———, rock, form and weight used
in S ‘Wales, 77.

ting shovels, 98.
Plug and feather, 147,
Poker, 155.
Poll-smh, 78, 79; making and
Powder

Prickers,
using,

Priming, 1
Prizing on pl 78.
———— shovels, 99.
Pronged shovel, 97.
Prussiate of potash for ocase-
hardening, 23.
Punch, 171.
Push-pick, 168.
Pyrites, iron, 89; in ooal, 39, 40.

QuArry di 173
Quarrying tools, Bathstone, 148.

of, lsD danger of

coal,
Red-short iron, 2, 89.
B.eﬂnmgpigau’on, 8; loss in weight

Bo-:r':;gng sledges, 71.
Rivelaine, 83.
Rock pick, 7.
Rods of bore-holes or
;;.\_Imng when broken, 164, 166,

Rope splices, 178.
Bopea, welght and strength of,

BAFETY-FUSE, 188-140.
Sal-ammoniac, use of, 196
Band, difficult fusibility of, 7; use

for welding, 7, 24; fusible ‘oom-
pound wi smle, 7; combina-
tion with seale, .

Baws, 110,
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Saws, blades of, 111; oost of, 111,
112, 126; orosseut, 111; orouont
hand, 113; description and

teeth, 121 ; pitch of, 118 set
to character of wood

sa.wn,ll ; setting, 114; seth.ng

stone saws, 125; short

124; size H

tween, 122 ; according to sharp-

ness and pressure, lﬂs-spmea
d, 123; hard

ofwoodsa
2ol B

ml relatxon to st,
Saw teeth, tenden

dust, 120
Saw bow
Saw ﬂles, oost of, 113.
Baw set, 11
Baw, Tnttle’ tent orosscut, 121,
— tiller an pxt saw box, 112.
Bcabbing pick,

e, iron (see Iron soale)
Sca.rb for wel removal of
scale from, 7; ek of sulphur
upon, 89.

dar, 133.

Bcnpeu, 180 131
Scrapers, 158,
Smping ahovela 101,

S e
— or moil, 156.
and tem:

Sharpening ; borer-
blts, 47-58; time

; picks,

Bhovell (see al.so Spades), 84.
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Shovels lngle of helve with plate,
96; cost of, 100;

orease of, 96 ; descn of, 94,
96 ; Devon, orlongwgandl

for, 95.
Shovel helves, 175 ; hilt of, crutch,

97.

Bide or squaﬁnmnllg?.

Bilica, 9; b T Process,
16; in coal,

Sihoon in pxghu'on, 16.

Bkewnose auger, 161.

8kin of bar-iron, 11.

Slag ; forge and mill, weight of, 5;
in wronght- na 4,6; use for

T e, 18

INDEX.

“ R readmg” uul“ooming" ends

jad pick, 149,
Spnnpg:’;g

8quib, 136.
Steel, constitution of, 12; 1;.:ar-

l4;wel' o
eefor bits,
46: cast, 22; low eat for
ing, 556; price for borers,
shear, 24 ; price for b:ts, &e
gmm‘ m.lﬁsso.

ect of meltmg heat upon,
23; m;uryto byover
weldmg borax for, 24
moniac for, 196:
from iron, 194.
Steel borers superior to iron, 46.
Steelmakmg influence of mtrogm
_ upon, 22

r
th, 141-1«;, 198.

from iron ores, 8; from ooa.l, 40.
Bledges (see also Ha.mmers),
road and narrow heads,
64; casb-steel 71;  colliers’
wedge 146; cost of making and
reaéy-m ade, 71; for quarry-
mg Bathstone, 154 for wedge
dnvmg, 66 hardemng, 70, 197;

lump, 66 makmg direction of

eye gh bar, 68; iron-

steeled, 70 ; time of , 705

gsbeelmg 71; weights of a5+
Slitfer, 72,

Bludge 130; scoop for clearing,

Blndger employed by Mather,
184 ; hand, 132; ormoop 188.
Smﬁ; 187; dnngers using, 137.
Smxstshs‘ eoa.l, 88; fire, scaling in,

Socket-bar or beche, 166.
‘.iﬁ"“‘"
clay or grafting, 98,

Bpa.llmg Lammer, 67.
Bpeclxsﬂc Bgfavxtles of metals, &ec.,
1

47 ¢

Spiegeleisen used in Bessemer
process, 18.

Spiker, 159.

Splices, rope, 178.

Spoons an scrapers, cost of, 182.
Slix&nder, used for ore dressing,

Stemss ol pxcks, 72, 6;
81, 82.
Stogf axe, 163 ; weight and cost of,

154.

Stone pick, 83.

Stone saws, 125.

Strmght—head pick, 74.

Strength and weight of chains,
191 ; of ropes, 192, 193 ; of mate-
rm.ls 188-191; factors "of safety,
1%, of wrought-n'on, 4, 5, 188,

Btn.kmg bore wear of, 57.
é) mgmaxrxzrel 77.
lock, 168.

Stumps of ers, 66.

Sulphides of iron, 39.

Sulphur, effect upon wrought-iron,
2, 89; in 8, 89; in fluxing
materials, 8; mﬂuenoe in Bes-
semer process,

, &c., in p)g-u'on, elimi-
nation of, 8

Swab-stick, 182.

Sweep-hemi pick, 74.

Tnu of heats, melting points,
87, 40 of specific gravi

stre d weight of m s
and ﬁmber, 188: of st h
and weight of chains, 191; of
hemp and wire ropes, 192, 193
of weight of bar-iron, 189; of
sheet metals, 190.
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Tampi bars, 140; bronze faced,

141 ;mo%pper faced, 141; cost of,
142.

Tamping case,

Tampﬁg, 141 143' plaster-of-
pa.ns, 143 ; water, 198 or stem-

136 rs connected
th, 141-143, 198,
steel, ity and
toughness of, 29, 84.

Tempering steel, 34, 63 ; best tem-
per for tools, 34 influence of

carbon percentage 36.
bnghtenedpg:ﬂnee for,
84, 85; colours, 197 ; heats,

87; metallic ba for, 86;

method for mini 7.

— borers, 85, 37, 51, 53 ; in
oil, 58; chisels, 35, 87; picks,
87, 86 ; saws, 197.

Testmg wtought-xrtm, 12, 194.

Tiger, 163.

er, 112, 162.

Timber and metals, weight and
breakmg strain of, 188, 189 (see

'I&mber a.r, 167.

Tips of picks, 12, 78, 84.

%op-sweep pxck, 7.

Trap, 166.

'.l‘mversm jack, 172.

nseg' with scrapers, 101.
Treemul auger, 161.
Tube hn(;sm in bore-holes, cut~

Tvtvllxll)glll. 84.
UxpERGOING, 75.

Vexr hole through tamping, 136.
Vibration, effect of, upon iron, 12.

Wabp coil, 164.
‘Washed coal, 40.

207

Water, fomhon of, 80; effect
of, upon ted iron, 27, 80;

for hardening, 26 ; expansion 01:
26; ponmtwn of, 27, 196;
hydrogen hbera.t,ed from, .
Water ks pr d by hard

88.
':ﬁe edge 66 comer's, 146,

91 :t and strength of chains,

; of ropes, 192, 193; of mate-
nals,188-191 factors of safety,
1%, of wrou.ght-):on, 4, b, 188,

‘Weight of forge slags, 5 ; of metals

hmbe{gless of metal sheets,

190, of round and square bar-
iron,

Weldﬁ.g steel, 14, 196; influence
of combined cﬁ.{_ on upon, :1415

wrought-iron, 5; pe
obf sca.rfsl s for, 7; teetmg'
Y, 12,
mﬂueneo of phosghoruu,

194[4%1 sulphur, 39; of dirty

slag or cinder from scale
and sand, 7; scale and lime, 9.

‘Wincing, corbel-bits to counter-
act, 80; Forest mode of
preventmg, 80; foreign picks,

; shape of pmk-eyes to ecun-
temct,

Wxielwpes,w’ . weight and strength
[

‘Wood, composition of, 81; car-
bomzatwn of, 81, welght and
strength of, 1

‘Worm, 164.

‘Worm-auger, 62.

‘Wrench, 163.

YOLESHILE axe, 104.

THE END
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of CITIES and TOWNS. By WILLIAM HUMBER, Assoc. Inst.
C.E., and M. Inst. M.E. Author of ‘‘Cast and Wrought Iron
Bridge Construction,” &c. &c. This work, it is expected, will con-
tain about 50 Double Plates, and upwards of 300 pages of Text.
Imp. 4to, half bound in morocco. [ 47 the press.

*o* In accumulating information for this volume, the Author has
been very liberally assisted by several professional friends, who have
made this department of engineering their special study. He has thus
been in a position to prepare a work whick, within the limits of a
single volume, will supply the reader with the most complete and
reliable information upon all subjects, theoretical and practical, con-
nected with water supply. Through the kindness of Messrs. Ander-
son, Baleman, Hawksley, Homersham, Baldwin Latham, Lawson,
Milne, Quick, Rawlinson, Simpson, and others, several works, con-
structed and in course of construction, from the designs of these gentle-
men, will be fully illustrated and described.

AMONGST OTHER IMPORTANT SUBJECTS THE FOLLOWING WILL BE TREATED
IN THE TEXT i—

Historical Sketch of the means that have been proposed and adopted for the Supply
of Water.—Water and the Foreign Matter usually associated with it.—Rainfall and
E.vapontion.—-g‘?rings and Subterranean Lakes.— Hydraulics.—The Selection of
Sites for Water Works.—Wells,.—Reservoirs.—Filtration and Filter Beds.—Reservoir
and Filter Bed Appendages.—Pumps and Agpendag«s.—?umpin Machinery.—
Culverts and Conduuts, Axigeducts, hons, &c.—Distribution of gWau:r.—- ater
Meters and general House Fittings. t of Works for the Supply of Water.—Con-
stant and Intermittent Supply.—Suggestions for preparifig Plans, &c. &c., together
with a Description of the numerons Works illustrated, vlz:—ALerdeen. Bideford,
Cock h, Dublin, Glasgow, Loch Katrine, Liverpool, Manchester, Rotherham,
Sunderland, and several others; with copies of the Contract, Drawings, and Specifi-
cation in each case.
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Humber's Modern- Engineering. [First Series.

A RECORD of the PROGRESS of MODERN ENGINEER-
ING, 1863. Comprising Civil, Mechanical, Marine, Hydraulic,
. Ra.llway, Bridge, and other Engme Works, &c. By WiLLIAM
" "HUMBER, Assoc. Inst. C.E., &c. mp. 4to, with 36 Double
Plates, drawn to a large sca.le, and Photographic Portrait of John
Hawkshaw, C.E., F.R.S., &c. Price 3/. 3s. half morocco.

List of the Plates.
NAME AND DESCRIPTION. PLATES. NAME OF ENGINEER.
Victona Station and Roof—L. B.&S. C. Rail. Mr. R. Jacomb Hood, C.E.
Southport Pier B Mr. James Brunlees, C.E.
Victoria Station and R«

Railways ..ooveeiiieennnn. {V' Fowler, C.E.
Roof of Cremorne Music Hall.. ceeone Mr illiam Humber, C.E.
Bridge over G. N. Railwa Ri; ................ 17 kos“:ghh Cubitt, C.E.
Roof of Station—Dutch Rhenish Railway .. 18andrg Mr edi, C.E.

Bridge over the Thames—West London Ex-

tension Railway <eceveeceeee
Armour Plates ............
Suspension Bridge, Thames
‘The Allen Engine ........
Suspension Bndge, Avon ..

Mr. William Baker, C.E.

Mr. {)ames Chalmers, C.E.

Mr. Peter W. Barlow, C.E.

Mr. G. T. Porter, M.

Mr. John Hawkshnw. C.E.
and W. H. Barlow, C.E.

Underground Railway .....ccovevveeecenes 34 to 36 Mr. John Fowler, C.E.

With copious Descriptive Letterpress, Specifications, &c.

. *““Hand ly lith hed and printed. It will ﬁnd favour with many who desire
to preserve in a permanent form copies of the plans and speuﬁcauons prepared for the
mndance of the contractors for many important engineering works."—XEngineer.

Humber's Modern Engineering. Second Sertes.

A RECORD of the PROGRESS of MODERN ENGINEER-
ING, 1864 ; with Photographic Portrait of Robert Stephenson,
C. E., M.P., F.R.S., & Price 3/ 3s. half morocco.

List of the Plates.
NAME AND DESCRIPTION. PLATES. NAME OF ENGINEER.
Birkenhead Docks, Low Water Basin ..... . 1 toxs Mr G.F. Lyster, CE.

Charing Cross Station Roof—C. C. Railway. 16 to 18 Mr Hawkshaw CE.

lew Viaduct—Great Northern Railway. 19 bitt, C.E.
Robbery Wood Viaduct—Great N. Railway. 20 M.r Cul:u. C.E.
Iron Permanent Way..eooeeeoeniencnnannen 208 —_—
Clydach Viaduct—{derthyr, Tredegar, and
venny Railway ......ccvvveieeen 21 Mr. Gardner, C.E.

Ebbw iaduct clm.o ditto dmo 22 Mr. Gardner, C.E.
College Wood Viaduct—Cornwall Railway .. a3 Mr. Brunel

Dublin Winter Palace Roof....c.o.veeeannn 24 to 26 Messrs, Ordish & Le Feuvre.
Bridge over the Thames—L. C. & D. Railw. 27 to 32 Mr. J. Cubitt, C.E.
Albert Harbour, Greenock «c.....ccvvnnne 33 to 36 Messrs, Bell & Miller,

With copious Descriptive Letterpress, Specifications, &c.

¢ A resumé of all the more interesting a.nd L important works lately comtxleted in Great
Britain ; and containing, as |t dos, ull working

details, ‘will be found a val y to the professi atlarge "—Engineer.
¢ Mr. Humber has done the fmon and true service, by the fine collection

of emples he has here broug| e profession and the pubhc. —Practical
Meckanic's Fournal,
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Humber's Modern Engineering. Third Series.

A RECORD of the PROGRESS of MODERN ENGINEER-
ING, 1865. Imp. 4to, with 40 Double FPlates, drawn to a large
scale, and Photographic Portrait of J. R. M‘Clean, Esq., late Pre-
sident of the Institution of Civil Engineers. Price 3/ 3s half

morocco.

List of Plates and Diagrams.

MAIN DRAINAGE, METROPOLIS.
NoRTH SIDE.

Map showing Interception of Sewers.

Middle Level Sewer. Sewer under Re-
gent’s Canal.

Mir)l_dleh Level Sewer. Junction with Fleet

1itch.

Outfall Sewer. Bridge over River Lea.
Elevation. .

Oli;fall_ Sewer. Bridge over River Lea.

etails.

Outfall Sewer. Bridge over River Lea.
Details.

Outfall Sewer. Bridges over Marsh Lane,
North Woolwich Railway, and Bow and
Barking Railway Junction.

Outfall Sewer. ridge over Bow and
Barking Railway. Elevation.

Outfall Sewer. Bridge over Bow and
Barkin, Railwaﬁ. ctails.

Outfall Sewer. ﬁdﬁ: over Bow and
Barking Railway. tails.

Outfall Sewer. Bridge over East London
Waterworks’ Feeder. Elevation.

Outfall Sewer. Bridge over East London
Waterworks’ Feeder. Details.

Outfall Sewer. Reservoir. Plan.,

OQutfall Sewer. Reservoir. Section.

Outfall Sewer. Tumbling Bay and Outlet.

Outfall Sewer. Penstocks.

SouTH SIDE.
Outfall Sewer. Bermondsey Branch.
Qutfall Sewer. Bermon Branch.
Ollx)tlfall Sewer. Reservoir and Outlet.
an,

MAIN DRAINAGE, METROPOLIS,

contin:

Outfall Sewer. Reservoir and Outlet,
Details.
Outfall Sewer, Reservoir and Outlet.

Details.

Outfall Sewer. Reservoir and Outlet.
Details.

Outfall Sewer. Filth Hoist.

Sections of Sewers (North and South
Sides).

THAMES EMBANKMENT.

Section of River Wall.

Steam-boat Pier, Westminster. Elevation.

Steam-boat Pier, Westminster, Details.

Landing Stairs between Charing Cross
and Waterloo Bridges.

York Gate. Front Elevation.

York Gate. _Side Elevation and Details.

Overflowand Outlet at Savoy Street Sewer.
Details.

Overflowand Outletat Savoy Street Sewer.
Penstock.

Overflow and Outletat Savoy Street Sewer.
Penstock.

Steam-boat Pier, Waterloo Bridge. Eleva-
tion.

Stcam-boat Pier, Waterloo Bridge, De-
tails.

Slequn-boat Pier, Waterloo Bridge. De-
tails.

Junction of Sewers. Plans and Sections.

Gullies. Plans and Sections.

Rolling Stock.

Granite and Iron Forts.

With copious Descriptive Letterpress, Specifications, &c.

Opinions of the Press.

““ Mr. Humber’s works—especially his annual ¢ Record,’ with which so many of our
readers are now familiar—fill a void occupied by no other branch of literature. . . . .

The drawings have a

! 'y
representations of the two

g value, and

h

esires to p ear
at works carried out by our Metropolitan Board will

obtain Mr. Humber’s last voﬁfne."—Engiu:ning.
*“ No engineer, architect, or contractor should fail to preserve these records of works

which, for
profession but should
one day called upon to imi

magnitude, have not their parallel in the present day, no student in the
fully 's.tu% the deuil;;f these great works, which he may be
— hanics' ine.

A work highly creditable to the industry of its author. .

an encycl i

for the study of the smdentlwhg de:ires"to }l’naster the d}ub{ect of
— Practi. . o

-3
« « The volume is quite

municipal drainage on its scale of g
Fournal,

(]



4 WORKS PUBLISHED BY LOCKWOOD & CO.

Humber's Modern Engincering. Fourth Series.

A RECORD of the PROGRESS of MODERN ENGINEER-
ING, 1866. Imp. 4to, with 36 Double Plates, drawn to a large
scale, and Photographic Portrait of John Fowler, Esq., President
of the Institution of Civil Engineers. Price 3/ 3s. half-morocco.

List of the Plates and Diagrams.

NAME AND DESCRIPTION. PLATES. NAME OF ENGINEER.
Abbey Mills Pumping Station, Main Drainage,
Metropoli

B 3 YD 5 ¢ Bazalgeme,C.E.
Barrow Docks ......... eseeseesasonananes 5to 9 Messrs, M'Clean & Stillman,
Manquis Viaduct, Santiago and Valparaiso [C.E

way ........ ceeneaas ceeeiiiiaeens .... 10, 11 Mr. W. Loyd, C.E.
Adams’ Locomotive, St. Helen’s Canal Railw. 12, 13 Mr. H. Cross, C.E.
Cannon Street Station Roof, Charing Cross

Railway....ooooivinninnainins teeecees. 14 to 16 Mr. {I Hawkshaw, C.E.
Road Bridge over the River Moka.. 17, 18 Mr. H. Wakefield, C.E.
‘Telegraphic Agpamms for Mesopotamia .... 19 Mr. Siemens, C.E.
Viaduct over the River Wye, Midland Railw. 20 to 22 Mr. W. H. Barlow, C.E.

St. Germans Viaduct, Cornwall Railway .... 23, 24 Mr. Brunel, C.E.

‘Wrought-Iron Cylind'er for Diving Bell...... Mr. J. Coode, C.E.

Millwall Docks..... eessssessrerssressestns Messrs. J. Fowler, C.E.,and
William Wilson, C.E.

Milroy’s Patent Excavator ................ -32 Mr. Milroy, C.E.

Metropolitan District Railway.............. to 38 Mr. J. Fowler, Engineer-in-
P v 3 903 Tlhis, and M T. M.
Johnson, C.E.
Harbours, Ports, and Breakwaters.......... AtocC

The Letterpress comprises—

A concluding article on Harbours, Ports, and Breakwaters, with
Illustrations and detailed descriptions of the Breakwater at Cher-
bourg, and other important modern works; an article on the
Telegraph Lines of Mesopotamia ; a full description of the Wrought-
iron Diving Cylinder for Ceylon, the circumstances under which it
was used, and the means of working it ; full description of the
Millwall Docks ; &c., &c., &c.

Opinions of the Press.

“‘Mr. Humber’s * Record of Modern Engineering’ is a work of peculiar value, as
well to those who design as to those who study the art of engineering construction.
It embodies a vast amount of practical information in the form of full descriptions and
working drawings of all the most recent and noteworthy engineering works. The
plates are excellently lithographed, and the present volume of the ‘ Record’ is not a
whit behind its pred ors."—Mechanics Magazine.

“‘We gladly welcome another year’s issue of this valuable publication from the able

of Mr. Humber. The accuracy and general excellence of this work are well

own, while its usefulness in giving the measurements and details of some of the

latest examples of engineering, as carried out by the most eminent men in the profes-
sion, cannot be too highly prized.”—Ar¢izan.

¢ The volume forms a valuable comdpanion to those which have preceded it, and
?nnot f;iil to prove a most important addition to every engineering library.”—Miming

ournac.

“ No one of Mr. Humber’s volumes was bad ; all were worth their cost, from the
mass of plates from well-executed drawings which they contained. In this respect,
perln;, this last volume is the most valuable that the author has produced.”—/Prac-
tical Mechanics’ Fournal,
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Humber's Great Work on Bridge Constyruction.

A COMPLETE and PRACTICAL TREATISE on CAST and
WROUGHT-IRON BRIDGE CONSTRUCTION, includin

Iron Foundations. In Three Parts—Theoretical, Practical, an

Descriptive. By WILLIAM HUMBER, Assoc. Inst. C.E.,and M. Inst.
M.E. Third Edition, revised and much improved, with 115 Double
Plates (20 of which now first appear in this edition), and numerous
additions to the Text, In 2 vols. imp. 4to., price 6/. 16s. 6d. half-
bound in morocco. [Recently published.

*“ A very valuable contribution to the standard literature of civil cngineedng. In

addition to elevations, plans, and sections, e scale details are given, which ve:

much enhance the instructive worth of these illustrations. No engineer would wil-

li;gly be without so valuable a fund of information.”—Crvil Engineer and Arckitect s
ournal.

““ The First or Th ical Part i hematical investigations of the prin-
ciples involved in'the various forms now adopted in bndﬁ: construction. ese
investigati ingl ! having evidently been very carefully con-

are dingl p

sidered and worked out to the utmost extent that can be desired by the practical man.
The tables are of a very useful character, containing the results of the most recent
experiments, and amongst them are some valuable tables of the weight and cost of
cast and wrought-iron structures actually erected. The volume of text is amply illus-
trated by numerous woodcuts, plates, and diagrams: and the plates in the second
volume do great credit to both gmu tsmen and engravers. In conclusion, we have
great pleasure in cordially recommending this work to our readers.”—A»?#izan.

“ Mr. Humber's stately volumes lately issued—in which the most imgortant bﬁdﬁs
erected during the last five years, under the direction of the late Mr. Brunel, Sir W.
Cubitt, Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. H and others g our
most eminent engineers, are drawn and specified in great detail.”—ZEngincer.

Weales Engineer's Pocket-Book.

THE ENGINEER’S, ARCHITECT’S, and CONTRACTOR’S
POCKET-BOOK (Lockwoop & Co.’s; formerly WEALE’s).
Published Annually. In roan tuck, gilt edges, with 10 Copper-
Plates and numerous Woodcuts. Price 6s.

¢ A vast amount of really valuable matter densed into the small dimen-
sions of a book which is, in reality, what it professes to be—a pocket-book. . . . .
‘We cordially recommend the book to the notice of the managers of coal and other
mines; to thm it wil prove a handy book of reference on a variety of subjects more
or less intimately connected with their profession. It might also be placed with
advantage in the hands of the subordinate officers in collieries.”—Colliery Guardian.

¢ The assignment of the late Mr. Weale’s ¢ Engineer’s Pocket-Book’ to Messrs.
Lockwood & Co. has by no means lowered the standard value of the work. It is too
well known among those for whom it is specially intended, to need more from us than
the observation Lﬁat this continuation of Mr. Weale’s series of Pocket Books well
sustains the reputation the work has so long enjoyed. Every branch of engineering
is treated of, and facts, figures, and data of every kind abound.”—Meckanics’ Mag.

¢ It contains a large amount of information peculiarly valuable to those for whose
use it is compiled. e cordially commend it to the engineering and architectural
professions generally.”—Mining Fournal,

Iron Bridges, Girders, Roofs, &.
THE APPLICATION OF IRON TO THE CONSTRUC-
TION OF BRIDGES, GIRDERS, ROOFS, and other Works.
By FraNcis CaMpiN, C.E. With numerous Illustrations. 12mo,
cloth boards, 3s. . CHust published.
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Barlow on the Strength of Materials, enlarged.

A TREATISE ON THE STRENGTH OF MATERIALS,
with Rules for application in Architecture, the Construction of
Suspension Bridges, Railways, &c.; and an Appendix on the
Power of Locomotive Engines, and the effect of Inclined Planes
and gradients. By PETER BarLow, F.R.S., Mem. Inst. of France ;
of the Imp. and Royal Academies of St. Petersburgh and Brussels ;
of the Amer. Soc. Arts; and Hon. Mem. Inst. Civil Engineers.
A New and considerably Enlarged Edition, revised by his Sons,
P. W. Barrow, F.R.S., Mem. Inst. C.E., and W. H. BArLOwW,
F.R.S., Mem. of Council Inst. C.E., to which are added a Sum-
mary of Experiments by EATON HoDGKINSON, F.R.S., WILLIAM
FairBaIRN, F.R.S., and DaviD KIRKALDY ; an Essay (with
Illustrations) on the effect produced by passing Weights over
Elastic Bars, by the Rev. ROBERT WiLLIs, M.A., F.R.S. And
Formule for Calculating Girders, &c. The whole arranged and
edited by WiLL1aM HUMBER, Assoc. Inst. C.E., and Mem. Inst.
M.E., Authorof ‘“ A Complete and Practical Treatise on Cast and
‘Wrought-Iron Bridge Construction,” &c. &c. Demy 8vo, 400 pp.,
with 19 large Plates, and numerous woodcuts, price 18s. clo

Opinions of the Press.

¢ This edition has undergone considerable improvement, and has been brought down
to the present date. It is one of the first books of reference in existence.”—A»#izax.

¢¢ Although issued as the sixth edition, the volume under consideration is worthy of
being re ed, for all practical purposes, as an entirely new work . . . the bool
is undoubtedly worthy of the highest commendation, and of an honourable place in
the library of every engineer.”"—Mining Fournal.

¢ An increased value has been given to this very valuable work by the addition of
a large amount of information, which cannot prove otherwise than highly useful to
those who require to consult it. . . . . e arrangement and editing of this
mass of information has been undertaken by Mr. Humber, who has most ably fulfilled
a task requiring special care and ability to render it a success, which this edition most
certainly is. e has given the finishing touch to the volume by introducing into it
an interesting memoir of Professor Barlow, which tribute of rci%c“' we are sure, will

o tad ;. : Fy) kanics Magass

app! the bers of the engineering profi —

““ A book which no engineer of any kind can afford to be without. In its present
form its former value is much increased.”—Colliery Guardian.

“The best book on the su:‘iect which has yet appeared. . . . . We know of
no work that so completely fulfils its mission.. . . . . Asa scientific work of the
first class, it-deserves a foremost place on the bookshelves of every civil engineer and
practical mechanic.”— English Meckanic.

¢ There is not a pupil in an enfineering school, an apprentice in an engineer’s or
architect’s office, or a competent clerk of works, who will not recognise in the scientific
volume newly given to circulation, an old and valued friend. . . So far as the strength
of timber is concerned, there is no greater authority than Barlow.”—Building News.

“It is scarcely necessary for us to make any comment upon the first portion of
the new volume. . . . . Valuable alike to the student, tyro, and experienced
practitioner, it will always rank in future, as it has hitherto done, as the standard
treatise upon this particular subject.”—Engineer.

‘‘ The present edition offers some important advantages over previous ones. The
additions are both extensive and valuable, comprising experiments by HodFkinson on
the strength of cast-iron ; extracts from papers on the transverse strength of beams by
W. H. Barlow ; an article on the strength of columns; experiments by Fairbairn, on
iron and steel plates, on the behaviour of girders subjected to the vibration of a
changing load, and on various cast and wrought-iron beams ; experiments by Kirkaldy,
on wrought-iron and steel bars, and a short appendix of formul for ready application
in computing the strains on bridges."—Engineering.
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Strains, Formule & Diagrams for Calculation of.

A HANDY BOOK for th® CALCULATION of STRAINS
in GIRDERS and SIMILAR STRUCTURES, and théir
STRENGTH ; consisting of Formulzeand Corresponding Diagrams,
with numerous Details for Practical Application, &c. By WILLIAM
HuMBER, Assoc. Inst. C.E., &c. l?cap. 8vo, with nearly 100
‘Woodcuts and 3 Plates, price 7s. 64, cloth.

“To suprly a universally recognised want of simple formule, applicable to the
varied problems to be met with in ordinary practice, Mr. Humber, whose works on
modern engil};:ringyaﬂ'ord sufficient evidence of his qualifications for the task, has

an

compiled his Book.” The arrangement of the matter in this little volume is
as_convenient as it well could be. . . .. The system o ploying diag as a

bsti for )! P is one justly coming into great favour, and in that
respect Mr. Humber’s volume is fully up to the times.”— Engineering.

“The fc are neatly exp d, and the diagr ood.'%.

¢ That a necessity existed for the book is evident, we think; that Mr. Humber has
achieved his design is e%uall{ evident. . . . . We hear};l] commend the really kandy
book te our engi an ders.”—Exglish Meckanic.

Strains.

THE STRAINS ON STRUCTURES OF IRONWORK;
with Practical Remarks on Iron Construction. By F. W. SHEILDS,
M. Inst. C.E. Second Edition, with § plates. Royal 8vo, 5s. cloth.
CoNTENTS.~—Introductory Remarks ; Beams Loaded at Centre ; Beams Loaded at
qual di between supports ; Beams uniformly Loaded ; Girders with triangu-

lar bracing Loaded at centre ; Ditto, Loaded at qual di between
Ditto, uniformly Loaded; Calculation of the Strains on Girders with tri
Basings ; Cantilevers; Continuous Girders; Lattice Girders ; Girders with Vertical
Struts and Diagonal Ties; Calculation of the Strains on Ditto; Bow and String
Girders ; Girders of a form not bclonéi:g to any re‘gu]ar figure ; Plate Girders ; Ap-
ortionments of Material to Strain; ison of different Girders; Proportion of

ngth to Depth of Girders ; Character of the Work ; Iron Roofs.

Construction of Ivon Beams, Pillars, &e.

IRON AND HEAT, Exhibiting the Principles concerned in the
Construction of Iron Beams, Pillars, and Bridge Girders, and the
Action of Heat in the Smelting Furnace. By JAMES ARMOUR,
C.E. Woodcuts, 12mo, cloth boards, 3s. 64. ; cloth limp, 2s. 6d.

[Fust published.

pports ;

Power tn Motion.

POWER IN MOTION : Horse Power, Motion, Toothed Wheel
Gearing, Long and Short Driving Bands, Angular Forces, &ec.
By JAMEs ARMOUR, C.E. With 73 Diagrams. 12mo, cloth
boards, 3s. 64. [ Zhss day.

Trigonometrical Surveying.

AN OUTLINE OF THE METHOD OF CONDUCTING A
TRIGONOMETRICAL SURVEY, for the Formation of Geo-
graphical and Topographical Maps and Plans, Military Recon-
naissance, Levelling, &c., with the most useful Problems in Geodesy
and Practical Astronomy, and Formule and Tables for Facilitating
their Calculation. By MAJOR-GENERAL FROME, R.E., Inspector-
General of Fortifications, &c. Third Edition, revised and improved.
With 10 Plates and 113 Woodcuts. Royal 8vo, 12s. clath.
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Hydyraulics.

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULZE
for finding the Discharge of Water from Orifices, Notches, Weirs,
Pipes, and Rivers. By JoHN NEVILLE, Civil Engineer, M.R.1. A,
Second Edition, with extensive Additions, New Formulze, Tables,
and General Information on Rain-fall, Catchment-Basins, Drainage,
Sewerage, Water Supply for Towns and Mill Power. With nume-
rous Woodcuts, 8vo, 16s. cloth. ’

*.* This work contains a vast number of different hydraulic
formul, and the most extensive and accurate tables yet published
for finding the mean velocity of discharge from triangular, quadri-
lateral, and circular orifices, pipes, and rivers; with experimental
results and co-efficients ; effects of friction; of the velocity of
approach ; and of curves, bends, contractions, and expansions ; the
best form of channel ; the drainage effects of long and short weirs,
and weir-basins ; extent of back-water from weirs; conttacted
channels ; catchment-basins ; hydrostatic and hydraulic préssure ;
water-power, &c. &c.

Levelling.

A TREATISE on the PRINCIPLES and PRACTICE of
LEVELLING ; showing its Application to Purposes of Railway
and Civil Engineering, in the Construction of Roads ; with Mr.
TELFORD’S Rules for the same. By FREDERICK W. SiMMs,
F.G.S., M. Inst. C.E. Fifth Edition, very carefully revised, with
the addition of Mr. LAw’s Practical Examples for Setting out
Railway Curves, and Mr. TRAUTWINE's Field Practice of Laying
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo,
8s. 6d. cloth. *.* TRAUTWINE on Curves, separate, price §s.

“One of the most important text-books for the general surveyor, and there is
scarcely a question connected with levelling for which a solution would be sought but
that would be satisfactorily answered by consulting the volume.”—=Mining Foxrnal.

¢ The text-book on levelling in most of our engineering schools and colleges.”—
Engineer.

‘“The publishers have rendered a substantial service to the profession, especially to
the younger members, by bringing out the present edition of Mr. Simms’s useful work.”
—Engineering.

Tunnelling.

PRACTICAL TUNNELLING ; explaining in Detail the Setting
out of the Works ; Shaft Sinking and Heading Driving ; Ranging
the Lines and Levelling Under-Ground ; Sub-Excavating, Timber-
ing, and the construction of the Brickwork of Tunnels ; with the
Amount of Labour required for, and the Cost of the various Por-
tions of the Work. By FrReDpk. W. Simms, F.R.A.S., F.G.S.,
M. Inst. C.E., Author of ‘A Treatise on the Principles and
Practice of Levelling,” &c. &c. Second Edition, revised by W.
Davis HaskoLyr, Civil Engineer, Author of ‘The Engineer’s
Field-Book,” &c. &c. With 16 large folding Plates and numerous
Woodcuts, Imperial 8vo, 1/ 1s. cloth,
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Strength of Cast Iron, &'e.

A PRACTICAL ESSAY on the STRENGTH of CAST IRON
and OTHER METALS ; intended for the Assistance of Engineers,
Iron-Masters, Millwrights, Architects, Founders, Smiths, and
others engaged in the Construction of Machines, Buildings, &c. ;
containing Practical Rules, Tables, and Examples, founded on a
series of New Experiments ; with an Extensive Table of the Pro-
perties of Materials. By the late THoMAS TREDGOLD, Mem. Inst.
C.E., Author of ¢ Elementary Principles of Carpentry,” ¢ History
of the Steam-Engine,” &c. Fifth Edition, much improved.
Edited by EATON HODGKINSON, F.R.S.; to which are added
EXPERIMENTAL RESEARCHES on the STRENGTH and
OTHER PROPERTIES of CAST IRON ; with the Develop-
ment of New Principles, Calculations Deduced from them, and
Inquiries Applicable to Rigid and Tenacious Bodies generally. By
the EDITOR. The whole Illustrated with 9 Engravings and nume-
rous Woodcuts. 8vo, 12s. cloth. ’

*.* HODGKINSON’S EXPERIMENTAL RESEARCHES ON THE
STRENGTH AND OTHER PROPERTIES OF CAST IRON may be had
separately. With Engravings and Woodcuts. 8vo, price 6s. cloth.:

The High-Pressure Steam Engine.

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition
of its Comparative Merits, and an Essay towards an Improved
System of Construction, adapted especially to secure Safety and
Economy. By Dr. ERNST ALBAN, Practical Machine Maker,
Plau, Mecklenberg. Translated from the German, with Notes, by
Dr. PoLg, F.R.S., M. Inst. C.E., &c. &c. With 28 fine Plates,
8vo, 16s. 64. cloth.
¢ A work like this, which goes thoroughly into the ination of the high-p
engine, the boiler, and its appendages, &c., is exceedi_ngly useful, and deserves a place
in every scientific library.”—S¢eam Shipping Chronicle.

Tables of Curves.

TABLES OF TANGENTIAL ANGLES and MULTIPLES

for setting out Curves from 5 to 200 Radius. By ALEXANDER

BEAZELEY, M. Inst. C.E. Printed on 48 Cards, and sold in a
cloth box, waistcoat-pocket size, price 3s. 6.

¢ Each table is printed ona small card, which, being placed on the theodolite, leaves

the hands free to manipulate the instrument—no small advantage as regards the rapidity

of work. They are clearly printed, and comtrlactly fitted into a small case for the

pocket—an arrang that will r d them to all practical men.”—Zngincer.

“ Very handy : a man may know that all his day’s work must fall on two of these

cards, v;{ich he puts into his own card-case, and leaves the rest behind.”—A tkenzums.

Laying Out Curves.

THE FIELD PRACTICE of LAYING OUT CIRCULAR
CURVES for RAILROADS. By JouN C. TRAUTWINE, C.E.,
of the United States (extracted from SiMMs’s Work on Levelling).
8vo, 5s. sewed. .
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Estimate and Price Book.

THE CIVIL ENGINEER'S AND CONTRACTOR’S ESTI-
MATE AND PRICE BOOK for Home or Foreign Service :
in reference to Roads, Railways, Tramways, Docks, Harbours,
Forts, Fortifications, Bridges, Aqueducts, Tunnels, Sewers, Water-
works, Gasworks, Stations, Barracks, Warehouses, &c. &c. &c.
With ]%Feciﬁcations for Permanent Way, Telegraph Materials,
Plant, Maintenance, and Working of a Railway ; and a Priced List
of Machinery, Plant, Tools, &c., required in the execution of Public
Works. By W. Davis HaskorL, C.E. Plates and numerous
Woodcuts. Published annually. Demy 8vo, cloth, 6s.
As ﬁnrnishin%:ovuiety of data on every conceivable want to civil engineers and
contractors, this book has ever stood perhaps unrivalled.”— 4 rckifect, Jan. 21, 1871.
“‘ The care with which the particulars are arranged reflects credit upon the author,
each subject being divided into tables under their own special heads, so that no
difficulty arises in finding the exact thing one wants. The value of the work to the
student and the experienced 18 ble.”—Meckanic's Mag., Feb. 3.
“Mr. Haskoll has bestowed ver{lgnat care upon the preparation of his estimates
and prices, and the work is one which appears to us to be in every way deserving of
ence.”—2Busilder’'s Weekly Reporter, Jan. 27, 1871.

Surveying (Land and Marine).

LAND AND MARINE SURVEYING, in Reference to the
Preparation of Plans for Roads and Railways, Canals, Rivers,
Towns’ Water Supplies, Docks and Harbours ; with Description
and Use of Surveying Instruments. By W. Davis HaskoLrr, C.E.,
Author of ‘‘The Engineer’s Field Book,” ¢ Examples of Bri
and Viaduct Construction,” &c. Demy 8vo, price 12s. 64. clot
with 14 folding Plates, and numerous Woodcuts.

¢ ¢Land and Marine Surveying’ is a most useful and well arranged book for the
aid of a student. . . . . e can strongly recommend it as a carefully-written
and valuable text-book.”—Buzlder, July 14, 1868.

“ He only who is master of his subject can present it in such a way as to maka it
intelligible to the meanest capacity. It is in this that Mr. Haskoll excels. He has
knowledge and ience, and can so give expression to it as to make any matter on
which he writes, clear to the youngest pupil in a surveyor’soffice. . . . . The
work will be found a useful one to men of experience, for there are few such who will
not get some good ideas from it ; but it is indispensable to the young practitioner.”—
Colliery Guardian, May g, 1868. .

“ A volume which cannot fail to prove of the utmost practical utility. . . . . It
is one which may be safely ded to all stud who aspire to become clean
and exgert surveyors ; and from the exhaustive manner in which Mr. Haskoll has
placed his long experience at the disposal of his readers, there will henceforth be no
excuse for the complaint that young practitioners are at a disadvantage, through the
neglect of their sentors to point out the importance of minute details, since they can
readily supply the deficiency by the study of the volume now under consideration, "=
Mining Fournal, May 5, 1868,

Engineering Fieldwork.

THE PRACTICE OF ENGINEERING FIELDWORK,
applied to Land and Hydraulic, Hydrographic, and Submarine
Surveying and Levelling. Second Edition, revised, with consider-
able additions, and a Supplementary Volume on WATER-
WORKS, SEWERS, SEWAGE, and IRRIGATION. By W,
Davis HaskoLy, C.E. Numerous folding Plates. Demy 8vo, 2
vols. in one, cloth boards, 1/ 1s. (published at 2/ 4s.)
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Five Engineering.

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With
a History of Manual and Steam Fire-Engines, their Construc-
tion, Use, and Management; Remarks on Fire-Proof Build-
ings, and the Preservation of Life from Fire ; Statistics of the Fire
Appliances in English Towns ; Foreign Fire Systems ; Hints for
the formation of, and Rules for, Fire Brigades; and an Account of
American Steam Fire-Engines. By CHARLES F. T. Young, C.E.,
Author of ““The Economyof Steam Power on Common Roads,”
&c.  With numerous Illustrations, Diagrams, &c., handsomely
printed, 544 pp., demy 8vo, price 1/. 4s. cloth,
“ A large well-filled and useful book upon a subject which possesses a wide and
increasing public interest. . . . . To such of our readers as are interested in the

subject of fires and fire apparatus we can most heartily commend o
It is really the only English work we now have upon the subject.”—ZEmngineering.

¢ Mr. Young has proved by his ptesent work that he is a good engineer, and pos-
se:_ed of suﬂitéxgmt literary energy to produce a very readable and interesting volume.”
—Engineer.

¢ A volume which must be ed as the text-book of its subject, and which in
point of interest and intrinsic value is second to no contribution to a special dq;n—
ment of history with which we are acquainted. ¢ Fires, Fire-Engines, and Fire
Brigades’ is the production of an earnest and diligent writer who comes to the task he
has undertaken with a thorough love of it, and a firm determination to do it justice.
« «.+_+ The style of the work is admirable. . . . . It has the surpassing
merit of being thoroughly reliable,”—/nsurance Record.

““Great credit is unquestionably due to Mr. Young for havin% brought before the
public the results of his exploration in this hitherto untrodden field. ~We strongly
recommend the book to the notice of all who are in any way interested in fires,
engines, or fire-brigades.”—Meckanics’ Magazine.

Manual of Mining Tools.

MINING TOOLS. For the use of Mine Managers, ts,
Mining Students, &c. By WILLIAM MORGANS, Lecturer on Prac-
tical Mining at the Bristol School of Mines. I12mo. With an
Atlas of Plates, containing 200 Illustrations. 4to. [ Fust ready.

Earthwork, Measurement and Calculation of.

A MANUAL on EARTHWORK. By ALEX. J. S. GRAHAM,
C.E., Resident Engineer, Forest of Dean Central Railway. With
numerous Diagrams. 18mo, 2s. 64. cloth.
N“ We can cordially recommend the work to the notice of our readers,”—Building
ews.
“ As a really handy book for reference, we know of no work equal to it; and the
Iculation of earth-

railway engxl‘necrs and others employed in the ement an

work will find a great o?, ctical information very admirably arranged, and
available for general or rough estimates, as well as for the more exact calculations
required in the engineers’ contractor’s offices.”—A r#isan. .

“ The object of this little book is an investigation of all the principles requisite for
the measurement and calculation of earthworks, and a consideration of the data neces-
sary for sucl;ﬂ)era.tiom. The author has evidently bestowed much care in effecting
this object, points out with much clearness the results of his own observations,
derived from p | experience. The ‘; d of are panied by well-
executed diagrams and instructive examples.”—Army and Navy Gazette.
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Field-Book for Engineers.

THE ENGINEER’S, MINING SURVEYOR'S, and CON-
TRACTOR’S FIELD-BOOK. By W. Davis HaskoLL, Civil
Engineer. Second Edition, much enlarged, consisting of a Series
of Tables, with Rules, Explanations of Systems, and Use of Theo-
dolite for Traverse Surveying and Plotting the Work with minute
accuracy by means of Straight Edge and Set Square only ; Levelling
with the Theodolite, Casting out and Reducing Levels to Datum,
and Plotting Sections in the ordinary manner; Setting out Curves
with the Theodolite by Tangential Angles and Multiples with Right
and Left-hand Readings of the Instrument; Setting out Curves
without Theodolite on the System of Tangential Angles by Sets of
Tangents and Offsets; and Earthwork Tables to 8o feet deep cal-
culated for every 6 inches in depth. With numerous wood-cuts,
12mo, price 12s. cloth.
“A ve fi rkf ical ineer eyor.
cngage 13 cagincering ild, operanions will coimate the imporiance of such & work
and the amount of valuable time which will be saved by reference to a set of reliable

tabl@;}arepa:ed with the accuracy and fulness of those given in this volume.”—Ras/-
way News.

“‘The book is very handy, and the author might have added that the separate tables
of sines and tangents to every minute will make it useful for many other purposes, the
genuine traverse tables existing all the same.”—A tkenzum.

“ The work forms a handsome pocket volume, and cannot fail, from its Portability
and utility, to be ively p ised by the ing profession.”—Mining
Fournal.,

““We know of no better field-book of reference or collection of tables than that
Mr. Haskoll has given.”—Ar#izan.

¢ A series of tableslikely to be very useful to many civil engineers.”—Buwilding News.

“‘ A very useful book of tables for expediting field-work operations. . . . The present
edition has been much enlarged. "—M”mngg Magnasine.

“‘ We strongly recommend this second edition of Mr. Haskoll’s ¢ Field Book’ to all
classes of surveyors.”—Colliery Guardian.

Railway Engineering.
THE PRACTICAL RAILWAY ENGINEER. A concise
Description of the Engineering and Mechanical Operations and
Structures which are combined in the Formation of Railways for
Public Traffic ; embracing an Account of the Principal Works exe-
cuted in the Construction of Railways; with Facts, Figures, and
Data, intended to assist the Civil Engineer in designing and executing
the important details required. By G. DRYSDALE DEMPSEY, C.E.
Fourth Edition, revised and greatly extended. With 71 double
?)uarto Plates, 72 Woodcuts, and Portrait of GEORGE STEPHENSON,
ne large vol. 4to, 2/. 12s. 6d. cloth.

Harbours.

THE DESIGN and CONSTRUCTION of HARBOURS. By

THoMAs STEVENSON, F.R.S.E.,, M.I.C.E. Reprinted and en-

larged from the Article ‘‘Harbours,” in the Eighth Edition of * The

Encyclopzdia Britannica,” With 10 Plates and numerous Cuts.
= 8vo, 10, 6d. cloth.
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Bridge Construction in Masonry, Timber, and

Iron.

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC-
TION OF MASONRY, TIMBER, AND IRON ; consisting of
46 Plates from the Contract Drawings or Admeasurement of lsl:& t
Works. By W. Davis HaskoLL, C.E. Second Edition, with
the addition of 554 Estimates, and the Practice of Setting out Works,
illustrated with 6 pages of Diagrams. Imp. 4to, price 2/, 125, 6d.
half-morocco.

“ One of the very few works extant dcqcendinglto the level of ordinary routine, and
treating on the common cvery-day practice of the railway engineer. . . . A work of
the des‘resent nature by a2 man of Mr. Haskoll's experience, must prove invaluable to
hun The tables of estimates appended to this edition will considerably enhance
its value.”—Engineering.

“We must express our cordial approbation of the work just issued by Mr. Haskoll.
..+ + . Besides examples of the best aud most economical forms of bridge construction,
the author iled a series of estil which cannot fail to be of service to the
practical man. .. . The examples of bridges are selected from those of the most notable
construction on the different lines of the kingdom, and their details may quently
be safely followed.”—Railway News.

“ A very valuable volume, and may be added usefully to the library of every young
engineer."'—Builder.

« 1 lection of
portion.”"—Artizan.

les, very carefully drawn to useful scales of pro-

P

Mathematical and Drawing Instruments.

A TREATISE ON THE PRINCIPAL MATHEMATICAL
AND DRAWING INSTRUMENTS employed by the Engineer,
Architect, and Surveyor. By FREDERICK W. Simms, F.G.S., M.
Inst. C.E., Author of “Practical Tunnelling,” &c. &c. Third
Edition, with a Description of the Theodolite, together with Instruc-
tions in Field Work, compiled for the use of Students on commenc-
ing practice. With numerous Cuts. 12mo, price 3s. 64. cloth.

Obligue Arches.

A PRACTICAL TREATISE ON THE CONSTRUCTION of
OBLIQUE ARCHES. By JouN HART. Third Edition, with
Plates. Imperial 8vo, price &s. cloth.

** The small remaining stock of this work, whick has been un-
obtainable for some time, kas just been purchased by Lockwoop & Co.

Obligue Bridges.

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE
BRIDGES, with 13 large folding Plates. By GEo. WATSON
Buck, M. Inst. C.E. Second Edition, corrected by W. H.
BarLow, M. Inst. C.E. Imperial 8vo, 12s. cloth. L
¢ The standard text-book for all engineers regarding skew arches, is Mr. Buck’s
treatise, and it would be impossible to consult a better.”—Engineer.
““ A very complete treatise on the subject, re-edited by Mr. Barlow, who has added
toitamet)u:»dol(2 king the requisi Iculati ithout the use of trigonometrical
formule.”—Builder.
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Wealds Series of Rudimentary Works.

These highly popular and cheap Beries of Books, now comprising
upwards of Two Hundred and Pifty distinct Works in almost every
department of Science, Art, and Edueati are ded to the
notice of Engineers, Architects, Builders, Artizans, and Students gene-
rally, a8 well as to those interested in Workmen’s Libraries, Free
Idbraries, Literary and Scientific Institutions, Colleges, S8chools, Science
Olasses, &c., &c. Lists of the several Series may be had on application
t0 LOOKWOOD & CO.

The following is a Selection of the Works on Civil Engineering :—

STEAM ENGINE. By Dr. LARDNER. 1s.
TUBULAR AND IRON GIRDER BRIDGES, including the Bri ia and
Conway Bridges. By G. D. DEMPSEY. 1. 64.

STEAM BOILERS, their Construction and Management. By R. ARMSTRONG.
‘With Additions. 1s. 64.

RAILWAY CONSTRUCTION. By Sir M. STEPHENSON. New Edition, as. 6d.
STEAM ENGINE, Mathematical Theory of. By T. BAKER. 1s.

ENGINEER’S GUIDE TO THE ROYAL AND MERCANTILE NAVIES.
By a Practical Engineer. Revised by D. F. MCCARTHY. 3s.

LIGHTHOUSES, their Construction and Illumination. By ALAN STEVENSON. 3s

CRANES AND MACHINERY FOR RAISING HEAVY BODIES, the Art of
Constructing. By J. GLYNN. 1s.

CIVIL ENGINEERING. By H. Law and G. R. BURNELL. NmEddm, 5.

DRAINING DISTRICTS AND LANDS. By G. D. Dempskv. 15.6d. The

DRAINING AND SEWAGE OF TOWNS AND BUILDINGS. By "°ls- “"v
G. D. DEMPSEY. 25,

WELL-SINKING, BORING, AND PUMP WORK. By J. G. Swnmzu.,
Revised by G. R. BURNELL. 1s.

ROAD-MAKING AND MAINTENANCE OF MACADAMISED ROADS.
By GEN. SIR J. BURGOYNE. 1s. 6d.

AGRICULTURAL ENGINEERING, BUILDINGS, MOTIVE POWERS,
FIELD MACHINES, MACHINERY AND IMPLEMENTS. By G. H.
Anprews, C.E. 3s,

ECONOMY OF FUEL. By T.S. PRIDEAUX. 1s.6d.

EMBANKING LANDS FROM THE SEA. By J. WiGGINs. 2s.

WATER POWER, as applied to Mills, &. By J. GLYNN. a2s.

GAS WORKS, AND THE PRACTICE OF MANUFACTURING AND
DISTRIBUTING COAL GAS. By S. HugHss, C.E. 3s.

WATERWORKS FOR THE SUPPLY OF CITIES AND TOWNS. By S.
Hugues, C.E., 3s.

SUBTERRANEQUS SURVEYING, AND THE MAGNETIC VARIATION

OF THE NEEDLE. By T. FBNWICK, with Additions by T. BAKER. 25, 6d
CIVIL ENGINEERING OF NORTH AMERICA. By D. STEVENSON. 3s.
HYDRAULIC ENGINEERING. By G. R. BURNELL. 3s.

RIVERS AND TORRENTS, with the Method of R ting their Comc and
Chanfi¥s, Navigable Cana]s &c., from the Italian of PAuL Frisi as, 64.

COMBUSTION OF COAL AND THE PREVENTION OF SMOKE. By
C. Wyr WiLLiams, M.I.C.E 3

WATER POWER, as applied toMil[s &c. By J. GLYNN. a2s.

MARINE ENGINES anp STEAM VESSELS aAnp THE SCREW. By RoBerT
Murray, C.E. Fifth Edition. 3s.

ENGINEER'S GUIDE TO THE ROYAL AND MERCANTILE NAVIES.
By a PracTicaL ENGINEER. Revised by D. F. McCARTHY.
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ARCHITECTURE, &c.

Construction.

THE SCIENCE of BUILDING : an Elementary Treatise on
the Principles of Construction. Especially adapted to the Re-
quirements of Architectural Students. By E. WyNDHAM TARN,
M.A., Architect. Illustrated with 47 Wood Engravings. Demy
8vo, price 8s. 64. cloth. [Recently publisked.,
¢¢ A very valuable book, which we strongly recommend to all students.”—Builder.
¢ A modest and valuable book of reference for the student. . . V The formulz will

:J; ll'zund perfectly intelligible and available by the class for whom they are intended.”—
thenzum. .

“While Mr. Tarn’s valuable little volume is quite sufficiently scientific to answer
the purposes intended, it is written in a style that will deservedly make it popular,
The duﬁ:zms are numerous and cxccedingly well executed, and the treatise does
credit alike to the author and the publisher.”—Esngineer, Feb. 17, 1871.

“No architectural student should be without this hand-book of constructional
knowledge.”—Architect. :

‘*“The book is very far from being a mere compilation ; it is an able digest of
information which is only to be found scattered through various works, and_ contains
more really original writing than many putting forth far stronger claims to originality.
« ... Mr, Tarn has done his work exceedingly well, and he has roduceinbook
which ought to earn him the thanks of all architectural students.”— ngineering.

Beator's Pocket Estimator.

THE POCKET ESTIMATOR FOR THE BUILDING
TRADES, being an easy method of estimating the various parts
of a Building collectively, more especially applied to Carpenters’
and Joiners’ work, priced according to the present value of material
and labour. By A. C. BEATON, Author of ¢Quantities and
Measurements.” Numerous Woodcuts. [ the Press.

Villa Avrchitecture.

A HANDY BOOK of VILLA ARCHITECTURE ; being a
Series of Designs for Villa Residences in various Styles. With
Detailed Specifications and Estimates. By C, WICKES, Architect,
Author of “The Spires and Towers of the Medieval Churches of
England,” &c. irst Series, consisting of 30 Plates ; Second
Series, 31 Plates. Complete in 1 vol., 4to, price 2/. 105 half
morocco. Either Series separate, price 1/. 7s. each, half morocco.

“The whole of the designs bear evidence of their being the work of an artistic
architect, and they will prove very valuable and suggestive to architects, students, and
amateurs.”—Building News.

The Architect’s Guide.

. THE ARCHITECT'S GUIDE; or, Office and Pocket Com-
panion for Engineers, Architects, Land and Building Surveyors,
Contractors, Builders, Clerks of Works, &c. By W. Davis
HaskorL, C.E.,, R. W. BILLINGS, Architect, F. ROGERS, and
P. THOMPSON. With numerous Experiments by G. RENNIE,
C.E., &. Woodcuts, 12mo, cloth, price 3s. 64.

Vitruvius Awchitecture.
THE ARCHITECTURE OF MARCUS VITRUVIUS

POLLIO. Translated by JosepH GWILT, F.S.A., FRAS.
Numerous Plates. 12mo, cloth limp, price §s. :
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The Young Avrchitect’s Book.

HINTS TO YOUNG ARCHITECTS ; comprising Advice to
those who, while yet at school, are destined to the Profession ; to
such as, having passed their pupilage, are about to travel ; and to
those who, having completed their education, are about to practise.
By GEORGE WIGHTWICK, Architect, Author of *The Palace of
Architecture,” &c. &c. Second Edition. With numerous Wood-
cuts. 8vo, 7s., extra cloth.

Drawing for Builders and Students.

PRACTICAL RULES ON DRAWING for the OPERATIVE
@BUILDER and YOUNG STUDENT in ARCHITECTURE.

By GEORGE PYNE, Author of a *‘ Rudimentary Treatise on Per-

spective for Beginners.” With 14 Plates, 4to, 7s. 64., boards.
ConTeENTS.—I. Practical Rules on Drawing—Outlines. II. Ditto—the Grecian

and Roman Orders. III. Practical Rules on Drawing—Perspective. IV. Practical
Rules on Light and Shade. V. Practical Rules on Colour, &c. &c.

Drawing for Engincers, &e.

THE WORKMAN’S MANUAL OF ENGINEERING
DRAWING. By JoHN MAXTON, Instructor in Engineering
Drawing, South Kensington. With upwards of 300 Plates and
Diagrams. 12mo, cloth, strongly bound, 4s. 6d. [ Z%is day.

Cottages, Villas, and Country Houses.

DESIGNS and EXAMPLES of COTTAGES, VILLAS, and
COUNTRY HOUSES; being the Studies of several eminent
Architects and Builders ; consisting of Plans, Elevations, and Per-
spective Views ; with approximate Estimates of the Cost of each.
In 4to, with 67 plates, price 1/ Is., cloth.

Weale's Builder's and Contractor’s Price Book.

THE BUILDER’'S AND CONTRACTOR’S PRICE BOOK
(Lockwoobp & Co.’s, formerly WEALE’s). Published Annually.
Containing Prices for Work in all branches of the Building Trade,
with Items numbered for easy reference, and an Appendix of
Tables, Notes, and Memoranda, arranged to afford detailed infor-
mation, commonly required in preparing Estimates, &c. Originally
Edited by the late GEo. R. BURNELL, C.E., &c. 12mo, 4s., cloth.
¢¢ A multitudinous variety of useful information for builders and contractors. . . . .
With its aid the prices for all work connected with the building trade may be esti-
mated.”— Building News.
¢ Carefully revised, admirably arranged, and clearly printed, it offers at a glance a
ready method of preparing an estimate or specification upon a basis that is unquestion-
able. A reliable book of reference in the event of a dispute between employer and
employed.”— Engineer.
¢ Well done and reliable. It is the duty of a just critic to point out where any
jmprovement can be made in any work, but' Mr. Burnell has anticipated all objections
in his clearly-printed book. We therefore r d it to all branches of the pro-
fession.”—English Mechanic.
- ¢ Mr. Burnell has omitted nothing from this work that could tend to remder it
Iuable to the builder or ¢ "'—Mechanic's Magazine.
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Handbook of Specifications.

THE HANDBOOK OF SPECIFICATIONS; or, Practical
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing
up Specifications and Contracts for Works and Constructions.
Illustrated by Precedents of Buildings actually executed by eminent
Architects and Engineers. Preceded by a Preliminary Essay, and
Skeletons of Specifications and Contracts, &c., &c., and explained
by numerous Lithograph Plates and Woodcuts. By Professor
THoMAS L. DONALDSON, President of the Royal Institute of British
Architects, Professor of Architecture and Construction, University
College, London, M.L.B.A., Member of the various European
Academies of the Fine Arts. With A REVIEW OF THE LAW OF
CONTRACTS, and of the Responsibilities of Architects, Engineers,
and Builders. By W. CUNNINGHAM GLEN, Barrister-at-Law, of
the Middle Temple. 2 vols., 8vo, with upwards of 1100 pp. of
text, and 33 Lithographic Plates, cloth, 2/. 25s. (Published at 4/.)

¢ In these two volumes of 1,100 plahga (together), forty-four specifications of executed
works are given, including the speci ions for parts of the new Houses of Parliament,
by Sir Charles Barry, and for the new Royal Exchange, by Mr. Tite, M.P. The
latter, in particular, 1s a very complete and remarkable document. It embodies, to a
great extent, as Mr. Donaldson mentions, *the bill of quantities, with the description
of the works,” and occupies more than 100 printed pages.

‘“ Amongst the other known buildings, the specifications of which are given, are
the Wiltshire Lunatic Asylum (Wyatt and Brandon) ; Tothill Fields Prison (R. Abra-
ham) ; the City Prison, Holloway (Bunning) ; the High School, Edinburgh (Hamilton) ;
Clothworkers’ Hall, London (Angel); Wellington College, Sandhurst (J. Shaw);
Houses in Grosvenor Square, and elsewhere; St. George’s Church, Doncaster
(Scott) ; several works of smaller size by the Author, including Messrs. Shaw’s Ware-
hotise in Fetter Lane, a very successful elevation ; the Newcastle-upon-Tyne Railway
Station l({ Dobson) ; new Westminster Bridsle (Page) ; the High Level ri?e, New-
castle (R. Stephenson) ; various works on the Great Northern Railwa lv} rydone) ;
and one French specification for Houses in the Rue de Rivoli, Paris (II . Armand,
Hittorff, Pellechet, and Rohault de Fleury, architects). The last is a very elaborate
composition, occupyin% seventy pages. The majority of the specifications have illus-
trations in the shape of elevations and plans.

¢“We are most %La).od to have the present work. It is valuable as a record, and more
valuable still as a k of precedents.

“About 140 pasfs of the second volume are appropriated to an exposition of the
law in relation to the legal liabilities of engi , arch and build
by Mr. W. Cunningham Glen, Barrister-at-law

; intended rather for those persons
than for the legal practitioner. Suffice it, in conclusion, to say in words what our
rl_-?dcg wil’l l:a’we gad:ered for themselves from the particulars we have”givsn,. 't!mt

S .

h

of Specifi must be bought by all

Mechanical Engineering.

A PRACTICAL TREATISE ON MECHANICAL ENGI-
NEERING: comprising Metallurgy, Moulding, Casting, Forging,
Tools, Workshop Machinery, Mechanical Manipulation, Manufac-
ture of the Steam Engine, &c. &c. With an Appendix on the
Analysis of Iron and Iron Ore, and Glossary of Terms. By FRANCIS
CamriN, C.E. Illustrated with 91 Woodcuts and 28 Plates of
Slotting, Shaping, Drilling, Punching, Shearing, and Riveting
Machines—Blast, Refining, and Reverberatory Furnaces—Steam
Engines, Governors, Boilers, Locomotives, &c. Demy 8vo,clath,
price 125,
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Grantham's Iron Ship-Building, enlarged.
ON IRON_ SHIP.BUILDING ; with Practical Examples and

Details. Fifth Edition.

4to,bos.rds,en1atged&omz4toqo

Plates (21 quite new), mclu ing the latest Examples, Together
with separate Text, 12mo, cloth limp, also considerably
By JoHN GRANTHAM, M. Inst. C.E., &c. Price 2/ 2s. complete,

Description of Plates.

1. Hollow and Bar Keels, Stem and
Stern Posts. [Pieces.
2. Side Frames, Floorings, and Bllge
3 Floonngsmlmwd— eelsons, Deck
Gunwales, and Strmgers
4 Gunwales continued— Lower Decks,
and Orlop Beams.
4a. Gunwales and Deck Beam Iron.
s Angle-ll’otii T Iron, Z Iron, Bulb
Iron, as Rolled for Building.

6. Rivets, shown in section, natural size ;
Flush and La Joints, with
Single and Double Riveting.

, three plans Bulkhads and
Modes of Securing them.
Iron Masts, with itudinal and
Tnnsvase Sections,
iKeel, Water Ballast ,Moulding
‘rames m Iron Ship Building,
Levellmg
10. Longitudinal Sccnon, and Half-
breadth Deck Plan of Large Vessels
on a reduced Scale.

1. L Sec?c;-ils of Three Vtsse};

12. La essel, showing Details—Fore

Eg in Sectxou, and End View,
Lwn.h ’S/temIPgst, Crult.)ches, 158—{:4

1 e Vessel,showing ] cta: fier

* ”Ed in Section, with End iew,
Stern Frame forécrcw and Rudder.

14 Large Vessel, showngemls—de—
ship Section, half breadth.

Mackines for and Shearing
Plates and Angle-Ir and for
Bending Plates ; Rivet

5a. Beam-Bending Machme, Indepen-
dent Shearing, Punchingand Angle-
Iron Machine.

Y @ %

n

155. Double LeverPum:lnng and Shearing
. for

An e and T Iron, with Dividing
Table and Engme.

16, Mackuw: —Garforth’s Riveting Ma-

Drilling and Counter-Sinking

Mau:hme.

16a. Plate Planing Machine.

17. Air Furnace for Heating Plates and
Angle-Iron : Vanous ‘'ools used in
Riveting and

18. Gunwale ; Kcel and Eloonng Plan
for Sheathmg with COE:

18a. Grantham's lmpmved
ing Iron Shi

19. Illustrations of the M > Condi-
tion of various Iron Shlps.

so.GraylsFlhAE MmdB&u:
nacle, wit! ljusting e

21. Corroded Iron Bolt m‘g‘ =
Wooden Ship ; Jointing Ph:e.

22-4. Great En.rtm—Lolrtudaml Sec-
tions and Half-breadth Plans—Mid-
shi] Secnon, with Details—Section
in Engine Room, and Paddle Boxes.

25-6. Paddle Steam Vessel of Steel.

27. Starémugk—Paddle Vessel of Steel.

28-9. Proposed Passenger Steamer.

30. Persian—Iron Screw Steamer.

3L Mldslnp Section of H.M. Steam

te W ¢rrlor.

32, M| "Section of H.M. Steam
anace, Hercules,

33. Stem, Stern, and Rudder of H.M.
Steam Frigate, Bellevophen.

34 MndslnpSecnon of H.M. Troop Ship,

35. Iron F{oaung Dock.

¢¢ An enlarged edition of an elaboxtately illustrated work.”—Bwilder, July 11, 1868.

¢ This edition of Mr. Grantham’s work has been enlarged and improved, both with
respect to the text and the engravmgs bjemg brouEht down to the present period. .

The pr. required in
care and precnslon. "—Meckanics'

described and illustrated with

agasme, July !7, 1868.

“A t.horougxhly practical work, and every question of the many in relation to iron

shipping whi

admit of diversity of opinion, or have various and conflicting

interests attached to them, is treated with sober and impartial wisdom and Food sense,
As good a volume for the msu—uctmn of the pupll or student of iron naval

architecture as can be found in any 1

"—Pr

August, 1868.
“A very elaborate work.

hu study &: many years, and whose qual

ic’s Journal,

-, + .- It forms a most valuable addition to the history
building, while its having been lgrepamd by one who has mde the subject

e been n:eogmsed
will recommend it as one of practical utility to all mterested in slupbulldmz A rwy

and Navy Gaselte, July 11, 1868,
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CARPENTRY, TIMBER, é&c.

—_——
Tredgold’s Carpentry, new & enlarged Edition.

THE ELEMENTARY PRINCIPLES OF CARPENTRY :
a Treatise on the Pressure and Equilibrium of Timber Framing, the
Resistance of Timber, and the Construction of Floors, Arches,
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To which
is added an Essay on the Nature and Properties of ‘Timber, &c,,
with' Descriptions of the Kinds of Wood used in Building ; also
numerous Tables of the Scantlings of Timber for different purposes,
the Specific Gravities of Materials, &c. By THoMAS TREDGOLD,
C.E. Edited by PETER BarRLOW, F.R.S. Fifth Edition, cor-
rected and enlarged. With 64 Plates (11 of which now first appear
in this edition), Portrait of the Author, and several Woodcuts. In
I vol., 4to, published at 2/, 2s., reduced to 1/, §s., cloth.

¢ ¢ Tredgold’s Carpentry’ ought to be in every architect’s and e builder’s
library, an%.l those who dzot already possess it ought to avail t.hemselv‘:rgf the new
issue.”—Builder, April g, 1870.

A work whose tal 1l must d it wherever skilful car-
pentry is concerned. The Author’s principles are rather confirmed than impaired by
time, and, as now presented, combine the surest base with the most intergstin% display
of progressive science. The additional plates are of great intrinsic value.”—Building
News, Feb. 25, 1870.

‘¢ Tredgold’s Carpentry’ has ever held a high position, and the issue of the fifth
edition, in a still more improved and enlarged form, will give satisfaction to a very
large number of artisans who desire to raise themselves in their business, and who
seek to do so by dislalaying a greater amount of knowledge and incellii‘ence than their
fellow-workmen. It is as complete a work as need be desired o the i

workman the volume will prove invaluable ; it contains treatises written in hn;w
which he will readily comprehend.”—Mining Fournal, Feb. 12, 1870.

Grandy's Timber Tables.

THE TIMBER IMPORTER’S, TIMBER MERCHANT’S,
and BUILDER’'S STANDARD GUIDE. By RicHARD E.
GRANDY. Comprising :—An Analysis of Deal Standards, Home
and Foreign, with comparative Values and Tabular Arrangements
for Fixing Nett Landed Cost on Baltic and North American Deals,
including all intermediate Expenses, Freight, Insurance, Duty, &c.,
&c. ; together with Copious Information for the Retailer and
Builder. 12mo, price 7s. 6d. cloth.

¢ Everything it pretends to be: built up gradually, it leads one from a forest to a
trenail, and throws in, as a makeweight, a host of material concerning bricks, columns,
cisterns, &c.—all that the class to whom it appeals requires.”—Englisk Mechanic.

¢ The only difficulty we have isas to what is NOT in its pages. What we have tested
of the contents,taken at random, is invariably correct.”—Jlustrated Busldey's Fournal.

Tables for Packing-Case Makers.

PACKING-CASE TABLES ; showing the number of Superficial
Feet in Boxes or Packing-Cases, from six inches square and
upwards. Compiled by WILLIAM RICHARDSON, Accountant.
Oblong 4to, cloth, price 3s. 64.

““Will save much labour and calculation to packing-case makers and those who use
packing-cases,”—Grocer, ¢ Invaluable labour-saving tables.”—Ironmonger.
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Nickolson's Carpenter's Guide.

THE CARPENTER’S NEW GUIDE; or, BOOK of LINES
for CARPENTERS : comprising all the Elementary Principles
essential for acquiring a knowledge of Carpentry. Founded on the
late PETER NICHOLSON’s standard work. A new Edition, revised
by ARTHUR ASHPITEL, F.S.A., together with Practical Rules on
Drawing, by GEORGE PyNE. With 74 Plates, 4to, 1/. 1s. cloth.

Dowsing’s Timber Merchant's Companion.

THE TIMBER MERCHANT’S AND BUILDER’S COM-
PANION ; containing New and Copious Tables of the Reduced
‘Weight and Measurement of Deals and Battens, of all sizes, from
One to a Thousand Pieces, and the relative Price that each size
bears per Lineal Foot to any given Price per Petersburgh Standard
Hundred ; the Price per Cube Foot of Square Timber to any given
Price per Load of 50 Feet; the proportionate Value of Deals and
Battens by the Standard, to Square Timber by the Load of 50 Feet;
the readiest mode of ascertaining the Price of Scantling per Lineal
Foot of any size, to any given Figure per Cube Foot. Also a
variety of other valuable information. By WILLIAM DowsINgG,
Timber Merchant. Second Edition. Crown 8vo, 3s. cloth.
¢ Everything is as concise and clear as it can possibly be made. There can be no
doubt that every timber merchant and builder ought to possess it,because such possession
would, with use, unquestionably save a very great deal of time, and, moreover, ensure
perfe y in calculations. There is also another class besides these who ought
to possess it ; we mean all persons engaged in carrying wood, where it is requisite to
ascertain its weight. Mr. Dowsing’s tables provide an easy means of doing this.
Indeed every person who has to do with wood ought to have it."—H» Advertiser.

MECHANICS, &c.

PR —

Mechanic's Workshop Companion.

THE OPERATIVE MECHANIC'S WORKSHOP COM-
PANION, and THE SCIENTIFIC GENTLEMAN’S PRAC-
TICAL ASSISTANT ; comprising a great variety of the most
useful Rules in Mechanical Science ; with numerous Tables of Prac-
tical Data and Calculated Results. By W. TEMPLETON, Author
of ¢ The Engineer’s, Millwright’s, and Machinist’s Practical As-
sistant.” Tenth Edition, with Mechanical Tables for Operative
Smiths, Millwrights, Engineers, &c. ; together with several Useful
and Practical Rules in Hydraulics and Hydrodynamics, a variety
of Experimental Results, and an Extensive Table of Powers and
Roots. 11 Plates. 12mo, §s. bound. [ Fust pubdlished.

¢ As a text-book of reference, in which mechanical and commercial demands are
judiciously met, TEMPLETON's COMPANION stands unrivalled."—Meckanics’ Magasine.

¢ Admirably adapted to the wants of a very large class. It has met with great
in the engineering workshop, as we can testify ; and there are a t many
men who, in a great measure, owe their rise in life to this little work.”—Building News.
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¢ .
Tngineer's Assistant.,
THE ENGINEER’S, MILLWRIGHT’S, and MACHINIST’S
PRACTICAL ASSISTANT ; comprising a Collection of Useful
Tables, Rules, and Data! Compiled and Arranged, with Original
Matter, by W. TEMPLETON. 4th Edition. 18mo, 2s.6d. cloth.
¢¢ So much varied information compressed into so small a space, and published at a
dce which places it within the reacg of the humbl hani fail to com-

and the sale which it deserves. With the utmost confidence we commend this book
» the attention of our readers.”"—Meckanics’ Magasine.

“ Every hanic should b the p of the vol and a more suitable
sesent to an apprentice to any of the mechanical trades could not possibly be made.”
-Buslding News.,

\

Jesigning, Measuring, and Valuing.

THE STUDENT’S GUIDE to the PRACTICE of MEA-
SURING, and VALUING ARTIFICERS’ WORKS; containing
Directions for taking Dimensions, Abstracting the same, and bringing
the Quantities into Bill, with Tables of Constants, and copious
Memoranda for the Valuation of Labour and Materials in the res-
tive Trades of Bricklayer and Slater, Carpenter and Joiner,
ainter and Glazier, Paperhanger, &c. With 43 Plates-and Wood-
cuts. Originally edited by EDWARD DOBSON, Architect. New
Edition, re-written, with Additions on Mensuration and Construc-
tion, and several useful Tables for facilitating Calculations and
Measurements. By E. WYNDHAM TARN, M.A., Architect. 8vo,
10s. 6d. cloth, [ Fust publisked.

¢¢ This useful book should be in every architect’s and builder’s office. It contains
vast amount of information absolutely necessary to be known.”—7ke /7isk Builder.

““ The book is well worthy the attention of the student in architectureand surveying,
s by the careful study of it his progress in his profession will be much facilitated.”—
Tining Fournal, Feb, 11, 1871,

““ We have failed to discover anything connected with the building trade, from ex-
avating foundations to bell-hanging, tiat is not fully treated upon in this valuable
‘ofk.”— The Artizan, March, 1871.

¢ Mr, Tarn Pasl:velljg'el:formed lthg task imposed upon him, and has mat:le many

rther and , ying a large unt of information r g to
1¢ technicalities and modes of construction employed in the several branches of the
uildingtrade. . . . . . From the extent of the information which the volume

mbodies, and the care taken to secure accuracy in every detail, it cannot fail to prove
f the highest value to students, whether training in the offices of provincial surveyors,
r in those of London practitioners.”—Colliery Guardian, February 1oth, 1871.

“¢ Altogether the book is one which well fulfils the promise of its title-page, and we
an thoroughly recommend it to the class for whose use it has been compiled. Mr,
‘arn’s additions and revisions have much increased the usefulness of the work, and
ave especially augmented its value to students. Finally, it is only just to the pub-
shers to add that the book has been got up in llent style, the typ phy being
old and clear, and the plates very well executed.”—Engineering, March 24, 1871,

Superficial Measurement.

THE TRADESMAN’S GUIDE TO SUPERFICIAL MEA-
SUREMENT. Tables calculated from I to 200 inches in length,
by 1 to 108 inches in breadth. For the use of Architects, Surveyors,
E);gineers, Timber Merchants, Builders, &. By James Haw-
KINGS. Fcp. 3s. 64. cloth.
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MATHEMATICS, &c.

— e

Gregory's Practical Mathematics.

MATHEMATICS for PRACTICAL MEN ; being a Common-
place Book of Pure and Mixed Mathematics. Designed chiefly
for the Use of Civil Engineers, Architects, and Surveyors. Part 1.
PURE MATHEMATICS—comprising Arithmetic, Algebra, Geometry,
Mensuration, Trigonometry, Conic Sections, Properties of Curves.
Part II. MIXED MATHEMATICS—comprising Mechanics in general,
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics,
Mechanical Agents, Strength of Materials. With an Appendix of
copious Logarithmic and other Tables. By OLINTHUS GREGORY,
LL.D., FR.A.S. Enlarged by HENRY LAw, C.E. 4th Edition,
carefully revised and corrected by J. R. YOUNG, formerly Profes-
sor of Mathematics, Belfast College ; Author of ¢¢ A Course of

Mathematics,” &c. With 13 Plates. Medium 8vo, 1Z 1s. cloth.
¢ As a standard work on mathematics it has not been excelled. "—A »#izax.

““ The engineer or architect will here find ready to his hand, rules for solving nearly
every mathematical difficulty that may arise in his [ 1 Asa d quail
ance with arithmetic, algebra, and el Y & y, is absolutely Y to the

per understanding of the most useful portions of this book, the author very wisely
m devoted the first three chapters to those subjects, so that the most lﬂ)ﬂn t may be
enabled to master the whole of the book, without aid from any other. e rulesare in
all cases explained by means of examples, in which every step of the process is cleartly
worked out.”—Buslder.

““One of the most serviceable books to the practical mechanics of the country. . .
The edition of 1847 was fortunately entrusted to the able hands of Mr. Law, who
revised it thoroughly, re-wrote many chapters, and added several sections to those
which had been rendered imperfect by ad =d ledge. On ining the various
and many improvements which he introduced into the work, they seem almost likea
new structure on an old plan, or rather like the restoration of an old ruin, not only to
its former substance, but to an extent which meets the requirements of
times. . . . . In the edition just brought out, the work has again been revised by
Professor Young. He has modernised the notation throughout, introduced a few

phs here and there, and corrected the numerous typographical errors which
E:ve escaped the eyes of the former Editor. The book is now as complete as it is
ible to makeit. . . . . We have carried our notice of this book to a greater
ength than the space allowed us justified, but the experiments it contains are so
i ing, and the method of describing them so clear, that we may be excused for
overstepping our limit. It is an instructive book for the student, and a Text-
book for him who having once mastered the subjects it treats of, needs occasionally to
refresh his memory upon them.”—Bwuilding News.

The Metric System.

A SERIES OF METRIC TABLES, in which the British
Standard Measures and Weights are compared with those of the
Metric System at present in use on the Continent. By C. H.
DowLING, C. E. 8vo, 10s. 64. strongly bound,
¢¢Mr. Dowling’s Tables, which 1l put together, come just in timg
tecknnrer f(:'wt.heg::znvaets?:n‘;f l(():nc:"sl’yes:ve:n ipn‘:o t!?eg %theel;."—n; l}wmus o . © as a ready
B";_gheir accuracy has been certified by Professor Airy, the Astronomer Royal"—
er.
¢ Resolution 8.—That ad will be derived from the recent publication of
Metric “Tables, by C. H. Dowling, C.E."~Repors of Section 7, British A seoesssion
at, .
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Inwood’s Tables, greatly enlarged and improved.

TABLES FOR THE PURCHASING of ESTATES, Freehold,
Copyhold, or Leasehold; Annuities, Advowsons, &c., and for the
Renewing of Leases held under Cathedral Churches, Colleges, or
other coworate bodies; for Terms of Years certain, and for Lives ;
also for Valuing Reversionary Estates, Deferred Annuities, Next
Presentations, &c., together with Smart’s Five Tables of Compound
Interest, and an Extension of the same to lower and Intermediate
Rates. By WiLLIAM INwoOD, Architect. The 18th edition, with
considerable additions, and new and valuable Tables of Logarithms
for the more Difficult Computations of the Interest of Money, Dis-
count, Annuities, &c., by M. FEporR THOMAN, of the Société
Crédit Mobilier of Paris. 12mo, 8s. cloth.

* ¥ This edition (the 18th) differs in many important particulars
Jrom former ones. The changes consist, first, in a more convenient
and systematic arrang ¢ of the original Tables, and in the removal
of certain numerical errors whick a very caveful revision of the whole
kas enabled the present editor to discover ; and secondly, in the
extension of practical utility conferred on the work by the introduction
of Tables now inserted for the first time. This new and important
matter is all so muck actually added to INWOOD’s TABLES ; nothing
has been abstracted from the original collection: so that those who kave
been long in the habit of consulting INWOOD for any special profes-
sional purpose will, as keretofore, find the information sought still in
its pages.

¢ Those interested in the purchase and sale of estates, and in the adjustment of
compensation cases, as well as in transactions in annuities, life insurances, &c., will

find the p dition o i service."—Engineering.

Geometry for the Architect, Engineer, &c.

PRACTICAL GEOMETRY, for the Architect, Engineer, and
Mechanic ; giving Rules for the Delineation and Application of
various Geometrical Lines, Figures and Curves. By E. W, TARN,
M.A., Architect, Author of ‘The Science of Building,” &c.
With Illustrations. Demy 8vo. [Zn the press.

Compound Interest and Annuities.

THEORY of COMPOUND INTEREST and ANNUITIES;
with Tables of Logarithms for the more Difficult Computations of
Interest, Discount, Annuities, &c., in all their Applications and
Uses for Mercantile and State Purposes. With an elaborate Intro-
duction. By F&DOR THOMAN, of the Société Crédit Mobilier,
Paris. I2mo, cloth, §s. ’
“ A very Ipowerful work, and the Author has a very remarkable command of his
subject.”—Professor A. de Morgan. .
‘“No banker, hant, trad or man of business, ought to be without Mr.
Thoman's truly ‘handy-book.’ "—Review.
¢¢ The author of this ‘ handy-book ’ deserves our thanks.”—/nsurance Gasette.
¢ We recommend it to the notice of actuaries and »—Ath
’
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SCIENCE AND ART.

—_——

The Military Sciences.

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed
from Contributions of Officers and others connected with the dif-
ferent Services. Originally edited by a Committee of the Corps of
Royal Engineers. Second Edition, most carefully revised by an
Ofhicer of the Corps, with many additions ; containing nearly 350
Engravings and many hundred Woodcuts. 3 vols. royal 8vo, extra
cloth boards, and lettered, price 4/ 10s.
A compendious encyck ia of mili knowledge, to which we are in-
e T Revipar o of miltary knowledge, greadly
“‘ The most comprehensive work of reference to the military and collateral sciences.
Among the list of contributors, some seventy-seven in number, will be found names of
s Shae by che Tavger sonion of it subjecss bave ban trentel seimalie b
ment t
practical men who hzv:iemp?u contrib — Vo Service Gazeltt

Field Fortification.

A TREATISE on FIELD FORTIFICATION, the ATTACK
of FORTRESSES, MILITARY, MINING, and RECON-
NOITRING. By Colonel I. S. MACAULAY, late Professor of
Fortification in the Royal Military Academy, Woolwich. Sixth
Edition, crown 8vo, cloth, with separate Atlas of 12 Plates, sewed,
price 12s. complete,

Dye-Wares and Colours.

THE MANUAL of COLOURS and DYE-WARES: their
Properties, Applications, Valuation, Impurities, and Sophistications.
For the Use of Dyers, Printers, Dry Salters, Brokers, &c. By ]J.
W. SLATER. Post 8vo, cloth, price 7s. 6d.  [Recently published.
“E: iall 1 ical men, and precisely such a book as practical

a for p
men will appreciate.”’—Scientific Review.
““A complete encyclopazdia of the meaferia tinctoria. The information given

ing each article is full and precise, and the hods of determining the value
of articles such as these, so liable to sophistication, are given with clearness, and are
practical as well as valuable.”—Chemist and Druggist.
Electricity.

A MANUAL of ELECTRICITY ; including Galvanism, Mag-
netism, Diamagnetism, Electro-Dynamics, Magno-Electricity, and
the Electric Telegraph. By HENRY M. Noap, Ph.D., F.C.S.,
Lecturer on Chemistry at St. George’s Hospital. Fourth Edition,
entirely rewritten. Illustrated by 500 Woodcuts. 8vo, 12 4s. cloth.

““ This publication fully bears out its title of  Manual.” It discusses ina sati;
ma;l;er ec’t;‘ricity, frictional and voltaic, thermo-electricity, and electro-physiology.”

“The dations already b d in the pa&s of the Lancet on the former
editions of this work are more ever merited by the present. The accounts given
of electricity and galvanism are not only complete in a scientific sense, but, which isa
rarer thing, are popular and interesting.”—ZLance?,
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Text-Book of Electricity.

THE STUDENT’S TEXT-BOOK OF ELECTRICITY: in-
cluding Magnetism, Voltaic Electricity, Electro-Magnetism, Dia-
magnetism, Magneto-Electricity, Thermo-Electricity, and Electric
Telegraphy. Being a Condensed Résumé of the Theory and Ap-
}alication of Electrical Science, including its latest Practical Deve-
opments, particularly as relating to Aérial and Submarine Tele-
gmphy. By HENRY M. NoAD, Ph.D., Lecturer on Chemistry at

t. George’s Hospital. Post 8vo, 400 Illustrations, 12s. 64. cloth.

¢ We can recommend Dr. Noad’s book for clear style, tﬁx'eat range of subject, a good
index, and a plethora of woodcuts. Such collections as the present are indispensable.”
— Athenzum.

‘ A most elaborate compilation of the facts of electricity and magnetism, and of the
theories which have been advanced concerning them.”—Popular Science Review.

¢ Clear, compendious, compact, well illustrated, and well printed, this is an excel-
lent manual.”"—ZLasncet. .

¢ We can strongly recommend the work, as an admirable text-book, to every student
—beginner or advanced—of electricity.”—Engineering.

““The most pl 1 on the subject of electricity to be met with.”—0bserver.

“‘ Nothing of value has been passed over, and nothing given but what will lead to a
correct, and even an exact, knowledge of the present state of electrical science,”—
Mechanics Magazine.

*‘ We know of no book on electricity containing so much information on experi-
mental facts as this does, for the size of it, and no bo ok of any size that contains so
complete a range of facts.”—ZEnglish Mechanic.

Rudimentary Magnetism.
RUDIMENTARY MAGNETISM : being a concise exposition
of the general principles of Magnetical Science, and the purposes
to which it has been applied. By Sir W. SNow HARRis, F.R.S.
New and enlarged Edition, with considerable additions by Dr.

Noap, Ph.D. Numerous Woodcuts. 12mo. [ 77 the press.
Chemical Analysis.

THE COMMERCIAL HANDBOOK of CHEMICAL ANA-
LYSIS ; or Practical Instructions for the determination of the In-
trinsic or Commercial Value of Substances used in Manufactures,
in Trades, and in the Arts. By A. NOoRMANDY, Author of *‘ Prac-
tical Introduction to Rose’s Chemistry,” and Editor of Rose’s
¢ Treatise of Chemical Analysis.” Illustrated with Woodcuts.
Second and cheaper Edition, post 8vo, gs. cloth.

“‘We recommend this book to the careful perusal of every one; it may be truly
affirmed to be of universal interest, and we strongly recommend it to our readers as a
guide, alike indispensable to the h ife as to t{ phar ical practiti —
Medical Times.

¢ The very best work on the subject the English press has yet produced.”—Ae-
chanics Magasine.

Practical Philosophy.

A SYNOPSIS of PRACTICAL PHILOSOPHY. By the Rev.
OHN CARR, M. A,, late Fellow of Trin. Coll., Cambridge. Second
dition. 18mo, 5s. cloth,
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Science and Art.

THE YEAR-BOOK of FACTS in SCIENCE and ART ; ex-
hibiting the most important Improvements and Discoveries of the
Past Year in Mechanics and the Useful Arts, Natural Philosophy,
Electricity, Chemistry, Zoology and Botany, Geology and Mine-
ralogy, Meteorol and Astronomy. By JoHN TimBs, F.S.A.,
Author of “Curiosities of Science,” *Thi not Generally

Known,” &c. With Steel Portrait and Vignette. Fcap. §s. cloth.

*> This work, published annually, records the proceedings of the
principal scientific societies, and is indispensable to all who wisk to
possess a faithful record of the lalest novelties in science and the arts.

The back Volumes, from 1861 to 1870, each containing a Steel
Portrait, and an extra Volume for 1862, with Photograph, may still
be had, price 5s. each. -

¢¢ Persons who wish for a i 1 y of imp t scientific events will
find their desire in the ‘Year Book of Facts.’ ""—A kenarum.

¢ The standard work of itsclass, Mr. Timbs’s ¢ Year Book ’ is always full of sugges-
tive and interesting matter, and is an excellent »7#sumé of the year’s progress in the
sciences and the arts.”—Buslder.

““ A correct exponent of scientific progress . . . . arecord of abiding interest. If
anyone wishes to know what progress scaence made, or what has been done in any
branch of art during the pas‘:Jw, he has only to tumn to Mr. Timbs’s pages, and
is sure to obtain the required information.”"—Meckanics’ Magasine.

¢ An invaluable compendium of scientific progress for which the public are indebted
to the untiring energy of Mr. Timbs.”—A ¢as.

“ There is not a more useful or more iqtcrsﬁngrcompilaﬁon than the ¢ Year Book of
Facts.” . . . The discrimination with which Mr. Timbs selects his facts, and the admi-
rable manner in which he di into a p ively short space all the salient
features of the matters which he places on record, are deserving of great praise.”—
Raslway News.

Science and Scripture. :

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT
ANTAGONISTIC TO IT; being a Series of Essays on—rI.
Alleged Discrepancies ; 2. The Theory of the Geologists and
Figure of the h; 3. The Mosaic Cosmogony ; 4. Miracles in
%eneml—Views of Hume and Powell ; 5. The Miracle of Joshua—

iews of Dr. Colenso: The Supernaturally Impossible ; 6. The
Age of the Fixed Stars—their Distances and Masses. By Professor
J- R. YoUNG, Author of *“ A Course of Elementary Mathematics,”
&c. &c.  Fcap. 8vo, price §s. cloth lettered.

¢ Professor Young’s examination of the early verses of Genesis, in connection with
modern scientific hypotheses, is excellent.”—ZEnglish Churchman.

¢ Distinguished by the true spirit of scientific inqui t knowls , by keen
logiml,sagzﬁrly, and byy aestyk:e ;lc)cl?xli:rl)ﬁ;r, ;.;l,ual;y Zféﬁsc."—zvmed” mby s,

*“ No one can rise from its perusal without being impressed with a sense of the sin-
gular weakness of modern scepticism.”—Baptist Magasine.

“The author has displayed considerable learning and critical acumen in combating
the objections alludedto. . . . . The volume is one of considerable value, inas-
much as it contains much sound thought, and is calculated to assist the reader to dis-
criminate truth from error, at least so far as a finite mind is able to separate them.
The work, th e, must be idered to be a valuable contribution to ersial
theological literature.”—CisZy Press.
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Geology and Genesis Harmonised.

THE TWIN RECORDS of CREATION; or, Geology and
Genesis, their Perfect Harmony and Wonderful Concord. By
GEORGE W. VicTor LE VAux. With numerous Illustrations.
Fcap. 8vo, price 5s. cloth,
¢ We can recommend Mr. Le Vaux as an able and interesting guide to a popular
apPreciation of geological science.”—Spgectator.
“The author bines an unbounded admiration of sci with an unbounded
admiration of the Written Record. The two impulses are balanced to a nicety ; and
the consequence is, that‘ difficulties, vlvhich to_minds less evenly poised, would be

serious, find i d of the happ kinds.""—Zondon Review.

¢ A most instructive and readable book. We welcome this volume as aiding in 2
most imlportant di ion, and d it to those interested in the subject.”—
Evangelical Magasine.

“ Vigorously written, reverent in spirit, stored with instructive geological facts, and
designed to show that there is no di y or i between the Word and
the works of the Creator. The future of | Nature, in connexion with the glorious destiny
of man, is vivicgiy ived.”— Waich L

‘“ No real difficulty is shirked, and no sophistry is left posed.”—Tke Rock.

Geology, Physical. ‘

PHYSICAL GEOLOGY. (Partly based on Major-General
Portlock’s Rudiments of Geology.) By RALPH TATE, A.L.S.,
F.G.S. Numerous Woodcuts. I12mo, [Fust ready.

Geology, Historical.

HISTORICAL GEOLOGY. (Partly based on Major-General
Portlock’s Rudiments of Geology.) By RaLPH TATE, A.L.S.,
F.G.S. Numerous Woodcuts. 12mo. [Fust ready.

Wood-Carving.
INSTRUCTIONS in WOOD-CARVING, for Amateurs; with
Hints on Design. By A LaADY. In emblematic wrapper, hand-

somely printed, with Ten large Plates, price 2s. 64.

¢ The handicraft of the wood-carver, so well as a book can impart it, may be learnt
from ‘ A Lady’s’ publication.”—A 4

¢ A real practical guide. It is very complete.”—Lzterary Churchman.

¢ The directions given are plain and y understood, and it forms a very good
introduction to the practical part of the carver’s art.”—ZEnglish Mechanic.

Popular Work on Painting.

PAINTING POPULARLY EXPLAINED; with Historical
Sketches of the Progress of the Art. By THOMAS JOHN GULLICK,
Painter, and JoHN TimBs, F.S.A. Second Edition, revised and
enlarged. With Frontispiece and Vignette. In small 8vo, 6s. cloth.

*.* This Work has been adopted as a Prize-book in the Schools
of Art at South Kensington.

¢ A work that may be ad

Tead

geously Much may be learned, even by
those who fancy they do not require to be taught, from the careful perusal of this
unpretending but comprchensive treatise.”—A»¢ Fournal.

“ A valuable book, which supplies a want. It contains a ln.rﬁe amount of original
matter, agreeably conveyed, and will be found of value, as well by the young artist
secking information as by the general reader.  We give a cordial welcome to the book,
and augur for it an increasing reputation.”"—Buslder.

““ This volume is one that we can heartily recqmmend to all who are desixons ot
understanding what they admire in a good painting.’—Daily News.
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Delamotte's Works on Illumination & A lphabets.

A PRIMER OF THE ART OF ILLUMINATION ; for the

use of Beginners: with a Rudimentary Treatise on the Art, Prac-

tical Directions for its Exercise, and numerous Examples taken

from Illuminated MSS., printed in Gold and Colours. By F. DELA-
MOTTE. Small 4to, price 9s. Elegantly bound, cloth antique.

“ A handy book, beautifully illustrated ; the text of which is well written, and cal-
culated to be useful. . . . The les of ancient MSS. ded to the stud

o
which, with much good sense, the author chooses from collections accessible to all, are
selected with judgment and knowledge, as well as taste.”—A thenzums.

ORNAMENTAL ALPHABETS, ANCIENT and MEDIAVAL;
from the Eighth Century, with Numerals ; including Gothic,
Church-Text, large and small, German, Italian, Arabesque, Initials
for Illumination, Monograms, Crosses, &c. &c., for the use of
Architectural and Engineering Draughtsmen, Missal Painters,
Masons, Decorative Painters, Lithographers, Engravers, Carvers,
&c. &c. &c. Collected and engraved by F. DELAMOTTE, and
printed in Colours. Royal 8vo, oblong, price 4s. cloth.

“A well-known engraver and draugt has lled in this useful book the
result of many l;](srs' study and research. For those who insert enamelled

sentences
round gilded chalices, who blazon shop legends over sh rs, who letter church
walls with pithy sentences from the Decalogue, this book will be useful.”—A4 tkenexm.

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA-
MENTAL ; including German, Old English, Saxon, Italic, Per-
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan,

iband, Gothic, Rustic, and Arabesque; with several Origi
Designs, and an Analysis of the Roman and Old English Alphs-
bets, large and small, and Numerals, for the use of Draughtsmen,
Surveyors, Masons, Decorative Painters, Lithographers, Engravers,
Carvers, &c. Collected and engraved by F. IgELAMOTTE, and
printed in Colours. Royal 8vo, oblong, price 4s. cloth.
¢¢To artists of all classes, but more cially to architects and engra i
handsome book will be invaluable. - Theve is Comprised in It every postible s oy
which the letters of the alphabet and numerals can be formed, and the talent which

has been expended in the conception of the various plain omamental letters is
wonderful."—SZandard.

MEDIZEVAL ALPHABETS AND INITIALS FOR ILLUMI-
NATORS. By F. DELAMOTTE, Illuminator, Designer, and
Engraver on Wood. Containing 21 Plates, and Illuminated Title,

rinted in Gold and Colours. With an Introduction by J. WiLLIs
%ROOKS. Small 4to, 6s. cloth gilt.

¢ A volume in which the letters of the a(liphabet come forth glorified in gilding and
all the colours of the prism interwoven and intertwined and intermingled, sometimes

with a sort of rainbow arabesque. A poem embl d in these ch rs would be

only comparable to one of those delicious love letters symbolized in a bunch of flowers
weli'selected and cleverly arranged.”—Su».

THE EMBROIDERER’S BOOK OF DESIGN ; containing Initials,
Emblems, Cyphers, Monograms, Ornamental Borders, lesias-
tical Devices, Medieval and Modern Alphabets, and National
Emblems. Collected and engraved by F. DELAMOTTE, and
printed in Colours. Oblong royal 8vo, 25.64. in ornamental boards.
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AGRICULTURE, é&c.

Youatt and Burn's Complete Grazier.
THE COMPLETE GRAZIER, and FARMER’S and CATTLE-

BREEDER’S ASSISTANT.
By WiLLiamM Youart, EsQ.,

A Compendium of Husbandry.
V.S. 11th Edition, enlarged by

ROBERT ScOTT BURN, Author of ¢‘The Lessons of My Farm,” &c.
One large 8vo volume, 784 pp. with 215 Illustrations. 17 1s. half-bd.

CONTENTS.

On the Breeding, Rearing, Fattening,
and General Management of Neat Cattle.
—IntroductoryView of the different Breeds
of Neat Cattle in Great Britain.—Com-

tive View of the different Breeds of
geat Cattle. —General Observations on
Buying and Stocking a Farm with Cattle.
—'H.e ull. —The Cow.—Treatment and
Rearing of Calves.—Feeding of Calves for
‘Veal.—Steers and Draught Oxen.—Graz-
i\x:]g Cattle.—Summer Soiling Cattle. —
inter Box and Stall-feeding Cattle.—
Artificial Food for Cattle.—Preparation
of Food.—Sale of Cattle.
On the E tof

g3

and M.
the Dairy.-—Milcﬁ Kine.—Pasture and |'ch

other Food best calculated for Cows, as
it regards their Milk. —Situation and
Buildings proper for a Dairy, and the
roﬁer ] Utcnsils.—Mana;;fmt of
Kﬁl and Cream, and the Making and
Preservation of Butter.—Making and Pre-
servation of Cheese.—Produce of a Dairy.
On the Breeding, Rearing, and Ma-
nagement of Farm-horses.—Introductory
and Comparative View of the different
Breeds of Farm-horses.—Breeding Horses,
Cart Stallions and Mares.—Rearing and
Training of Colts.—Age, Qualification:

On the Diseases of Cattle.—Diseases
Incident to Cattle.—Diseases of Calves.—
Diseases of Horses.—Diseases of Sheep.—
Diseases of Lambs.—Diseases Incident to
Swine, —Breeding and Rearing of Do-
mestic Fowls, Pigeons, &c.—Palmipedes,
or Web-footed kinds.—Diseases of Fowls.

On Farm Offices and Implements of
Husbandry.—The Farm-house, the Farm-
¥'ard, and its Offices. — Construction of

onds.—Farm Cottages.—Farm Imple-
ments.—Steam Cultivation.—Sowing Ma-
chines, and Manure Distributors.—~Steam
Engines, Thrashing Machines, Corn-
dressing Machines, Mills, Bruising Ma-

ines,

On the Culture and Management oy
Grass Land.—Size and Shape of Fields.
—Fences. — Pasture Land. — Meadow
Land.—Culture of Grass Land. — Hay-
making. — Stacking Hay.—Impediments
to the Scythe and the Eradication of
Weeds.— Paring and Burning.—Draining.
Irrigation.—Warping.

On the Cultivation and Application
e‘)[ Grasses, Pulse, and Roots.—Natural
lly culti — Artificial
Grasses or Green Crops. — Grain and
Pulse ly cultivated for their

and e of Horses.—Maintenance and
Labour of Farm-horses. — Com; tive
Merits of Draught Oxen and Horses.—
Asses and Mules.
On the Breeding, Rearing, and Fat-
tening of Sheep.—Introductory and Com-
arative View of the different Breeds.—
erino, or Spanish Sheep.—Breeding and
Management of Sheep. — Treatment and
Rearing of House-lambs, Feeding of Sheep,
Folding Sheep, Shearing of Sheep, &c.
On the Breeding, Rearing, and Fat-
tening of Swine.—Introductory and Com-
tive View of the different Breeds of
wine.—Breeding and Rearing of Pigs.—
Feeding and Fattening of Swine,~Curing
Pork and Bacon.

Seeds, for their Straw, or for Green
Fox:age.—xogetables best calculated for
Animal Food.—Qualities and Compara-
tive Value of some Grasses and Roots as
Food for Cattle.

On Manures in General, and their
Application to Grass Land.—Vegetable

anures.—Animal Manures.—Fossil and
Mineral Manures.—Liquid or Fluid Ma-
nures.— Composts.—Preservation of Ma-
nures.—Application of Manures.—Flemish
System of Manuring.—Farm Accounts,
and Tables for Calculating Labour by the
Acre, Rood, &c., and by the Day, Week,
Month, &c.—Monthly Calendar of Work
to be done throughout the Year.—Obser-
vations on the Weather.—INDEX.

‘¢ The standard, and text-book, with the farmer and grazier.”—Farmer’s Magasine.

A valuable repertory of intelligence for all who make agriculture a

especially for those who aim at keeping pace with the improvements of the

Bell's Messenger.

pursuit, a"nd
age. ' —

““A treatise which will remain a standard work on the subject as long au Besidn
agriculture endures.”—Mark Lane Express.
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Scott Burn's Introduction to Farming.
THE LESSONS of MY FARM: a Book for Amateuar Agricul-
turists, being an Introdu’cg]on l\(; Farm Praai‘get,h in the Culture of
Crops, the Feeding of Carile, Management of the Dairy, Poultry,
andplglgs, and in the Keeping of Farm-work Records. By ROBERT
ScotTt BURN, Editor of ““ The Year-Book of Agricultural Facts,”
&c. With numerous Illustrations. Fcp. 6s. cloth.

3.‘;? most complete introduction to the whole round of farming practice.”—Foks

* There are many hints in it which even old farmers need not be ashamed to
accept.”—Morning Herald.

Tables for Land Valucrs.

THE LAND VALUER'S BEST ASSISTANT : being Tables,
on a very much improved Plan, for Calculating the Value of
Estates. To which are added, Tables for reducing Scotch, Irish,
and Provincial Customary Acres to Statute Measure ; also, Tables
of Square Measure, and of the various Dimensions of an Acre in
Perches and Yards, by which the Contents of any Plot of Ground
may be ascertained without the ex}})ense of a regular Survey ; &c.
ByR. HupsoN, Civil Engineer. New Edition, with Additions and
Corrections, price 4s. strongly bound.
*‘ This new edition includes tables for ining the value of leases for any term
of years; and for showing how to lay out plots of ground of certain acres in forms,
square, round, &c., with valuable rules for ascertaining the probable worth of standing
timber to any ; and is of incalculable value to the country gentleman and pro-
fessional man.”—Farmer's Fournal.

The Laws of Mines and Mining Compantes.
A PRACTICAL TREATISE on the LAW RELATING to
MINES and MINING COMPANIES. By WHITTON ARUN-
DELL, Attorney-at-Law. Crown 8vo. 4s. cloth.

Auctioneer's Assistant.

THE APPRAISER, AUCTIONEER, BROKER, HOUSE
AND ESTATE AGENT, AND VALUER’S POCKET AS-
SISTANT, for the Valuation for Purchase, Sale, or Renewal of
Leases, Annuities, and Reversions, and of property generally;
with prices for Inventories, &c. By JOHN WHEELER, Valuer, &c.
’I‘hm'lp Edition, enlarged, by C. NoRR1s. Royal 32mo, strongly
bound, price 5s.

t padlished.

‘¢ A neat and concise book of refe y i .an admirable and clearly

arranged list of prices for inventories, and a very practical guide to determine the
value of furniture, &c.”—S?andard, June 27, 1871.

The Civil Service Book-kecping.
BOOK-KEEPING NO MYSTERY : its Principles popularly ex-
Kn{lnined, and the Theory of Double Entry analyseg ; for the use of
oung Men commencing Business, Examination Candidates, and
Students generally. By an EXPERIENCED BOOK-KEEPER, late of
H.M. Civil Service. Second Edition. Fcp. 8vo. price 2s. cloth.
. ‘‘A book which brings the so-called mysteries within the comprehension of the
"'P-Pllﬁ.“&:ﬂw;{:&_f:"g{ Z‘n‘:lne:;:actl such a text-book tud
ncise, - sf ire, -
Sournal of Education, 74 students require.
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Text-Book for Architects, Engincers, Surveyors,
Land Agents, Country Gentlemen, &e.

A GENERAL TEXT-BOOK for - ARCHITECTS, ENGI-
- NEERS, SURVEYORS, SOLICITORS, AUCTIONEERS,
LAND AGENTS, and STEWARDS, in all their several and
varied Professional Occupations ; -and for the Assistance and
Guidance of Country Gentlemen and others engaged in the Trans-
fer, Management, or Improvement of Landed Property; together
with Examples of Villas and Country Houses. By EDWARD RYDE,
Civil Engineer and Land Surveyor. To which are added several
Chapters on Agriculture and Landed Property, by Professor
DoNALDSON, Author of several works on Agriculture. With
numerous anravmos, in oné€ thick vol. 8vo, price 1/ 8. cloth.

CONTENTS.

ARITHMETIC,

PLANE AND SoLiD GEOMETRY.

MENSURATION,

‘TRIGONOMETRY.

CoNIC SECTIONS.

LAND MEASURING.

LAND SURVEYING.

LEVELLING.

PLOTTING.

COMPUTATION OF AREAS.

CorvING Mars.

RAILWAY SURVEYING.

COLONIAL SURVEYING.

HYDRAULICS IN CONNECTION
WITH _DRAINAGE, SEWERAGE,
AND WATER SuprLy.

TiMBER MEASURING.

*ARTIFICERS’ WORK.

VALUATION OF ESTATES.

VaLuaTION OF TILLAGE AND TENANT
RiIGHT.

VALUATION OF PARISHES.

BuiLDERS’ PRICEs.

DILAPIDATIONS AND NUISANCES.

THE LAW RELATING TO APPRAISERS AND
AUCTIONEERS.

LANDLORD AND TENANT.

TaABLES OF NATURAL SINEs AND Co-
SINES; FOR REDUCING LINKS INTO
FeeT, &c. &c.

Stamp Laws.

ExamrLEs OoF VILLAS, &c.

To which are added Fourteen Chapters

Chap.
Chap.

ON LANDED PROPERTY. By PROFESSOR DONALDSON.

I.—Landlord and Tenant : their Position and Connections.
II. —Lease of Land, Conditions and Restrictions ; Choice of Tenant,

Asslgnauon of the Deed.
Chap. IIL.—Cultivation of Land, and Rotation of Crops.

Chap. 1V.—Buildings nece

Farmeries, and Co
Chap. V.—Laying out Farms, Roa

Chap. _VI.—Plantations, Yo
Chap. VIIL —Madows and Eml

on Cultivated Lands Dwelling-houses,

es for Labourers.
, Fences, and Gates,

and Old Timber.

ents, Beds of Rivers, Water Courses,

Flooded Grounds.
Chap. VIII.. —Land Dra.mmg, Opened and CovuedT Plnn, Execution, and

Chap. IX —Mmera]s, Worlung, and Va.lue

Chap. _X.—Expenses of an Estate.

Chap. XI.—Valuation of Landed Prop: of the SOIl of Houses, of Woods,
of Minerals, of Manori: of Royalties, and of Fee

Farm Rents,
XII.—Land Steward and Farm Ba.ihﬂr Qualxﬁmt‘lions and Duties.

Chap.
Chap XIII.—Manor Bailiff, W

eir
Chap. XIV.—Firk om0 Duties Half?ur P of Rents, Form of

p. = Fix ays of Audit: ayments ents,
Notices, Receipts, and of Casx f Es-

tates, &c.

Boeks, Geaeral Map o
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“ No Englishman ought to be without this book.”

EVERY MAN’S OWN LAWYER ; a Handy-Book of the Prin-
ciples of Law and Equity. By A BARRISTER. 8th Edition,
carefully revised, including a Summary of the New Bankruptcy
Laws, the Fraudulent Debtors Act, the Reported Cases of the
Courts of Law and Equity, &c. With Notes and References to the
Authorities.  12mo, price 6s. 84. (saved at every consultation),
strongly bound. .

Comprising the Rights and Wrongs of Individuals, Mercantile and Com-
mercial Law, Criminal Law, Parisk Law, County Court Law,
Game and Fiskery Laws, Poor Men's Lawsuits.

THE LAWS OF

BANKRUPTCY. MORTGAGES.

BiLLs OF EXCHANGE. SETTLEMENTS.

CONTRACTS AND AGREEMENTS. Stock ExcHANGE PRACTICE.

COPYRIGHT. TRADE MARKS AND PATENTS.

Dower AND DIvorce. ‘TrEspAss, NUISANCES, ETC.

ELECTIONS AND REGISTRATION. TRANSFER OF LAND, ETC.

INSURANCE. WARRANTY. .

LiBEL AND SLANDER. WiLLs AND AGREEMENTS, ETC.
Also Law for

Landlord and Tenant. Clergymen, Churchwardens,

Master and Servant. . Medical Practitioners, &c.

‘Workmen and Apprentices. Bankers.

Heirs, Devisees, and Legatees, Farmers.

Husband and Wife. Contractors.

Executors and Trustees. Stock and Share Brokers.

Guardian and Ward. Sportsmen and Gamekeepers.

Married Women and Infants. Farriers and Horse-Dealers.

Partners and Agents. Auctioneers, House-Agents.

Lender and Borrower, Innkeepers, &c.

Debtor and Creditor. Pawnbrokers.

Purchaser and Vendor. Surveyors.

Companies and Association: . Railways and Carriers.

Friendly Societies. &c. &c.

““ No Englishman ought to be without this book . .. any person perfectly unin-
formed on legal matters, who may require sound information on unknown law points,
will, by reference to this book, acquire the necessary information ; and thus on many

ions save the exp and loss of time of a visit to a lawyer.”—Engineer, Jan

28, 1870.

“Itis a complete code of English Law, written in plain language which all can
understand . . . should be in the hands of ’every business man, and all who wish to
abolish lawyers’ bills.”—Weekly Times, March 6, 1870.

““ With the volume before us in hand, a man may, in nine cases out of ten, decide
his own course of action, learn how to proceed for redress of wrongs, or recovery of
rights, and save his pocket from the dreaded consultation fees and the incalculable
bills of costs.”—Civil Service Gazette, May 23, 1868.

*“ We have found it highly satisfactory as a work of authority and reference, anda
handy-book of information. There is abundance of cheap and safe law in this work
for all who wantit.”—Rock, May 26, 1868.

¢ A useful and concise epitome of the law,
Magasine.

“ What it professes to be—a complete epitome of the laws of this country, thoroughly

intelligible to non-professional readers. The book is a_handy one to have in read-
ness when some knotty point requires ready solution.”—Bell's Life, m

piled with considerable care,"—Zsw

Bmdbury, Evans, & Co., Printers, Whitefriars, London.




PRIZE MEDAL, INTERNATIONAL EXHIBITION. 1862,
was awarded to the Publishers of
‘‘Wenle's Reries ”

7, Stationers’ Hall Court,
June, 1871.

NEW LIST

oF

WEALE’S

RUDIMENTARY, SCIENTIFIC, EDUCATIONAL, AND
CLASSICAL SERIES,

OF WORKS SUITABLE FOR .

Engineers, Architects, Builders, Artisans, and Students
generally, as well as to those interested in Workmen's
Libraries, Free Libraries, Literary and Scientific Insti-
tutions, Colleges, Schools, Science Classes, &c., dc.

e,* THE ENTIRE SERIES IS FREELY ILLUSTRATED WHERE
REQUISITE.

(The Volumes contained in this List are bound sn limp cloth, except
where otherwise stated.)

AGRICULTURE.

66. CLAY LANDS AND LOAMY BSOILS, by J. Donaldson. ls.
140. SOILS, MANURES, AND CROPS, by R. Scott Burn. 2s,

141. FARMING, AND FARMING ECONOMY, Historical and
Practical, by R. Scott Burn. 3s.

142. CATTLE, SHEEP, AND HORSES, by R. Scott Burn. 2s.6d.

145. MANAGEMENT OF THE DAIRY— P1GS8—POULTRY,
by R. Scott Burn. With Notes on the Diseases of Stock, by
a Veterinary Surgeon. 2s.

146. UTILISATION OF TOWN SEWAGE—IRRIGATION—
RECLAMATION OF WASTE LAND, by R. Scott Burn.

2s. 6d.
" Nos. 140, 141, 142, 145, and 146 bound in 2 vols., cloth boards, 148

LOCKWOOD & CO., 7, STATIONERS’ HALL COURT.



2 ARCHITECTURAL AND BUILDING WORKS.

ARCHITECTURE AND BUILDING.
16. ARCHITECTURE, Orders of, by W. H. Leeds. 1. 64.] Inl

17— Btyles of, by T. Talbot Bury. 1s. 6d. | sy sy

18. ————————— Principles of Design, by E. L. Garbett. 2s.
Nos. 16. 17, and 18 i» 1 vol. cloth boards, bs. 6d.

BUILDING, the Art of, by E. Dobson. 1s. 6d.

BRICK AND TILE MAKING, by E. Dobson. 38s.

MASONRY AND STONE-CUTTING, by E. Dobson. New
Edition, with Appendix on the Preservation of Stone. 2s. 64.

DRAINAGE AND SEWAGE OF TOWNS AND BUILD-
INGS, by Q. D. Dempeey.

With No. 29 (See page 4), Drainage of Districts and Lands, 3s.

36. BLASTING AND QUARRYING OF STONE, &ec., by Field-
Marxhal Sir J. F. Burgoyne. 1s. 6d.

36. DICTIONARY OF TECHNICAL TERMS used by Architects,
Builders. Engineers, Surveyors, &c. 4s.; cloth boards, 5s.

42, COTTAGE BUILDING, by C. B. Allen. ls.

4.

45.

g

FOUNDATIONS AND CONCRETE WORKS, by E. Dobson.

1s. 6d.
LIMES, CEMENTS, MORTARS, CONCRETE, MASTICS,
&e., by G. R. Burnell. C.E. 1s. 6d.
57. WARMING AND VENTILATION, by C. Tomlinson, F.R.S. 8s.
83+, DOOR LOCKS AND IRON SAFES, by Tomlinson. 2s. 64.
111. ARCHES. PIERS, AND BUTTRESSES, by W. Bland. 1s. 64.
116. ACOUSTICS OF PUBLIC BUTLDINGS, by T.R. Smith. 1s.64d.
123. CARPENTRY AND JOINERY, founded on Robison and
Tredgold. 1s. 6d. :
123%. ITLLUSTRATIVE PLATES to the preceding. 4to. 4s. 6d.
124. ROOFS FOR PUBLIC AND PRIVATE BUILDINGS,
founded on Robison, Price. and Tredgold. 1s. 6d.
127. ARCHITECTURAL MODELLING IN PAPER, Practical
Instructions. by T. A. Richardson, Architect. 1s. 6.
128. VITRUVIUS'S ARCHITECTURE, translated by J. Gwilt,
with Plates. bas.
130. GRECIAN ARCHITECTURE, Principles of Beauty in, by

the Earl of Aberdeen. 1s.
Nos. 128 and 130 1 1 vol. cloth boards, Ts.

132. ERECTION OF DWELLING-HOUSES, with Specifications,
Quantities of Materials. &c., by 8. H. Brooks, 27 Plates. 2s.6d,

166. QUANTITIES AND MEASUREMENTS. With Rules for
Abstracting. &c. By A. C. Beaton. la. 6d.

PUBLISHED BY LOCKWOOD & CO.,



ARITHMETICAL AND MATHEMATICAL WORKS. 3

ARITHMETIC AND MATHEMATICS.

32. MATHEMATICAL INSFRUMENTS, THEIR CONSTRUC-
TION, USE, &c., by J. F. Heather. Original Edition in
1vol. 1s. 6d.

*2* In ordering the above, be careful to say ¢ Original Edition,” to
distinguish it from the Enlarged Edition in 3 vols., advertised
on page 4 as in preparation.

60. LAND AND ENGINEERING SURVEYING, by T. Baker. 2s.

61*, READY RECKONER for the Admeasurement and Valuation
of Land, by A. Arman. ls. 6d.

76. GEOMETRY, DESCRIPTIVE, with a Theory of S8hadows and
Perspective, and a Description of the Principles and Practioe
of Isometrical Projection. by J. F. Heather. 2.

83. COMMERCIAL BOOK-KEEPING, by James Haddon. 1ls.

84. ARITHMETIC, with numerous Examples, by J. R. Young. 1s. 64.

84*, KEY TO THE ABOVE. by J. R. Young. ls. 6d.

85. EQUATIONAL ARITHMETIC: including Tables for the
Calculation of Simple Interest, with Logarithms for Compound
Interest. and Annuities, by W. Hipsley. las,

85*. SUPPLEMENT TO THE ABOVE, ls.

85 and 85* in 1 vol., 2s.

86. ALGEBRA, by J. Haddon. 2s.

86*. KEY AND COMPANTON totheabove, by J.R. Young. 1s.64

88. THE ELEMENTS OF EUCLID, with Additional Propositions,
and Essay on Logic. by H. Law. 2«

90. ANALYTICAL GEOMETRY AND CONIC SECTTONS, by
J. Hann. Entirely New Edition, impreved and re-written
by J. R. Young [In preparation.

91. PLANE TRIGONOMETRY, by J. Hann. 1ls.

92, SPHERICAL TRIGONOMETRY, by . Hann, 1ls.

Nos. 91 and 92 in 1 vol., 2s.

93. MENSURATION, by T. Baker. 1s.6d.

94. MATHEMATICAL TABLES, LOGARITHMS, with Tables of
Natural Sines. Cosines. and Tangents. by H. Law, C.E. 2s. 6d.

101. DIFFERENTIAL CALCULUS, by W. 8. B. Woolhouse. la.

101*. WEIGHTS, MEASURES, AND MONEYS OF ALL
NATIONS: with the Principles which determine the Rate of
Exchange. by W. 8. B. Waolhonse. 1. 6d.

102. INTEGRAL CALCULUS, RUDIMENTS, by H.Cox, B.A. 1s.

103. INTEGRAL CALCULUS. Examples on, by J. Hann. 1ls.

104. DIFFERENTIAL CATCULUS. Examples, by J. Haddon. 1a.

106. ALGEBRA, GEOMETRY, and TRIGONOMETRY, in Easy
Mnemonieal Tessons, by the Rev. T. P. Kirkman. 1s. 6d.

117. SUBTERRANEOUS SURVEYING, AND THE MAG-
NETIC VARIATION OF THE NEEDLE, by T. Fenwick,
with Additions by T. Baker. 2s. 6d.

7, STATIONERS’ HALL COURT, LUDGATE HILL.




4 CIVIL ENGINEERING WORKS.

131. READY-RECKONER FOR MILLERS, FARMERS, AND
MERCHANTS, showing the Value of any Quantity of Corn,
with the Approximate Values of Mill-stones & Mill Work. 1ls.

136. RUDIMENTARY ARITHMETIC, by J. Haddon, edited by
A. Arman. ls. 6d.

137. KEY TO THE ABOVE, by A. Arman. 1ls. 6d.

147. STEPPING STONE TO ARITHMETIC, by A. Arman, 1ls.

148. KEY TO THE ABOVE. by A. Arman, ls.

168. THE SLIDE RULE, AND HOW TO USE IT. With
Slide Rule in a pocket of cover. 3s.

*+* New Volumes in preparation :—

DRAWING AND MEASURING INSTRUMENTS. In-
cluding — Instruments employed in Geomerrical and Mecha-
nical Drawing. the Construction, Copying, and Measurement
of Maps, Plans, &c., by J. F. Heatuer, M.A.  [Just ready.

OPTICAL INSTRUMENTS, more especially Telescopes,
Microscopes. and Apparatus for producing copies of Maps
and Plans by Photography, by J. F. HEATHER, g[.A.

[Just ready.

SURVEYING AND ASTRONOMICAL INSTRUMENTS.
Including—Instruments Used for Determining the Geome-
trical Features of a portion of Ground, and in Astronomical
Observations, by J. F. HEaTuEr, M.A. [Just ready.

® ¥ The above three volumes form an enlargement of the Author's
original work, *“ Mathematical Instruments,” the Tenth Edition
of which (No. 32) 1s still on sale, price 1s. 6d.

PRACTICAL PLANE GEOMETRY : Giving the Simplest
Modes of Constructing Figures contained in one Plane, by
J. F. Heatuer, M. A.

PROJECTION, Orthographic, Topographic, and Perspective :
giving the various modes of Delineating Solid Forms by Con-
structions on a Single Plane Surface, by J. F. HeaTuer, M. A.

*«* The above two volumes, with the Author's work already in
the Series, ¢ Descriptive Geometry,” will form a complete Els-
mentary Course of Mathematical Drawing.

CIVIL ENGINEERING.
13. CIVIL ENGINEERING, by H. Law and G. R. Burnell. Fifth
Edition, with Additions. 5s.
20. DRAINAGE OF DISTRICTS AND LANDS, by G. D. Dempsey.

1». 64d.
With No. 30 (See prge 2), Drainage and Sewage of Towns, 3s.

PUBLISHED BY LOCKWOOD & CO.,



WORKS IN FINE ARTS, ETC. 5

31. WELL-SINKING, BORING, AND PUMP WORK, by J. G.
Swindell, revised by G. R. Burnell. .s.

43. TUBULAR AND IKON GIRDER BRIDGES, including the
Britannia and Conway Bridges, by G. D). Dempsey. ls. 6d.

46. ROAD-MAKING AND MAIN']‘ENANCE OF MACADA-
MISED ROADS, by Field-Marshal Sir J. F. Burgoyne. ls.6d.

47. LIGHTHOUSES, their Construction and Illumination, by Alan
Stevenson. 3s.

62. RAILWAY CONSTRUCTION, by Sir M. Stephenson. With
Additions by E. Nugent, C.E. 2x. 6a.

62%. RAILWAY CAPITAL AND DIVIDENDS, with Statistics of .
Working, by E. D. Chattaway. ls.

No. 62 und 62* in 1 vol., 3s. 6d.

80%. EMBANKING LANDS FROM THE SEA, by J. Wiggins. 2s.

82+, GAS WORKS, and the PRACTICE of MANUFACTURING
and DISTRIBUTING COAL GAS, by 8. Hughes. 3s.

82+, WATER-WORKS FOR THE SUPPLY OF CITIES AND
TOWNS, by 8. Hughes, C.E. 3s.

118. CIVIL EN GLNEERIN G OF NORTH AMERICA, by D.
Stevenson. 3s.

120. HYDRAULIC ENGINEERING, by G. R. Burnell. 3s.

121. RIVERS AND TORRENTS, with the Method of Regulating
their Course and Channels, Navigable Canals, &c., from the
Italian of Paul Frisi. 2s. 6d.

EMIGRATION.
1564. GENERAL HINTS TO EMIGRANTS. 2s.
1567. EMIGRANT'S GUIDE TO NATA Il,vl;y R.J. Mann, M.D. 2s.
159. EMIGRANT'S GUIDE TO NE SOUTH WALES,
WESTERN AUSIRALIA, SOUTH AUSTRALIA, VIC-
TORIA, AND QUEENSLAND, by James Baird, B.A. 2s. 6d.
160. EMIGRANT'S GUIDE TO TASMANIA AND NEW ZEA-
LAND, by James Baird, B.A. [In Preparation.

FINE ARTS.

20. PERSPECTIVE, by George Pyne. 2s.

27. PAINTING; or, A GRAMMAR OF COLOURING, by G.
Field. 2s.

40. GLASS STAINING, by Dr. M. A. Geesert, with an Appendix
on the Art of Enamel Painting, &c. 1s.

41. PAINTING ON GLASS, from the German of Fromberg. 1ls.

69. MUSIC, Treatise on, by C. C. Spencer. 2s.

71. THE ART OF PLAYING THE PIANOFORTE, by O. C.
Spencer. ls.

7, STATIONERS’ HALL COURT, LUDGATE HILL,




[ WORKS IN MECHANICS, ETC.

LEGAL TREATISES.
60. LAW OF CONTRACTS FOR WORKS AND SERVICES,
by Darid Gibbons. ls. 6d.
"107. THE COUNTY COURT GUIDE, by a Barrister. 1s. 64.
s, METROPOLIS LOCAL MANAGEMENT ACTS. 1s. 64d.
105*, MEI'ROPOLIS LOCAL MANAUGKMENT AMENDMENT
ACT, 1862; -mh Notes and Index. ls.
0s. 108 and 108* in 1 Tol., 2s. 6d.

109. NUISANCES HLMU\ AL AND DISEASES PREVENTION
AMENDMENT ACT. ls.

110. RECENT LE(HSLATIVE ACTS applying to Contractors,
Merch , and Trad n. ls.

161. THE LAW OF FRIENDLY, PROVIDENT, BUILDING,
AND LOAN BOCIETIES, bvN White. 1ls.

163. THE LAW OF PATEMNTS FOR INVENTIONS, by F. W.
Campin, Barrister. 2s.

MECHANICS & MECHANICAL ENGINEERING.

6. MECHANICS, by Charles Tomlinson. 1s. 6d.

12. PNEUMATICS, by Charles Tomlinson. New Edition. 1s. 6d.
83. CRANES AND MACHINERY FOR RAISING HEAVY
BODIES. the Art of Constructing, by J. Glynn. 1ls.

84. STEAM ENGINE, by Dr. Lardner. ls.

59. STEAM BOILERS, their Construction and Management, by
R. Armstrong. With Additions by R. Mallet. la. 6d.

63. AGRICULTURAL ENGINEERING, BUILDINGS, MOTIVE
POWERS, FIELD MACHINES, MACHINERY AND
IMPLEMENTS. by G. H. Andrews, C.E. 3s.

87. CLOCKS, WATCHES, AND BELLS, by E. B. Denison. New
Edmon, with Appendix. 3s. 6d.

pendiz (to the 41h and 5th Editions: separately, 1s.

7. E(‘ON()MY OF FUEL, by 1. 8. Prideaux. ls. 6d.

78+ THE LLOCOMOTIVE ENGINE, by G. D. Dempsey. 1ls. 6d.

79*. ILLUSTRATIONS TO THE ABOVE. 4to. 4s. 6d.

80. MARINE ENGINES, AND STEAM VESSELS, AND THR
SBCREW, by Robert Murray, C.E., Engineer Surveyor to the
Board of Trade. Fifth Edition, revised and augmented, with
a Glorsary of Technical Terms, with their equivalents in
French, German, and Spanish. 3s.

82, WATER POWER. as applied to Mills, &c., by J. Glynn. 2,

97. STATICS AND DYNAMICS. by T. Baker. New Edition. 1s.64.

98. MECHANISM AND MACHINE TOOLS, by T. Baker; and
TOOIS AND MACHINERY, by J. Nasmyth. 2s. 6d.

113+, MEMOTIR ON SWORDS, by Col. Marey, tnnslated by Lieut.-
Ool. H. H. Maxwell. 1s.

PUBLISHED BY LOCKWOOD & CO.,




NAVIGATION AND NAUTICAL WORKS. 7

114. MACHINERY, Constructionand Working, by C.D. Abel. 1s.6d.

115.- PLATES TO THE ABOVE. 4to. 7s. 6d.

126. COMBUSTION OF COAL, AND THE PREVENTION OF
SMOKE, by C. Wye Williams, M.I.C.E. 3s.

139. STEAM ENGINE, Mathematical Theory of, by T.Baker. 1s:

165. ENGINEER'S GUIDE TO THE RUYAL AND MER-
CANTILE NAVIES, by a Practical Engineer. Revised by
D. F. McCarthy. 3s.

162. THE BRASSFOUNDER’'S MANUAL, by W.Graham. 2s. 64.

16¢. MODERN WORKSHOP PRACTICE. ByJ.G.Winton. 3s.

165. IRON AND HEAT, Exhibiting the Principles concerned in
the Construction of Iron Beams, Pillars, and Bridge Girders,
and the Action of Heat in the Smelting Furnace, by Jaurs
Arnour, C.E. Woodcuts. 2s. 6d. [ Now ready.

166. POWER IN MOTION: Horse Power, Motion, Toothed Wheel
Gesring, Long and Short Driving Bands, Angular Forces, &c.,
by Jamus ArMour, C.E. With 73 Diagrams. 23.6d. [Just ready.

*+* New Volumes in preparation :—

THE APPLICATION of IRON in the Construction of Bridges,
Beams, and Girders, by Francis Campiy, C.E. With Illus-
trations. [Nearly ready.

THE WORKMAN’S MANUAL OF ENGINEERING
DRAWING, by Joux MaxroN, Instructor in Engineering
Drawing, Royal School of Naval Architecture and Marine
Engineering, South Kensington. Plates and Diagrams.

[Nearly ready.

MINING TOOLS. For the Use of Mine Managers, Agents,
Mining Students, &c., by WiLLiaM MoRGANS, turer on
Practical Mining at the Bristol School of Mines. 12mo. With
an Atlas of Plates, containing 200 Illustrations. 4to.

[Nearly ready.

TREATISE ON THE METALLURGY OF 1RON; con-
taining Outlines of the History of Iron Manufacture, Methods
of Assay, and Analysis of Iron Ores, Processes of Manufacture
of Iron and Steel, &c., by H. Baverman, F.G.S.,, AR.S.M.
Second Edition, revised and enlarged. Numerous Woodcuts.

NAVIGATION AND SHIP-BUILDING. ‘

51. NAVAL ARCHITECTURE, by J. Peake. 3s.

53+, SH1PS FOR OCEAN AND RIVER SERVICE, Construction
of, by Captaic H. A. Sommerfeldt. ls.

53+, ATLAS OF 15 PLATES TO THE ABOVE, Drawn for
Practice. 4to. 7s. 6d.

64. MASTING, MAST-MAKING, and RIGGING OF SHIPS,
by R. Kipping. 1s. 6d. :

7, STATIONERS’ HALL COURT, LUDGATE HILL.




8 SCIENTIFIC WORKS.

54, IRON SHIP-BUILDING, by J. Grantham. Fifth Edition,
with Supp.ement. 4s

548, ATLA> UF ) PLATES to illustrate the ing, includ-
ing numerous Mudern Examples—“ The Warrior,” “ Her-
cuies,” ~ Beierupnon,” &c. 4t0. 33s

55. NAVIGATION ; tne sailor's Sea Book: How to Keep the Log
and Work it off, Law of Storms, &c., by J. Greenwood. 2s.

83 bis. SHIPS AND BOATS, Form of. by W. Bland. ls. 6d.

99. SA;'TICAL) ASTRONOMY AND NAVIGATION, by J.R.

oung. Zs.

100%. NAVIGATION TABLES, for Use with the above. ls. 6d.

106. SHIPS' ANCHORS for all SERVICES, by @. Cotsell. 1s. 6d.

149. SAILS AND SAIL-MAKING, by B. Kipping, N.A. 2s. 6d.

PHYSICAL AND CHEMICAL SCIENCE.

1. CHEMISTRY, by Prof. Fownes. With Appendix on Agri-
colrural Chemistry. New Edition, with Index. ls.

2. NATURAL PHILOSOPHY, by Charles Tomlinson. 1ls.

3. GEOLOGY, by Major-Gen. Portlock. New Edition, with
Index. 1s 6d.

4. MINERALOGY, by A. Ramsay, Jun. 3s.

7. ELECTRICITY, by 8ir W. 8. Harris. Is. 6d.

7%. GALVANISM, ANIMAL AND VOLTAIC ELECTRICITY,
by 8ir W. 8. Harris. ls. 6d.

8. MAGNETISM, by 8Sir W. 8. Harris. 3s. 6d.

Nos. 7. T%. and 8 ir 1 vol. cloth boards, 1s. 6d.

11. HISTORY AND PROGRESS OF THE ELECTRIC TELE-
GRAPH, by Robert Sabine, C.E., F.8.A. 3s.

72. RECENT AND FOSSIL SHELLS (A Manual of the Mollusca),
by 8. P. Woodward. With Appendix by Ralph Tate, F.G.8.
6s.84.; in cloth boards, 7s.6d. Appendix separately, s,

79%*, PHOTOGRAPHY, the Stereoscope, &c., from the French
of 1. Van Monckhoven, by W. H. Thornthwaite. 1. 6d.

96. ASTRONOMY, by the Rev. R. Main. New and En
Edition, with an Appendix on “ Spectrum Analysis.” 1s. 6d.

133. METALLURGY Olg COPPER, by Dr. R. H. Lamborn. 2s,

134. METALLURGY OF SILVER AND LEAD, by Dr. R. H.
Lambhorn. 2s.

135. ELECTRO-METALLURGY, by A. Watt. 2s.

188. HANDBOOK OF THE TELEGRAPH, by R. Bond. New
and enlarged Edition. 1s. 6d.

143. EXPER.IMgENTAL ESSAYS—On the Motion of Camphor
and Modern Theory of Dew. by C. Tomlinson. 1a.

181. QUESTIONS ON MAGNETISM, ELECTRICITY, AND
PRACTICAL TELEGRAPHY, by W. McGregor. 1s. 64.

PU_BLISHED BY LOCKWOOD & CO,,




EDUCATIONAL WORKS. 9

MISCELLANEOUS. TREATISES. N

12. DOMESTIC MEDICINE, by Dr. Ralph Gooding. 2s.

112*, THE MANAGEMENT OF HEALTH, by James Baird. 1ls.

113. USE OF FIELD ARTILLERY ON SERVICE, by Taubert,
translated by Lieut.-Col. H. H. Maxwell. 1s. 6d.

160. LOGIC, PURE AND APPLIED, by 8. H. Emmens. 1ls. 6d.

152. PRACTICAL HINTS FOR INVESTING MONEY: with
an Explanation of the Mode of Transacting Business on the
Stock Exchange, by Francis Playford, Sworn Broker. 1s.

163. LOCKE ON THE CONDUCT OF THE HUMAN UNDER-
STANDING, Selections from, by 8. H. Emmens. 2s.

NEW SERIES OF EDUCATIONAL WORKS.

1. ENGLAND, History of, by W. D. Hamilton, bs.; cloth boards,
6s. (Also in b parts, price 1s. each.)

5. GREECE, History of, by W. I). Hamilton and E. Levien, M.A.
2s. 6d. ; cloth boards, 3s. 64. .

7. ROME, History of, by E. Levien, M.A. 2s. 64.; cloth boards,

3s. 6d.

9. CHRONOLOGY OF HISTORY, LITERATURE, ART,
and Progress, from the earliest period to the present time.
2s. 6d.; cloth boards, 3s. 6d.

11. ENGLISH GRAMMAR, by Hyde Clarke, D.C.L. 1s.

11*. HANDBOOK OF COMPARATIVE PHILOLOGY, by Hyde
Clarke, D.C.L. 1s.

12. ENGLISH DICTIONARY, containing above 100,000 words,
by Hyde Clarke, D.C.L. 3s. 6d.; cloth boards, 4s. 6d.

] , with Grammar. Cloth bds. 5s. 64.

14. GREEK GRAMMAR, by H. C. Hamilton. 1s.

15. ———— DICTIONARY, by H. R. Hamilton. Vol. 1. Greek—

English. 2s.
17. ———— Vol. 2. English—Greek. 2s.
~———— Complete in 1 vol. 4s.; cloth boards, 5s.
, with Grammar. Cloth boards, 6s.
19. LATIN GRAMMAR, by T. Goodwin, M.A. 1s.
20. —— DICTIONARY, by T. Goodwin, M.A. Vol. 1. Latin
—English. 2s.
22. ——————— Vol. 2. English—Latin, 1s. 6d.
Complete in 1 vol. 3s.6d.; cloth boards, 4s.64.
, with Grammar. Cloth bds. 5s. 6d.
24. FRENCH GRAMMAR, by G. L. Strauss. 1ls.

7, STATIONERS’ HALL COURT, LUDGATE HILL.




10 EDUCATIONAL WORKS.

26. FRENCH DICTIONARY, by A. Elwes. Vol 1. French—
English. 1ls.

26. ————— Vol. 2. English—French. 1s. 6d.
———— Complete in 1 vol. 2s. 64.; cloth boards, 3s. 64.

, with Grammar. Cloth bds. 4s. 64.

27. ITALIAN GRAMMAR, by A. Eiwes. 1ls.

28, ——— TRIGLOT DICTIONARY, by A. Elwes. Vol 1.

30.

Italian —English—French. 2s.
. Vol. 2. English—French—Italian. 2s.
32, ——— Vol. 3. French—Italian—English. 2s.
————— Complete in 1 vol. Cloth boards, 7s. 6.
, with Grammar. Cloth bds. 8s. 6d.
. SPANISH GRAMMAR, by A. Elwes. ls.
—————ENGLISH AND ENGLISH-SPANISH DIC-
TIONARY, by A. Elwes. 4s.; c'oth boards, 5s.
, with Gr . Cloth boards, 6s.
39. GERMAN GRAMMAR, by G. L. Strauss. ls.
40. ————READER, from best Authors. 1ls.
4l. —————TRIGLOT DICTIONARY, by N.E. 8. A. Hamilton.
Vol. 1. English—German—French. ls.
42. —— Vol. 2. German—French—English. 1ls.
" 43, ——— Vol. 3. French—German—English. 1ls,
Complete in 1 vol. 3s.; cloth boards, 4s.
, with Grammar. Cloth boards, bs.
44, HEBREW DICTIONARY, by Dr. Bresslau. Vol. 1. Hebrew

8

—English. 6s.
, with Grammar. 7s.
46. ————— Vol. 2. English—Hebrew. 3s.
—————Complete, with Grammar, in 2 vols. Cloth boards, 12s.
46%, — —— GRAMMAR, by Dr. Bresslau. 1ls.

47. FRENCH AND ENGLISH PHRASE BOOK. 1ls.

48, COMPOSITION AND PUNCTUATION, by J. Brenan. 1s.

49. DERIVATIVE SPELLING BOOK, by J. Rowbotham. 1s.6d.

50. DATES AND EVENTS. A Tabular View of English History,
with Tabular Geography, by Edgar H. Rand. [In Preparation.

THE SCHOOL MANAGERS SERIES

OF -
NEW READING BOOKS,
Adapted to the Requirements of the New Code of 1871.

Edited by the Rev. A. R. Granr, Rector of Hitcham, and Honorary
Canon of Ely; formerly H.M. Inspector of Schools.

s d. . d.
Firsr StaNDARD . , . 0 8 | FourTH STANDARD . 6 10
8xzcoxp .« . . 0 6!Firrr . .. .10
TairD " . . . . 0 8 Sixra . . . .1 2
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EDUCATIONAL AND CLASSICAL WORKS. 11

GREEK AND LATIN CLASSICS,
‘With Explanatory Notes in English.

LATIN SERIES.

A NEW LATIN DELEC'I‘US, with Vocabu]a.nes and
Notes, by H. Young . ls.
CZESAR. De Bello Gallico; Noles by H. Young . . 2
CORNELIUS NEPOS; Notes by H. Young . .. . la
VIRGIL. The Georgics, Bucolics, and Doubtful Poems;
Notes by W. Rushton, M.A., and H. Young . ls.
VIRGIL. Zneid; Notes by H. Young
HORACE. Odes, Epodes, and Carmen Seculare, by H. Young
HORACE. 8atires and Epistles, by W. B. Smith, M.A. 1s.

SALLUST. Catiline and Jugurtlnne War, Notes by
W. M. Donne, B.A. . . . s

TERENCE. Andria and Henutonhmorumenoe, Notes by
the Rev. J. Davies, M.A. . . .l

10. TERENCE. Adelphi, Hecyra, md Phorm:o, Notes by
the Rev. J. Davies, M.A. . .

11. TERENCE. Eunuchus, by Rev. J. Danes, MA . lc.
Nos. 9, 10, and 11 in 1 rol. c.oth boards, 6s.

12. CICERO. Oratio Pro Sexto Roscio Amerino. Edited,
with Notes, &c., by J. Davies, M.A. (Now ready.) . . 1
14. CICERO. De Amicitia, de Senectute, and Brutus; Notes

-

oS0

® N o,

®
.&‘? g & ?F?’?

>

by the Rev. W. B. Smith, M.A. . . 2s.
16. LIVY. Books i, ii., by H. Young N la. 6d.
16%. LIVY. Books iii,, iv., v., by H. Young . . . ls.6d.
17. LIVY. Books xxi., xxii., by W. B. Smith, M.A. . ls 6d.

19. CATULLUS, TIBULLUS, OVID, and PROPERTIUS,
Selections from, by W. Bodham Donne .

20. SUETONIUS and the later Latin erters, Selections from,
by W. Bodham Donne . . .

21. THE SATIRES OF JUVENAL, byT H 8. Escott MA.
of Queen’s College, Oxford . . ls.64.

7, STATIONERS’ HALL COURT, LUDGATE HILL.
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EDUCATIONAL AND CLASSICAL WORKS.

1.

POISO RN

Pt
[ =

13.

14.
15.

16.

17.

GREEK SERIES.

A NEW GREEK DELECTUS, by H. Young . 1s.
. XENOPHON. Anabasis, i. ii. iii., by H. Young . la
. XENOPHON. Anabasis, iv. v. vi. vii., by H. Young ls.
. LUCIAN. Select Dialogues, by H. Young . . . ls

HOMER. Iliad, i. to vi., by T. H. L. Leary, D.C.L.. 1s. 6

HOMER. Iliad, vii. to xii., by T. H. L. Leary, D.C.L. 1s. 6d.

HOMER. Iliad, xiii.to xviii., by T.H. L. Leary, D.C.L. 1s. 64.

HOMER. Iliad, xix. to xxiv., by T. H. L. Leary, D.C.L. ls. 6d.
. HOMER. Odyssey, i. to vi., by T. H. L. Leary, D.C.L. 1s. 6d.

HOMER. Odyssey, vii. toxii., by T. H. L. Leary, D.C.L. 1s. 64,
. HOMER. Odyssey, xiii.toxviii.,by T. H. L. Leary,D.C.L. 1s. 6d.
. HOMER. Odyssey, xix. to xxiv.; and Hymm, by T.H.L.

Leary, D.C.L. . . 2s.

PLATO. Apologia, Crito, md thdo, by J Danea, M.A_ 2s.

HERODOTUS, Books i. ii., by T. H. L. Leary, D.C.L. 1s. 64.

HERODOTUS, Books iii. iv., by T. H. L. Leary, D.C.L. 1s. 6d.

HERODOTUS, Books v. vi. vii., by T. H. L. Leary, D.C.L. 1s. 6d.

HERODOTUS, Books viii. ix., and Index, by T.H. L.

Leary, D.C.L. . . ls. 6d.
. SOPHOCLES. (Edipus '.l‘ynnnus, by H. Young . . s
. SOPHOCLES. Antigone, by J. Milner, B.A. . . 2.
. EURIPIDES. Hecuba and Medea, by W. B. Smith, M.A. ls 6d.
. EURIPIDES. Alcestis, by J. Milner, B.AA. . . . la

ZSCHYLUS. Prometheus Vinctus, by J. Davies, M.A. . 1ls.

. ZESCHYLUS. BSeptem contra Thebas, by J. Davies, M.A. 1s.
. ARISTOPHANES. Acha.rnenses, by C. 8. D. Townshend,

MA. . . . . ls 6d.

. THUCYDIDES. PeloponnoeumWar Book i, by H. Young 1s.
. XENOPHON. Panegyric on Agesilaus, by Ll. F. W, Jewitt 1s.6d.

LOCKWOOD & CO., 7, STATIONERS’ HALL COURT.
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