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PREFACE.

———— o

FOR over four hundred years the scienée' of Explosives
remained ¢z statu quo. Chroniclers record the name of
a Franciscan friar—one Berthold Schwartz, of Freiberg
—as the inventor, in or about the year 1328, of what
has since been known as Gunpowder ; although many
records are in existence which indicate that prior to
that date the Arabs knew the use of an explosive
mixture which they called Medfaa. This consisted of—
10 drachmas of saltpetre,

2 ’” s charcoal, and
1, 3 SulPh“f;

-

and it is noteworth); that these proportions closely .
resemble those of the present formula of English gun-

powder—namely,
74°07 saltpetre,
14 82 charcoal, and
11°11 sulphur.

To whom the credit really belongs of inventing gun-
powder is so far not cleared up, but there is no doubt
that explosive mixtures existed and were utilised by the
Chinese as far back as the beginning of the Christian era.

The first advance leading to the introduction of
the modern High Explosives was made in 1832 by the
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French chemist, Barconnot, of Nancy, who discovered
that “ when starch, fibres, and analogous substances are
acted upon by concentrated nitric acid, they are changed
into highly combustible materials.” In 1838 Pelouze
continued these researches, and he ascertained that this
new inflammable material—which he called Xyloidine—u
took fire at 1S00 C. when submitted to strong pressure,
such as a rapid blow. He also found that cotton, paper,
and indeed all vegetable matters, could be employed in
the preparation of similar substances. All these re-
searches, however, were without any practical value
until Schonbein, of Bale, in 1845, devised methods for
the manufacture of a new explosive on a commercial
scale by treating cotton with a mixture of nitric and
sulphuric acids. Schbnbein, therefore, may be con-
sidered as the inventor of w'hat English-speaking people
call Gun-cotton ; the Germans, Schiessbaiimwolle; the
French, Fulrnicoton, or Pyroxyle—whence the generic
name Pyroxyline.

It is also interesting to note that soon after—in the
year 1847—the Italian chemist, Sobrero, discovered in
Pelouze’s laboratory in Paris the explosive properties of
Pyro-glycerine or Nitro-glycerine ; but the discovery
remained without practical application until i860, wdien
the Swedish engineer, Alfred Nobel, devised methods
for the manufacture of the substance on a large scale,
and also succeeded in exploding it with certainty when
under confinement. He patented it under the name
of Nobel's Blasting Oil ; and subsequently he dis-
covered the ready means of absorbing the oil in porous
substances, thereby producing the now famous Dyna-
mite or (as it is called in America) Giant Powder.

The great benefits which have been conferred upon



PREFACE. vii

the world at large by the invention of these explosive
compounds need not be expatiated on here. From
the first introduction of dynamite into mining opera-
tions | fully appreciated the great boon which had been
conferred on the mining community by the application
of this substance, and | studied its properties and effects
with great interest. The result was the appearance in
New York, in 1884, from my pen, of the first English
treatise on the subject, under the title ‘ The Modern High
Explosives,” published by Messrs. J. Wiley and Sons.

In bringing out this further treatise on the same
subject, | have had in view the many discoveries of new
compounds which have been made during the last few
years, and their application to other than mining uses.
A new group of compounds—the fundamental idea of
which is due to Sprengel—has now been brought into
existence ; and these may prove very beneficial to coal-
miners in particular, if their flameless character should
be verified by prolonged use and experiment.

In the following pages | have restricted myself to the
outlines of the manufacture of the various nitro-glycc-
rine compounds and varieties of gun-cotton, but | have
added some particulars of their physical and chemical
properties, and also a condensed account of such modern
explosives of other types as are now manufactured in
different parts of the globe.*

In the adaptation of modern explosives as propelling
agents in guns and for use in artillery, a great deal has
already been accomplished, but much remains to be

« For the name and composition of ail explosives now known to be in
use or patented, | may refer the reader to Major Cundill’s ‘ Dictionary of
Explosives,” from which I have the Author’s permission to make the
extract quoted by me at p. 50.
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done. If one considers the short space of time, barely
exceeding twenty years, since the modern explosives
were brought into general notice, one must confess that
the strides made in adapting them to new uses have
been great indeed.

As to their application in the removal of obstacles
which nature has placed in the way of the engineer, |
have attempted only to give some simple rules and
regulations for their safe and successful manipulation,
and to show the beneficial results which are derived
from their use in the hands of practical men.

How terrible an agent of destruction an explosive
may become is seen in the new Pneumatic Dynamite
Gun, which is capable of firing 600 Ibs. of nitro-gelatine.
There is no ship afloat to-day which would be able to
resist the explosion of such a charge. Let us hope,
however, that modern explosives may find their exclu-
sive employment in the grander and more useful field of
operations provided for them by the civil and the
mining engineer.

In the preparation of this volume | have tried to
avoid, wherever possible, the repetition of matter in-
cluded in my American work, but it will be readily
understood that in certain cases such repetition could
not be avoided— for example, in the rules which are
laid down for the preparation of bore-hole charges. In
this case, also, a few of the sketches included in the
former work have been reproduced.

In an Appendix | have given the principal results of
the labours of Captain Hess, of the Austrian military
service, in the analysis of the various modern explosive
compounds. Coming from so distinguished an authority
on the subject, the particulars here afforded cannot fail
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to be acceptable to the English reader. | have also set
out the instructions issued by the English Home Office
(i) for instituting tests for explosives, and (2) in regard
to applications for inclusion in the list of Authorised
Explosives ; and | have added an abstract of the princi-
pal provisions of the Explosives Act, 1875, which has
been prepared at my request, and which will be found
useful by all concerned in the production and sale, or
the use, of explosives.

* * * * *

In the body of the work, I have indicated in several
instances the particular sources to which | have been
indebted for useful information and material. Here,
also, | desire to acknowledge my obligations to the
published writings of the distinguished Head of the
Chemical Department of the War Office—Sir Frederick
Abel, C.B., F.R.S., D.C.L.—appearing in the Transac-
tions ofthe Royal Society and elsewhere: and to various
German, French, and American publications which |
have consulted—including Dr.J. Upman and E. Meyer's
Das Schicsspulver, die Explosivkorper, and die Feuer-
werkerei; Dingier's Polytechnisches Journal; Jahres-
berichte; Dr. Guido Wolfram Ueber Nitroverbin-
dungen der Cellulose; Roux and Sarrau’s Force et
Travail; Bcrthelot's Sur laforce de la poudre, etc. etc. ;
the Encyclopcedia of Chemistry (Lippincott, Philadel-
phia) ; papers by Professor Munroe in the Proceedings
of the United States Naval Institute (Annapolis, 1886);
Lieutenant Quinan’'s Report on Vigorite Powder, etc., etc.

* * * * *

In the absence of any similar work on the subject in



X PREFACE.

this country, I sincerely trust that the mining community
of England and the Colonies will find in these pages
sufficient information for their practical assistance in the
selection and handling of explosives—a subject of vital
importance to the large and increasing number of
persons who are interested in mining operations.

17, BELsIZE CRESCENT, SOUTH HAMPSTEAD,
September, 1889,
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A HANDBOOK

ON

MODERN EXPLOSIVES.

CHAPTER 1.
CHARACTERISTICS OF MODERN EXPLOSIVES.

Explosives Defined—Progress made in their Manufacture—Their Mode
of Action—Several Grades required— Downward Force of Explosives—
Springing or Chambering Holes.

Throughout the following pages 1 shall use the term
“ Explosives ” for the Modern High or Strong Explosives, in
contradistinction to the term “ Powder,” by which is meant
a Low Explosive, such as Gunpowder.

In no department of human industry has more rapid pro-
gress been made of late years than in explosives. Their
rapidly extending use for the removal of masses of rock has
directed attention to their nature and mode of action ; and has
also led to numerous attempts to increase their effectiveness,
to modify their action to suit their different uses, and to reduce
their danger.

The ablest chemists and the best engineers have found
in the study of explosives a fruitful field; and the results of
their labours are to be seen in the perfected explosives of
to-day—explosives which are marvels of chemical perfection ;
which are so modified and varied in their method of action as
to be adapted to all varieties of practical work; and which,
with all their enormous power, stored up in their particles, are
so completely under control, that they may be handled freely vn
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any class of work with perfect safety, when in the hands of
careful and experienced operators.

The advantages of using strong explosives are manifold and
manifest. So obvious, indeed, are they, that explanation
would hardly seem to be needed. |If of two explosives of
equal price, one be stronger than the other, it is evident
that less may be employed to do the same work. But
economy, as the consequence of strength, is to be sought
mainly in another direction; and the principal economy in
the use of strong explosives remains, even where the stronger
commands the higher price. For, as every practical man
knows, the cost of the explosive in blasting operations is small
in comparison with the cost of the labour employed. In
other words, the main expense of blasting is the labour of
drilling, loading, &c.— the cost of the explosive being one of
the minor items.

If therefore by using the stronger explosive (even at a higher
price) we can accomplish more with the same amount of
labour, we shall find that true economy lies in the use of this
explosive.

The completion of the work in a shorter space of time must
also be taken into account. For, if we wish to complete a
work in order to obtain a profit, the sooner the work is com-
pleted the sooner we shall commence to realise the profit.

Strength, however, is not the only merit of an explosive.
In many cases, indeed, it is a matter of secondary importance;
and in certain classes of work the mode of action—always a
very important point—becomes the paramount consideration.

If we take two explosives, one of which will exert a very
powerful action upon a small surface, while the other will
throw a milder but more sustained action upon a larger mass,
it is evident that both explosives will be useful, each in its own
way. The one will exert a shattering force; the other will
produce a rending action.* Experience has shown that we
need both of these explosives, each for its own work.

* See my work on * Modern High Explosives,” pp. 240 to 251, “ Force
and Effect of Explosive Bodies.” J. Wiley and Sons, New York.
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If we have to deal with hard rock, and desire, therefore, to
exert great force upon a small surface, we shall find economy
in the use of the strongest grade of explosives, or No. i. But if
we have to do our blasting in a softer material, we shall find
that No. i is too local in its action, and that we can break a
larger mass with a weaker or slower explosive, or No, 2.
Hence, we shall here use No. 2, as giving the most economical
results.

The relative cost of the two explosives need not be con-
sidered ; as a general rule, it pays to have explosives adapted
to the work, without regard to the small difference in cost.

The custom, which still prevails in some European countries,
of using one grade of explosives for all work indiscriminately,
is open to serious objections : explosives ought to be modified
so as to suit the character of the rock which they have to
break down.

Still another mode of action is in many cases desirable—a
heaving action, similar to that of black powder or gunpowder,
but many times more powerful It is important, however, that
this excess of power should be exerted in breaking up a larger
qguantity of rock, and not in throwing an equal quantity to a
great distance.

As compared with black or common gunpowder, for stoping
and for work in light ground, the advantage of a still weaker
explosive—such as a No. 3—is obvious, from the fact that
smaller holes may be used, and consequently much less labour
required in drilling. For instance, if an ordinary compressed
gunpowder-cartridge, such as is used for coal mining—say
16 inches long by 2 inches in diameter—is required to break
down two cubic yards of coal, and we can store the same
amount of energy (which means work) in the cartridge of an
explosive No. 3, which is8inches long and 1 inch in diameter ;
the miner, instead of drilling a 2-inch bore-hole, needs only to
drill a hole of 1 inch diameter, thus saving both labour and
time, or the equivalent in money.

Moreover, the force of black powder, especially in seamy
rock, escapes at every crack, and thus much is wasted, as

12
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thousands upon thousands of miners will testify. On the
contrary, the No. 3 explodes instantaneously and perfectly,
and thus the whole force is utilised, no matter how shelly the
rock may be.

Every miner knows the importance of having as much as
possible of the charge at the bottom of the bore-hole: it is there
that the maximum amount of work is exerted; and as the
explosives contain the stored-up energy in a smaller volume
than the ordinary gunpowder or blast powder, they allow of
the concentration of the charge nearer the bottom of the bore-
hole. Let us suppose two bore-holes, each 1 inch in diameter,
and say 6 feet deep. We charge the first hole with gun-
powder to a depth of 4 feet, and give it 2 feet of tamping;
we charge the second hole with No. 3 explosive to a depth of
2| feet, and give it 35 feet of tamping: then “ fire” both
charges. It will be found that the second hole has given far
better results, for the reasons above stated.

The downward force exerted by explosives is surprising.
This is a benefit in most blasting operations, but its advantage
will be specially recognised by those who practise springing
or chambering of deep holes.

In deep bore-holes, when it is a question of removing large
masses of rock—as in quarrying stone, or in railway cuttings
—the practical miner has always recognised the importance of
concentrating his charges in the bottom of his bore-holes, and
the introduction of explosives has enabled him to produce
capacious chambers in the bottom of his bore-holes wherein
to lodge his charge. | am a strong believer in “ springing”
or “ chambering” holes, and consider that in the future it will
be more largely practised than at present. By its means a
small hole is converted into a larger one, and thereby much
labour is saved.* Both No. 1 and No. 2 explosives are
admirably adapted for springing, but the enormous strength
of No. 1 fits it specially for this work. Experiments have
shown that it springs a larger “ pot-hole” than No. 2 when

* See ‘Modern High Explosives,” art. “ The Big Mole of the Central
Pacific Railway at Oakland.”
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used in rock. In soft or medium ground many experienced
blasters use No. 2 with excellent results.

Every expert at blasting has his own method of doing this
work. Nevertheless I give the way which has afforded me the
best results. Pack a small quantity of No. 1 or No. 2 explo-
sive, according to the nature of the ground, firmly in the
bottom of the hole. Now, lower upon it a small primer, being
sure that the primer is well in contact with the charge. Pour
in a handful of dry sand, to exclude the air ; then explode.

By this means the hole at the very bottom becomes enlarged
and fissured, and a large volume of powder or explosive can
now be packed well down into it, where it will do the most
good. It is wonderful how much better execution powder
will do when packed in this way in the very dottom of the hole,



CHAPTER II.
ATTEMPTS AT SUBSTITUTES FOR GUNPOWDER,

EMpPLOYMENT of Nitrate of Soda in Blasting Powders—Barium Nitrate
— Potassium Chlorate Mixtures—Picrates—Experiments of Designolle,
Abel, and Barbe—Dynamite Gun—Gun-cotton—Sprengel Explosives.

ATTEMPTS to replace gunpowder as a mining and blasting
agent, either by modifications of that material prepared with a
view to economy, or by explosive mixtures more violent in
their action, have been very numerous; few, however, have
so far resulted in any permanent success.

The substitution of the comparatively cheap Sodium
Nitrate for saltpetre, as in the blasting powders of OxZand,
Davy, Schwars, and De Tret, has been to some extent successful,
though the hygroscopic character of that salt constitutes an
insuperable difficulty to the production with it of any but
comparatively weak powders.

Barium Nitrate has also been substituted for saltpetre, in
the so-called Suxifragin powder manufactured by Wynants of
Brussels, which was originally devised exclusively for industrial
purposes, but was afterwards proposed, though without result,
for use in heavy guns, on account of the comparatively gradual
development of its explosive force. Charcoal has been partly
or entirely replaced in powder by other artificial varieties of

hon, and also by organic substances more or less rich in

m. It has been proposed even to use wood fibre
tead of the carbonized product.

Chlorate.—But the chief direction which
ice useful powder substitutes has taken is -
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that of applying the comparatively violent oxidising pro-
perties of potassium chlorate. It has been proposed by not a
few inventors to substitute this salt, partly or entirely, for salt-
petre in mixtures similar to gunpowder; and numerous pre-
parations consisting of the chlorate more or less intimately
mixed with oxidisable substances, both mineral and organic,
have been experimented with, and in a few instances have
received some amount of practical application. So far, how-
ever, no perfect preparation, such as would suggest to the
practical powder-maker a good preparation, has come under
my notice: they are mostly rough mixtures of chemicals;
but no doubt, one of these days, some inventor will be able
to produce a good and perfect chlorate of potash powder.
Among those preparations which are best known are the
modifications of the original white or German gunpowder—
that is, mixtures of sugar and prussiates of potassium with the
chlorate, as made by ReveUy; or preparations consisting of
mixtures of tannin, powdered nut-galls, or cream of tartar,
with the oxidising agent, as devised by Horscley, Ehrhardt,
Sharp and Nisser; others, such as Tcutonite, consist of a
small proportion only of the chlorate, mixed with sulphur
and metallic sulphides, containing perhaps also free sulphur.
Exceedingly crude mixtures of spent tan or sawdust, with
saltpetre or other oxidising salts, together with a little sulphur,
have been devised apparently rather with a view to com-
parative safety, than to compete in effects with gunpowder
(though the power of victorious competition has been claimed
for some): Kdlow's Powder, Pyrolithe, and Pudrolithe are
preparations of this kind. Lastly, picric acid in the form of the
potassium and ammonium compounds, mixed with oxidising
salts, has been made the basis of powerful explosive agents,
with which experiments (to be described hereafter) have
been carried on in England; and lately Melinite, which is a
picrate compound, has been adopted, with some modifications,
by the French Government for the filling of shells: but the
exact composition of this French preparation has, so far, been
kept secret. A substance called Lydite is now being ex-
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perimented with by the English Government, which no doubt
bears much resemblance to the French melinite.

The potassium salt, when intimately mixed with the chlorate,
furnishes a product which in susceptibility to detonation and
violence of action more nearly resembles nitro-glycerine and
gun-cotton than any explosive mixture composed of solid
substances, but hitherto it has not been made applicable to
practical uses on account of the great readiness with which it
is exploded by friction and percussion. Whenever inventors
can so modify the composition of the chlorate mixtures as to
reduce their sensitiveness, a most valuable ingredient will be
available in the manufacture of explosives. Indeed, chlorate
of potash seems by its nature destined to play an important part
among explosives, as it possesses all the necessary properties
of strength and absence of injurious fumes; but we have first
to learn how to control it and to confine it within definite
bounds. No doubt modem chemistry will furnish us with
the means of overcoming what heretofore has been considered
an immovable obstacle.*

Picrates.— Mr. Designolle devoted much attention, some
years ago, to the production of safer explosive preparations,
containing potassium picrate, for use in artillery and small
arms. One of these, in which that salt was mixed with charcoal,
saltpetre, and potassium chlorate, was experimented with at
Le Bouchet on a considerable scale, with some favourable
results, but the experiments were abandoned in consequence
of a fearful explosion at a factory in Paris, where a large
quantity of potassium picrate was stored. Much more satis-
factory results have been obtained in experiments carried
on by the British Government with a powder proposed by
Sir Frederick Abel, and devised at about the same time by
M. Barbe, composed of equivalent proportions of ammonium
picrate and saltpetre. This mixture is said to be as safely and
readily prepared as gunpowder, is perfectly stable in character,

* See ‘Modern High Explosives’ : “ Chlorates," pp. 138 to 140; also
“ Picrates,” pp. 135 to 137.
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and is not more susceptible than the latter to explosion by
friction and percussion. It has furnished satisfactory results
when employed in shells and in submarine mines; the ex-
plosive force exerted by it is not greatly inferior to that of
gun-cotton and dynamite.

The mere contact of a very cmde admixture of metallic
oxides or nitrates—notably litharge, lime, and the nitrates of
lead and strontium—with picric acid, is sufficient, with the ap-
plication of heat, to cause detonation, and such detonation will
extend to contiguous masses of the unmixed picric acid. The
heat first induces the formation of picrates, and its continued
application causes their detonation.*

The possibility of replacing gunpowder to an important
extent, in its application to ordnance, by other explosive
agents, appears at the present time quite feasible, and as a
disruptive agent for mining purposes it has already in great
measure been replaced by the two modem explosives—Dyna-
mite and Gun-Cotton. Other nitro-compounds are gradually
being brought forward, and a new series of explosives, which
we will class under the term of Sprengel Explosives, are making
their way with some success in the United States of America
and also in Europe.

The foremost rank amongst modem explosives is at present
occupied by dynamite and gun-cotton preparations, and in
the following chapters will be found an account of their manu-
facture and of their chemical and physical properties. As
nitro-glycerine forms the base of the dynamites, this important
substance has to be considered first.

* See Lhe special Report by Colonel Majendie, H.M.’s Chief Inspector
of Explosives, on “ The Circumstances attending a Fire and Explosion at
Messrs. Roberts, Dale and Co.'s chemical works, near Manchester, on
the 22nd oflJune, 1887."



CHAPTER IIL
PREPARATION OF NITRO-GLYCERINE.

ComrosiTioN of Nitro-Glycerine—Process of Manufacture—Stockholm
Dynamite Works — Rudberg’s Continuous Process — Pellet and
Champion’s Method — Continental Dynamite Factories —G. M.
Mowbray’s Process—Compressed Air Mixing Apparatus at Forcite
factories.

NITRO-GLYCERINE was discovered at Paris in 1847 by Sobrero,
who obtained it by acting with nitric acid on glycerine, and
called it, on account of its explosiveness when the temperature
is suddenly raised, Pyro-glycerine, At first it was put to no
practical use ; but later it met with pharmaceutical application,
chiefly in America, under the name of Glonvin, Its valué as
an explosive was demonstrated by Alfred Nobel in 1863.
Nitro-glycerine, according to Williamson, is either a com-

pound of glycerine, a glycerine of nitric acid, or" a glycerine
trinitrin ; the hydrogen atoms of the three hydroxyls of
glycerine being replaced by the radical of nitric acid, Its
formula, C;HgN,O, resolves itself into—

CH,.0.NO,

CH .0.NO,

CH,.0.No,.

But the nitro-glycerine of commerce is rarely, if ever, pure
glycerine trinitrin; it contains, according to Caplain Hess,
more or less quantities of glycerine mononitrin and glycerine
dinitrin. Hess found 13°7 to 16°6 per cent. of nitrogen in-
commercial samples, whilst pure glycerine trinitrin requires
18" 5 per cent. of nitrogen. :

Nitro-glycerine is formed, as already stated, through the -
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action of concentrated nitric acid on glycerine. The process
is represented by the equation—

Glycerine. Nitric Acid. Nitro-Glycerine. Water.
C, H, (OH),+ 3NHO, = C, H, (O.NO)), + 3 HaO.

By using a mixture of nitric acid and sulphuric acid, the
latter binds the water eliminated in the reaction; and by thus
preventing a dilution of the glycerine, aids the formation of
the nitro-glycerine.

Process of Manufacture.—According to Sobrero, two
volumes of sulphuric acid, of 1*831 specific gravity, and one
volume of nitric acid, of 1'525 specific gravity, are mixed and
permitted to cool, and half a volume of glycerine, of syrupy
consistency, is then introduced with constant stirring. The
mixture is again cooled, not necessarily below o° C., and, after
having become turbid and separated into two layers, poured
into fifteen to twenty times its bulk of cold water. The oily
nitro-compound sinks quickly to the bottom, is freed from un-
changed acid and glycerine by repeated washing with water,
and lastly, dried in vacuo.

Praeger and Bertram use one part by weight of glycerine
to eight parts of a mixture of one part of concentrated nitric
acid and two parts fuming sulphuric acid.

Liebe recommends pouring one part by weight of glycerine
into a mixture of two parts of nitric acid, of 1+525 specific
gravity, and four parts of concentrated sulphuric acid ; keeping
the mixture below 25° C.; and drying the washed nitro-
glycerine in the steam bath. Various other methods have
been proposed.

In preparing nitro-glycerine on a large scale, the glycerine
is obtained from some candle factory; the sulphuric acid,
likewise, from some outside works; but the nitric acid is
produced on the spot. The nitro-glycerine works must be so
placed that, in case of an accident, the destruction should be
limited to the factory. The nitric acid is distilled in a com-
partment by itself. The manufacture of the nitro-glycexvaa
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is sometimes carried on in three wooden sheds of light structure
separated from one another by strong earth banks, of 25 to
30 feet in thickness at their base; the walls and roofs are
lined with straw, and the temperature, by means of hot-water
pipes, is kept day and night at 15° C.

In the one shed the glycerine is brought together with the
mixture of acids; in the second shed the nitro-glycerine is
poured into the water, and otherwise washed ; in the third
shed the complete elimination of acid from the oily compound
is effected, and eventually the nitro-glycerine is worked up into
dynamite. These three operations are now usually effected in
one building, by means of more modern appliances, but in
some of the older factories the above system is still adhered
to, The sheds are sunk into the ground, so that their flat
roofs are barely above the level of the ground; they are lit
up by reflecting lamps placed outside on the roofs ; the floor
is covered with fine sand, At some distance from these sheds
are the huts in which the cartridges are made. They likewise
are separated from one another by earth banks, and so is
another shed in which the packing takes place. Quite away
from all these buildings are the store-houses, sunk into the
ground. There are usually also cellars for the keeping of ice,
which latter serves for cooling the wash water and the mixing
tanks. The storing of the raw glycerine and the sulphunc
acid requires no special precaution,

Stockholm Dynamite Works.—Rudberg recommended
the following process here in 1868. Figs. 1 and 2 show,
respectively, vertical sections of front and side views of the
apparatus. Vessel 1 contains the acid mixture which had
previously been cooled in a vat lined with lead; vessel 2
contains the glycerine; and 3, cold water. All these have
outlet tubes which are provided with taps. The contents of
1 and 2 are permitted to flow, on opening the taps ¢ and &,
through the tubes A and B, into the vessel provided with the
funnel C ; this latter vessel is suspended over the channel D,
which is fitted with stair-like shelves, and surrounded by a
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water-tight wooden trough. According to the arrangement
represented in Fig. 1, the vessel receiving the contents of
1 and 2 is not suspended, but is provided with wheels, so that
it can be caused to move continuously to and fro on the
rails ¢.  The lower ends of the outlet tubes A and B are
slightly bent, and are situated at the opposite side of the bulb
of a thermometer T, placed between them. In this way the
glycerine and the acid mixture meet just below the thermo-
meter, and the rise of temperature caused by the chemical

FIG. |.— RUDBERG’S NlTRO—GL‘(kCERINE APPARATUS.

reaction can thus be accurately measured. For the sake of
greater caution, there is a second thermometer fixed in the
tube of the funnel C. The water from 3 enters through
tube g, by tap m, the space between the channel D and the
surrounding trough, and finally leaves through tube «.

The working of the apparatus is easily understood. The
channel D is surrounded with cold water from 3, through
g and m, and now the acid mixture is allowed to flow slowly
into the funnel C, which is set in oscillating motion, so that
the tube of the funnel should alternately be over the different.
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compartments of the channel D. As soon as the acid begins
to run simultaneously from all the compartments, the glycerine
is turned on and allowed to mix with the acid. The reaction
between the two takes place immediately; it is completed
as soon as the mixture has passed through the channel D,
which is carefully to be kept cool by a constant supply of cold
water. From D the mixture flows into the large vat 4, where

FIG. 2.— SECTION OF RUDBERG'S NITRO-GLYCERINE APPARATUS.

the nitro-glycerine separates as an oily layer. It is drawn
off, washed first with solution of sodium carbonate, then with
water.

The remaining diluted acid can be concentrated with very
little expense, and used again for nitrifying glycerine. If no
such re-application of the acid mixture is intended, the vessel
4 is filled with water, whereupon the nitro-glycerine sinks to
the bottom, and can easily be separated from this supernatant
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acid liquid. Washing with sodium carbonate solution and
with water concludes the process.

Pellet and Champion noticed in 1871, that if the whole
quantity of glycerine required in one operation be suddenly
poured into the acids, and the mixture stirred with a glass rod
for ten seconds, the formation of the nitro-glycerine will have
been completed, and yet there has been no time for a rise of
temperature to take place; on throwing, therefore, the mixture
into a large mass of water, the nitro-glycerine will separate.
But the syrupy condition of glycerine makes it difficult to let a
quantity of it flow quickly into the acid. Champion recom-
mends, therefore, to allow the glycerine to run down the sides
of the mixing vat, so as to accumulate on the surface of the
acids, and when the desired quantity is floating above the
acids, to mix the two quickly with a glass rod for ten minutes,
and then to pour the mixture into fifteen to twenty times its
bulk of cold water. Washing with soda and water, and drying
by means of calcium chloride, or by heating to 30° or 40° C.,
conclude the process. The quantity of nitro-glycerine thus
obtained is double that of the glycerine used.

Continental Dynamite Factories.—In European facto-
ries, where the daily production is two tons and over, the nitro-
glycerine is prepared in the following manner.—

The glycerine used is of 1126 specific gravity. The nitric
acid is obtained by distilling a mixture of equal parts of Chili
saltpetre and sulphuric acid in cast-iron retorts of about
180 cubic feet contents; it is red from nitrous acid, and con-
tains also chlorine, derived from chlorides in the saltpetre; but
nevertheless it can be employed without further purification for
the nitrification of the glycerine.

The nitric acid is brought to the specific gravity of 148, and
1300 Ibs. of this acid are mixed in four cast-iron pans with twice
that weight of sulphuric acid; this mixture, which is left to
cool for a day, serves for the treatment of 630 Ibs. of glycerine.
The acid is drawn from the pans into a wooden cylindrical vat,
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about 6 feet in height and 3} feet in diameter, lined inside with
thick lead, and containing along its lining two spiral lead
pipes of about 1 inch diameter, which reach from the bottom to
the top. Each of these spirals, or worms, forms a system by
itself, through which cold water circulates, and one may serve
as substitute for the other in case of leakage of one of the spirals.

The mixture of acids is stirred first by itself in this vat; the
stirring is effected by two iron discs, covered with lead—disc and
covering being perforated—which glide up and down on a
vertical iron shaft, the gliding motion being effected by pulling
the rope attached to the discs over a pulley. The two or three
workmen who perform this task stand at a distance of 30 to
40 feet from the vat behind a strong earth bank. When the
acids have been introduced into the vessel, and the agitation
has commenced, water of 6° to 8° C. is let into the worms; the
temperature of the acid can be maintained in this way at
140 to 16° C.,as may be ascertained from a thermometer which
reaches through the lead cover of the vessel into the acid.
The glycerine, which is kept in a zinc tank on the roof of the
shed in which is the mixing vat, is now allowed to run into the
latter vessel. The flow is regulated by means of a tap, and
also by letting the glycerine first run into perforated zinc
boxes, placed on the lid of the mixing vat, and corking up, if
occasion requires, some of the perforations.

As soon as the glycerine falls into the acid the temperature
rises at once; but by carefully regulating the supply of glyce.
rine it may be kept at 180 C., or lower.

It is advisable not to allow the temperature to rise above
that degree, though experience shows that a higher temperature
yields a larger quantity of nitro-glycerine. It requires, according
to the season and the temperature of the cooling water, halfan
hour to two and a-half hours for 630 Ibs. of glycerine to pass
into the mixing-vat; the stirring must not be stopped for
a moment during the process.

When all the glycerine has been added to the acids the
mixture is at once drawn off through a leaden pipe to the
so-called wash shed, where it passes into a tank about 8 feet
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high and 12 feet diameter, which is half filled with cold water.
The inlet tube carries a sieve, to retain lead sulphate that may
have been brought from the mixing-vat. Whilst the nitro-
glycerine flows in, stirring with wooden poles is begun, and
continued until the nitro-compound has settled below the
dilute acid. The bottom of the wash vessel is slightly inclined
so as to allow a complete drawing off of the nitro-glycerine.
The outlet taps are of stoneware. The nitro-glycerine is now
twice washed with water, freed from acid and lead sulphate,
and finally washed with water to which some sodium carbonate
has been added.

But even after this purifying process there remain traces of
acid; to eliminate these the nitro-glycerine is transferred to a
third shed, where it is agitated for about an hour in a rotating
vessel, called the Butter Machine, with about 50 Ibs. of a con-
centrated solution of sodium carbonate ; after this time it will
no more redden litmus paper. It is now separated from the
alkaline solution, filtered through felt, and collected for further
use in leaden reservoirs.

The yield by this method is from 950 to 1200 Ibs., according
to the condition of the raw glycerine, the concentration of the
acids, and the temperature. It is considerably below the
theoretically calculated quantity. This shortcoming is due to
the formation of glycerides, which dissolve in the wash waters.
As a rule, the yield in winter is greater than that in summer.

Mowbray’s Process.—G. M. Mowbray, whose factory is
situate near North Adams in Massachusetts, U.S.A., gives an
account* of the process there adopted, from which the sub-
joined particulars are taken :—

In the first place, the nitric acid is distilled from five retorts,
each of them about 100 cubic feet contents, which are placed
in a well-ventilated building; each retort receives 300 Ibs. of
Chili saltpetre, and 375 Ibs. of sulphuric acid; the vapours pass
through stoneware pipes into a series of four receivers, likewise

* In his work on 1Tri-Nitro-Glycerine.’
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of stoneware, and placed on a bank about one foot above the
ground; the first two receivers contain each 150 Ibs, of sul-
phuric acid, the third 100 Ibs., the fourth nothing. The sul-
phuric acid in the receivers facilitates the condensation of the
nitric acid vapours, and the mixture of acids required for the
nitrification of the glycerine is obtained at once. The distilla-
tion is finished after twenty-four hours; the mixture of acids,

FIG. 3—MOWBRAY'S NITRO-GLYCERINE APPARATUS.

altogether about 600 Ibs., is then drawn off into carboys, and
from these emptied into a stone trough, which is capable of
holding the contents of 18 carboys. In order to effect a
uniform mixing of the acids, and also to remove nitrous gas, a
current of air is passed for five minutes through the liquor in
the trough.

The nitrification of the glycerine takes place in stoneware
jars; 116 of these, aa, a (see Fig. 3), are distributed over nine
wooden troughs, A, A, A, which latter are filled to within a few
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inches from the top of the jars with ice-cold water, or a mixture
of ice and salt. Each jar receives 17 Ibs. of acid mixture, and
into this 2 Ibs. of glycerine is introduced drop by drop from
glass vessels b, b, b, which are placed on a shelf B, B, just
above the acid jars. Below this shelf runs an iron tube, about
LAinch wide, through which cold dry air is conducted; from

FIG. 4.— SECTION OF MOWBRAY'S NITRO-GLYCERINE APPARATUS.

this tube F, F, F, glass pipes d, d branch off, joined by means
of indiarubber tubes, into each jar, which thus receives during
the dropping in of the glycerine a constant current of cold air,
acting both as cooler and as stirrer. A very beneficial influence
is ascribed to this air current, which also oxidises nitrous acid
vapours.

As there is a large disengagement of nitrous vapours during
this process, provision to carry these vapours out of the building,

Ca
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is made, by placing the troughs with the pots around chimneys,
D, D, Fig. 4, and above each pot a, a is a flue Gx, C2, leading
into D, which carries the fumes outside the building.

The nitrating house, in which this operation is performed,
measures 150 feet in length.

The introduction of the glycerine into the acid must be
finished within an hour and a-half; there should be no rise in
temperature, and certainly no appearance of red vapours.
After the transformation of the glycerine, the jars are emptied
into a large vat A, Fig. 5, containing water of 210 C. or 68° F.;

FIG. 5.—MOWBRAY'S NITRO-GLYCERINE WASHING APPARATUS.

the nitro-glycerine sinks to the bottom and remains covered
with about 6 feet of water for a quarter of an hour, when first
the water is drawn off from above at faucet bBthen the nitro-
glycerine from below at b2, The latter is transferred to the
oscillating cask B, in which it is washed three times with water,
and twice with soda solution, a current of air passing through
the liquid all the time. The wash waters pass into a tub, from
thence into two casks C sunk into the ground, where such
nitro-glycerine as had been carried away by the water is
retained.

The nitro-glycerine is carried in copper vessels to a shed,
about 100 yards distant, and poured into stoneware jars, of
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60 Ibs. contents, and the jars placed in reservoirs filled with
water of 210 C., and.left there three days. Impurities rise to
the surface, and are skimmed off.

The nitro-glycerine is now ready for commerce. It is filled in
canisters of galvanised sheet-iron, coated inside with paraffin,
and capable of holding 56 Ibs.; the floor of the shed where the
filling takes place is covered with a thick layer of calcined
plaster of Paris, in order that any spilt nitro-glycerine may be
absorbed at once. The canisters are then exposed to the cold
of ice and salt for the sake of freezing their contents; in this
state they are stored, 30 to 40 to a batch, in magazines 100
yards from all the other buildings of the factory. The transport
of the nitro-glycerine takes place also whilst it is frozen.

The yield in Mowbray’s factory amounts to 223 per cent,
of tire glycerine employed.

Compressed Air Mixing Apparatus.—At the forcite
works in America, Belgium, and Spain, the nitro-glycerine is
prepared by means of a mixing apparatus worked by com-
pressed air. In a large vat, lined with heavy sheet lead, the
acids are mixed every evening in the proportion of 650 Ibs. of
nitric acid to 1300 Ibs. sulphuric, and left over night to cool.
These vats are located under an open shed on high ground,
and in the morning they are let flow by gravitation through
lead pipes into the nitrating apparatus.

This apparatus consists of a large cylinder made of ~-inch
sheet lead, closed at top and bottom and set in a wooden tank,
which is larger than the cylinder, so as to leave a space of 2 or
3 inches around its sides and bottom. This space serves as a
water-jacket for the continual circulation of cold water outside
the cylinder. Inside the cylinder are several coils of i-inch
lead pipes, so arranged that the inlet and outlet of these pipes
pass through the top cover. This top cover can be occasion-
ally removed for repairs. There are also two small openings in
the top cover for the insertion of long thermometers; one
central opening for the insertion of an injector, which is a very
ingenious instrument for the admission of compressed avt aad
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glycerine, and can be regulated so as to control the flow of
glycerine as well as the compressed air. There is also an
escape-pipe for the nitrous gas.

When the acids have been charged into this nitro-glycerine
apparatus, the water is turned on and allowed to circulate freely
through the jacket and coils, which cools the acid mixture.
The injector is now connected with the glycerine tank (located
on the roof of the building) and with the air receiver by means
of indiarubber pipes, and the compressed air agitates the
mixture while a small stream of glycerine flows in; when the
charge of glycerine, say 310 Ibs., has been run in the nitrating
process is finished, a large faucet of stoneware is opened, and
the contents of the cylinder discharged into another open lead-
lined vat located on a lower story of the building.

It must be mentioned that while the glycerine flows into the
nitrating apparatus the operator should closely watch the ther-
mometers, and see that the temperature of the mixture in the
cylinder does not exceed 28° C. or 80° F. There are special
thermometers made for this purpose which have the number 80
marked in red, indicating thereby the danger point During
the manipulation, should the temperature for some cause rise to
this point, the flow of glycerine should at once be interrupted,
and the influx of compressed air continued ; if in spite of this
the temperature rises—Ilet the operator not lose his presence of
mind, but open the discharge faucet and let its contents flow
into a large tank placed on the lowest floor of the building,
which is always half filled with water. Here the charge is
drowned, and all danger of premature explosion is avoided.

If the charge works well it takes about an hour to nitrate
310 Ibs. of glycerine, and when the same has been discharged
into the lead tank or separator, where it is allowed to remain
quietly for a few minutes, the nitro-glycerine, owing to its
lighter specific gravity, will collect on top of the acids; there
it is skimmed off by means of a dipper as it rises to the surface,
and is poured into washing vessels to be freed by repeated
washings, first with clear water, and then with solutions of car-
bonate of soda, from any acid which it may contain. The
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washing is effected by agitating the water and nitro-glycerine
with a current of compressed air.

The acids remaining from the separator are now allowed to
flow into a species of tower filled with quartz pebbles, where by
a special process the last traces of nitro-glycerine are destroyed,
and then the acids are ready for reconcentration and further
use.*

Most manufacturers keep the details of their manufacture
secret, and it is well to mention here that only those who
already possess a practical knowledge of the manufacture
should undertake the making of nitro-glycerine.

« At Nobel & Co.*s works the process for manufacturing nitro-glyce-
rine differs only in small details from the description here given.



CHAPTER 1IV.
PROPERTIES OF NITRO-GL YCERINE.

tea I'hy»Ic#l Properties— It« Effect on the Human System— Decomposition

(lane* Evolved—Detonation—Nitro-Glycerine in Use— Accidents

when in the Liquid State— Rendered Non-explosive with Methylic
Alcohol—Gelatinised Nitro-Glycerine or Nitro-Gelatine.

NITKO-GLYCRRINK is at ordinary temperatures an oily liquid,
clear, colourless, or yellowish, refracting light, of sweetish and
burning taste, without odour, of t -6 specific gravity. At lower
tvtu]lwruUms it becomes solid, the degree at which it solidifies
gtoady varying. Champion's was at —15° C. syrupy, but
Kearns' xolid after continued keeping at —ao° C.;* .Ievy
« . wilttilled at 7*io C-, and contracted by T5 of its bulk;
AAT iiiiUv-glycerme became solid at is*8 C. In water it
dublc, btlt it dissolves easily in ether, wood spirit, benzol,
iukl hot alcohol.

1venous consequences when taken into the human
vertigo, weakening of sight, stupor, pains in
tftjfiou; in larger doses it acts like strychnine,
[nIWi* ui''ic than to grains are swallowed. Even
1*nth the skin produces serious symptoms, though

Alb) to it after it time,

siLion.— I'urc nitro-glycerine does not eeccns-
lunnsly at nrdioag temperatures, but at higher
nitrous acid vapours are disengaged. It may be

) to toa t\, but becomes very sensitive to irght

Mwl, hut DiU kvuhl live have bvco cu« e.n-tuir-j-giycmin.
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shocks. According to Kopp, it may even be evaporated by
being dropped upon a moderately hot plate ; but, if the plate is
hot enough to bring the nitro-glycerine to boiling, it explodes,
according to Group Besanez. Experiments of Champion have
shown that it evaporates at 185° C., boiling and evolving red
fumes, bums briskly at 217° G, and detonates with violence
at 257° G | may say that these phenomena may take place
at lower temperatures.

The decomposition of exploding nitro-glycerine takes place,
as Bcrthtlofs researches show, according to the equation

2 C3H6(0ONO3)3 = 6C03+ 5HD + N6+ O.

Nobel has calculated that one volume of nitro-glycerine
disengages 1298 volumes of gases of xoo° C. at a baro-
metric pressure of 760 mm., consisting of 554 water vapour,
469 carbonic acid, 236 nitrogen, and 39 oxygen. List esti-
mates the bulk of the liberated gases at 1504-9 volumes.
Nitro-glycerine evolves, therefore, at the lowest estimate,
nearly six times as much gas as gunpowder, computed for a
temperature of ioo° C.; but a far higher degree of heat is
produced by the instantaneous combustion of nitro-glycerine,
which, according to Nobel, expands the bulk of the freed gases
to eight times the original 129S volumes, whilst the gases of
gunpowder would not be trebled at a like temperature; the
explosive force of nitro-glycerine, therefore, stands to that of
gunpowder as 13 to 1, according to volume.

Detonation.—Putting a light directly to nitro-glycerine
does not lead necessarily to detonation. Poured out in a thin
layer, the liquid bums away like gunpowder. A red-hot iron
rod, applied by Nobel to nitro-glycerine, had no effect whatever;
a burning wooden splinter kindled it to a quiet flame, but, on
removing the match, the flame of the nitro-glycerine went
out immediately; according to Nobel’s experiments, when it
is set on fire it will bum away quietly long before it is heated
to the degree at which it will explode, but this has never been
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proven on a large scale, and | would not recommend such an
experiment.

It is only on being heated in a closed space that its entire
mass explodes, when the temperature reaches 257°. Such a
heating can be effected by the electric spark. Sir Frederick
Abe! placed two poles, connected with a Ruhmkorff coil,
into some nitro-glycerine, and allowed a number of sparks
to pass between them; the surface of the nitro-glycerine
ljeeamc agitated, turned black, and after half a minute
exploded.

Gradually increasing pressure is unable to explode liquid
nitro-glycerine; but a sudden blow will do it, though it
detonates only that portion with which it came in contact
The explosion produced in the part that had been directly
exposed to the blow will not communicate itself to the rest of
the nitro-glycerine. If, however, nitro-glycerine is in a solid
condition—frozen, for instance—a blow given to a portion will
I>e transmitted at once to the entire mass. Several accidents
axe on record where the explosion could be traced to some
mechanical force having acted on frozen nitro-glycerine. One
kind of mechanical force—shaking—seems to form an exception
to this observation; for, as already mentioned, Mowbray’s
nitro-glycerine is safer to move in a frozen than a liquid state,
and Nobel also mentions that liquid nitro-glycerine is ex-
tremely sensitive to vibration.*

The detonation of gunpowder, gun-cotton, or fulminate,
causes nitro-glycerine to explode, whether it is loose or under
confinement

Exposure to the solar rays transforms nitro-glycerine into
a very unstable, easily explosible substance; and Jouglel
observed spontaneous explosions of nitro-glycerine in air
charged with ozone. Dynamite loses its strength in tropical
countries by gradual evaporation of nitro-glycerine. | have
made this observation on the Isthmus of Panama, where
dynamite refused to explode after several months’ storage.

* See ' Modern High Explosives’ : art. “ Accidental Explosion at
Hoosic Tunnel ”—an accident which was the result of vibration.
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Nitro-Glycerine in use.—At the first nitroglycerine was
used in conjunction with gunpowder; the latter was exploded
by any of the usual methods, and through its explosion the
nitro-glycerine was detonated. A tin cartridge was filled first
with gunpowder, then with nitroglycerine, closed by a cork,
and placed in the bore-hole, which had to be about a quarter
of an inch wider than the cartridge; the space between was
filled with coarse-grained gunpowder, which covered the cart-
ridge about an inch high; a fuze was inserted, and the bore-hole
tamped with sand. Later a special detonating capsule was used
by Nobel, consisting of a wooden box filled with fine powder,
and provided with a fuze. The nitro-glycerine was poured
directly into the bore-hole, which had to be lined with plastic
clay.

In March, 1865, blasting on a large scale was carried out
in the granite quarries near Stockholm. A bore-hole of about
10 feet in depth was charged with 5 lbs. of nitro-glycerine;
after explosion, about 200 cubic yards of granite, weighing
something like 350 tons, were found tom away, and the
main rock was traversed by long fissures. This result created
much sensation, and caused a great demand for the new
explosive. The application of nitro-glycerine increased in
the next following years, and amongst other uses, it was soon
used for breaking up large masses of old iron, such as anvils,
cylinders, &c.

The efficiency of nitro-glycerine in water was shown by
experiments which Nobel performed in 1866 in a pond near
Hamburg. A canister, containing about 2It Ibs. of nitro-
glycerine, was lowered under the surface of the water and
fired; the explosion sent up a column of water of about
9 feet in diameter to a height of about 300 feet. A like
quantity of gunpowder in a similar canister, on firing, lifted
the water to no more than a few feet.

The highly favourable reports on the explosive value of
nitro-glycerine were soon followed by statements of its being
one of the most dangerous of known blasting agents. In 1866
a West Indian mail packet was blown up, a wharf torn doww,
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# number of adjacent ships were injured, and many lives lost
at Colun, through an explosion of nitro-glycerine.* Not long
alter that a feariul accident occurred in San Francisco at
Wells, Fagoy & Oy evpress office. A box was noticed to
leak sme wily substance, and one of the employés took a
hammer to Jrve in a fresh nail so as to keep the box tighter
together, when on hammering the box exploded.  Later on, a
Neweastle magistrate and several other persons fell victims to
an acendent with this eyplosive body.  In 1868 a factory at
Stochholmy whete nitnglyverine is manufactured was blown
up aml a number of wen Kilied, and not long after that an
erploaion attende! wirh fearful loss of life oceurred in Belgium.
This last-named acvident kad 1o the authorities altogether
prohibiting  the wse of this evplosive compound in that
Migalom,

The exact canse of these explosions was never ascertained,
e general opinion asenbad them to violent concussion of
the liguidd nitio glveenne, or to its spontaneous decomposition.
Mr. Nohel thinks that the manufacturers were not aware
at the time of the immense influence which the metallic
packing then used (in the fam of tin canisters) exercises,
even when inclosad in wooden baxes, on the liability of nitro-
glycerine to explde by concussion and vibration of the metal
packing.

It was then proposed, and adepted as a temporary measure,
to render unitreeglyverine inexplosive, or rather much less
sensitive, by adiding wethylic alcohol, which it readily dissolves.
On shaking it with water, which tkes up the alcohol, the
explosive properties are fully restored, and the same detonator
cap, which has not the slightest etiect on the mixture of nitro-
glycerine and wood naphtha, exploles it after a moment's
washing with water. Since the invention of nitro-gelatine,
nitro-glycerine has ceased to be used in the liquid state, as
the former is just as strong,

* I arrived in Colon in May, 1866, on my way to California, and saw
in the harbour the wrecks of several mail steamers which bad been
destroyed by this explosion.
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Gelatinised Nitro-Glycerine.—Nobel has patented a‘*
process for solidifying nitro-glycerine by means of gun-cotton
collodion. The explosive compound becomes more and more
gelatinous in proportion to the quantity of nitrated cellulose
which is dissolved therein; and it forms (when 7 to 8 per cent
of the nitrated cellulose has been incorporated) a solid jelly—
known as Nitro-gelatine—which the inventor claims to be very
safe and highly suitable for every purpose to which very
powerful explosives can be applied. The details given in the
patentee’s specification are here set out.*

In some explosive liquids (such as nitrate of methyl)
collodion-cotton readily dissolves at the ordinary temperature,
and forms a thick explosive gum or jelly. In the case of
nitro-glycerine, however, the incorporation of the above-named
gelatinising substance is facilitated by adding a small quantity
of a substance which promotes the solubility upon which the
gelatinisation depends. Such substances are the acetic ethers
of glycerine, ethyl, methyl, acetic acid, a mixture of alcohol
and ether, acetone, nitro-benzol, dinitro-benzol, the nitrates of
methyl, ethyl, and other analogous substances. The quantity
of the solvent which has to be added depends upon the nature
of the substance chosen; but, as a rule, about 10 per cent, of
the weight of nitro-glycerine which has to be gelatinised will
be found in practice to be amply sufficient. Moreover, by
gently heating nitro-glycerine (in a water bath or otherwise),
it acquires the property of dissolving nitrated collodion
cellulose without the addition of the promoting solvent; or
when it is found advantageous to use the promoting solvent,
the application of heat will enable the quantity used to be
reduced to 2 per cent., or even less, of the weight of the
nitro-glycerine. Since nitrated cellulose is rarely, if at all, of
a homogeneous composition, and therefore its solubility in
nitro-glycerine will be found to vary, the necessity for adding
a promoting solvent must be ascertained by experiment.

The above-described process of gelatinisation necessi-
tates \—

* The patent is dated 13th October, 1876.
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t. That the explosive liquid shall contain no impurity or
foreign matter capable of counteracting its power of dissolving
nitrated cellulose, or other substance possessing the same
property, as hereinbefore described.

a. That only such nitrated cellulose or other analogous
substance is to be used which readily dissolves in and gela-
tinises the explosive liquid.

3, That the solution of the nitrated cellulose or other
analogous substance (especially if that substance is twisted
or compressed) shall be facilitated by mechanical stirring or
knemling so as to allow of the necessary access to all the
parts of the nitrated cotton intended to be dissolved.

The explosive jelly which is obtained by this process can
I)c easily pressed into cartridges, or any other forms found
convenient for use. For certain purposes, and especially for
military use. it is important to be able to dilute or modify
the explosive sensitiveness of gelatinised nitro-glycerine in a
measure exactly suited to the purpose in view. This is done
by inlding more or less of a non-explosive or sluggishly
explosive substance, possessed of the property of dissolving
both nitroglycerine and the substance which serves to gela-
tinise it. Such arc the acetic ethers of glycerine, methyl,
ethyl, and acetone, acetic acid, nitro-benzol, dinitro-benzol, the
nitr iles of methyl and ethyl, or other solvents of an analogous
character.  An addition of the above-named, or of any
analogous substance, serves not only the purpose of rendering
the gelatinised nitro glycerine less sensitive to concussion, but
also reduces its quickness of explosion; it facilitates, as above
described, the process of gelatinisation ; and it lowers the tem-
peraturc at which nitro-glycerine becomes hardened or con-
gealed. The least volatile substances, such as the acetic ethers
of glycerine, nitro-benzol, dinitro-benzol, deserve preference,
inasmuch as they cannot become inactive through evaporation.

Gelatinised nitro-glycerine, when properly confined, can be
exploded by a common fuse; but, as a rule, detonators,
containing a strong charge of fulminate, are used, as also
for firing dynamite. When hardened in cold weather, gela-
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tinised nitro - glycerine explodes more readily than frozen
dynamite; still it is a good precaution always to head the
charge with a primer, consisting of a small cartridge of gun-
powder or gun-cotton, or dynamite, or uncongealed gelatinised
nitro-glycerine, or an analogous substance.

Experiments have demonstrated its insensibility to shock,
to friction, and to the pressure or action of water; and,
further, that to produce complete explosion in a free state,
and to develop the great force corresponding to its chemical
composition, it would be necessary to use, even in its soft
state, a peculiarly powerful detonator.

One gram of fulminate of mercury is insufficient to detonate
a charge in a soft state contained loosely in a tin case. Frag-
ments of gelatine as large as a pin’s head, or even as a small
pea, were found scattered about after an explosion.

Under the blow of a pile engine, the gelatine was insensible
to a blow of 3-5 kilogrammetres; while dynamite instantly
explodes under one kilogrammetre.

The gelatine is unaffected by submersion in water, even at a
temperature of 158° F., and showed no exudation after eight
days, at a temperature of 113° F.

Camphor is generally added to render nitro-gelatine in-
sensible to blows, even of projectiles at short range. Nitro-
gelatine thus treated is the Gelatine Explosive de Guetre,
which is largely employed by various Governments for mili-
tary engineering purposes. A specially prepared primer is
required for its complete detonation.

In appearance it is gelatinous, elastic, transparent, and pale
yellow in colour. Its density is i'6; it can be cut with a
knife; and under the severest pressure it shows no trace of
nitro-glycerine. At a temperature of 122° F. to 140° F., it
softens a little, but seldom becomes greasy. When inflamed
in the open air, it bums like dynamite, or dry compressed
gun-cotton.

Camphorised nitro-gelatine evaporates very little even at a
temperature of 158° F., and if it is exposed to that degree of
heat for one week.
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Pure explosive gelatine, slowly heated, detonates at 400° F.,
or rapidly at 460° F. Mixed with from 4 to 10° of camphor,
this substance will not explode at the same temperature as
gunpowder—viz., 570 to 600° F.—but simply burns, pro-
ducing sparks.

The more camphor nitro-gelatine contains, the more difficult
it is to explode, and with a certain admixture of camphor the
compound may even be fired into with rifle bullets without
detonation resulting.



CHAPTER V,
VARIETIES OF DYNAMITE,

INVENTION of Dynamite—Kieselguhr Dynamite—Influence of Kieselruhr
on Explosive Efficiency—Colonia and Hercules Dynamite—Vulcan—
Seranine and Horsley’s Powder — Dualine—Lithofracteur —Ammonia
Powder — Giant Powder No, 2 — Sebastin — Brain’s Powder —
Rhenish Dynamite — Forcite — Atlas Powder — Gelatine Dyna-
mite — Glukodine — American Hercules Powder — Judson Powder—
Paleine or Straw Dynamite—Trautzl’s Dynamite—Carbo-Dynamite—
Smolianinoff Explosive — Snyder Explosive — Von Dahmen’s Safety
Dynamite— Classification of Dynamites—American and Belgian Forcite
Powder Works. :

DyNaMITE consists of nitro-glycerine absorbed in a porous
substance, particularly the silicious infusorial earth, occurring
in Hanover, called “kieselguhr,” It is erroneously believed
to have been discovered accidentally through a leakage of
nitro-glycerine into kieselguhr. But the first dynamite made
contained no silica ; it consisted of porous charcoal and nitro-
glycerine ; and numerous experiments were made with various
absorbents, such as porous terra-cotta, sawdust, ordinary paper,
and nitrated paper soaked in the liquid explosive and rolied into
cartridges, before porous silica was finally adopted. Kiesel-
guhr absorbs from three or four times its own weight of nitro-
glycerine, and possesses the advantage over other absorbents
, -Of resisting a greater degree of pressure without parting with
. any of the nitro-glycerine which it holds. At first the new
blasting agent made but slow progress, owing in a great
measure to the strong prejudice existing against its chief
ingredient. But gradually it has grown into favour and is now
universally adopted as a blasting agent,
. D
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Dynamite (Kieselgukr Dynamite).—The infusorial earth,
to be employed as an absorbent, must be freed from organic
admixtures, water, and coarse silicious grains, The first two
are eliminated by calcination, which is carried out in furnaces
situated one above another, usually four of them ; the kiesel-
guhr is pushed from the uppermost to the lowest. The
calcined mass is then crushed between cylinders and passed
through wire sieves.

The saturation of the infusorial earth with the nitro-
glycerine takes place in the same building in which the liquid
is finally washed. According to F. Capitaine, 50 lbs. of
kieselguhr are put with treble the weight of nitro-glycerine
into flat wooden trays and mixed by hand; the workmen
ought to have gutta-percha gloves, but they mostly neglect
this precaution. In about half an hour the mixture is com-
pleted ; the mass is now pressed by hand through sieves, and
is ready for being filled in cartridges. The cartridges are of
cardboard paper or of vegetable parchment; their mode of
filling is very simple and is usually done by hand.

The impression has prevailed until lately, that a chemically
inactive absorbent like kieselgubr in dynamite could not exert
any influence on the explosive efficiency of a nitro-glycerine
mixture; but Capt, P. Hess and Lieut. Jokn Schwab, while
making some comparative experiments with a pressure gauge
on two kinds of kieselguhr dynamite, noticed some remarkable
differences in their action, which led to the investigation of
these substances.

Two samples of dynamite were experimented with, supplied
from Nobel & Co.’s factories, one of which came from the
factory at Zamky, made in 1872, and the other from the factory
at Pressburg, made in 1876.

These samples were compacted into small cartridges, each
~ontaining 17 grams, and they were placed on the top of two

aud cylinders, each zo mm. high and 31 mm. in diameter, the

er one of which was placed on a cast-iron plate. The cart-
did not rest directly on the upper lead cylinder, but a
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thin steel disc, 3*5 mm. in thickness, was interposed between
the cartridge and the cylinder,

The effect of the explosion made itself manifest by the com-
pression of the two lead cylinders, which, measuring 40 mm.
before the explosion, were reduced by the explosion to the fol-
lowing heights.: —

1°._Six shots with dynamite of 1872—

27°8 mm.)
282 ,,
27°6 ,, ( Height of the compressed cylinders.
27°2 ,, Average 27°67 mm.

27°4
27'8 1 )

2° Six shots with dynamite of 1876—
26°5 mm.)
266 ,,
263 ,, Helght of the compressed cylinders.
26°1 ,, Average 26°33 mm.
26°8 ,,
25.7 ”

The 1876 dynamite showed a greater intensity than the 1872
sample. The chemical examination of the two dynamites

gave—

DyYNAMITE OF 1872.
Nitro-glycerine . . . . . . 708 per cent.
Kieselgahr . . . . . . . 282, ,

Water . . . . . . . . 10,

Three determinations of the nitrogen in the nitro-glycerine
by Dumas’ method denoted the following percentages—
I II. IIT. Average.
16°13 16712 16°12 16°12

DYNAMITE OF 1876.
Nitro-glycerine . . . . . . . . 7008

Kieselgahr . . . . . . . . . 2882
Water . . . . . . . . . . . I'ID

Nitrogen found in the nitro-glycerine by Dumas’ method—

1. 1T, III. Average, y
15°72 15°63 15°68 15°63 N
. D2



36 VARIETIES OF DYNAMITE.

According to the preceding analysis, the composition of the
two dynamites does not vary sufficiently to account for the dif-
ference of intensity-effect which the pressure gauge showed.
Still, as there was quite a difference in the effect of the two
samples, and as this was in favour of the dynamite of 1876, as
this also contained not only less nitrogen in its nitro glycerine,
but also less nitro-glycerine in the mixture than the sample of

FIG. 6.—KIESELGUHR DYNAMITE UNDER THE MICROSCOPE :
SAMPLE OF 1876.

1872, the cause for this variation in the effect must be looked
for in the structure of the Kieselguhr, which in reality shows a
great many variations.

The figures 6 and 7 exhibit the appearance of the two
kieselguhrs when magnified to 300 times their natural size, used
in these dynamites and extracted from them.

The kieselguhr of the 1876 dynamite shows the long tubular
well-preserved bacillariae, whereas the kieselguhr of the 1872
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dynamite shows only fragments of the tubular diatomacece, but
in larger proportion the pleurosigmata and dictyochete, which
are round, and also numerous granules of quartz.

It is well known that the long tubular bacillarine absorb the
nitro glycerine much better than the short fragments of the
other two kinds. In the dynamite of 1876 every drop of nitro-
glycerine was, as it were, packed away in a little vessel and was

FIG. 7.—KIESELGUHR DYNAMITE UNDER THE MICROSCOPE:
SAMPLE OF 1872.

well absorbed, and the explosion met thereby with a primary
resistance in the absorbent, which acted as a kind of tamping
in itself, which increased the intensity of the dynamite. In the
dynamite of 1S72, which appeared and felt fatty to the touch, a
portion of the nitro glycerine was not absorbed, and did not
get the tamping effect fiorn its absorbent, and hence it showed
less intensity. Therefore, not only through considerations
of safety should fatty nitro-glycerine mixtures be UNobled,
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but also because their intensity-effect is lessened by this
condition,

The great success of kieselguhr dynamite has given rise to
numerous other nitro-glycerine compounds, of the best known
of which I proceed to give a more or less brief account.

Colonia and Hercules dynamite are mealed gunpowder
mixed with about 35 per cent. of nitro-glycerine, and resemble
the first nitro-glycerine preparation brought out in 1863.. They
are manufactured at Cologne by Wasserfuhr.

Vulcan is also a dynamite, composed of mealed gunpowder
holding 43 per cent. of nitro-glycerine.

Seranine and Horsley’s Powder are chlorate of potash
preparations mixed with nitro-glycerine. The substitution of
a chlorate for a nitrate is said not to add to the power, while
it adds to the expense of the compound, and also somewhat
increases its danger.

Dualine wis brought out by Ditmar in Germany. It
consists of sawdust, nitrate of potash, and nitro-glycerine.

Lithofracteur.—Its ingredients are, nitro-glycerine, 53
per cent.; kieselguhr, 21 per cent.; charcoal, 6 per cent. ;
barium nitrate and bicarbonate of soda, or either of them,
15 per cent., sulphur and manganese oxide, or either of them,
3 per cent. Manufactured by Krebs, in Deutz,

Ammonia Powder, invented by Ohlson and Norrbin,
though comparatively unknown, is far stronger than lithofrac-
teur, and surpasses even dynamite in point of power. Its
only drawback is the hygroscopic nature of its chief ingredient,
which is ammonium nitrate. But in every other respect it is a
very superior blasting agent when freshly prepared, but it has
no keeping qualities. It consists of eighty parts by weight of
nitrate of ammonium, six parts of charcoal, and fourteen to
twenty of nitro-glycerine.
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Giant Powder No. 2 (Dynamite No. 2) consists of 40 per
cent, of nitro-glycerine added to a mixture of forty parts
nitrate of soda or potash, six parts resin, six parts sulphur, and
eight parts infusorial earth. Other nitrates may be substituted
for those above named, and other carbonaceous substances for
the resin.

Sebastin, patented by G. Fahnejehn of Stockholm, con-
tains a specially prepared charcoal as the absorbing material.
The carbonisation or coking (according to the patentee) must
be so done as to completely destroy the organic substances, and
to produce as porous a charcoal as possible.

For this purpose young trees or saplings, or branches of
poplar, hazeiwood, or elder-tree, are selected and burned in
an open fire.  When the wood has been consumed the fire
is not put out by means of water, but left to go out of itself.
In this way a very inflammable and very porous charcoal
is obtained, which can absorb more than five and nearly
six times its weight of nitro-glycerine. The charcoal is pul-
verised in a wooden mortar, but should not be reduced to
too fine a powder, else it will not so completely absorb the
nitro-glycerine.

The charcoal produced in the ordinary way is quite different
as regards absorbing power. Charcoal of fir-tree may, how-
ever, be used, if charred a second time in a special oven.

13/ mixing different kinds of charcoal a material may be
obtained possessing the required absorbing qualities, and an
explosive compound may then be obtained of the required
power without loss of the necessary consistency; that is,
without being too dry, which is undesirable. The charcoal
not only serves as a good absorbent for the nitro-glycerine,
but it plays also an important part in the combustion. The
nitro glycerine in exploding decomposes into steam, carbonic
acid, nitrogen and oxygen.

In the explosion of dynamite with inert base, the oxygen
goes away without being utilised ; but in the explosion of this
new compound a part of the absorbent charcoal is burned by
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means of the liberated oxygen; the quantity of gas is thus
augmented, and also the development of heat, whereby again
the tension of the gas is augmented. As, however, the
quantity of charcoal necessary for the complete absorption of
the nitro-glycerine is in all cases much larger than that which
can reduce the excess of oxygen produced at the explosion,
nitrate of potash is added.

Brain's Powder contains chlorate, in the place of nitrate
of potash ; and, as an absorbent, coal dust, sugar, starch, or
any carbonaceous material,

Rhenish Dynamite. — This product of the Rhenish
Dynamite Company is composed of seventy parts of a solution
of 2 to 3 per. cent. of naphthaline in nitroglycerine, three
parts of chalk, seven parts of heavy spar, and twenty parts of
purified infusorial earth,

PForcite was the invention of Captain J. M. Lewin, of the’
Swedish service, and is a mixture of nitro-glycerine with cellu-
lose, the latter being gelatinised by heating in water under
considerable pressure ; but nitrated cellulose is also used in
admixture with oxidising salts. As manufactured on’a very
large scale in America and in Belgium, forcite consists of a
thin blasting gelatine, nitro-cottori, incorporated with a mixture
of nitrate of soda coated with molten sulphur and wood tar,
To this 1 per cent, of wood pulp is added to counteract the
sticky qualities of the tar, while the latter prevents the thin
blasting gelatine from soaking into the base, which is thus
used as a carrier rather than as an absorbent. The explosive
meets with remarkable success in America, where the factory
on Lake Hopatkong in New Jersey, two hours from New York
City (erected under the supervision of the author in 1884), has
a capability of turning out six tons of forcite daily ; three grades
are manufactured there.* Forcite manufactured in Belgium is

* A description of these works, and also a plan of the Belgian forcite
works at Baelen-sur-Nethe, will be found at the close of this chapter.
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also meeting with success, and is being used largely in many
European and South American countries.*

The subjoined Report| of General Il L. Abbot, Lieutenant-
Colonel of Engineers, U.S. Army, concerning the forcite
compounds, will be read with interest.—

“ Forcite presents the appearance of a plastic mass having
power of nitro-glycerine, and being attended in its making,
carrying, and keeping with less danger than explosive com-
pounds before known, and even than ‘blasting’ or ‘ mining
*powder ' properly called.

“ It has the remarkable and most advantageous property of
exploding when confined or charged in a drill hole, as well by
the action of special primers or caps, and if specially prepared
for the purpose, with a fuze alone, and of burning without
explosion in the open air. Its manufacture is less costly than
other compositions of nitro-glycerine. The nitro-glycerine is
so perfectly united with the other materials that it is not
separated by sulphuric ether or alcohol, and that water has no
action upon it. The nitro-glycerine therefore preserves its
properties without alteration, even under water.” [I have kept
forcite under water for 24 hours without its losing any of its
explosive properties— M. E.]

“ The base for all grades of forcite is, as described in the
nitro-glycerine patent, mixed with a special kind of cellulose,
which permits the operation and manufacture to be carried on
cold, ensuring entire safety in handling and storage, the pro-
perties of the nitro-glycerine being unchanged by the avoidance
of the intense heat heretofore necessary, as in the case of
Nobel’s formula, which requires a high temperature for the
gelatinising process. This is overcome in the forcite formula,
which produces a plastic waterproof compound ranging from

* Since these pages were put in type, forcite (after examination by
H.M.’s Inspectors of Explosives) has been put upon the list of “ authorised
explosives " under the Explosives Act, 1875 (see post, pp. 276-7).

t Published in his ¢ Report upon Investigations to develop a System of
Submarine Mines for defending the Harbours of the United States,’ con-
stituting ‘ Professional Papers, NO. 23, Corps of Engineers,
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80 to 30 per cent. of nitro-glycerine ; and by the addition of
saltpetre, as an absorbent, the quantity of nitro-glycerine can
be reduced, while preserving a high standard of explosive
strength. The use of a hydro-carbon as a solvent of the
forcite mixture renders forcite waterproof as a result. It will
be perceived that forcite, in many respects, resembles Nobel’s
explosive gelatine, which is not as yet manufactured in the
United States. Possessing special interest as the only American
representative of this latest order of modern high explosives, it
has been carefully tested at Fort Willet’s Point during the past
season,
¢ The following grades were selected for trial :—

Forcite gelatine, containing 95% nitro-glycerine and 59, cellulose.

Forcite No. 1 " 75% » » 259 explosive base.

Forcite No. 3 » 40%, » ” % s .
Forcite No. 3 A. 30 ” » 0% » »

“The varieties used in my trials all had the yellow tint
characteristic of explosive gelatine, but less bright—the base
being apparently sodium nitrate with a trace of rosin, from a
rough test made after partial deliquescence.

. “The strongest sample (95 per cent. of nitro-glycerine) looked

quite like the explosive gelatine made in this country, and
tested by me in 1881. It was more mottled and slightly darker
than the Scotch gelatine, which has a beautiful semi-transparent
yellow tint. Exposed for several hours to a temperature of
100° F., a slight exudation of nitro-glycerine was detected in
the forcite gelatine, but none in Nobel's; but it must be
remarked that the latter only contained 93 per cent. of nitro-
glycerine, not 95 like the forcite gelatine.

“The specific gravity of forcite, by careful measurement, was
found to be the following :—

Forcite gelatine . e« + « . I'BI
s No.r1. . o . . . . . 160
s No.3. . « +« +« « + . 1'66
s No.3A.. . . . 169

That of the Scotch explosive gelatine was 1°53

“All the forcites were somewhat elastic to the touch, the

.
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lower grades being the harder. The lowest grade exhibited a
decided hardness and friability as compared with the highest.

“ Fourteen shots were fired with each of these grades of
forcite in the four or five foot rings submerged about 35 feet
in water about So feet deep. The charges were contained in
the usual tin cans, and were exploded with the service fuze
containing 24 grains of fulminating mercury. Four of the
charges with each grade also contained a 3-ounce tonite primer,
to indicate whether the fuze alone was sufficient to ensure
perfect detonation. The registered pressures were not thereby
increased, indicating that no extra primer is required.

“ The results of my tests and their analysis justifies the claim
of the Forcite Powder Company, that the higher grades of
their explosives are far more powerful than any others in our
market, at least when fired under water in the manner of these
trials. The permanency of its composition when in store for
long periods remains to be tested by time. Cartridges of the
three lower grades, stored for a few weeks in a damp magazine,
showed an incipient deliquescence of the sodium nitrate.” [This
could be obviated by using the potassium nitrate.— M. E.]

“ The following trials were made to determine the degree of
sensitiveness of forcite to the rough treatment it might receive
if carried in the engineer trains of an army in the field —

“ Halfa pound of forcite gelatine was lashed to a board and
fired at with a Springfield rifle at twenty yards’' range. The
first shot grazed the cartridge without effect; but the second
caused a loud explosion, shattering the board. The same test
was applied to No. 1 with a like result. Hence forcite cannot
be regarded as safe when exposed to musketry fire. A small
quantity ignited by a match blazes with a hot flame, but does
not explode. No trials were made with large amounts, but the
usual dangerous result may be anticipated.” [An addition of
camphor ought to obviate this defect— M. E.]

“ The following trials were made to determine the sensitive-
ness of forcite to shocks of neighbouring mines transmitted
through the water, a very important matter in submarine
mining:—
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“The primary charges each consisted of one pound of dyna:
mite, No. 1, submerged § feet in water 16 feet deep. The
secondary charges each consisted of half or three-quarters of a
pound of forcite wrapped in thin rubber cloth. The following
results were obtained :—

¢ Forcite- Gelatine.—The secondary charges failed at 10 feet,
8 feet, 7 feet,and 6} feet. At 6 feet one charge failed and three
charges probably exploded. At 5 feet one charge certainly
exploded.

“ Forcite, No. 1.—The secondary charges failed at 20 feet,
14 feet, 10 feet, 8 feet, 6 feet, 5 feet, and 4 feet (2 trials). At
3 feet, one charge certainly, and another probably, exploded,

“ These experiments prove that the higher grade is the more
liable to sympathetic explosion, but that both are far less sen-
sitive than dynamite No. 1, which under like conditions explodes
at about 20 feet. In fine, these investigations indicate that
forcite, now for sale in our market, must be classed as one of
the explosives worthy of serious consideration when it becomes
necessary to defend our coast with submarine mines. Its
great strength is fully established; its permanency for long
periods of time remains to be studied.

¢ Assuming dynamite No. I as the standard, and giving it the
value of 100, the different grades, as fired under water, gave in
a horizontal plane through the charge the following relative
intensity :—

Forcite gelatine . . . . . 95% nitro-glycerine = 133 intensity.
s No. 1 N LY/ » 124

» No.3 e e e e 4000 i) ” 95 ”
Dy;, .::‘IO. 3 A, o e e 30::0 ” ” 88 R
amite . . . . . . . 75/ 39 ”» 00 - ,,
Explosive gelatine from Glasgow 937, » 142 »
Compressedgun-cotton « + + - + « o« + o+ . 87 »

Pure nitro-glycerine , . . . . . . . . . . 81 »

“From the above we see that :—
*“ 1. Pure nitro-glycerine does not give great intensity when
inder water.
"he opinion that the value of a dynamite is proportionate
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to the percentage of nitro-glycerine the same contains is erro-
neous, at least for submarine mining.

“ 3. The addition of an explosive base increases enormously
the value of a dynamite.”

Atlas Powder is a form of dynamite which has a rather
unenviable reputation in England, due to its having been the
explosive used in the outrages which were committed in
London a few years ago by the so-called dynamiters. It is
manufactured at the Repauno Chemical Works, near Phila-
delphia, and it is a composition of nitro-glycerine, wood fibre,
and nitrate of soda, with 2 to 3 per cent, of carbonate of mag-
nesia. Seven grades of it are made, containing from 20 to
75 per cent, of nitro-glycerine. They are lignum dynamites.

Gelatine Dynamite consists of a thin blasting gelatine
mixed with other substances, such as nitrate of potash and wood
meal. There are two grades manufactured in England, one
containing 80 and the other 60 per cent, of nitro glycerine.
The great advantage of the plastic dynamites like gelatine
dynamite, and also of forcite, is that they can remain in water
without being affected or losing their strength.

Glukodine (as described by Major Cundill*) is a whitish
liquid produced by the nitration of a saturated solution of cane
sugar in glycerine. Free sugar dissolves in it, and it is soluble
in ether. Two sorts of glukodine powder are made, white and
black.

Samples of it showed the following composition —

White. Black.

Matter soluble in ether (glukodine) . 36*40 . 34-24

Free sugar ... . 8-40 . 8-76

Soda salts (mostly nitrate) 31*20 . 37-84
Milro-cclluloSC . 23436 o —

” ” and charcoal — 19'31

Another analysis of the same samples showed that the
glukodine in the white powder consisted of 33'19 parts of
nitro-glycerine to 3-21 parts of nitro-saccharose, and in the

* In his ' Dictionary of Explosives.’
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black powder of 30-23 and 4-03 parts of the same ingredients
respectively. Subsequent experiments appeared to show that
glukodine was simply a mechanical mixture of those ingredients,
as the nitro-glycerine could be readily evaporated off from the
nitro-saccharose.

American Hercules Powder.—This is identical with
Nitro-Magnite, as magnesia alba (or carbonate of magnesia) is
used as the absorbent. It is manufactured on a very large
scale in America, and | have usually heard the miners speak
very favourably of it, claiming that the fumes were not so bad
as from other dynamites. The reason of this | ascribe to
the presence of the alkaline absorbent, which, in exploding,
gives off explosion gases in which no carbonic oxide is present,
and possibly the nitrogen also may enter into combinations
which do not affect the organism. Its composition is as
follows:—

No. 1. No. a.
Carbonate of magnesia . . . . 20'85 . . 10*00
Nitrate of potash . . . 31-00
Chlorate of potash Lo Jos , « 334
White sugar . . . . 15-66
Nitro-glycerine Lo 7S'o0 . . 40*00

Judson Powder differs from dynamite, as in the latter
the nitro-glycerine is absorbed, whereas the principle of the
Judson powder is to render the oxidising salts (nitrates) non-
absorbent, by coating them with a varnish of hydrocarbons,
which on hardening renders the granules non-absorbent, and
also non-hygroscopic. To the “ dope” so prepared 1o per cent
of coarsely-ground anthracite is added, and to this mixture
5 per cent, or 6 per cent, of nitro-glycerine is added, forming
a coating or film over the granules, which renders the dope
explosive. This explosive has met with great success in
America, it being very cheap and more powerful than the
common mining powder.

Paleine or Straw Dynamite is a mixture of nitro-
cellulose, made from straw with nitro-glycerine; it is manu-
factured in Sardinia and Belgium.

L >
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Trautzl's Dynamite is a mixture of nitro-glycerine anil
gun-cotton pulp, consisting of

Nitro-glyccrine ..o 75 parts
Gun-cotton Lo 25
Charcoal..., 2

Carbo-dynamite.—Carbo-dynamite is a recent British
invention which owes its origin to Messrs. W. D. Borland and
W. F. Reid. The base is nitro-glycerine, and the absorbent
is carbon. It is as cheap as ordinary dynamite, and is
alleged to possess several advantages over it. For example,
it has much greater explosive force, seeing that 90 per cent, of
the compound is pure nitro-glycerine, and that the absorbent
itself is highly combustible. In addition, it is claimed that,
when the dynamite is wet, no exudation of nitro-glycerine
Lakes place from the absorbent. It is even declared that some
carbo-dynamite which had lain for eight months in water pre-
sented at the end of that period the same appearance as
when first immersed, and had suffered no deterioration of its
explosive qualities.

SmolianinofF Explosive.—The Smolianinoff explosive,
which also has been experimented with (in America) of late,
consists of 80 per cent, of nitro-glycerine combined with a
certain fluid, the nature of which is a secret

It was used as a bursting charge for shells, and seems to
withstand the shock produced by heavy gunpowder charges
when fired from guns. A ioo-pounder Parrott gun was em-
ployed, and three shells were fired, the first two weighing
89 Ib., and carrying 4'6 lb. of Smolianinoff explosive, and the
third weighing 82 Ib., and having a 4 1 Ib. bursting charge.
The firing charge in each case was 18 Ib. of Dupont powder,
the range was 10! yards, and the muzzle velocity was about
1490 feet. The first shell was not fused. It struck the target
and broke up with a low explosion, doing only superficial
damage. The second shell was fitted with a detonating per-
cussion fuze. It struck the target, exploded with much more
force than had been developed by the unfused shell, did same
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surface damage, and badly injured the target's foundations.
The third shell produced much the same results. No damage
was done to the gun, and the weakness of the cast-iron shells
which were used, as well as the shape of the heads, which
were suitable only for a nose fuze, were held to be mainly
responsible for the unsatisfactory nature of the experiments.
These, we heir from other sources, are to be repeated under
more favourable conditions.

Snyder Explosive.—The Snyder explosive has recently
been tested in Turkey as a bursting charge for shells, with very
successful results. It consists of 94 per cent, of nitro-glycerine
and 6 per cent, ofa compound of collodion, gun-cotton, camphor,
and ether; and it is exploded by mere percussion against any
hard body. It is, nevertheless, said to be safe to handle.
The gun employed was a 6-inch rifled piece. The target,
220 yards away, was composed of twelve i-inch steel plates,
welded together and backed with 12-inch and 14-inch oaken
beams. It measured 14~ feet by 4] feet, and weighed more
than 20 tons. The charge of Snyder explosive was 10 Ib.
The target was utterly destroyed at the first shot, and nine
other shots were fired without accident of any kind. Experi-
ments have also been made with this explosive in other
countries, by firing it from a gun as a bursting charge for shells.

The explosive is the invention of Mr. F. H. A. Snyder, of
New York, and appears to have an important future.

Von Dahmen’s Safety Dynamite. — According to
reports recently published, Baron von Dahmen, a German
scientist, has discovered the means of preventing nitro-glycerine
compounds from being affected by a low temperature, as
already at 40° F. a congelation of the oil takes place (see
page 24), and of rendering all classes and grades of dynamite
non sensitive to the initial explosion of the detonators, thus
dispensing with the troublesome and dangerous operation of
thawing.

I am not aware what means Baron von Dahmen employs
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to prevent the congelation of the nitro-glycerine, but if this
discovery is a true one it will be of great importance, especially
for northern countries, and even those lying within the tem
perate zone. | see no reason wiry some substance should
not be introduced which, when blended with the nitro-
glycerine, would change the character of the latter, rendering
it less sensitive to cold, without affecting its other valuable
properties.

It is stated that when Von Dahmcn’s dynamite is left in
an icc machine for twenty-four hours, exposed to a freezing
temperature, it maintains not only its plasticity but also ex-
plodes readily, whereas ordinary dynamite submitted to similar
conditions failed to explode, even with triple force detonators.
Such an invention, if practically demonstrated, will certainly
meet with great favour among all classes of miners and
blasters, who are fully aware of the great chapter of accidents
resulting from the thawing operation, and the many “ miss
shots " from frozen dynamite.

Classification of Dynamites.—From the above enume-
ration of the many compounds which have been brought before
the public, it will have been seen that in nearly all of them the
nitro-glycerine is mixed with or absorbed by an active base, or
“‘"dope,” as the Americans style it; and for this reason the
dynamites may be divided into two groups.—

1. Dynamites with an inert base, such as kieselguhr, which
acts merely as an absorbent for the liquid nitro glycerine.
This was Nobel’s original invention.

3. Dynamites with an active—i.e., a combustible or explosive
— base.

The idea of substituting an active base which in itself is a
combustible or, in the sense of the Explosives Act, an
" explosive” proper in lieu of tire inert Kieselguhr, is an
excellent one : the strength of the explosive itself is increased
by rendering the absorbent matter explosive, and a more
perfect combustion is insured when the charge is fired.

M ajor Caudill, besides adopting the classification just indi-

u
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rated, ha* made a subdivision of group 2 into three minor
classes—viz., those which contain as a base.

a. CharcoalL

b. Gunpowder, or other nitrate or chlorate mixtures.

(. Gun-cotton, or other nitro-compounds.

He also gives * the following rough-and-ready tests for ascer-
taining whether a given substance contains nitro-glycerine :—

* |f a liquid is oozing out or can be squeezed out from the
substance, put the drop on to blotting-paper. If this is nitro-
glycerine it will make a greasy stain, not disappearing or
drying away; struck with a hammer on iron a loud report win
he heard ; lit and burnt, it will give a crackling sound and a
greenish flame. If gradually heated by a flame underneath,
h will give a sharp report.

" Again, put a portion of the substance into a test tube and
shake it up with methylic alcohol (wood spirit), first ascer-
taining that the spirit poured into water causes no turbidity or
milky appearance. Filter the contents of the tube into
another tube, and add pure water to the latter. If nitro-
glycerine is present, a milky appearance will be produced, and
the heavy liquid will eventually settle at the bottom of the tube.

MA much more delicate test is to use aniline and concen-
trated Ruphuric acid as re agents. In the presence of nitro-
glycerine a purple colour is produced, which changes to green
on the addition of water.

“ Nitro-glycerine explosives, unless carefully made from pure
ingredients, are apt to decompose spontaneously. Any .
indication of acid fumes, or any tinge of green in them, should

he followed by their prompt destruction, with suitable pre-
cautions.”

Forcite Powder Works.—The following description of
these works (which are previously referred to in this chapter)
appeared in the Mining Herald and Colliery Engineer of
Philadelphia (March 1884) —

* ' Dictionary of Explosives,’ p. 39.
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“ The works of the American Forcite Powder Manufacturing
Company, at Lake Hopatkong, Morris county, New Jersey, are
completed, and the manufacture of explosives has commenced.
The works are the most extensive in the country, numbering
upwards of forty buildings, covering an area of several acres,
heavily wooded. The narrow gauge railroad which connects
them is nearly a mile in length. The buildings where the powder
manufacturing is to be done are situated from ioo to 200 feet
apart, and placed in excavations in the side hills, so that only
one side is exposed. All these buildings are lined, ceiled,
heated by steam, and furnished with water. The building
containing the machinery is 84 x 44 feet, and is divided into
four fire-proof compartments. Embraced in the very excellent
machinery plant is an Ingersoll duplex air compressor. The
glycerine converting house is a three-story frame building
32 x 32 feet The converteris in the third story, the separating
tanks and washing tanks are on the lower floors. The spent
acid flows through leaden pipes to the acid house, where it is
regenerated and forced back to the converting house, 900 feet
away, by means of compressed air. The acid regaining factory
is a brick building 25 x 05 feet, and contains four large
retorts and condensing towers for regenerating the spent acids.

“ The nitro-glycerine is carried from the converting house to
the mixing houses, by gravity, through large indiarubber pipes,
well protected and laid under ground. After passing the two
mixing houses, through a cut in the hill are reached three
buildings where the forcite is modelled into cartridges by
machines which are run by compressed air, and the power is
transmitted to the other buildings with wire ropes; then come
two packing houses where the cartridges are boxed, and then
two magazines which are built in excavations in the hill, so
that the roofs are below the surface of the ground. The
structures are of brick with roofs of corrugated iron. This
roof forms a lightning conductor, and lias rods leading from
the four corners into the ground, as in the Belgian Government
magazines. A system of ventilation, through hollow bricks,
allows the air to enter at the bottom and escape at tne top.

S. a
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A reservoir, capable of furnishing 60,000 gallons of water
daily, is connected with the works, fed from an artesian well
giving water at 8° Celsius. The concern has a capacity of
six tons of powder per day, and, beginning with a force of
50 men, it is expected soon to increase the same to 100.

“ These works have been erected under the personal super-
vision of Mr. M. Eissler, the manager, who has had a large
experience in the manufacture of powder in California, and
who has combined the experience and practice of the largest
powder manufacturers of the world in the new works.”

Belgian Forcite Works.—The annexed plate (Fig. 8)
shows the plan of the Belgian forcite works at Baelen-sur-Nethe.
All dangerous buildings are surrounded by strong parapets,
forming a perfect protection in case of accident, and to
localise any explosion which may occur in any one building.
It is a model factory, provided with all modern appliances

for making safely and easily two tons of forcite per day. In
the plan—

E, E', are storehouses for the raw material.
F, carpenter’s shop and laboratory.
G, machine house.
11, regenerating apparatus for the spent acids.
I, chimney.
K, K', packing houses.
L, L\ L", Lm cartridge houses.
M, M, nitro-glycerinc washing apparatus.
N, N, - - factories.
O, O’ O’, mixing houses.
J', 17, P, P™, powder magazines.
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APPLICATIONS OF GUMCOTTON

Eazrrex Experiments—Results of Sir F. Abel's Researches—Nanufacture
of Gun-cotton rendered Harmless—Diluted and Uodiluted Gun-cotton
—Wet Guncotton for Military Purposes—Compressed Gun-cottoa or
Sgbmarme Mning—Transmission of Detogation in Water— Transmis-
sioa of Detonation through Air.

SixCE the introduction and speedy abandenment in Austrna,
about twenty-three years ago. of gun—cottom arranged in
the form of compactly wound thread (Von Lenk’s system),
as an explosive agent for field guns, attempts to uwse it as
a sabstitute for gunpowder for artillery have been hmited to
experiments conducted at Woolwich m 1867 and 1868 with
cannon cartridges of compressed gun-cotton.  Considerable
progress was made at that time towards the production of a
thoroughly safe cartridge for field guns, but the expernments
were suspended when much evidently remained to be accom-
plished before the requisite uniformity of action could have
been secured. The difficulties since encountered in moderating
and regulating the explosive force of gunpowder, when em-
ployed in very large charges, have shown how remote is the
prospect of successfully applying explosive agents of greater
violence to artillery, excepting in the smallest calibres.  Success
has on many occasions attended the employment, in small
arms, of explosive agents differing considerably in character
from each other, but all of them more rapidly explosive, and
therefore more violent, than gunpowder. The chief advan-
tages claimed, and more or less established, for some of them
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over gunpowder were the production of comparatively little
or no smoke, the reduction of fouling, and increased projectile
power, with the employment of comparatively small charges.*

The first attempts to apply gun-cotton in small arms, soon
after its discovery in 1846, were disastrous in their results; and
the success which, long afterwards, was believed to have been
achieved by Von Lenk’s indefatigable labours in this direction,
was not confirmed by experience. Several methods of reducing
the rapidity and increasing the uniformity of action of gun-
cotton in small arms have since been experimented with in
England. Some of these, which consisted in the uniform dilu-
tion of gun-cotton, either with ordinary cotton or with the less
explosive varieties of the material, have furnished tolerably
efficient cartridges for sporting purposes ; but the only direction
in which substantial prospect of success has hitherto attended
the employment of gun-cotton in arms of precision has been
that of converting the very finely divided substance into pellets
or grains, of which the rapidity of explosion has been retarded
by their uniform impregnation with small quantities of some
perfectly inert material, each small particle of gun-cotton
being enveloped and separated from those surrounding it by a
film of non-explosive substance (e.g. paraffin, stearine, or
caoutchouc).

Von Lenk’s persevering efforts to improve the manufacture
and devise methods of application of gun-cotton, though in
themselves not crowned with any permanent success, have
contributed considerably to secure an unassailable position for
that material as a valuable and safe explosive agent, by
leading to its systematic study in England, and the consequent
development of its manufacture, and the discovery of its
most valuable properties.

* | have been informed lately on good authority that the French
Government are using a powder in their Lebel rifle, which proved, at a
trial where five cadavres (corpses) were placed at certain distances one
behind the other, that the bullets passed through the five bodies when fired
at from a distance of 400 metres. Such results, no doubt, will ultimately
lead to the abandonment of gunpowder in small arms.
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Result of Sir F. Abel's Researches.—It is especially
through the persevering efforts, and the results of analytical
and synthetical researchesofSir Frederick Abel, that gun-cotton
lus taken rank as the modern explosive par excellence for war
purposes, and also for special mining work.

Pure gun-cotton has the formula C,-—HL 1 Os. Sir Frede-
3 A2

rick Abel found that the instability of gun-cotton, as manu-
factured by Von Lenk's process, arose from imperfect purifica-
tion, and the presence of minute quantities of foreign substances
(susceptible of removal by searching purification) of compara-
tively unstable character, produced by the action of nitric acid
upon resinous and tatty substances retained by the cotton
fibre.

The practical trials made, for the English Government, of
gun-cotton in the different forms proposed by Von Lenk for
employment in artillery, shells, small arms, and mines, and
Abel’s investigations on the influence of the mechanical con-
dition of gun-cotton upon the rate of its explosion under dif-
ferent circumstances, proved that the control believed to have
been obtained by Von l-enk’s system of preparation, over the
explosive power of gun-cotton, was very limited; and that,
while it was indispensable to the development of its full explo-
sive force, that it should be very strongly confined, even the
most compact arrangement of the gun-cotton fibres, composing
a cartridge to be used in a cannon or small arm, did not
impede the almost instantaneous penetration of the heated
gases (produced by the first ignition throughout the mass), and
could therefore not be at all relied upon to reduce the rapidity
of explosion of gun-cotton when ignited in a nearly closed
chamber, as in the bore of a gun.

The system of manufacture devised by Sir Frederick Abel,
which assimilated gun-cotton in its mechanical condition to
gunpowder, the finely divided material being converted by
pressure into uniformly compact masses of any convenient
form, led, as already pointed out, to a great advance in the safe
and efficient application of the substance to small arms, and
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was also productive of results in the application of gun-cotton
for filling of shells.

Its development into a manufacturing process resulted in
very important improvements in the directions of economy,
facility and rapidity of production, and had the effect of con-
siderably raising the standard of purity of the material.

The cheapest description of cotton (machinery waste)
became available as a source of gun-cotton, and the reduction
of the fibre to a fine state of division greatly facilitated the
application of very searching purifying processes.

Manufacture of Gun-cotton rendered harmless.
— The manufacturing operations became absolutely safe
throughout, as even the conversion of the finished product into
the compressed masses of the various forms in which it receives
application is carried out with the material in a wet, and there-
fore perfectly non-inflammable, state. How harmless the
manufacture of gun-cotton is considered, it is sufficient to state
that the Stowmarket factory lies within the town limits, and is
surrounded by dwelling-houses.

The minute state of division of the gun-cotton also permits
of its being readily and intimately mixed with substances of a
nature calculated to moderate the rapidity and violence of its
explosion, or with the full proportions of oxidising salts required
for the attainment of the maximum amount of work from the
carbon of the cellulose.

Lastly, the conversion of gun-cotton into homogeneous highly
compressed masses has resulted, as will presently be seen, in the
establishment of other most valuable and previously unsus-
pected properties of gun-cotton.

The only, though very serious check which the development
of gun-cotton has experienced in England, namely the severe
explosion which occurred at the manufactory of Messrs. Prentice,
at Stowmarket, in 1871, has been productive of beneficial re-
sults; firstly, because a very searching inquiry, instituted by the
Government, into the cause of that explosion demonstrated
that it was quite unconnected with any defect in the atabihoj ch
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the material when purified according to the present system
and, secondly, because the violent explosion of a considerable-
store of compressed gun-cotton, which in small quantities onl~ _
burns rapidly, even when moderately confined, led to an inve”=
tigation of the conditions attending violent explosion con—
sequent upon the accidental ignition of gun-cotton stores.

Dilated and Undiluted Gun-cotton.—Sir Frederie=~A.
Abd has also investigated the influence of dilution by solids
and liquids on the susceptibility of explosive compounds,
generally, to detonation, and has demonstrated that, if a finely
divided solid explosive body, such as gun-cotton, be diluted
with a solid inert substance, soluble in water, and the mixture
be compressed into compact masses with the aid of water, it
is obtained in a condition of greater rigidity (by the crystal-
lisation of the soluble diluent), and therefore in a form more
susceptible to the detonating effect of a small fulminate
charge, than when the undiluted explosive by itself is very
highly compressed, because the particles of the hard mass
oppose greater resistance to the force developed by detonation.
The reduction of activeness due to even considerable dilution
is consequently almost counterbalanced by the greater rigidity
of the mass; and, if in the case of gun-cotton the diluent be a
soluble oxidising agent (such as saltpetre), the predisposition
to chemical reaction between the two substances operates, in
conjunction with the effects of the crystallised salt, in imparting
rigidity to the compressed mass, and the latter is consequently
quite as sensitive to detonation as though it consisted only of
gun-cotton. If this substance is diluted with a liquid, its sen-
sitiveness to detonation is very greatly reduced; thus a con-
siderably increased amount of mercuric fulminate is required to
detonate gun-cotton containing io to 15 per cent of water, as
will be shown hereafter.

Wet Gun-cotton for Military Purposes.—The readi-
ness and certainty with which wet gun-cotton may be applied
to the various operations hitherto carried out with dry gun-
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cotton, or with nitro-glycerine preparations, have been de-
monstrated by numerous explosive experiments, and there is
no question that for all military purposes a most important
advantage in point of safety and simplicity has been gained, as
the stores of this explosive agent may not only be kept in an
absolutely uninflammable condition, but may be issued in that
state for actual use. Thus the requisite material for the rapid
destruction of bridges, stockades, or fortifications,* may be
carried out with an army in the field without any risk of acci-
dent. Experiments which have been carried out by the
Austrian artillery and engineer committees, and by the Govern-
ment committee on gun-cotton in England, have shown that,
if ammunition wagons containing packages of dynamite are
fired into from military rifles, even from a distance of 1000
paces, explosion invariably results ; dry compressed gun-cotton
under the same conditions is frequently inflamed by the pene-
tration of a bullet fired from a much shorter distance, but is
never exploded, while wet gun-cotton in a condition ready for
service cannot possibly be ignited by the same means, even at
the shortest ranges.

Compressed Gun-cotton for Submarine Mining.—
The application of compressed gun-cotton to submarine mines
has been made the subject of extensive experiment in England ;
and the comparative force exerted at various distances and
depths of immersion, by large and small quantities of that
material, confined in various ways, as well as of dynamite
and other explosive agents, has been examined by means of
the so-called crusher gauges, which have been applied to the
measurement of the pressures exerted by exploding gunpowder.
Many results of interest and importance have been obtained, of
which it may be mentioned that dry compressed gun-cotton and
Nobel’s dynamite prove to be on an equality with each other,f

* See ' Modern High Explosives,” art. “ Their application for Military
purposes.”

t These results are not corroborated by General Abbot's researches,
whose measurements of intensity under water are given on page
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but that very decidedly greater effects were obtained by
employing gun-cotton saturated with water, when closely but
not strongly confined round an initiative charge of dry gun-
cotton. Another important observation made in these investi-
gations is that, provided the wet gun-cotton closely surrounds
the detonator of dry gun-cotton, any small spaces between
them and between the individual masses comprising a charge,
may be filled with water without in any way interfering with
the transmission of detonation throughout, or with the attain-
ment of the maximum of destructive effect Thus results,
fully equal to the highest ever obtained by the explosion of
gun-cotton in strong metal cases under water, have been fur-
nished by charges which were simply held together by means
of an ordinary fishing-net

Transmission of Detonation in Water.—In examin-
ing into the power of water to transmit the force developed
by detonation, Abel was led to make experiments of a novel
character in hollow projectiles, which have furnished results of
considerable interest, and have been shown, by experiments
carried on at Okehampton, near Dartmoor, to possess great
practical value. If only a small piece from 0-25 to 1 oz
of compressed gun-cotton be exploded, by means of a deto-
nator, in the interior of a shell which is filled up completely
with water, and closed, the force developed is so suddenly and
uniformly transmitted in all directions that the thick hollow
sphere or cylinder is broken up into seven or fourteen times
the number of fragments produced by filling the shell com-
pletely with gunpowder or a more violent explosive agent (that
is, from 30 to 60 times the weight of the gun-cotton used).
In this simple way a hollow projectile of ordinary construction
may be made to exercise the functions of a shrapnel shell.
Detonations less sudden than those obtained with the small
cylinder of compressed gun-cotton produced much inferior
results, although considerably larger quantities of the explosives
vere used. Again, by filling a shell completely with a mixture

7ater and finely-divided gun-cotton, and detonating in it a
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charge of i£ or 2 oz. of dry gun-cotton, the shell being tightly
closed, the resistance opposed at the first instant, by the
strongly confined mixture of solid and liquid, to the force
developed, being similar to that offered by a powerful solid
body, the small particles of gun-cotton, though enveloped in
and separated from each other by water, are in a position
favourable to detonation, and hence a mixture absolutely harm-
less under all ordinary circumstances becomes a most formid-
able exploding agent in shells. The difficulty of employing
gun-cotton in hollow projectiles, arising out of the liability of
their premature explosion by the concussion to which they are
subject on firing the guns (and which has been found to apply
equally to dynamite), appears thus to have been satisfactorily
overcome.

Transmission of Detonation through Air.—This also
has been made a subject of investigation by Sir Frederick
Abel, following up some interesting results on the transmission
of detonation through tubes which had been obtained by
Trauzl with dynamite, and by Champion and Pellet with iodide
of nitrogen.

He has traced to very simple causes some remarkable dif-
ferences in the apparent power of tubes of different kinds to
transmit detonation, and has furnished several demonstrations
of the influence of the volume and quality of a detonation upon
the results obtained. He has also proved, by small and large
experiments, that the explosion of a substance may be brought
about as a phenomenon distinct from that of its detonation; in
regard both to the conditions to be fulfilled for its development
and the mechanical effects produced by it. Lastly, he has
successfully applied a Noble's electric chronoscope to the
determination of the velocity with which detonation is trans-
mitted along a continuous mass 6r a row of distinct masses
(either touching each other or spaced) of compressed gun-
cotton, of dynamite and nitro-glycerine. Trains or rows of the
materials, varying between 24 and 50 feet in length, were
employed, and the records of the rate of progress of detonation
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st different parts of the train were generally remarkably
wiform, being mostly quite as high at the termination as at
the commencement of the line of explosive material. The
velocity with which detonation is transmitted along continuous
sows of gun-cotton slabs or cylinders ranged from 17,0co0 to
20,000 feet per second, varying with the extent of contact
hetween the individual masses employed, and with their density
ot compactness, but being unaffected by their form or by very
conviderable variations in  their weight. The compressed
mixtures of gun-cotton and saltpetre (nitrated gun-cotton) did
not, an might have been anticipated, transmit detonation as
ragnddly as pure gun-cotton ; but the velocity of transmission of
dynamite was somewhat more rapid, ranging between 19,500 and
21,500 leet per second, It was remarked, however, that while
the itervention of spaces of o° 5 inch, and even more, between
the individual picces of a row of compressed gun-cotton masses
of o pasticular weight did not, or only very slightly, affect the
1ate at which detonation was transmitted, a similar spacing of
neevan of corresponding weight of dynamite had the effect of
reduang the velocity of its detonation to less than one-third
that ol the velocity observed with a continuous row of cart-
telpee, “Plis result of unconfined nitro-glycerine itself was
a abable to the physical peculiarities of the substances. Com-
prescard pun cotton saturated with water transmitted detonation
with deculedly greater velocity than the air-dried material, a
reuft which is in accordance with the greater sharpness or
vinlence of action observed in practical experiments with the
wel naderial, and is due to its increased rigidity at the moment
of ity exposure to the force of detonation, consequent upon the
teplacement of air in the pores by the comparatively incom-
presuble diquid,  In iron tubes containing small charges of
pincotton separated by intervals of 2 and 3 feet, the detona-
tion was transmitted, from the initiative explosion to the first
luige, atarate of about 12,000 feet, but after that it travelled
from charge to charge only at an average rate of about 6000
feet per second, '



CHAPTER VIL
MANUFACTURE OF GUN-COTTON.

tune of the Process—Gun-cotton distinguished from Collodion-cotton
—Gun-cotton an Ether of Nitric Acid—Manufacture of Gun-cotton a*
Le liouchet—Manufacture at Waltham Abbey.

e nitric acid used in the manufacture of gun-cotton is
i *45 to i‘50 sp. gr., and must be perfectly pure—that
free from chlorine— because an acid containing the
er substance produces a less effective gun-cotton. It is
o of great importance that the nitric acid be of the greatest

In tire production of gun-cotton large quantities of water
. formed, and hence if nitric acid alone were used it would
hi become so diluted as to be unable to produce gun-cotton,
in its stead the less explosive collodion-cotton.  For that
Schonbein and Boitger used a mixture of nitric and
uric acids. Thus the nitric acid remained during the
in a tolerably concentrated condition, the water formed
g the reaction being absorbed by the sulphuric acid.

sulphuric acid of i 185 sp. gr. is used,
ating of the acid mixture is to be avoided, because
products are formed similar to those formed by the
ontaneous decomposition which sometimes occurs after long
of storage. The resulting product is not then explosive,
gun-cotton, when formed, must be most carefully freed
washing from the still adhering acids. If not so freed, it
1L be liable to spontaneous decomposition or explosion. In
years this important point was often neglected, and the

was the explosion of several factories.
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The drying of the perfectly washed gun-cotton is now the
most dangerous part of the whole process of manufacture;
it must be done with the greatest caution, and the temperature
should not rise above 50° to 6oc C.

In a well-managed factory, 100 parts of cotton yield from
155 to 175 parts of gun-cotton. Theoretically the yield
should be about 1S5 parts. The following are some of the
results obtained with too parts of cotton .—

PeloUZC (1S4S) i 168 to 170
Schmidt and Heckn (1s4s) . . . . . . 169*0
Van KcrckhofTand Reuter (JS49) . . . . 176*2
W. Crum (1850)

Rcdtenbachn, Scrotter and Schneider (1S64) . 178*0

Gun-cotton distinguished from Collodion-cotton.--—---
Explosive gun-cotton is easily distinguished from collodior"»*'
cotton by its insolubility in alcoholic ether. It is shown b j/
experiments, the results of which are given in the table belove-"""'
that it is necessary in practice to avoid a dilution of the acie”-3
mixture.

No parts of

Add Mixture. Pav\ge?f tai ?80 Nature of the compound
parts cotton.

Eilual parts of Nitric aruii
lSquhpuric Acids . . ./ 1770 Insoluble.

Do. 1 176*0 Do.

Da. 171*7 Slightly soluble.

Do. n 1664 Entirely soluble.

Do. 160*5 Do.

Do. 2 157*0 Easily soluble.

Da A 140*0 Very easily soluble.

By an increase of the proportion of water the proportion o f
product obtained is lessened.

Gun-cotton an Ether of Nitric Acid. —Neither gun-
cotton nor collodion-cotton is in an exact sense a nitro-
compound, such for example as picric acid is, but they are
rather ethers of nitric acid. This conclusion is based upon



PROCESS AT LE BOUCHET. 65

the chemical behaviour of gun-cotton with concentrated sul-
phuric acid and alkalies. Concentrated sulphuric acid in the
cold sets the nitric acid free from the gun-cotton, and moder-
ately concentrated potassium or sodium lye forms slowly at
ordinary temperature, very quickly at 60° to 80° C. from the
gun-cotton nitrates of potassa and soda respectively. These
chemical operations, Bockmann claims, can be clearly
accounted for only on the assumption that gun-cotton is an
ether of nitric acid. Nitro-glycerine also gives by treatment
with potassium or sodium lye the corresponding nitro-salt and
glycerine, and therefore it also is an ether of nitric acid.

Calloxyline, or collodion-cotton, will be discussed further
on (p. 95).

Many changes and improvements have been made in the
course of time in the manufacture of gun-cotton.  Here it will
be sufficient to give in some detail two illustrative examples of
the process—namely, the course of manufacture at Le Bouchet
and Waltham Abbey respectively.

Manufacture of Gun-cotton at Le Bouchet.—At
Le Bouchet, gun-cotton was made in the following manner.
Two hundred grams of cotton were steeped for an hour in
two litres of a mixture of one volume of concentrated nitric
acid and two volumes of concentrated sulphuric acid. Then
the cotton was taken out and pressed, whereby seven-tenths of
the mixture was recovered ; after this it was washed for one
to one-and-half hour in running water; strongly pressed again ;
allowed to lie for twenty-four hours in wood-ash lye; then
well washed in running water ; then pressed and finally dried
on a wide linen sheet through which was forced air heated
to 60° C. The average yield from 100 parts of cotton was
165 parts of gun-cotton. The strong pressings of the gun-
cotton while still impregnated with acids caused the subsequent
washings to be difficult and laborious. By the Lenk process
strong pressing is entirely avoided.

This process has been thus described :—
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The cotton, in loosely twisted threads of various spmn
dimensions and formed into skeins of 85 grams weight, is
hung in little hooks in a boiling potash solution of roj
sp. gr. to free it from fatty substances. After the cotton hes
remained in this solution for two or three minutes it is freed
from the solution in a centrifugal machine.

Fig. 9 represents a centrifugal drier, the invention of
M. Fesca. It consists of an open drum a of fine meshed
wire-work caused to revolve in the cast-iron case b b, by
means of the bevel-wheel cd, gearing with a motive power,
the drum making 1000 to 1500 revolutions per minute. The

FIG. 9.—FESCA'S CENTRIFUGAL HYDRO-EXTRACTOR.

motion of the drum can be stopped by means of the brake t,
and regulated by the weights placed at 0. The substance
to be dried is placed in the drum, which, being set in motion,
the liquid is by centrifugal force driven through the sieve, the
dry substance remaining. The action of the machine is aided
by the cone g.

Fig. 10 shows a machine with an inner cylinder m, and
an outer one, both revolving in concert and driving outwardly
the liquid to the chamber A from which it trickles through
a discharge pipe. The wet substance is placed around the
cone B.

The cotton is taken from the centrifugal machine, washed
'ith water, again whirled in the machine and thoroughly dried.
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Nitric acid of at least i'48 to i’49 sp. gr., and sulphuric
acid of i '835 sp. gr., flow in thin streams from delivery cocks
'nto an earthen vessel and become mixed in the proper time
b weight of 1 to 3. The mixture is allowed to cool before

being used.
Two of the skeins with 300 parts, by weight of the acid

FIG. 10.—CENTRIFUGAL HYDRO-EXTRACTOR.

fixture, are placed together in a cast-iron tube-like steeping
apparatus, gently stirred, and pressed with a shovel.

The cotton, when completely impregnated, has a fatty
appearance.

When the point of saturation is attained (after a few
tninutes) the skeins are placed on gratings over reservoirs
and the surplus acid allowed to
drip off. This dripping is accele-
rated by gentle pressure on the
cotton. One part of cotton will
after this process have increased
to at least 9~ parts. When about
2 kilograms of cotton have been
steeped the acid mixture is entirely
renewed.

When six skeins have been prepared (which should then
weigh about 5} kilograms) they are placed in a stone jar
(Fig. 11) to remain from twenty to forty-eight hours. A cloth
is placed over the skeins and held down by a light weight,
in order that the skeins may be kept under the impregnating
acid. During this time, in which the transformation of the
cotton into gun-cotton is completed, the jar stands in a ~lace

F z

FIG. Il.— STONE JAR.
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the temperature of which is not allowed to pass below 50o0r
above 250C. In winter, therefore, heating, and in summer
sometimes cooling by means of running water, is necessary.
During the first two to six hours the jar must be watched so
that any possible heating may be prevented by seasonable
cooling. After remaining in the jar for the proper length of
time, the crude gun-cotton is freed from surplus acid in the
centrifugal machine, then washed with a large quantity of
water in copper washing drums and finally subjected for from
three to six weeks to the action of running water in so-called
“ wool washing vessels.” The gun-cotton cleaned in this way
is treated with a boiling potash-solution of 1*02 sp. gr., then
whirled in the centrifugal machine, washed again with water,
again whirled, and then dried by a heat of 25° C. in the air.

When the last remaining acid has thus been removed the
gun-cotton is steeped for a time in a sodium-silicate solution
of 1'072 sp. gr. When taken out it is whirled and then
exposed to the air for three days. During that time, the
silicate of soda is decomposed by the air, and an insoluble
silicate is precipitated on the fibres of the cotton. This is the
so-called “ silicate process.”

In conclusion, the product is again washed in the softest
possible running water, then whirled and dried, by a heat of
35° at the most, in the open air or in a drying-room.

l)irect rays of the sun are to be avoided.

The average production after many years experience is
165 t0 *>7 parts of the explosive from 100 parts of cotton.
The gun-cotton thus made was subjected to careful tests as to
its structure and by means of an eprouvette as to its strength.
Skeins with broken threads were discarded as unfit for use.

The above described Lenk method of making gun-cotton is
in its essential outlines retained in this country at Stowmarket,
but all the improvements introduced by Sir Frederick Abel
have been added.

nufacture of Gun-cotton at Waltham Abbey.—
‘'ufacture of compressed gun-cotton has been actively
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pusted at Stowmarket, and at the Government factory at
Waltham Abbey, since the commencement of 1872. The
following is a brief outline of the process :—

Carding the Cotton.—The clippings and other waste from
c’Uon mills (of the description in general use for cleaning
Machinery), after purification from oil and fatty matters by
treatment with alkali, and removal of other extraneous
Sl,bstances, as pieces of string and rag, are passed through a

~rj-chinc somewhat similar to a carding engine for the purpose
opening up the material, and subsequently through a cutting

FIG. 12.— CARDING MACHINE FOR GUN-COTTON.

~machine to reduce it to a suitable condition for ready immersion
in the acid.

Drying the Cotton.—The cotton rolls thus obtained are
*dried in a double cylinder, called a drying tube. The cotton is
placed in the central chamber D, Fig. 13, while steam circulating
in the surrounding jacket J, keeps the whole tube at a high
temperature. By means of a blower attached to the pipe P,
a blast of air enters the outside chamber at the bottom; and
heated as it is during its passage to the top, is led to the
central lube and forced through the loose mass of the cotton.
The latter is in this way rapidly robbed of its moisture, and

when completely dried is placed in large tins and carefullv
covered.
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After standing in these till quite cold, the cotton is weighed
out in quantities of i Ib. each, and carried by a boy to the

FIO. 13.— DRYING CYLINDER
AND SECTION OF DRYING TUBE.

dipping vessel.

Steeping the Cotton.—The con-
tents of each box are separately
immersed, by small quantities at
a time, each pan containing a
mixture of about 12 gallons,
made up of 3 volumes of sul-
phuric acid, specific gravity 1 *84,
and 1 volume of the strongest
nitric acid, the whole being kept
cool during the action by currents
of cold water, which circulate
round the vessel. In this mixture
the cotton is dipped, and after it
has been in about three minutes,
the workman lifts it on to a
grating, just above the acids.
Then, with a movable lever, he
gently squeezes it until, roughly

speaking, it retains about ten times its weight of the liquid.
111 this condition it is transferred to earthenware pots (Fig. n)

BIO. 14.— DIPPING AND PLACING THE STEEPED COTTON IN POTS.

"loscd with well-fitting lids, in which it remains for twenty-
r hours, these pots being placed into a shallow artificial

J
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basin, where cold water is made to circulate around them con-
tinually. The chemical change in the cotton is now complete.
Whirling out the Acid.—The large excess of acid which
cotton contains is got rid of by placing the cotton into a
centrifugal hydro-extractor, as described in Figs. 9 and 10, and
waste acids discharged from these machines are collected

Irt the waste acid tanks.
Washing the Cotton—On leaving the centrifugal machine
gun-cotton has to be washed — an operation which
Requires great care, because the acids which the gun-cotton
V et retains would give rise to a considerable development of
®ieat if mixed slowly with water. At such an increased tem-

FIG. 15.—WASHING THE GUN-COTTON.

perature the gun-cotton would be decomposed, or “ fired,” as
it is technically called. At Stowmarket an artificial cascade
is made by leading a stream of water along a trough, and
allowing it to fall from a height into the washing vessel, Fig. 15.
The gun-cotton is thrown on the falling stream, and is imme-
diately carried deep down into the vessel, the agitation of the
water being further promoted by the workmen. In this way
the cotton comes in contact with such a large quantity of
water that the rise of temperature is inappreciable, and the
pyroxyline becomes almost altogether free from acids.

But to perfect the washing, the pyroxyline is passed through
the centrifugal hydro-extractor, and then thrown into tanks,
where it is subjected to the action of water for one, two, or
three weeks, and afterwards boiled in large vats by the
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injection of steam ; but the temperature of the boiling wate”t
should not exceed iooc C. The soluble impurities of unstab''.
character, produced by the action of the add upon shk™ _
quantities of resinous and fatty substances which existed in ii~

fibre, are very effectually extracted by this treatment, and tl~i
gun-cotton, after a further rinsing, is then transferred to Lfc».
beating or pulping engine, of a kind ordinarily used by pap-"sx
makers, for preparing paper pulp; it is technically termed. ;

FIG. 16.—SECTION OF HOLLANDER OR PULPING ENGINE.

FIG. 17.— PLAN OF HOLLANDER.

“ hollander.” There it is brought into a state of fine subdi-
vision, which is necessary for the subsequent transformation into
a homogeneous compressed mass. Figs. r6 and 17 represent
respectively a section and plan of a half hollander.

“ The chief characteristics of the hollander are: 1. Speed of
revolution of the trimming knife. 2. The box of knife edges
under the revolving cylinder. 3. The trough and revolving
cylinder. 4. The cap or partition above the trough to prevent
the mass being cast out when in motion. The trough C, C
is a long oblong cistern of cast iron, stone, or wood lined with
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lead. The cover rests upon a partition x, x of equal height
with the outside wall. The machine is divided into two parts,
the working side in which the rags are torn or shredded
between the knife edges in the cylinder and those in the box,
and the running side into which the shredded rags are thrown
by the revolving cylinder. Under the cylinder is a massive
oak block t, t/ie craw, its concave surface comprising the
fourth part of the circumference of the cylinder. The side y
is a little and z much inclined. Half-way between h, i are
two strong beams /, tn, supporting the metal bearings in which
works the axle o, o of the cylinder. From the roller Q a
number of cutters run parallel to the axis. The knives are
of soft steel, and in the whole hollander sometimes bronze.
Beneath these a series of knives is placed, against which the
rags are drawn by the cylinder. In order that by the move-
ment of the cylinder none of the material should be thrown
out a cover is provided, the dirty water thrown up falling
through the sieve u, u, and flowing through the openingg, g.
Clean water flows in from the top of the hollander. The
washing finished, the water-pipe is shut by means of a sliding
partition, each partition having an inner one to prevent the
pulp passing away. The rags are poured into the top of the
hollander with the requisite quantity of water. The roller
revolves ioo to 150 times a minute, the knives cutting more
readily in the fluid. Having passed the cylinder and the lower
set of knives, the mass flows over the steep slope of the craw 2,
while the roller continues its work.” In a similar manner the
gun-cotton is drawn between the knives and reduced to a state
of pulp. The bottom of the tub is movable, and thus the
space through which the gun-cotton must pass may be con-
tracted as the operation proceeds. The pulping completed,
the contents of the hollander are run into a “ poacher.”

The poacher is a washing machine, similar in construction
to the so-called “ poaching engine ” in common use at paper
mills (see Fig. 18). Here the water in which the gun-cotton
has been pulped is first drained off, and the pulp is very
thoroughly washed by being continuously agitated together
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with a large volume of water for several hours, until, in fact,
samples collected at intervals satisfactorily pass the heat test
for purity. In the poacher, the pulp is agitated with a large
quantity of water by a wheel. A strainer at the bottom of
the poacher enables the workman to draw off the water and
replace it by a fresh supply, in which the gun-cotton is washed.

PIG. 18.— POACHER FOR WASHING GUN-COTTON PULP.

FIG. 19.— VAT OR MIXING MACHINE.

This final washing process secures a high degree of uniformity
in the explosive power of the finished product, as 1000 Ibs.
of gun-cotton are washed in one operation, and the products
of many hundred distinct converting operations are thus
thoroughly mixed together.

The pu)p is now transferred to the vat or >nixing machine
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(Fg. 19), and mixed with 2 per cent, of alkaline carbonate,
whenit is ready for the final operation.

Compressing the Gun-cotton.— The further processes of ab-
stracting the water and moulding the pulp into given weights
adshapes are performed in hydraulic presses of various kinds.
Hgs, jo and 21 show the cylinder of the press and also the ram.

There are numerous devices employed for compressing gun-
ootton, and among them are cylinders movable round a vertical

FIO. 20.— HYDRAULIC I'RESS.

Support, and having a closely perforated plate fixed on their
bottom ends.

The cylinder being brought into the proper position, a
measured quantity of the pulp is poured down a pipe. By
the action of a suction pump connected with a tap, most of
the water is at once drawn off through the perforated bottom
of the cylinder. The latter is then turned round to the
position, and the press set to work. In a very short time
the gun-cotton is taken out in the form of a slab or cylinder.
These are further pressed in a more powerful machine, as
shown in Fig. 21, and afterwards soaked in water till they
contain about 25 per cent of that liquid.
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Granulating the Gun-cotton.—Under the specification of Sir
Frederick Abel, the gun-cotton is sometimes granulated by the
following process:—

When the gun-cotton in the poacher has been washed
sufficiently to pass the chemical tests for purity, it is placed
in a centrifugal machine similar to that used for the purpose
of extracting the large excess of acids after the conversion
into gun-cotton. In this machine the pulp loses water till it

FIG. 21.— HYDRAULIC I'REiS.

contains only about 33 per cent, and is reduced to a condition
more or less fibrous. It is then taken to the granulating room,
where it is first passed through sieves or perforations, which
break up the mass, and to some extent determine the ultimate
size of the granule. The material is then transferred to a
revolving drum, like a large barrel mounted on a horizontal
axis, in which it is kept revolving for about a quarter of an
hour. Water is from time to time sprinkled on the granules,
or the sides of the drum are moistened, to assist the hardening
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action. The drum, in revolving, carries the granules partially
round with it, but under the action of gravity they descend
after reaching a certain point, and thus are caused to roll over
one another. The speed of the drum decides, to a great
extent, the rapidity of the granulating process. The speed
should be just such that the material is carried by the drum
sufficiently forward on the surface to be compelled to run
down sharply. On the other hand, it must not be too great,
as none of the granules must be carried round by the centri-
fugal force of the drum. On removal from this machine, the
completing operation is the removal of the water either to
dryness or to the extent desired in properly arranged drying
chambers.



CHAPTER VIIL

PROPERTIES OF GUN-COTTON.

»

Puysicat, Appearance of Gun-cotton—How does Gun-cotton explode ?—
How to render it less sensitive—Detonation of Wet Gyn-cotton—
Gases produced by the Explosion of Gun-cotton—Spontaneous De-
composition—Advantages and Disadvantages of Gun-cotton in use.

IN outward appearance cotton does not change on its con-
version into gun-cotton, notwithstanding that very remark-
able chemical changes have taken place in its nature. In
fact, gun-cotton can hardly be distinguished by outward ap-
pearance from cotton. At the most it is rather less white, it
generally feels somewhat harsher to the touch, and it grates
slightly in squeezing it. It is heavier than cotton. Viewed
under the polariscope the threads of gun-cotton are indistinct
and exhibit little or no colour, while the threads of cotton are
very distinct, and exhibit the most beautiful play of colours.
Gun-cotton, however, can be easily distinguished from cotton
by rubbing, when the former, particularly in moderate heat,
will become strongly electrified, so that the threads will stick
in lumps between the fingers of a dry hand.

How does Gun-cotton explode P—Gun-cotton will
explode from a blow or impact of hard bodies, by heating to a
certain temperature, and particularly by ignition. If it be
subjected to a blow or impact of a hard body, an explosion as
a rule ensues. The explosion, however, does not extend to
the whole mass, but only to the portions directly struck. The
threads which are not struck fly off intact. Sir Frederick
Abel found that, when an explosion was caused by the blow of
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a hammer or by the fall of a weight, only a small portion of the
mass was detonated, the remainder being scattered by the gases
developed at the moment of explosion of that portion of the
mass directly struck. This was the certain deduction from a
series of experiments, most carefully made with cylinders or
disks of compressed gun-cotton of equal weights and diameters
subjected between polished brass plates on an anvil to the
impact of a 22-7 kilograms weight, falling from a fixed height
between leaders. When the weight fell from a height of 9x4
millimetres the gun-cotton was compressed to one-half its
original length without explosion. The fall from a height of
1'828 metre produced a slight detonation by which the greater
portion of the gun-cotton was scattered about. By a greater
fall a somewhat larger portion was detonated, but even by
the fall from the greatest attainable height of 11 «883 metres,
only a small portion was detonated, the remainder being
scattered about.

How to render Gun-cotton less sensitive.—Gun-
cotton, when saturated with a liquid or with a body which is
solid at ordinary temperature, but added to the cotton in liquid
form, is less susceptible of detonation than when mixed with a
corresponding proportion of a solid body. The inert liquid
envelopes each little portion of the gun-cotton, isolates it from
the adjacent portions, and thus establishes a strong resistance
to the propagation of the explosion.

The absorption by gun-cotton of 3 per cent, of water, in
addition to the 2 per cent, which it contains in its normal con-
dition, renders detonation by the ordinary agents uncertain.

Detonation of Wet Gun-cotton.—Mr. Brown (an
assistant of Sir Frederick Abelj conceived the idea in 1874 of
using dry gun-cotton to detonate wet compressed charges.
According to his experiments gun-cotton containing as much
as 17 per cent, of water is easily detonated (although
not with absolute certainty) by the explosion of 6¢6 grains of
air-dried compressed gun-cotton when the initiating explosion
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was produced by fulminate of mercury. It must be in direct
contact with the dry cotton. |If the amount of water be
increased to 20 per cent, detonation does not surely follow the
use of 31'2 grains of air-dried cotton as the primer, and if the
amount be increased to 30 to 35 per cent., which is generally
the maximum amount that the gun-cotton will absorb, one
cannot count with certainty in the detonation when less than
112 grains of air-dried cotton are used in direct contact. Wet
compressed gun-cotton will be more easily detonated when dry
gun-cotton and fulminate of mercury are used, than when the
fulminate alone is used. The mixture of compressed gun-
cotton and nitre or potassium chlorate is in a moist state and
under otherwise similar conditions as susceptible of detonation
as ordinary compressed gun-cotton, and the mechanical effects
produced are the same. Compressed and wet gun-cotton
which has been allowed to freeze is as susceptible of detonation
as the mixture of gun-cotton and crystallized salts.

By heating gun-cotton, explosion is produced accompanied
with brilliant flames and a hissing sound, but without a loud
report. The temperature required for the explosion depends
upon the quality of the gun-cotton and upon the rapidity with
which it is heated. |If it be heated very gradually it will
decompose at 60° C., giving off acid fumes, but as a rule it
will not explode under 130° C. Nevertheless, it sometimes
explodes at much lower temperatures. Explosions have taken
place when it was dried to 70° to roo° on sheets of metal. It
has also been exploded by air heated from 25° to 80°. By
rapid heating it will explode between 136° and 180° It
explodes more quickly and at a lower temperature than
gunpowder. It can therefore be burned on the latter without
the powder taking fire. The following is a very interesting
experiment: On a piece of paper lay some gunpowder, on the
latter lay a small portion of gun-cotton, and hold the whole
about a foot above the flame of a lamp. The radiating heat of
the flame will be sufficient to ignite the gun-cotton, while
the powder lying under it and nearer to the source of heat will
remain entirely unchanged.
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Under pressure combustion takes place more gradually. In
vacuo and also in nitrogen,hydrogen, carbonic acid or carbonic
oxide gas, very small quantities of gun-cotton threads, ignited by
very fine platinum wire heated by electricity, burn gradually
with a greenish phosphorescent light. By increasing the
pressure a slightly yellowish flame appears with the greenish
light, and increases in intensity with increased pressure, until
finally it passes into the brilliant orange flame of quickly
burned gun-cotton.

Wet compressed gun-cotton burns up quietly in the open
air. If it contain 12 to 14 percent, of water it is ignited
“ with much difficulty in applying a highly heated body. As
it leaves the hydraulic press upon being converted from the
pulped state to masses, it contains about 15 per cent, of water;
in this condition it may be thrown into a fire or held in a
flame without exhibiting any tendency to burn; the masses
may be perforated by means of a red-hot iron or -with a
drilling tool, and they may with perfect safety be cut into
slices by means of saws revolving with great rapidity. If
placed upon a fire and allowed to remain there a feeble and
transparent flame flickers over the surface of the wet gun-cotton
from time to time, as the exterior becomes sufficiently dry to
inflame; in this way, a piece of compressed gun-cotton will
burn away very gradually indeed."

A rifle bullet shot through it will not cause explosion. “ If
it be fired, however, by a strongly charged percussion cap, it
will explode with great violence.”

Gases produced by the explosion of Gun-cotton.—
The combustion products in vacuo are carbonic oxide, steam
and nitrogen ; in the open air the same gases with a nitro-acid
and cyanogen.

One pound of gun-cotton gives in combustion about 22,165
cu. in. of gas and produces the effect of from 4 to 6 pounds of
gunpowder. Drinker says : “ As to the gases evolved by com-
bustion, it is said that from one gram (0-035 oz. avoir.) of
gun-cotton there are evolved at combustion in vacuo in round

G
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numbers 588 cu. cm. (35*87 cu. in.) of gas, measured accord-
ing to Hecker and Schmidt at a temperature of 320 F.
(0° C.) and a barometrical height of 760 mm. (29,922 inches).
Kdrolyi found at a temperature of 320 F. (0o° C.) and a
barometrical height of one metre (3281 ft.) (hence under high
pressure) 574 cu. cm. (35,014 cu. in.) of gas.

“ Blondran obtained from one gram (0*035 oz. avoir.) of
gun-cotton saturated with ammonia 955 cu. cm. (58*25 cu. in.)
of gas, and other statements go as far up as 1200 cu. cm.
(73* 2 cu. in.).

“ The temperature of combustion of the gases amounts in
round numbers to 8132° F. (4500° C.).”

The chemical constituents of the gases evolved on combustion
are, according to Karolyi (in percentage of volume) —

Under high

In vacuo. pressure.
Carbonic oxide . 28+*55 2895
Carbonic acid. 19-11 20*82
Fire-damp Lo 11-17 7*24
Nitrous oxide 8-83
Nitrogen 8-56 12*67
Steam 21+93 25%34
Hydrogen Lo 316
Carbon in excess i*85 1*82

If the combustion take place under high pressure, the nitrous
oxide entirely disappears from among the explosion gases, and
in its place is formed a greater proportion of carbonic oxide,
carbonic acid, steam and nitrogen.

Trauzl says that, “ assuming 4500° C. (8132° F.) as the tem-
perature of gases of combustion of gun-cotton, the theoretical
maximum pressure in atmospheres 15,300, and the theoretical
power in kilograms equals 200,000.”

The explosion gases are, in consequence of the large pro-
portions of carbonic oxide and fire-damp, easily ignited, and
burn with a blue flame. In consequence of the large pro-
portions of carbonic add and carbonic oxide they are
poisonous, and assail the eyes quite strongly.
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Spontaneous decomposition begins with the evolution
of gases (for example, gas of a nitro-acid); the gun-cotton
gradually diminishes considerably in volume ; and the residue
contains small portions of a nitrogenous substance, traces of
formic acid and acetic acid, also sugar, oxalic acid, and
so-called gums. This decomposition appears to take place
only when the cotton has not been sufficiently freed from fats,
and the gun-cotton has not been completely disacidised.
Lenk’s gun-cotton, which, as is known, was produced in a high
degree of cleanliness, was, according to Sir Frederick Abel,
absolutely durable. Sunlight, although acting for a long time
on Abel’s gun-cotton, did not affect it. It is also not affected
by quick heating to 90° C. Sir Frederick Abel heated boxes
filled with gun-cotton for six minutes to 50° C., and no
decomposition took place. He claims that this result settled
the great and vital question of the durability of pure gun-
cotton.

To increase its durability it has sometimes been impregnated
with a soluble silicate, or with paraffin.

Advantages and Disadvantages in use.—The chief
advantage of gun-cotton is its comparative insensibility to
shocks, in consequence of which it is safe from explosion by
hostile bullets or sympathetic explosion; but nitro-gelatine is
also insensible to water, hostile shots, or sympathetic explosion,
besides being very much stronger than gun-cotton.

The failures to introduce pure gun-cotton as a substitute for
gunpowder in small-arms have already been alluded to (see
page 55). But when diluted and mixed with certain other
ingredients, its action is so modified that it can be used as an
explosive in fire-arms.  Gun-cotton is the agent most extensively
used for all kinds of military engineering and submarine ope-
rations in Great Britain, being especially manufactured by the
Government for that purpose. But it is not now so extensively
used by civilians as formerly. Frost has no effect on dry-
gun-cotton, but causes a mechanical disintegration of the wet

compressed variety.
G1
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Gun-cotton as manufactured by the old system was not
serviceable for guns and small-arms. The experiments made
in various European countries soon after the discovery' of gun-
cotton showed that infantry guns which withstood the effects
of 3000 shots with powder became unserviceable on an average
after 500 shots with about equally effective charges of gun-
cotton. Gun barrels which permitted a charge of 27'5 grams
of powder were burst by a charge of 7 to 8 grams of gun-
cotton.

Another disadvantage was that the manufacture of gun-
cotton cartridges was very slow, because they could not, like
gunpowder, be measured, but had to be weighed. But agreater
disadvantage is its very rapid explosion. It belongs to the
very disruptive class of explosives. Powder possesses a certain
pliability, inasmuch as its ingredients may be so proportioned
as to regulate the rate of combustion, and hence its fitness for
ballistic work. The explosive gases of gun-cotton are instan-
taneously developed, they occupy instantaneously a very large
space, but a continuous force is not exerted. The stiffness, too,
of gun-cotton cannot well be diminished by artificial means.

In order to overcome the inconvenience attending this great
disruptive force, attempts were made to regulate the velocity of
combustion. The gun-cotton was carded together with ordi-
nary cotton ; it was worked up with paper material in the hol-
lander; metal cartridges were used, the front end, which was to
be ignited first, containing mining powder, the explosion of
which was to overcome the inertia of the ball; in the other end
was the gun-cotton, the explosive gases of which were to
furnish the projectile force. For the Austrian batteries Von
Lenk employed gun-cotton in the following manner.—

A fixed weight of spun gun-cotton was wound as a flat jacket
around a hollow wooden cone or cylinder. The rear end was
ignited. The wooden body prevented a rapid burning up in
the first instant of time, since the ignition could be propagated
only along the periphery. As soon as the tension of the gas
reached a certain height, the wooden cylinders were burst, and
the combustion was complete.
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The cartridge made at Stowmarket contains an envelope of
strongly compressed gun-cotton, which is covered over with a
thin waterproof layer of gutta-percha. For blasting purposes
the pulp is pressed into forms and pricked with punches, to
produce cavities to increase the velocity of ignition.

Gen. Abbot experimented, at Willett's Point, with Abel’s
compressed gun-cotton, dry, containing also 25 per cent, of
water, and granulated gun-cotton wetted to a like extent, all
made at Stowmarket He found no marked difference in
strength between these varieties and conditions of gun-cotton,
although the addition of water seemed to cause a small loss
of about 2 per cent.; and that gun-cotton in the wet state was
safe, but its disk or slab form inconvenient, and when granulated
it was bulky.

In blasting operations, gun-cotton acts with considerably
greater effect in hard than in soft or well-fissured rock. Schocn
states that in soft rock it exhibits twice, in hard rock five to
six times, the blasting effect of gunpowder.

It is insoluble in and unaffected by water; and as it can be
fired wet there is no need of ever drying it. For firing it a
“ primer” is used, which consists of a cake of dry gun-cotton,
to which is attached a fulminate fuze. This primer must be
enclosed in a waterproof bag or box. Large charges of wet
gun-cotton can be exploded in this way. It is not sensitive
to friction. Dry gun-cotton is very hygroscopic. Compressed
gun-cotton is stored in a wet state, but should not be exposed
to a temperature that will freeze the water in the cakes. It is
made into disks of various dimensions, or it may be pressed
into slabs or blocks which may be sawn, cut, or drilled as
desired. In the form of disks it stows badly, and it is desirable
that a charge to be exploded should be as solid as possible.

Sir Frederick Abel’s caution to keep gun-cotton in a wet
condition is worthy of special attention, since in that condition
it may be kept for years without decomposing, and is perfectly
safe to handle.



CHAPTER IX.

VARIETIES OF GUN-COTTON AND OTHER NITRO-
COMPOUNDS.

Pyroxyline—Schultze’'s Powder—Lannoy’'s White Powder—Uchatius’
White Powder — Nitric Acid and Sugar — Nitro-Mannite— E. C.
Powders—Johnson’s Powders— Punshon’s Gun-cotton—Totten’s Gun-
powder— Tonite — Professor Attfield’s Experiments with Tonite —
General Abbot on Tonite— California Gun-cotton.

Pyroxyline. — This term may be used to designate all
nitro-compounds resulting from the action of concentrated
nitric acid on cellulose or wood fibre—as, for instance, cotton,
paper, sawdust, straw, &c. Sometimes it is used to designate
solely gun-cotton, and in that case Collodion-cotton (of which
an account will be found in the next chapter) is called Soluble
Pyroxyline.

In the present chapter will be found particulars of various
substances sometimes classed under this term.

Schultze's Gunpowder.—This is practically a nitrated,
purified, and pulped wood-fibre, formed into grains. It is now
manufactured by the Schultze Gunpowder Company, who
appear to have overcome the difficulties which beset the
inventor in the early stages of its production. Their process
consists in macerating soft timber of clean growth, which is
chemically treated until all resinous and fatty matter is extracted,
and pure, finely-divided cellulose remains. After drying, this
is treated with acids, and thoroughly purified till it stands Sir
F. Abel’s heat test The nitro-compound is then finely ground
and waterproofed; the proper density is given to the particles,
and it is finally dried and sifted.
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The properties claimed for the powder are, that it gives less
pressure on the powder chamber than ordinary gunpowder;
that it is smokeless, its explosion-gases being very light; that,
weight for weight, it has more than twice the propelling power
of black powder, and that it leaves less residue in the gun-
barrel ; also, the residue being alkaline and dry, no corrosion
takes place. Quickness of ignition and slowness of combustion
are also claimed for it. This means that the primer ignites the
powder readily, and when once ignited it bums slowly, which
reduces the strain on the powder chamber.

Lannoy’s White Powder.—Wood or sawdust is nitrated
by treatment with strong nitric acid, and twenty-two parts of
the resulting nitro-cellulose are mixed with sixty-five parts of
sodium nitrate and thirteen parts of sulphur.

It is claimed that this powder rends rock without great
shattering, and hence with but few flying fragments. It is
difficult of ignition and bums slowly. The experiments made at
Altenberg, near Aachen, did not prove favourable. It is very
costly, and leaves on explosion a strong and stinking smoke.

Uchatius’ White Powder.—Starch is of a composition
similar to that of cellulose, and can also, by treatment with
strong nitric acid, be converted into an explosive nitro-
compound called Nitro-starch. Uchatius’ powder consists of
this latter substance. For its production he dissolved one
part by weight of potato-starch in eight parts of fuming nitric
acid, care being taken to keep the mixture cool. The thick
fluid was poured in thin streams into sixteen parts of con-
centrated sulphuric acid, constantly stirred. The resulting
jelly remained standing for twelve hours, and was then re-
peatedly washed alternately with pure water and a soda
solution. Finally the white powder was dried by a heat of
50° to 60° C. It is strongly hygroscopic, and is too strong
and rending in its effects for use in fire-arms.

Nitro-compounds also result from the action of nitric
acid on the various kinds of sugar. Thus there is known a
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Ni/ro-raw-sugar, with an alcoholic solution of which it was
proposed to coat ordinary gunpowder in order to render it
impervious to water, and also to increase its explosiveness.
A Nitro-milk-sugar is also known as Nitro-laclus.

Nitro-mannite is obtained from the action of nitro-
suphuric acid on the species of sugar of the mannites found
widely distributed throughout the vegetable kingdom, but
principally found in the manna ash.

The manna sugar is dissolved in four parts of nitric acid
(kept cool) and English sulphuric acid is added until no
further separation takes place. The separated product is well
washed and dried by a heat of 40° C.

Nitro-mannite in a pure state exists in snow-white, needle-
shaped crystals, which are soluble in hot alcohol and in ether. It
is an extremely explosive substance, approaching in this respect
fulminate of mercury. It is detonated by a moderate blow.
Nevertheless it is not so sensitive to heat or friction as fulminate
of mercury. It is easily ignited, but is not very dangerous to
handle. It has been proposed as the safest filling for percussion
caps. It is said to decompose on long storage.

E. C. Powders are known also as Rifle Gun-cotton. They
are divided into two divisions, Sporting Powder coloured with
aurine, free from mineral acid, dissolved in ether, alcohol, and
benzoline; and Rifle Powder, coloured with picric acid (free
from mineral acid) dissolved in the same solvent. They are
small round granules coloured respectively orange and yellow,
and consist essentially of diluted nitrated gun-cotton.*

Two samples gave ;—

Nitro-cellulose soluble e 27-95 « o+ 21-79

- ' unsoluble . e 28-35 + + 25-58
Cellulose (unconverted) e 3«5 e e  4-17
Nitrates of potassium and barium . 377So . .« 35-32
Matters soluble in benzole P o-60 . . 1-95

» " alcohol . 215 , . 6-32
M OISTUTE oo . 1-87

* * Dictionary of Explosives.’
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Johnson’s Powders.—In these powders dinitro-cellulose
or lower forms of nitro-cellulose are employed, impregnated
with barium or potassium nitrates and incorporated with
charcoal or other carbonaceous material. Two examples
given in the specification consist of the following:—

For military For sporting
Arms. Arms.
Nitro-cellulose.....cccuveveerenncne 50 parts . . 50parts,
Potassium nitrate Lo 40 ,, .. 22,
Barium nitrate A — .. 25
Torrefied starch or lamp-black 10 ,, L. 3 .

The powders are formed into grains, or blocks, and impreg-
nated with a solution of camphor and phenol, or camphor
alone, in a suitable volatile solvent, in the proportion of one
part of camphor (or camphor and phenol) in five parts of
solvent to ten parts of the powder. The solvent is driven off
at a gentle heat, and the camphor is subsequently driven off at
a temperature not exceeding ioo° C.

It is claimed that by this method powders can be produced
of any required degree of hardness and density, thereby
regulating the energy of action of the explosive, and it is
stated that “ these results are obtained not by the presence of
camphor in large or small quantities in the finished explosive,
but by a remarkable gelatinizing and perhaps some other
action exerted by the camphor upon the nitro-cellulose when
these are heated together at varying temperatures up to
ioo:' C., whereby the hardness and density of the explosive
may be regulated at will by the proportion of camphor used.”

Punshon’s Gun-cotton was coated, covered, or incor-
porated with sugar, either raw or refined, in such a manner as
to separate or isolate the particles or fibres of the gun-cotton
and thus regulate the rapidity of the combustion. He also
added nitre.

Totten's Gunpowder consists of grains, the kernel of
which is pure gun-cotton. It is lighter than ordinary cannon
powder, and is four and a half times more effective. The
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diameter of the kernel is thirteen millimetres, and the diameter
of the entire grain is twenty-six millimetres.

Tonite.—Under this name is manufactured at Faversham,
by the Cotton Powder Company, Limited, and at San Francisco,
by the Tonite Powder Company, an explosive, into the com-
position of which gun-cotton enters very largely.

Tonite consists of finely divided or macerated gun-cotton,
compounded with about the same weight of nitrate of baryta.
At Faversham two qualities are made, known in the market as
White No. i and Black No. 2. The White is composed of
about 50 per cent of gun-cotton and 50 per cent of nitrate of
baryta, while the Black has a larger proportion of baryta with
a small percentage of charcoal.

The white is used for blasting hard stone, such as quartz,
and where the object is to smash up as much as possible
locally. It is essentially a “ shattering” compound to be
employed where a great local disruptive action is required.

The black is for use in softer stone, such as limestone, in
quarries, where large blocks of building material are extracted.
The explosion of this compound is therefore slower, and does
not produce the sphere of pulverisation, only a middling-
sized sphere of rupture, but a proportionately large sphere
of fracture, therefore its application for quarrying stone is
advantageous.

For the same reason it is used in torpedoes for submarine
blasting in the removal of obstacles to navigation, such as
destroying sunken wrecks, where the object to be gained is to
shake and shatter the frame of a vessel to pieces, and therefore
the area of disruption must also necessarily be a large one, so
as to avoid multiplicity of charges. |f the No. | white were to
be employed for such works, its explosion would blow a big
hole through the side of the vessel without breaking up the
frame. But when it is a question of use for military submarine
purposes, be it offensive or defensive, as in torpedoes, the
No. x white has to be used, as it is quite sufficient to blow a big
hole through the enemy’s vessel (without shaking the frame),
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and to sink her, as the vessel can be raised afterwards and made
use of again.

The No. 2 black being not so sensitive to detonation,
the white tonite is used as a primer to give the initial detona-
tion. In loading a bore-hole with the black, first insert the
cartridges in the bottom, and the white is placed on top of the
charge with the cap and fuze inserted. By using good caps or
detonators, or strong electric exploders, no miss-fire need be
apprehended.

The gun-cotton which is used in the manufacture of tonite
is mainly common cotton waste steeped in mixed nitric and
sulphuric acid; and on the excess of acids being forced out
by hydro-extractors, it is left for some time for digestion, in
stone jars, as already described elsewhere under the heading of
manufacture of gun-cotton. Necessarily, while in the moist
state, the fibres are macerated or disintegrated between crushing
rollers. This perfectly purified macerated gun-cotton is inti-
mately mixed up between edge runners with about the same
weight of nitrate of baryta. This compound is then compressed
into candle-shaped cartridges, formed with a recess at one end
for the insertion of a fulminate of mercury detonator, and
covered with paraffined paper.

Among the special advantages claimed for tonite are, that
if it is wetted by accident, it can be dried in the hot sun or a
warm atmosphere. The use of nitrate of baryta, a salt con-
taining a great amount of oxygen in a very small volume,
makes tonite a compound which readily explodes by the use of
a proper detonator, while its great density makes it slow to the
influence of ordinary combustion. Its great density causes it
to bum slowly if set fire to, and so slowly that all danger from
a too violent generation of gases is obviated. While, therefore,
the railways of England refuse to carry dynamite, they regu-
larly take tonite on the same footing as gunpowder. The
tonite cartridges are generally waterproofed. The density is
such that it takes up the same space as dynamite, and two-
thirds of gun-cotton. It is also ready and available at any
climatic temperature. It can be employed in wet holes, and
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can be tamped with water; but as all detonators are sensitive to
moisture, they should be protected after insertion in the cartridge
by tallow. The better the tamping the greater its effect.

Owing to the large proportion of the oxidising salt present in
this compound, its detonation is perfect, and this accounts for
the absence of noxious gases when it is used in close drifts and
workings, and commends it for underground workings with
bad ventilation.

The following report gives the results of experiments made
with tonite by Professor Attfield, as a safety testi—

“i. A mass of iron, weighing half a ton, was let fall from a
height of 15 feet on to a box containing 10 Ibs. of tonite. It
did not ignite the powder.

“ 2. An unusually well-made powder barrel, strongly hooped
and headed, containing 30 Ibs. of tonite in the form of cart-
ridges of various sizes, was placed over some faggots saturated
with tar, and a large bonfire kindled. In four minutes the
cartridges ignited, and merely burned quietly for some 30 or
40 seconds. Every cartridge was entirely consumed without
any explosion whatever.

“ 3. A box holding 10 Ibs. of tonite was next fired into from a
rifle, at a distance of about 20 yards. The bullet ignited the
powder, which burned rapidly but quietly away without ex-
plosion.

“ 4, A cartridge was placed in an open box containing 2 Ibs. of
common gunpowder, and the latter fired by a fuze. The cart-
ridge was blown some yards, but not exploded. The same
cartridge was afterwards fired by the usual means.

“ 5. Strong sparks of electricity were next passed through
some of the tonite without effect

“ 6. Many blows of an iron hammer on an iron anvil failed
to ignite portions of the powder, and when ignition was at last
effected the adjacent portions of powder were merely blown on
one side without being exploded.

“ 7. Concentrated acids (oil of vitriol and fuming nitric acid)
were both successively and together poured on to portions of
the powder without ignition.
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“ 8. Lastly, to show the power of this patent cotton powder,
when intentionally exploded by detonation, a 12-in. balk of
timber was shattered by four small cartridges; a fountain of
water 80 or 100 feet high was thrown up by the explosion of a
floating box of the powder; and a hole in the marshes, 8 feet
across and 4 feet deep, was instantly produced on exploding
1 Ib. of the powder.”

In a report made to the United States Government by
General Abbot on the tonite manufactured by the Tonite
Powder Company, he makes the following observations . —

“ The standard tonite made by this company consists of
52*5 parts of gun-cotton and 47'5 parts of nitrate of baryta;
but for special purposes and by request a part of the latter is
sometimes replaced by potassium or sodium nitrate.

“ At Willett’'s Point two varieties were received—one dry in
compacted cartridges, and the other damp in bulk.

“ The dry cartridges were ij, 1A if, and if inch in diameter,
and weighed from 3 to 12 ox. each. The smaller sizes were
3 in. long, and the largest 6 in. They were of two kinds,
‘solids’ and ‘primers. Both were encased in a paper
wrapping compressed to a specific gravity of about 1+28, and
coated with paraffin.  The ‘solids’ were simple cylinders
exposing plane ends ; the ‘primers’ were similar in form, but
they had a small hole at the top for receiving a fulminating
fuze—for securing which the wrapping was extended into a
short neck. The cartridges were such as are sold to miners.

“ The damp lot was in the condition in which it is taken from
the incorporating mill, and in which it goes to the press-room.
In that coniiition it is supposed to contain 18 per cent, of
moisture. It is slow to bum and difficult to detonate, and a
compressed primer must be used with it in close contact In
this condition it is not sold at present to the company’s cus-
tomers. It would appear that the strength of the explosive is
not reduced by moisture.

“ The relative efficiency in a horizontal plane of tonite, as
shown by Abbot’s' experiments, is compared to dynamite
No. 1 for dry compressed variety as 0-8i to r, and for the
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other as 0'S5 to i, or a mean of 0-83 to i. The substitution
of a portion of nitrate of baryta tends rather to reduce than to
increase the normal intensity of action of gun-cotton, pound
for pound, when fired under water, but this is not the case
when fired in the open air or under confinement in rock.”

The Home Office has lately granted a licence for a Tonite,
or Cotton Powder No. 3, and its manufacture has been com-
menced by the Cotton Powder Company. Its composition is

as follows:—
Gun-cotton.
Nitrate of potash.
Meta-di-nitro-benzole.
Nitrate of soda and chalk.

It is of a yellowish colour, and rather slower in its explosive
action than tonite No. 1, and appears well adapted to blasting
coal.

California Gun-cotton.—The Tonite Powder Company
of San Francisco manufacture gun-cotton by a process which
appears from its circulars to be essentially that of Sir Frederick
Abel—omitting the compression into cartridges. It was de-
livered to General Abbot damp in the state of loose powder,
which when dry became a fine dust.

It is claimed that the average product contains about 93 per
cent of insoluble nitro-cellulose and 7 per cent, of soluble gun-
cotton, and when shipped contains about 24 per cent, of
moisture.  Abbot states that it may be confidently assumed
that the gun-cotton made by the company is not inferior in
explosive intensity of action to the best English manufacture.



CHAPTER X.
COLLODIONICOTTON.

lts importance in Practical Use—Processes of Manufacture— Compounds
of Cellulose—Celluloid—Tribouillet and Besaueile’s Process—Propor-
tions in which Cellulose is found in Natural Products.

Collodion—cotton is a variety of nitrated cotton which has
attained greater importance than gun-cotton itself through its
diversified employment—for instance, in photography, for the
preparation of the exposed plate; in blasting, for the production
of explosive gelatine from nitro-glycerine ; in surgery, for uniting
the edges of wounds; and in the manufacture of “ fancy goods,”
for the production of Celluloid.

It is really different from gun-cotton in its chemical nature,
although the same raw materials serve for the production of
both. Gun-cotton Ls extremely explosive, while collodion-
cotton is very slightly so; the former is insoluble in alcoholic
ether, while the latter is soluble in that menstruum.

Menard and Flores Domonlt were the first to obtain a
gun-cotton soluble in alcoholic ether.

Btchamp investigated it, and found it to be dinitro-
cellulose.

Found. Calculated.
Carbon . 28-22 28-57
Hydrogen ... 3757 3,7
O XYFgON i e S7743 57-iS

Nitrogen Lo 10-78 11*11
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In 1847 there was imported into Germany from America
a solution which bore the name of Collodion, and which
performed excellent service in surgery.

It was soon found that not all gun-cotton was suitable
for the manufacture of collodion, and that the most easily
explosible was the most insoluble in alcoholic ether. Since
the strongest nitric acid produced the strongest gun-cotton, it
was concluded and shown that a cotton suitable for collodion
manufacture was to be obtained by employing a less con-
centrated acid. It was also obtained by using potassium
nitrate and sulphuric acid instead of the two acids, since in
the former case the nitric acid was gradually evolved from the
nitrate, and the action in the cotton was less energetic.

In 1851 Archer and Fry discovered their collodion process.

Manufacture of Collodion-cotton.—The following are
brief descriptions of the principal processes .—

According to Dawson, particular stress being laid upon the
quality of the cotton, the long-fibred varieties, such as Sea
Island and Egyptian, are to be preferred.

According to Mann, good collodion-cotton is obtained in
the following manner:—

Pour 31 parts of sulphuric acid of 1'83 sp. gr. over 20 parts
of powdered potassium nitrate, stir until the nitre is dissolved,
and after it has cooled to below 50° C. mix in | part of cotton;
work the whole well through, cover the vessel with a plate, and
let the mixture stand at a temperature of about 30° for about
24 hours; then wash the preparation with water; finally wash
with warm water to remove all sulphate of potassa and dry.
Many experiments conducted on alarge scale have shown that
the soluble collodion-cotton is formed in from 5 to 7 minutes,
but that s to 6 days’ action of the acid solution in the cotton
is productive of good, as long as the temperature does not
exceed 30° C.

According to F. Lucks, one steeps 1 kilogram of cotton ina
solution of 20 kilograms of sulphuric acid and 9 kilograms of
powdered potassium nitrate; lets it lie therein until a sample
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of the cotton taken out, washed with water, pressed, wetted
with alcohol and again pressed, is easily and entirely dissolved
in a mixture of 2 parts of ether and 1 part ofalcohol. Then the
preparation is thoroughly washed with water, pressed between
linen cloths, alcohol poured over it until the yellow colour
disappears, and again pressed for 24 hours. In summer the
solution of sulphuric acid and nitre remains standing for some
ten minutes before the cotton is steeped in it; in winter it
is first heated slightly in order to prevent the separation of
potassium sulphate. Instead of the salt, nitric acid may be
used, provided the two acids be not too strong. Suitable
proportions are 89 parts of nitric acid of 1"424 sp.gr., and
104 parts of sulphuric acid of 1’833 sp. gr.

Another recipe is as follows : 13 parts of sulphuric acid of
1'632 sp. gr. and 12 parts of nitricacid of from 1+512 to 1-518
sp. gr. are mixed and cooled to 50C. In this mixture is steeped
1 part of cotton, care being taken that the temperature does not
rise above 8°. After 24 hours’ steeping the cotton is removed,
thoroughly washed with water and dried

Hager gives the following: Clean carded cotton is washed
with a 3 to 4 per cent, solution of carbonate of soda and distilled
water and dried. By simply dipping it into nitric acid of 1 -4
sp. gr. it is transformed into colloxyline (collodion-cotton).
Such an acid is not always to be obtained, and therefore its
place is supplied by a mixture of dilute nitric acid and con-
centrated sulphuric acid or by a mixture of potassium nitrate
and concentrated sulphuric acid. The time required for the
change of cotton into colloxyline depends upon the strength of
the nitric acid. The more concentrated it is, the quicker is the
transformation accomplished. The colloxyline once formed,
the same acid has no effect upon it. The temperature of the
acid mixture must be lowered to a medium degree before
dipping the cotton. A temperature of 30° C. is without any
perceptible influence in the formation, as well as upon the
gain in weight of the colloxyline.

At higher degrees other compounds of cellulose are formed,
which may be enumerated as follows:—

H
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1. Pentanitro-cellulose.—This is produced by the treatment of
cotton with strong concentrated acid mixtures at low tem-
peratures, and increase of the percentage of sulphuric acid
assists in its production. The pentanitro-cellulose is never
perfectly pure when produced in this manner, but contains
some hexanitro-cellulose (gun-cotton) or tetranitro-cellulose;
the former in case the acids were too concentrated, and the
latter in case the acids were too dilute.

Pure pentanitro-cellulose can be obtained if collodion-
cotton is dissolved in warm nitric acid and the clear solution is
precipitated by means of a surplus of sulphuric acid; for this
purpose, the collodion-cotton is put into nitric acid of a
temperature of 40° to 60° C. and 1'40 sp. gr. till the solution
takes a strong yellow colour, which is the case after heating
the acid about one hour. After cooling the vessel in the air,
it is introduced into a refrigerator surrounded with ice, and is
then passed through an asbestos filter. The filtrate is cooled
on ice again and four times its volume of concentrated sulphuric
acid of t+80 sp. gr., also cooled previously on ice, is added to
it. The vessel should always remain in the refrigerator.

After the separation of the pentanitro-cellulose, the liquid is
poured into a large volume of water, and the collodion-cotton
is collected afterwards on a filter ; for the further purification of
the collodion-cotton, it is dissolved in a mixture of alcohol
and ether, from which the same is separated by adding water.

2. Tetranitro-cellulose is produced by the treatment of
cotton with a mixture of concentrated sulphuric acid and not
too concentrated nitric acid, at a moderately high temperature.
A mixture of one volume sulphuric acid of 1845 sp. gr. and
one volume nitric acid of 1'38 sp. gr. at 65° C., when acting
on the cotton from 5 to 10 minutes.

3. Trinitro-cellulose, or rather a combination of tri- and
tetranitro-cellulose, is obtained by the treatment of cotton with
a mixture of sulphuric acid, and not too concentrated a nitric
acid at a sufficient temperature ; for instance, by taking a mix-
ture of five parts of sulphuric acid of i'845 sp. gr. and four
volumes nitric acid of 1138 sp. gr. at 65° C., and by letting it
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act on the cotton from 5 to 10 minutes; or if cotton is acted
Upon during 15 minutes at a temperature of 80° Celsius with
a mixture of equal volumes of sulphuric acid of r’845 sp. gr.
and nitric acid of r ‘40 sp. gr.

4. Dinitro-ccllulose is produced by the action of very dilute
and hot nitric sulphuric acid on cellulose, and also by the
action of potash or ammonium on ordinary collodion-cotton
(on tetranitro-cellulose).

In this last manner a dinitro-cellulose is obtained, if
a to 4 grammes of collodion-cotton are dissolved in 100 cubic
centimetres of a mixture of ether and alcohol, and an alcoholic
solution of potash added in excess. The collodion becomes
very fluid and of a brown-yellow colour. After one or two
hours it is diluted with water, and the free alkali neutralised
with sulphuric acid.

The dinitro-cellulose collects on the surface of the liquid as a
white, flocculent precipitant, which is filtered, washed and dried.
The dinitro-cellulose is a yellow-coloured, gum-like mass.

From what has been said, it is evident that in the preparation
of collodion-cotton a dilute nitric acid is employed, and that
the nitrating has to be carried on at an elevated temperature,
from 50° to 70° C.

The solubility of collodion-cotton varies with the quality
A good product will dissolve in 7 to 8 parts of ether to which
1 part of alcohol has been added. The fluid so obtained has
a syrupy consistency.

Celluloid.—The pyroxylines have been largely applied
of late years in the production of celluloid from which (as
intimated above) are made various fanciful imitations of ivory,
hom, corals, malachites, lapis lazuli, amber, and the like. To
enumerate, indeed, all the wares produced by it would furnish
a very long list of articles de luxe.

Tribouillet and Besaueile’s Process.—Messrs. V. Tri-
bouillet and L. Auguste de Besaueile, of Paris, have intro-
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duced an improved method for the manufacture and treatment
of pyroxyline, and for the production of a solid compound
therefrom in association with camphor and like substances.

For the production of pyroxyline the raw materials employed
are paper and rags of cotton, linen, and hemp fabrics thoroughly
cleaned, and especially free from fatty matter; certain white
woods, stalks of fibrous plants, such as esparto, which consist
chiefly of cellulose, and contain few incrusting ingredients.
The cellulose material is thoroughly dried in a stove at a tem-
perature of 2i2° Fahr.; then disintegrated and bruised in a

fig. 22.—Section. FIG. 23.—Plan.
NITRATING BASIN.

mill or other suitable apparatus, after which it is kept free from
damp, and finally transformed into pyroxyle by means of the
following apparatusi—

There are required three basins A, a vertical section of one
of which is shown at Fig. 22 of the accompanying drawings, and
a plan at Fig. 23. Each of the basins may be made of one or
more plates of glass, or plate enamelled with a glaze containing
little alkali or lead to prevent it from being attacked by
powerful acids. They might also be made of ceramic ware, or
of thin cast-iron enamelled or not. Each basin rests on a lower
basin made of wood or metal, through which circulates a gentle
stream of water to the bottom of the basin A. Each basin i6
enclosed by a glazed cover V to prevent the weakening of the
acids by access of damp air, and to protect the workmen from
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the fumes. This cover is surmounted by a hopper T closed at
its bottom by a valve s, and it has a lateral orifice ¢ opening
like a window, and two circular orifices o, to which are attached
sleeve tubes m of caoutchouc or gutta-percha, by which the
arms of workmen can be inserted to agitate the contents. Two
of the basins serve for treatment with acid,

and the third for washing with pure water.

There are also required three cylindrical
vessels, one of which is shown in vertical
section and sectional plan at Figs. 24 and
25. The internal diameter is the same
throughout, but the external diameter in-
creases downwards. These vessels are made
of cast-iron enamelled both inside and out-
side, and are perforated, and especially at
the lower parts, with numerous small holes,
permitting issue of liquid when the contents
are subjected to pressure. The pressing
piston P is of cast-iron enamelled, or of fig. 24
ceramic ware or granite provided with a rod t. Section.

The material pressed in the cylinder is
taken out by a door E extending half round
the circumference, and about three-fifths of
the height. This door is securely bolted“to
resist pressure. For each cylinder is required
a screw press of any known kind. They act
on the pistons of the vessels D, which are
placed on a stage for the extraction of liquid fig. 25.—Plan.
from the material treated. Two of the basins CYLINDRICAL
of the cylinders and of the presses are PRESS.
employed for treatment of the cellulose with acids;
third of each for preliminary washing with water.

For the succeeding washings are employed wooden vessels
F, shown in vertical section at Fig. 26. The bottom only is
perforated with small holes, and covered with fabric G of cloth,
felt, or the like, which acts as a filter retaining the pyroxyle.
Under the filter is placed a receiver H of wood to receive the

the
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liquid, which has passed through the pyroxyle. The size and
number of the washing vessels and receivers depend on the

extent, of the manufacture. The
washing vessels may be arranged
in stages, so that the liquid from
each receiver may flow by gravity
through the successive masses of
pyroxyle. The washing vessels
may in such case be of less height,
as shown in Fig. 27, and may
have unequal wheels, so that they
may be placed on an incline, and
run therefrom when the washing
is completed.

In conducting the manufac-
turing operations the acids em-
ployed are contained in close
vessels placed at a higher level
than the basins, so that their

contents may flow into the latter by gravity. The acid vessels
may be of enamelled iron, or of ceramic ware, or thin granite.
The acid liquid consists of 3 parts sulphuric acid at 66° to
2 parts of the concentrated nitric acid of commerce. In the

FIG. 27.—WASHING VESSELS.

mixture is dissolved nitrous gas, which renders the pyroxyle

more soluble.

Fig. 28 is a general plan of the arrangement of a pyroxy-

factory.

The acid mixture cooled to 45° to 55° Fahr.
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is introduced into the second basin A3 to a depth of an
inch or more. Into the first basin Al is introduced a somewhat
larger quantity of acid that has already been used, and in this
is immersed the dry divided cellulose introduced by the hopper
T, Fig. 22, in such quantity as the liquid will moisten. An
operator then passing his arm into one of the sleeve tubes tn,
violently stirs the mass for 10 to 15 minutes, after which the
whole contents are placed in one of the cylinders D1; he then
introduces the piston P, and puts the press X1 in action. The
liquid pressed out is received in a special reservoir. The press
is then unscrewed, the piston is removed, and the pressed
cake is taken out by the side door and plunged in the concen-
trated acid in A2 A sort of trowel worked by the hands, in-
serted at the sleeve tubes, breaks up the cake. Stirring is

31 E0O0

FIG. 28.—PLAN OF FACTORY.

continued until the cellulose is quite dissolved, the mass is
discharged into the second cylinder Da, and subjected to a
considerably greater pressure than in the first cylinder. The
acid liquids pressed out are charged into the first basin Al
to act in the first place on the cellulose. The cake of pyroxyle
remains impregnated with about one-third of the acid employed.

Acid may be economised by employing a bath of that which
has previously served, raising its temperature to about 50° Fahr.,
but the material must be kept for several hours in this bath.
The temperature and the time of immersion may be reduced by
adding to the bath that has served about one-third of its
weight of a mixture of nitric and sulphuric acids, or sulphuric
acid alone, or sulphate or bisulphate of soda, or any other
sulphate soluble in water, adding it quite dry in powder. After
its transformation into pyroxyle, the material is pressed as
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already described. The washing of the pyroxyline is intended
to dear the nitrated cellulose from the adds which would
destroy it and render it spontaneously combustible, and at the
same time to collect those adds which if run to waste would be
noxious. The first washing of the cakes charged with concen-
trated add is effected in a basin Z, Fig. 28, like those employed
for treating the cellulose; and it is then pressed in the cylinder
L)3. For the second washing the cake is divided in a vat Q of
wood, containing addulated water, then the whole is charged
into the first of the wooden filters F1 mentioned above. The
washing then proceeds methodically, that is to say, the first
becomes the second F3, then the third F3, the first receiving the
washing liquid from the second, the second from the third, and
the last receiving pure water. The washing might, if required,
be rendered more complete by employing three or four basins
with a like number of presses.

Finally the material is washed in water containing a very
small proportion of carbonate of soda or ammonia, or rather
silicate of soda ; and then with water only, the greater part of
the moisture being then removed from the pyroxyle by means
of a centrifugal machine or strong pressure. The pyroxyline
is kept for further use immersed in water. The acids which
cannot further serve for treating the cellulose may be employed
for various purposes, particularly for the manufacture of sul-
phuric acid. The liquor from the washings can be used for
the manufacture of oxalic acid, dextrine, pickling liquor, and
other purposes. From the acid waste by saturation with car-
bonate of lime may be collected the soluble nitrate, to which
may be added sulphate from the washing; the whole may be
subjected to evaporation and disposed of. Or the nitrates
may be treated with sulphate of potash or soda, so as to pro-
duce nitrates solidified by evaporation and crystallisation.

Ahthe cost of pyroxyline is greatly enhanced by the large
quantity of acid required for its production, it is of importance
to economise this expenditure by mixing with the sulphuric and
nitric acids that have been already used, and have consequently
become weakened, a variable quantity of bisulphate and a little
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nitrate of potash or soda. These salts should be separately
dried at a temperature which does not decompose them, and
then pulverised. Sufficient concentration is thus obtained to
enable the acids to be used several times in treating cellulose.
For the alkaline, bisulphate and nitrate may be substituted, a
proportion of nitric acid at 450to 48° Beaumd, and sulphuric
acid a few degrees above 66°. By treating the acids in either
of these ways they become finally available for the production
of nitric acid by adding the nitrate of potash or soda. The
sulphuric acid assisted by heat dissolves the salt, leaving the
nitric acid free, which is separated by distillation. Should it
be preferred to prepare the pyroxyline by the old method, that
is to say by treatment with a nitrate and sulphuric acid, the
operation may be conducted as follows:—

The pulverised nitrate is mixed with the acid in a vessel,
where after agitation the mixture is allowed to settle. The
liquid portion is decanted into a vessel, where the cellulose is
immersed in it. After removal of the pyroxyline, the liquid
as well as the deposit is heated and treated in the usual way
for production of nitric acid. The acid liquors, after having
transformed cellulose into pyroxyline, may also be applied in
the treatment of phosphate of lime, to produce a soluble bi-
phosphate with sulphate and nitrate of lime.

The cellulose in the cheap condition of thin unsized paper,
cotton waste, or rags, is treated in the known manner with
suitable proportions of acid at the usual temperatures, and for
the usual periods in apparatus consisting of a large basin heated
by steam-pipes at the bottom, and a number
of baskets or vessels of enamelled wire or per-
forated plate, or of ceramic ware. One of these
vessels is shown in sectional plan at Fig. 29. It
is of segmental form, with its sides perforated.

This being charged with the cellulose in a state Pig. 29,

of division, is immersed in the acid bath and uvkk' basket.
agitated. After the cellulose is transformed into

pyroxyline the vessel with its contents is placed in a sloping
position to let it drain, and then a number of the vessels axe
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placed on a centrifugal machine for the more complete expul-
sion of moisture. After this, the vessels are plunged in a basin
containing the acidulated water coming from the other basins.
All this apparatus is arranged within a glass chamber, the
manual operations being effected by means of flexible sleeve
tubes, as above described, attached to holes in the sides of the
chamber. The vapours are conducted from the chamber to a
condenser. The vessels or baskets
containing the pyroxyline to be
washed are introduced successively
into basins mounted on trucks, the
washing being carried on methodi-
cally, that is to say, when the first
vessel or basket is taken from one
of the basins, the second takes its
place, and so on.

The pyroxyline is bleached by
permanganate of potash and sul-
phurous acid. For 4 cwL of
pyroxyline about ! Ib. of perman-
ganate is dissolved, mix the whole
with 2 to 3 tons of water, agitate
and blow through the mass a
current of sulphurous acid till the
bleaching is complete. This may
be done in a vat with revolving
agitators or in a rag mill, whereby
the pyroxyline is at the same time

FIG. 30.— PRESS. reduced to pulp. Instead of the
current of sulphuric acid, sulphuric

acid and salt may be employed, mixing about 150 Ibs. of the
former and about 60 or 70 Ibs. of the latter with the mass con-
taining the permanganate; or instead of these materials about
5 Ibs. of hyposulphite ofsoda, with about 50 gallons of water, and
11 Ibs. of hydrochloric acid may be added slowly to the mass
under agitation, causing the colour given by the permanganate
to disappear entirely. Hyposulphite alone may be used for

A x
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bleaching, or for final bleaching after a preliminary bleaching,
as above described.

The apparatus employed in compounding the pyroxyline
are as follows— 1. A paper or rag mill or beater to bruise
the pyroxyline and camphor. 2. An apparatus similar to
the heated presses used for the manufacture of stearine with
the following modifications, as shown in Fig. 30. The
cakes, rectangular, square, or round, are placed horizontally,
to avoid a preliminary pressure which solidifies the mixture
of camphor and pyroxyline; the press, which may be a
screw or hydraulic, is entirely surrounded by a casing of
plate provided with a door. The rod of the press passes

FIG. 3t-— PLAN OF CONDENSING CHAMBER.

through a stuffing box in the casing, at the side of the casing
an opening connected to a coil for condensing vapours a
chamber with which the coil communicates for receiving the
condensed camphor and other solid matters.

This chamber, shown in section at Fig. 31, is provided
with removable trays over which water flows. To complete
the apparatus, there are required a press with steam-heated
rollers to complete the compression previously made ; moulds
of various forms; an air pump to exhaust the chamber; a stove
or chamber, having a capacity of about 100 cubic feet, made
with tight joints, having a casing for steam or hot air to heat
the exterior, while steam or hot-air pipes heat the interior. A
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large opening permits the placing or removal of the trays, and
it is closed quite tight so that a vacuum can be maintained
within ; lastly, a still and its condenser.

The pyroxyline is treated as required with solid or liquid
solvents.  The liquid are to be preferred for the production of
transparent and even translucent pyroxyline, for the solution
can be filtered and then distilled in a retort to remove
the solvent, the pyroxyline being then in a state of paste,
which can be moulded and then completely dried. For
imitations of ivory and other opaque substances camphor is
employed, which is bruised with water, 42 to 50 parts of
camphor being added to 100 parts of pyroxyline, both being
considered as dry. After a thorough mixture the material is
enclosed in strong fabric and placed in a hair bag between
the plates of the heated press, where it is pressed for an hour
or more. The cakes left in the fabric covers may then be
subjected to the action of the hot roller press, and then placed
in the vacuum chamber in presence of absorbents, such as
chloride of calcium or concentrated sulphuric acid, to remove
all moisture.

During the hot pressing superheated steam or air or liquid
heated above 2120 Fahr. may be employed, the higher
temperature being required to effect the solution of pyroxyline
in camphor. The thin plates can then be united by heat and
pressure, moistening them or not with alcohol, ether, and the
like. Into the products may be introduced any resinous or
other substance or colouring matter, making paste of uniform
colour, or spotted, or marbled. The pyroxyline is rendered
less combustible by washing it before compounding in a
solution of silicate of soda, and introducing into it phosphate
of ammonia or of soda, or borate of lead, or the more fusible
fluxes used for painting on porcelain or glass. As pyroxyline
is not readily attacked by acids, it may be used as a material
for many parts of the apparatus employed for its manufacture.

Proportions in which Cellulose is found. — The
following analyses of raw cotton, wheat and barley straw,
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and of a number of woods, afford illustrations of the extent to
which cellulose is associated with other substances in various
vegetable products :—

I
- Aleohol- Incrusting
Aqueous
Water. benzene | Cellulose. sub.
Extract. { Extract. g stances.
Cotton . . . . . 7°00 | o'so| o'g0| o91°35 o8y
Barley straw , . .| II°75 3'34 199 | 49°22 2770
Wheat straw . . .| 10°39 ‘53| 1°§8 | 49°'17 30°34
Alder . . . . .| 10'70 248 | 0'87 | 54°62 31°33
Beech . . . . .| 12°57 24X | 0'41 | 45°47 39°'14
Biech . . ., . . 12°48 3'63 1°14 5°52 2821
Black Poplar . . .| 12°10 2'8 1'37 2°77 20° 88
Box ¢ o« o s | I2°QO0 2°63 | 063 | 48°14 3g
Chestnut . . e | 12°03 §°4I | 1°10| §2°64
Ebony . . . . . 9°40 9'99 | 2'54 | 29°99 48° 08
Fir . . ., . . | 138 1°26 | 0°97 | 56°99 26°91
Lime . . . . .| 1010 356 | 3°93 | 53°00 29°32
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CHAPTER XL
VARIOUS OTHER EXPLOSIVES.

THE Sprengel Explosives—Flameless Explosives—Roburite—Experiments
with Roburite and other Explosives—Mr. Hilton’s Rules for using
Roburite—Bellite—Securite—Trench’s Fire-extinguishing Compound—
Favier's Explosive—Hellhoffite—Romite—Rack-a-rock—Panclastite—
Melinite—Turpin’s Shell.

The Sprengel Explosive#. — Amongst the variety of
explosives which of late years have been brought to the public
notice, such excellent results have been attained with one
class amongst them—the Sprengd Explosives—that it may not
be impossible in the near future that the dynamites may find
some successful rivals among that class. Rack-a-rock may be
especially mentioned, as it was this compound which the
investigations of the officers of the United States Government
induced General Newton to adopt in the great blasting operation
at Hell Gate in 1885.

In all the Sprengel explosives the essential principle is
the admixture of an oxidising with a combustible agent at the
time of, or just before, being required for use, the constituents
of the mixture being non-explosive when separate.

Sprengel followed up the idea that an explosion is a sudden
combustion, and he submitted a variety of mixtures of oxidising
and combustible agents to the violent shock of a detonating
cap. These mixtures were made in such proportions, that
their mutual oxidation and deoxidation should be theoretically
complete.

Among them are the following:—

a. 1 chemical equivalent of nitro-benzene to 5 equivalents
of nitric acid.
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b. 5 chemical equivalents of picric acid to 13 equivalents
of nitric acid.

t. 87 chemical equivalents of nitro-naphthaline to 413
equivalents of nitric acid.

d. Porous cakes or lumps of chlorate of potash exploded
with a variety of substances.*

All explosives of this class require a detonator. When
nitric acid is one of the ingredients, the greatest care is neces-
sary to avoid its coming into contact with the explosive con-
tained in the detonator.

The Sprengel explosives consist of two ingredients, which
when kept separate are harmless, but when mixed form power-
ful compounds; and the mixing is therefore executed at the
mines, generally before their insertion into the bore-holes.

Flameless Explosives. — The terrible significance of
accidents in coal mines, resulting from fire-damp explosions, is
too well known to require any comment here. According to
the Colliery Guardian (15th April, 1887), official statistics show
that “ during 50 years, ending 1885, there have occurred 503
fatal explosions, in which about 5000 miners have lost their lives.
This gives an average of ten such explosions a year, and an
average of ten deaths to each explosion.”

It is needless to say that these disasters in collieries have
drawn the attention of scientists to the importance of producing
a compound which should not produce any flame when ex-
ploded in the bore-hole in fiery mines. The first step in this
direction was the introduction of the so-called “ water cartridge,”
invented by Mr. Settle, of Bolton. In this invention, the ex-
plosive charge was disposed in such a manner that it was
entirely surrounded by water, and the flame was therefore
quenched by this water at the instant of its explosion.t

The economic value of the water cartridge led to further
advances, and amongst the substitution for water of solid
materials which possess fire-quenching properties, and ulti-

* See *Dictionary of Explosives,’ by Major J. P. cundill, R.A.
t See post, Chap. XV1I., on the * Use of Explosives in Fiery Mines.’
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mately to the invention of a series of so-called Flameless Ex-
plosives, the properties of which, chemical as well as physical,
are discussed in the following pages. The subject is one of
great importance, as by the production of a truly flameless
explosive a great boon would be conferred on the coal-mining
fraternity, to whom | would seriously recommend an impartial
trial of these new compositions. They should thoroughly
experiment with these explosives before pronouncing a judg-
ment pro or contra any of them, as only by continued practical
use in the mines over an extended period can the value of an
explosive be determined.

Roburite belongs to the variety of explosives the reso-
lution of which into gases is not accompanied by a flame when
detonated under confinement; and it is claimed that, as the
resulting explosion gases will not ignite fire-damp or coal
dust in coal mines, the name “ flameless,” therefore, is an
appropriate term.

This explosive is the invention of Dr. Carl Roth, a German
chemist, and he contends that by his peculiar process of
chlorinating and nitrating certain coal-tar products and then
mixing them with some inorganic oxygen-yielding substance,
he obtains a compound which evolves gases which will instan-
taneously quench any flame that may be produced by the
explosion. In fact, the practical effect is somewhat similar to
that produced by Settle’s water cartridge, with the distinction
that the quenching element is chemically combined with the
explosive, whereas in the water cartridge the explosive is
surrounded with water.

The chemical compound, as | am informed, consists of
chlorinated dinitro-benzol mixed with certain proportions of
ammonium nitrate, calculated to oxidise it completely, and in
the result Dr. Roth claims to produce a practically flameless
detonation.

Dr. Carl Roth gives the chemical equation for the decom-
position of roburite as follows . —

C,H3CI(NO022+ 9N H« N03=6CO02+ 19 H20
(Organic.) * (Inorganic.) + 20N + H CI
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Putting the molecular weights in place of the above symbols—

|l. 264 + 342 -f 280 + 36°'S 1
[202-3 + 720] arbonic Water. Nitrogen. Hydrochloric-
ZlAcid. Acid.
922-3 922*3

Roburite has theoretically, by the dynamometer of Trauzl,
nine times the force of gunpowder. The product of its gas
volume and calories (units of heat) is given as 1,130,000, that
of dynamite being about 950,000.

From what has been said, it will be seen that roburite
belongs to the Sprengel type of explosive, being a mixture of
two substances, neither of which separately possesses explosive
properties; in this case both components are solid, and the
resulting mixture has a sandy granular appearance, somewhat
resembling the commonest yellow sugar.

As is shown in the following pages, two other explosives,
called Securitc and Bellite, possess similar properties to robu-
rite, and do not differ materially as to composition; but as
roburite is now being manufactured on a commercial scale in
England, and is in actual use by miners, | shall give results of
experiments which were conducted with a view to substantiate
Dr. Roth’s claims.* These were :—

“ 1. That the two components are perfectly harmless and
inert separately, so that they can be stored and transported
without any restriction whatever.

“ 2. That even when mixed or ground up together in an
ordinary coffee, cement, or flour mill, the mixture is perfectly
safe to handle and use, as neither percussion, friction, nor the
application of an ignited or heated body will cause it to
explode; this can only be effected by using a detonator
charged with fulminate of mercury.

“ 3. That, when detonated, roburite produces neither spark
nor flame, and will not, therefore, ignite fire-damp nor coal
dust in mines. Dr. Roth states that this point was decided by

* For the particulars here given of these experiments, | am indebted
to the inventor, Dr. Roth.

\
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the trials of the Imperial German Commission upon Accidents
in Mines, and that, in consequence, this explosive is now being
introduced into the coal-mining regions of Germany, as afford-
ing absolute safety to the men employed.

“ 4. The amount of noxious gases produced by this explo-
sion is so infinitesimal, that for this reason alone it is superior
to other explosives in common use for longitudinal and deep
mining work. The report from a mine in Westphalia, with
shafts about 1500 ft deep, states with reference to roburite .—
‘The men are not inconvenienced by; the gases, and expe-
rience no difficulty whatever in breathing the moment after a
shot has been fired, and they resume their labour at once.’

“ 5. Roburite is not subject to deterioration through climatic
variations of temperature. It should be kept dry, but if it
becomes damp, its strength can be safely restored by drying.”

The experiments were conducted at Chatham, and the
proceedings are thus described —

“ Safety Tests— 1. After being ground through a small hand-
mill, the substance was struck direct and glancing blows with
heavy hammers upon iron plates without exploding.

“ 2. Flame was then applied to a portion of it by means of a
short length of Bickford fuse, but without igniting the mass.

“ 3. Thrusting a red-hot iron from a portable forge into the
roburite caused only slow combustion and crepitation locally,
which ceased when the iron was withdrawn. When a quantity
was put on the forge fire it merely burnt away like an ordinary-
combustible.*

“ Testfor Strength on Steel Plates.—The plates were laid
flat in shallow trenches, a hollow being left underneath the
central portion of each plate; heavy timber balks were stacked
around each square trench with the object of showing the com-
parative dispersive force of each explosive.

“ 1. 3 Ibs. each of dynamite and roburite were placed on the

* | would not recommend miners to repeat such experiments. It is
well known that dynamite will also burn away without exploding, but |
know of cases where it exploded when set on fire, especially when in bulk.
—M. E.
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centre of plates 2 in. thick, some sandy loom being piled
loosely on top. The results of detonation were that the dyna-
mite produced a dent in centre of plate 1J in. deep; the inden-
tation produced by the roburite was about i£ in. deep, but the
bulge appeared to have a wider area than in the former
case.

“ 2. 51bs. each of roburite and gun-cotton were then exploded
upon the same plates, with the result that in the former case
the plate was smashed into four tolerably equal pieces, while
the gun-cotton made a breach through the centre of the plate
somewhat resembling that which would be caused by the pene-
tration of a large projectile; the diameter of the hole was
roughly 12 in., with five radial fissures almost reaching the
edges, the longest 15 in., the plate being at the same time bent
into the shape of a pack saddle; this would seem to have been
a remarkably tough piece of metal. The timber balks were
scattered in all directions.*

“ 3. 81lbs. each of dynamite and roburite were then detonated
upon plates 3 in. thick. The dynamite caused an indentation
2] in. in maximum depth, while the roburite gave a bulge 3 in.
deep in the centre, and of a larger area, reaching apparently
almost to the comers of the plate.

“ 4. This series of tests was concluded by exploding 12 Ibs.
each of roburite and gun-cotton on plates 4 in. thick, rather
more loam being heaped on top of each. The roburite caused
a wide indentation of i| in. deep in centre, while the tremen-
dous local force of the gun-cotton was exemplified in a striking
manner; in addition to an indentation 3" in. in greatest depth,
a small crack appeared to extend right through the plate, this
crack corresponding with one edge of the lowest slab of gun-

* From experiment No. 2, I conclude that gun-cotton by its more local
action would be more adapted for offensive or defensive torpedo charges,
as it would blow a hole in the bottom of a ship without destroying it. The
ship after sinking could be raised and easily repaired, whereas roburite
would most likely twist and disturb the ironwork, making it useless, but as
a bursting charge for shells, the dispersive effects of roburite may prove an
advantage in attacking large bodies of troops.—M. E.
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cotton, the rectangular shape of which could be clearly seen
indented on the steel plate, the depth being £ in. at the crack
and | in. along the other edges of the slab. Thereis acircular
hole drilled in the slab of wet gun-cotton to receive a small
cylindrical disc of dry gun-cotton, as a primer, and the position
of this disc was marked by a circular hollow in the steel plate
£ in. deep in centre.

“ Ground Mines— io Ibs. each of gun-cotton, blasting gela-
tine, and roburite were loaded into holes in the bottom of the
ditch 4 ft. deep by 8 in. in diameter, filled up with sand, and
slightly tamped; the explosion of these charges cast up tremen-
dous fountains of loam and sand, and resulted in the following
craters: gun-cotton, io ft. 6 in. wide by i ft. 8" in. deep;
gelatine, 14 ft. 6 in. wide by 3 ft. 7 in. deep; roburite, 12 ft
3 in. wide by 2 ft. 9 in. deep. The explosion of the gun-cotton
mine appeared to cause great local action, but it will be seen
that the area and depth of its crater was considerably less than
that caused by the roburite, which again must yield the palm,
in this instance, to the blasting gelatine. It is, however,
to be remarked that these mines had been placed much too
close to one another, so that their craters crossed; this
would give whichever charge was the last to explode a certain
advantage.”

From the published reports* of competitive trials made in
the Whamcliffe Silkstone and Monk Bretton Collieries between
roburite and other explosives, it will be seen that roburite was
found to exhibit all the characteristics of a true high explo-
sive, in respect of the amount of work done in breaking rock
and coal. During these experiments it was noticed, also, that
the explosion of the charges in the bore-holes produced no
visible flame.

To determine the flamelessness of roburite the following
senes of experiments (we are told) were made—

“ 1. A shot fired on the ground, exposed; this gave no
perceptible flame (70 grammes of roburite was the charge in
these experiments).

* Engineering, 28th October, 1887.

A i
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“ 2. A shot fired on the ground, bedded in fine coal dust; no
flame nor ignition of the coal dust was perceptible.

“ 3. A shot fired suspended ina case into which gas was con-
ducted, and the atmospheric air allowed to enter so as to
form an explosive mixture. The gas was not fired.

“ 4., A shot fired in a boiler flue 16 ft. by 2 ft. 8 in., placed
horizontally, in which was a quantity of fine coal dust kept sus-
pended in the air by the action of a fan. No flame nor ignition
of the coal dust took place.

“ 5. A shot fired as above, except that an explosive mixture
of gas and air was flowing into the boiler tube in addition to
the coal dust That this mixture was fire-damp was proved by
the introduction of a safety-lamp, the flame of which was elon-
gated, showing what miners call the ‘ blue cap.’” There was
no explosion of the gas, or sign of flames.

“ 6. A shotof roburite fired in the boiler tube without any gas
or suspended coal dust. The report was quite as loud as in
the preceding case; indeed, to several present it seemed more
distinct.

“ 7. A shot of J Ib. gunpowder was fired under the same
condition as No. 5, i.e. in an explosive mixture of gas and air
with coal dust. Not only was there an unmistakable explosion
of the fire-damp, with very loud report, and a vivid sheet of
flame, but the gas flowing into the far end of the boiler tube
was ignited and remained burning until turned off.”

Several shots were fired in the pits, while the lamps were
covered so as to produce complete darkness, but no flame or
spark was perceptible, according to the report of the witnesses
present.

Mr. James Hilton, in a paper read before the Manchester
Geological Society, says that after an experience gained in
firing over 3500 roburite charges, he had drawn up the
following conclusions and rules for the use of roburite . —

“ 1. It was reliable on account of the safety with which it
could be transported and stored.

“ 2. That it took a very strong detonator to explode it

“ 3. It was practically flameless under pressure, the gases
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evoked in its combustion being of such a character as to
quash any initial flame there might be.

“ 4. In fiery mines, it should be treated so as to confine the
gases, and give them a chance of action on the initial flame
at the moment of action, the quenching element being
chlorine.

“ 5. With regard to the gases evolved by the decomposition
of roburite, it appears from the formula of the inventor that
there are no noxious nitrous fumes caused by its explosion.

“ 6. The drill hole should only be a trifle larger than the
diameter of a cartridge, and is more suitable when machine-
drilled.

“ 7. Open one end of the cartridge, bore a hole down the
centre of it (with a wooden peg), then insert the detonator
well into the middle of the cartridge, and next tie the covering
of the cartridge point to the fuse.

“ 8. In tamping be careful to use dry material, and to ram
the hole very lightly for the first three or four inches, so as
not to displace the detonator or compress the roburite.
Afterwards tamp finally for not less than a foot, with clay
or damped borings from the drill hole. This rule is most
important, as the safety of the explosive depends on the
tamping.

“ 9. Fire the detonator with an electric fuse where fire-damp
is given off or coal dust is present

“10. Store roburite in a dry place, and if the hole is wet fire
the charge as quickly as possible after it has been placed in
the hole.

“ 11. If the charge misses fire disconnect the cable from the
battery, and wait ten minutes before going to it, for although
there has not been a single case of hanging fire with me in
over 3500 shots, yet | have heard of an accident happening
through a shot hanging fire for a few minutes. It is supposed
that the paper at the end of the electric fuse inserted in the
detonator smouldered for a short time and fired the fulminate
of mercury.”

After giving the details of a large number of experiments,
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Mr. Hilton observed that in the number of roburite shots he
had mentioned either sparks or a flash had been seen, on an
average, once in a hundred times, but in none of these, in his
opinion, would an inflammable mixture have been ignited,
although the margin between danger and safety would have
been very near.

Bellite.—This explosive has been invented by Mr. Carl
Lamm, who introduced its manufacture in Stockholm. It is
essentially a mixture of nitrate of ammonia and di- or tri-
nitro-benzoL  These substances are mixed together at a
temperature of 176° to 1940 Fahr., which melts the latter,
causing it to thoroughly cover over all the particles of the
nitrate ammonia, and protecting this substance from atmo-
spheric influence; and a compound is formed of which each
molecule is explosive.

In its granulated state, and in cartridges, its sp. gr. is 1 to 1 2,
and in this condition it is said that it can be readily exploded
by an ordinary fulminating cap even under confinement. When
compressed, however, into solid cakes, it needs more powerful
detonators and also strong confinement. It evaporates at
about 300° Fahr., and at a higher temperature it is stated that
it will, not explode. Unlike nitro-glycerine, dynamite, &c.,
which detonate violently when suddenly heated to a like
temperature, bellite is said to take fire only and to burn
as fat It is also stated that bellite is non-sensitive against
blows, friction, and vibration, and that it possesses great
chemical stability, permitting long storage and transportation
to distant countries.

It has been placed on the list of licensed explosives in
England, and steps have been taken for its manufacture here.

Securite, like bellite and roburite, consists of a mixture
of meta-dinitro-benzole with nitrate of ammonium or nitrate of
potash. The proportions are about 20 parts of the former to
74 of the latter. It is a yellow powder, with the odour of
nitro-benzole.  Other varieties contain trinitro-benzole or
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di- or trinitro-naphthaline. The following equations are given
as representing the various compositions and their products
of combustion, and claim to show that it is a perfectly safe
explosive to use in the presence of fire-damp and coal dust:
CeH4.2 NO, + io (NH4ANO,) =6CO,+ 22 H,0+ N,
2 (C,H,3NO,) + 15 (NH4NO,) = 12 CO, + 33H,0 + N,,
CI0H,.2 NO, + 19 (NH4NO,) = 10 CO, + 41 H,0 + N4
2(C,H,.3NO) + 33 (NIlj.NO,)= 20CO, + 71 H,0 + N;,.

As is shown by the preceding chemical formulas the com-
position of both securite and bellite, does not vary much from
roburite, although securite substitutes as an oxidising salt the
nitrate of potash for the nitrate of ammonia.

Experiments have been extensively reported upon both
abroad and in England by various authorities, and the results
may be summarised as follows:—

Securite and bellite do not seem to explode by friction,
pressure, a blow, fire, or electricity, but detonate under the
influence of a poweriul detonator.

It is claimed that the explosion gases are innocuous, and
that the explosion is not accompanied by any amount of flame
or gases. That they belong to the flameless variety has been
shown by experiments, where these explosives were exploded
in a gaseous mixture of a hydrocarbon and air, inside an iron
tank; such a mixture is highly explosive, but securite and
bellite explosions did not fire it, whereas gunpowder did.

Their action in coal and stone is more in the nature of
rending than of pulverising.

Unlike nitro-glycerine preparations, they do not freeze in
cold weather.

Cartridges of these explosives, when thrown into a fire,
simply fizzed away without exploding.

Heavy weights, when dropped from a certain height on to
the cartridges of these explosives, did not explode them.

That they may possibly be applied for military purposes is
shown by the fact that cannon balls can be propelled with

ese explosives from guns, and a 32 Ib. ball was sent flying

ugh the air for a distance of 95 yards when fired with
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i oz. of bellite, whereas ”~ oz. of gunpowder sent it only to a
distance of 40 yards; but it remains for future experiments to
demonstrate if larger charges of these explosives could be used
in artillery, to send balls to a distance of several miles, such
as actual military operations would require.

Trench’s Fire-extinguishing Compound, manufac-
tured by the Cotton Powder Company, is the invention of
Mr. G. Trench, the manager of the company at Faversham.
The object of the invention is to surround the cartridges of
tonite, when used in coal mines, with a composition which
will extinguish the flame of the shot. It consists of sawdust
impregnated with certain chemical substances, and to an inex-
perienced eye it has the appearance of dirty salt. If a charge
of tonite, or of dynamite or gelatine-dynamite, is packed inside
a few ounces of this mixture, and then fired, not the least trace
of flame can be observed, and experiments appear to show
that there is no flame at all. The following report* of experi-
ments conducted in the presence of several scientific gentlemen
and practical members of the mining community has been
published —

“ A large wrought-iron tank, of 45 cubic feet capacity, had
been sunk level with the ground in the middle of the yard; to
this tank the gas had been laid on, for a purpose that will
be explained later on. The charges were fired by means of
electricity, a small dynamo-firing machine being placed from
thirty to forty yards away from the ‘mine.” Operations were
commenced by the top of the tank being covered over and
plastered down in order to make it air-tight; then a sufficient
quantity of coal gas was placed in it to make it highly
inflammable and explosive, the quantity being ascertained by
a meter which had been fixed specially for the purpose.
Whilst the gas was being injected, the cartridge was prepared.
The first experiment was to try whether a small charge of
tonite—fired without the patent extinguisher—would ignite
the gas. The gas having been turned on, a miner's lamp was

* From the Faversham News, 22nd October, 1887.
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placed in the *tank, but this was extinguished before the
full quantity of gas had gone through the meter. However,
the gas being in, the charge (ij oz. tonite) was placed in
the ‘mine,” the detonator was connected by means of long
wires to the dynamo machine, and the word was given to
‘fire”  With a tremendous report, and a flash of fire, the
covering of the mine flew in all directions, clearly showing
that the gas had been ignited and added considerably to the
noise of the report and the force of the explosion. The next
cartridge (a similar charge) was prepared with the patent
compound. First of all a brown paper case of about
two inches diameter was taken, and one of the tonite
cartridges was placed in the centre of it, the intervening
space between the charge and the case being packed with
the ‘ Fire-extinguishing Compound.” The mine having had
another supply of gas injected, the protected cartridge was
placed inside and fired. The result was astonishing, the
explosion not being nearly so loud, whilst there was not the
least flash of fire. ‘Protected’ and ‘unprotected’ charges
were fired at intervals, gas being turned into the tank
on each occasion. Two i o0z. charges of tonite were fired
without the compound, and on each occasion the gas was
exploded, and the jet at the end of the supply pipe was,
upon examination, found to be alight. Charges varying from
i 0z. to 6 oz. of tonite were fired with the compound, and on
each occasion the report was trifling, whilst no flash could
be seen.”

In actual mining the paper case can be dispensed with, the
charge being placed in the bore-hole and tamped down with
the fire-extinguishing compound around it, but to ensure
the explosive being entirely surrounded with compound the
paper bag should be used.

The accompanying illustration shows the manner of placing
the tonite cartridge in the paper bag, and surrounding it
with the fire-extinguishing compound a, a. The attachment
of fuze and detonator is also shown, as well as the wooden
rammers.



favier’'s explosive. 123

Favier’s Explosive.—This compound is prepared by
coating nitrates, such as nitrate of ammonia, with a molten
hydro-carbon, like paraffin,and then compressing the substance
into a cartridge.

With this object in view, during manufacture the moulds in
which the compression is effected are heated by means of a
circulation of hot water or steam at the melting point of the
hydro-carbons, or better, the material is brought to this tem-
perature in a mixer; under the double influence of the
pressure and heat the material agglomerates itself, the hydro-
carbon covering the molecules of the nitrate with a protective

PIG. 32.—APPLICATION TO CARTRIDGES OP TRENCH'S FIRE-EXTIN-
GUISHING COMPOUND.

coating which may exude slightly and so form externally a
sort of protective varnish to the mass, which may be further
augmented by plunging the material on its coming from the
mould into a melted waterproof mixture.

For the manufacture of more feeble explosives, nitrate of
soda is employed, either alone or mixed with nitrate of
ammonia or with any other compound capable of readily
giving off the hydrogen which it contains. Before the com-
pression of these two compounded substances sulphur may be
added to them, which will lower the temperature of their
transformation into gas.
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The mixture of nitrate of ammonia and of the hydro-carbon
with or without sulphur, worked at the minimum density of
i *6, possesses a very great stability and does not explode,
as do the nitrous bodies, under the influence of an ordinary
fulminating capsule, and consequently recourse is had to an
intermediate nitrous body, the points of contact whereof with
this improved compound are multiplied as much as possible.

For this purpose a cylindric opening is formed in the centre
of the moulded cartridge along its longitudinal axis, these
cartridges of course being made of nitrate of ammonia coated
with the molten hydro-carbon; and in the said opening is
placed a nitrated explosive body intended to communicate
the initial detonation to the surrounding compound, thus
increasing the initial detonation produced by the discharge of
the fulminating capsule placed in contact with the nitro-
compound.

In the central opening, gun-cotton, picric acid, the chlorates
of ammonia or potash, may be used as a priming, the last
two substances being previously incorporated or covered by an
easily fusible hydro-carbon. These detonating compounds are
moulded in form corresponding to the hole in the cartridge,
and can be inserted either at the time when the explosive is to
be used or previously.

By employing a quantity of gun-cotton or chlorate not
exceeding one-tenth of the weight of the moulded compound
to be detonated, the explosion will be positively ensured.

By using the hollow cartridge, Favier is enabled to utilise
certain explosive acid mixtures of the Sprengel type, which
are produced by dissolving certain hydro-carbons, phenols,
natural alcohols, in nitric acid or in nitric peroxide, or nitrates,
sulphates, carbonates, &c.

Several of these mixtures, in which the nitrated elements
and hydro-carbons are simply in juxtaposition, will produce
explosives, which according to theory are equally powerful as
compound with nitro-glycerine preparations, for they can be
made in required proportions for obtaining a complete com-
bustion of their elements, and moreover do not need to give
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over during the detonation the heat absorbed by the fixing ol
the nitrous elements on the glycerine.

These explosives are brought to a state of paste by absorp-
tion in infusorial earth, or are placed in the central opening
of the cylinder of the primary compound, the ends of which
are covered by a plug of the same material, or by an inert
body such as paraffin. They are exploded by means of strong
fulminating caps.

Hellhoffite is a mixture of nitro-petroleum or nitro-tar oils
with nitric acid. One form of it—proposed by Gruson—has
been tried in shells, and consists of meta-dinitro-benzole
(C6H4, 2 NOj) and nitric acid. The two substances are
placed in separate receptacles in the shells, and are automatic-
ally mixed during the flight or on the impact of the shell, as
the case may be.

Romite is a Swedish explosive, consisting of a mixture of
nitrate of ammonia with naphthaline or nitro-naphthaline.
When required for use, this is to be mixed with chlorate of
potash. The nitrate of ammonia is also employed when
coated with a jacket of molten paraffin and naphthaline ; when
so prepared in admixture of chlorate of potash it forms a
compound equal in strength to ordinary dynamite.

This explosive is used successfully in Sweden. It does not
seem to explode accidentally, and may have a future before it.
Experience has shown that a chemical action is likely to set
up between the nitrate of ammonium and the chlorate of
potash, which renders spontaneous combustion possible, but
this tendency the persons interested in the preparation of romite
are endeavouring (lam informed) to overcome.

Rack-a-rock consists of compressed cartridges of chlorate
of potash impregnated before use with dead oils or other
liquid hydro-carbons, or with nitro-benzole; or a mixture of
dead oil with its Own volume of bisulphide of carbon; or a
mixture like the last with the addition of 3 per cent, of sulphur.

The chlorate of potash cartridges are enclosed in small
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bags of cotton or other cloth, of suitable size and shape, and-
dipped into the liquid. The mixture of dead oil and bisulphide
of carbon is used by preference, the object of the bisulphide of
carbon being to prevent too large a proportion of dead oil
from being taken up by the chlorate. The bisulphide after-
wards evaporates out

Nitro-benzole is also used as a dipping liquid, or as an
ingredient thereof in combination with picric acid.

In practice, the cartridges are suspended in a wire basket
from a spring balance and dipped into a pail containing the
fluid. The completion of the absorption of the proper amount
of fluid is shown by the spring balance. The proportions
given are three to four and one-sixth parts solid to one part
liquid eingredient.

If the cartridges be kept, they appear to tend to increased
sensibility to friction or percussion.

Panclastite is a name given to various mixtures proposed
by M. Eugene Turpin, of Paris.

In some of these mixtures he proposes to mix liquid nitrogen
tetroxide or nitric peroxide (N30 4)1 with bisulphide of carbon,
benzole, petroleum, ether, mineral volatile oils, or other liquid
or solid hydro-carbons. He recommends especially a mixture
of a CSJ |- 3 NjJO*; but the use of two such ingredients, both
giving off highly deleterious vapours, is a very serious objection
to a mixture to be used in a mine or other confined space, and
the vapour given off by the liquid N20 4is especially dangerous.
He also proposes a mixture of about eighty parts chlorate of
potash to twenty parts coal tar, with the addition, if necessary,
of some porous absorbent for the liquid tar. Two of his
powders are as follows:

No. s. No. a
Chlorate of potash 80 per cent. . . 40 per cent.
Coal tar L. 14 to 16 ,, ” [ |
Wood charcoal 42 n U
Nitrate of potash 40 11N

granulated like ordinary powder, or
f compressed cartridges.
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Melinite—an explosive which is simply an adaptation of
picric acid—is also the invention of M. Turpin. Picric acid
by itself had always been considered as an imperfect body, not
capable of explosion without an admixture of an oxidising
substance, like chlorates, nitrates, chromates, nitric acid, &c.
But in practice these mixtures proved too dangerous, as the
picric acid displaced the nitric and chloric acids from their
salts, and thus caused spontaneous explosion; and such
compounds have caused some terrible disasters.

Turpin discovered that, contrary to all the theories adopted,
picric acid alone—that is to say, neither mixed nor combined
with any active substance and such as it is found in commerce—
is one of the most powerful and valuable explosives that can
be conceived. Its explosive force is greater than that of
compressed gun-cotton and the different forms of dynamite.
Its insensibility to shock, as well as its stability, is also very
remarkable. Turpin also demonstrated that the maximum
force of explosives of this kind, contrary to what has been
believed, does not coincide with the chemical formulae, which
correspond to complete combustion, but on the contrary with
the combustion which yields carbonic oxide. On this novel
theory, therefore, the maximum of power may be obtained
with nothing near the maximum sensibility, which admits of
obtaining results hitherto unlooked for. It is generally
admitted that the power of explosives is proportionate to the
heat disengaged, which has always led chemists to employ the
oxidising agent, and preferably in excess, in order to obtain
complete combustion. This, however, was a grave mistake,
as the oxygen necessary to form carbonic acid could produce
a double volume of carbonic oxide, which would produce a
much more considerable amount of work, and which is far
from being compensated by the increase in value of the
temperature which is produced in the case of the formation of
carbonic acid. As regards the carbonic oxide this need not be
considered, as its conversion into carbonic acid takes place
immediately it is projected into the air, by the action of the
flame of the explosion, and at the expense of the oxygen of
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the air. Turpin found that when picric acid alone, without
any admixture, is fired by means of an initial detonator of
sufficient power it is capable of producing the most violent
bursting effects, for which reason it is proposed to apply it
for industrial and military uses, by the novel means and
processes hereinafter described.

This application is the more important, as hitherto an
explosive for military uses possessing the following properties
found in picric acid alone has never been obtained, viz.:
1. Absolute chemical stability, that is to say, non-susceptibility
of spontaneous decomposition or of elementary change.
2. Absolute physical stability, that is to say, non-suscepti-
bility of congelation, exsudation, liquefaction or evaporation.
3. Absolute insensibility to the most extreme variations of
atmospheric temperature. 4. Capability of being preserved for
an indefinite period. 5. Perfectly non-hygrometric. 6. Perfect
security, in manufacturing, manipulation, and transport.
7. Little or no capability of ignition in the open air.
8. Greater power of dispersing earth than either gun-cotton or
dynamite. 9. Shattering properties equal, if not superior, to
those possessed by other violent explosives. 10. Insensibility,
or at least inexplosibility, on the ball striking, n. Insensi-
bility (when used in shells) to the shock of the discharge of
the cannon.

The insensibility of picric acid by itself is due to the excess
of carbon which it contains, and for this reason it is absolutely
necessary to avoid the admixture of any oxidising substance, as
it considerably increases its sensitiveness, as well as greatly
reduces its power. Picric acid, unmixed, attains its maximum
sensitiveness to priming, this property being very slight when
it is in the form of fine powder; although but slightly sensitive
to shock, its sensitiveness may be still further reduced by
different means, which admirably adapt it for, and, in fact, are
indispensable to, its use if it is desired to obtain satisfactory
results.

These processes consist (1) in compressing the picric acid,
in order to increase its density, and, at same time, lessen its
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sensitiveness, contrary to what is the case with gun-cotton, it
being well known that gun-cotton in a flocculent form is not
exploded by a priming, whereas it explodes readily when com-
pressed. (2) By agglomerating it (and at the same time
moulding it to various forms) with an aqueous solution of gum
arabic, or some fatty body, such as heavy oils, fats, etc., which
have the property of rendering picric .acid insoluble, and then
allowing it to dry if necessary. (3) Collodion jelly diluted in
the proportion of from three to five per cent, in a mixture
of alcohol and ordinary ether, may also be used to agglomerate
the picric acid to lessen its sensitiveness, and adapt it for being
moulded into any form. Blocks thus obtained will explode in
a closed chamber, with primings of from one to three grams of
fulminate. The maximum of insensibility is obtained when in
the cast state, which is one of the best modes of employment.
In this case it will resist, in the open air, the explosion of a
priming composed of three grams of fulminate inserted in the
cast mass, but it explodes perfectly in a closed chamber, such
as a shell, for example, as will be hereinafter explained. Cast
picric acid behaves much like wet gun-cotton, that is to say, it
may be exploded even under water With a priming of picric
acid in dry powder, which is itself primed with 1+5 grams of
fulminate. Very powerful explosions may, in this manner, be
obtained. Cast picric acid perfectly resists the shock produced
by the firing of a cannon, when contained in a projectile,
having an initial velocity of six hundred metres, and produces
destructive effects of a kind hitherto unknown.

'flie following is the process of casting the picric acid : The
acid is fused in a vessel provided with a false bottom heated to
x 130° to 1450 C. by a current of steam under pressure, or
simply by the circulation of a liquid heated to the desired
temperature, such as oil, chloride of zinc, glycerine, etc. The
melted picric acid is run into moulds of a form corresponding
to that of the blocks required, or it may be run into the
projectiles themselves, which should be heated to a constant
temperature of about 100° in order to prevent too rapid solidi-
fication. The importance of the application of this method is

K
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considerable. It has been observed that in large projectiles at
a high velocity, ordinary powder, if in small grains, sometimes
ignites through the friction which results from its settling down,
in consequence of the initial shock, whereas if it is in the form
of compressed blocks it resists ignition. For this reason, it is
preferred to employ for hollow projectiles picric acid, in com-
pressed powder, agglomerated after pressure, or preferably
cast, it thus attaining a density of i-6 to 1*7. This latter
mode of use is also more convenient, as it enables the explosive
to be cast in receptacles of any form having small orifices,
such as shells, torpedoes, tubes, moulds, etc. When required
for producing explosions in the open air, for blowing up rails,
walls, etc., for military purposes, it is preferable to employ the
picric acid in dry powder. In this form it is firmly packed
into the cartridge case of tin, copper, or pasteboard, and a
priming tube, inserted well into the material, is used, as in
the case of gun-cotton or dynamite.

The priming of the picric acid may be effected by the three
following means .— (<) By the direct employment of a priming
of 1«5 grams of fulminate of mercury, which answers well for
picric acid in dry powder, (b) By employing an intermediate
priming of picric acid in powder, primed by the fulminate,
which is very suitable when using cast or agglomerated picric
acid. (c) By dispensing with the fulminate, and employing a
sufficiently large charge of ordinary quick-burning powder
enclosed in a strong tube, and made to burst inside the charge
of picric acid. This last method is of especial importance in
connection with artillery.

Turpin’s Shell.—Fig. 33 illustrates the invention as ap-
plied to the charging of shells, with cast (fused) or powdered
picric acid, and with or without a priming of fulminate. The
drawing represents a longitudinal vertical section of the shell
A is the body, and B the plug, containing the priming, in the
chamber D of which plug may be placed a charge of quick-
burning powder, or picric acid in powder. In this latter case, a
priming containing from 08 to 1 gram of fulminate should be
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attached to the fuze C. E, copper ring surrounding the base of
the shell. The chamber D is coned, and also the core which
is used to form a cavity for its reception in the fused or cast
acid, to enable said core to be easily drawn out. It will thus
be seen that in order to produce the detonating explosion of
the picric acid, or, on the same conditions, that of the com-
pressed gun-cotton or dynamite without the use of fulminate, a
cavity is moulded in the charge of compressed, agglomerated,
or cast picric acid, to receive the screw plug, which terminates
at its inner end, in a very strong, but brittle, chamber of cast
steel, or iron, which is filled with very violent gunpowder, or,
preferably, with 25 grams of a powder composed of chlorate
of potash, tar, and charcoal. The plug is closed by means of
the fuze. It will thus be seen that a strong priming of gun-

1 E
FIG. 33.—TURPIN’'S SHELL.

powder is used instead of a priming of fulminate, the only
fulminate employed being that contained in the artillery fuze.
If it is desired to obtain, either in mines, or elsewhere, an
explosion without detonation of the picric acid, a small charge
of powder should be employed, either wrapped in paper or
contained in a waterproof bag, to be ignited by the miner's
fuze, the latter having no action upon the picric acid when
unenclosed. Under these conditions the picric acid may be
employed in mining and excavating generally in the same
manner as dynamite and gun-cotton. |If the mine is dry, itis
sufficient to introduce the picric acid into the hole, either in
powder, or in small crystals, or agglomerated, or cast, and to
prime it in the ordinary way.

vl a
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If the mine is wet, or under water, the picric acid must be
enclosed in a waterproof envelope of metal, indiarubber, cloth,
gummed taffetas, waterproof paper, etc., and primed with a
strong priming of dry picric acid in powder which is itself
primed, by means of a fulminate. The picric acid is almost
completely insoluble in cold water, and detonates freely with a
priming of 1-g§ grams, if it is moistened with three per cent.
of water.



CHAPTER XII.

DETERMINATION OF THE RELATIVE STRENGTH OF
EXPLOSIVES.

Elements Of Comparison of Explosives—Methods of Comparison—Ex-
periments of Captain Nobel, Sir F. Abel, MM. Roux and Sarniu,
and M. Berthelot—Nobel's Ballistic Test—Calculating the Effect of
Dynamite—Iron Plate Test—Pressure Gauge—Foot-pounds Machine
—Quinan's Diagram for Measurement of Pressure—Initial Detonation.

The most vital question which concerns explosives is the
evolution, or rather concentration, of their power, absolute
and relative.  This is a subject to which serious attention has
long been given, without leading as yet to satisfactory
results.

It is not only from a theoretical point of view that such
knowledge is of importance. The manufacturers of explosives
are frequently themselves unable to estimate the relative value
of other explosives and their own. The pressure gauges
devised give only an approximate idea of their relative power.
The strength of a dynamite, or its explosive effect, is made up
of three factors. It may be considered as equal to the product
of the three —

1. The amount of the gases formed (that is, their volume
reduced to a standard temperature).

2. The temperature of the gases.

3. The reciprocal of the time consumed during their evolu-
tion.

In practice, be it in mining or quarrying operations, it is
really difficult to make comparative tests. Rock which appears
to the eye uniform and quite alike, in blasting often brings to



134 RELATIVE STRENGTH OF EXPLOSIVES.

light veins, shakes, or fissures which render a comparison of
work done in two contiguous portions impossible—in fact,
there is no such thing in reality as to make two bore-holes of
equal depth and diameter, where conditions of the material to
be blasted are identical.

Methods of Comparison of Explosives.— Explosive
power may be estimated in two ways, viz. indirectly by theo-
retical induction, and directly by measuring the maximal tension
of the gas at the moment of explosion, or the mechanical work
which it is capable of performing, or what means the same,
that at the moment of the dissolution of the solid into gases a
certain amount of mechanical work is being done by the
pressure of the gases evolved and the heat generated. For
gunpowder both methods have been applied, without showing
much discrepancy in the final result

Captain Nobel's and Sir Frederick AbePs experiments show
that the maximal pressure exercised by gunpowder, when the
density of the products of explosion is equal to ioo, or, in
other words, when i kilo, of exploded powder occupies the
volume of i litre, is equal to 6400 atmospheres, or about
42 tons per square inch; that its explosion produces about
705 units of heat, which, multiplied by its mechanical equiva-
lent, represent a theoretic work of 486 foot-tons per Ib. of
powder.

But highly satisfactory as are those figures, derived from
actual measurements, they give no clue to find the absolute or
relative power of gun-cotton, nitro-glycerine, and other violent
fulminates of modern application. These have been considered
too powerful and too quick of explosion for even the strongest
steel receptacle to resist their action, and hence, as far as we
know, no attempt has hitherto been made to measure their
explosive pressure by an instrument similar to those employed
by Captain Nobel and others to estimate the tension produced
by exploding gunpowder.

By aid of repeated calorimetric tests made at the Depot
Central des Poudres, Paris, MM . Roux and Sarrau have sought
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to determine how much heat the explosion, or rather detonation,
of various fulminates produces. They have thus found for

Nitio-glycerine..... 17S4 units of heat
GUN-COttON .o, 1:23 »
Picrate of potash . . . . 840

1

which, multiplied by the mechanical equivalent per unit,
gives
778 metre-tons per kilo, of nitro-glycerine,

489 N N . gun-cotton,
366 » » » picrate of potash,
as against
37S ,  for the best sporting powder,
and 267 " ” » 1 ordinary mining powder,

which is of a very inferior quality.

Comparing those figures with the heat produced by the
combustion of gunpowder, as found by Sir Frederick Abel
(704 units), and taking it as i-o00, the mechanical power
which

Nitro-glycerine is capable of performing would rank as . 2'53

Gun-cotton w N . » .1-59
Picrate of potash ,, ,, " ” P

Berthelot, following a different method, purely theoretical,
arrives at much lower figures for the heat produced by the
combustion of the same substances, and consequently also for
the amount of work it represents. He admits that at the very
high temperature, which is a very general feature of explosive
combustion, no complex chemical combination can exist, and
that only elementary compounds, such as water vapour, car-
bonic oxide, and carbonic acid will be formed; so that when
the chemical composition of such explosive substances is
known, which are entirely converted into gas, it is easy to
determine, without recourse to experiments, the nature of the
gaseous products formed at the moment of their explosion.
Hence, for instance, nitrate of ammonium, of which the formula
is NH« NO 3, would split up into

N2+ 02 (Ha0)2
Starting from this point of view, the correctness of which cer-
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tainly does not appear to admit of the slightest doubt, Berthelot
computes, from well-known tables, the heat produced by the
formation of the gaseous products from their elements. He
further eliminates the units of caloric developed in the forma-
tion of the explosive substance to be dealt with from its
elements, and takes it for granted, of course, that as much heat
must be absorbed in disuniting the chemical tie as was freed in
forming it. The heat lost in that operation he deducts from
the sum of heat produced by the reunion of the disconnected
elements, the balance representing the heat really developed by
the explosive combustion. Thus, for each 227 grams of nitro-
glycerine, which the explosion transforms entirely into carbonic
acid, water, nitrogen, and oxygen, Berthelot calculates the heat
produced by the formation of the carbonic acid and water from
the elements of 430,300 units, and the heat produced by the
formation of the nitro-glycerine itself from its prime elements
at 130,500 units, which, deducted from the total of 430,500,
leaves 300,000 units of caloric freed, or 1320 units per gram
of nitro-glycerine exploded.

Nobel's Ballistic Test.—Various devices have been
employed for testing the power of explosives, and to measure
their relative strength, and the first in use was that adopted by
Nobel. He made use for several years of a method based on
measurement of the ballistic power of explosives; and though
certainly open to some objections, it has the advantage of being
extremely handy and sufficiently accurate for the object in view.

A mortar test is indeed more reliable for comparing deto-
nating explosions than for slower compounds; for in the latter
case, the projectile may have left the mortar before the com-
bustion is completed, while, in the case of fulminates, their
explosive conversion is so rapid that in all probability it is
completed before the projectile has begun to move at all, thus
acting upon it with the whole force of its initial tension. This
is further confirmed by the fact, that the bore of the mortar can
be made far shorter than for testing gunpowder, without any
considerable falling off of the range of projection. The con-
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elusions which he drew from a series of experiments were that

if the ballistic power of detonating

Nitro-glycerine is expressed by .
Compressed gun-cotton, weight for welght ranks as
Dynamite of 28% guhr and 75% nitro-glycerine ,,
AMmMONIia POWAET ...
Gunpowder mixed with 20% nitro-glycerine
Gun-cotton , its own weight of
nitro-glycerine
Curtis and Harvey’'s strongest blasting
powder detonated withacap . . . .
Fulminate of mercury . . "
Lithofracteur of the strongest klnd L "

0o0'o
71'0
N2e0
83'0
50-0

83*0
258'0

30-0
50'5

In this estimate no deduction has been made for the power
exercised by the fulminate of the detonator caps, it being the
same for all preparations except gun-cotton, for which o’ 16

additional weight of fulminate was used.

Interesting as it may be to compare the relative power of
explosive substances, weight for weight, the power which they
are capable of exercising, bulk for bulk, is of far greater

importance in their application to blasting.

It is easily computed when their specific gravity is known,

which has been found

For nitro-glycerine.........cccoeucee. I'60

s QUN-COLON . e
,, dynamite No. I.

,, ammonia powder .o

5 QUNPOWET .. foo

s lIthofracteur ....... .o

,  dynamite NO. 2 ....cocuvinnnnn. 1'20

When their power is compared, bulk for bulk, the various

explosives range as follows :—
Nitro-glycerine......coooovivinncnene.

AMMONIAPOW AT .o

Dynamite No. | ...
Lithofracteur...

GUN-COLION .o
Curtis and Harvey's blastlng powder fired by

detonator

80-0
74-0

S3-0
60'0

*75

. 1000
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Calculating tbe Effect of Dynamite.—To calculate the
pressure developed by the explosion of a charge of dynamite
in a bore-hole, let us suppose a bore-hole three centimetres
in diameter, charged with one kilogram of dynamite No. i,
containing 75 per cent, of nitro-glycerine.

The pressure infkilograms developed in the bottom of the
bore-hole by the explosion gases is determined according to
the formula, Vieille and Sarrau :(—

P= VvV° (T+ 273c.)
V- v

in which the letters have the following meaning:—

V 0 the volume, reduced to o° and a pressure of 760 mm. of
the gases produced by a unity of weight of the explosive.

Q the number of calorics disengaged by the explosion of a
unity of weight of the explosive.

¢ the specific heat, at constant volume of the gases.

V the capacity in cubic centimetres of the unity of weight of
the explosive.

v the volume occupied by the inert materials of the explo-
sive.

The volume of gases produced by 1 kilo, of nitro-glycerine at
0° and under a pressure of 760 mm., is, according to the
experiments of Vieille and Sarrau, 467 litres.

We can therefore take for V0 :—

V0 =0-75 x 467
equal to
VO = 35

According to Bunsen and Schiskoff, 1 kilo, of dynamite No. 1
disengages 1290 calorics.

The specific heat ¢ is 0-220 according to Sarrau’s calcula-
tions.

At last, the density of the dynamite being equal to 1-500, we
deduct therefrom :

V ='— — = 0-666.
1-500
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If we estimate at o-ioo the volume of the Kieselguhr, we
find from the preceding formula that the following values will
represent the letters .—

1290
(1t 273 x 0-220 13,900 atmospheres.
0-666 —0-100

To transfer this quantity into kilograms pressure per square
centimetre, it is only necessary to multiply the same by the
weight of a column of quicksilver om- 760 high and 1 centi-
metre square section, which is equal to augmenting it by
1
3P

Pk - p“ (" + 14,317 kilograms.

In applying the formula to the explosion of gun-cotton, and
taking:

O
"

1075 (Berthelot)
C = 0-2314

—  (absolute density 1-50)

VO = 671 litres (Vieille and Sarrau)
v=20
we find :
P'a = 18,135 atmospheres
P'k = 18,740 kilograms.
The explosion of 1 kilogram pure nitro glycerine gives :
P"a = 18,533 atmospheres
P"k = 19,151 kilograms.

The Iron Plate Test consists in estimating the strength
of an explosive by its effect in smashing an iron plate of
standard thickness and tenacity, when exploded in certain
charges on its surface. This test is very delusive, though of
value in determining certain other important qualities. Sir
Frederick Abel has shown that weaker explosives sometimes
show better results by these tests than stronger ones; in
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fact the experiment is rather a test of the completeness of
detonation, and of the rapidity of explosion, than of the force
which becomes available in rending rock.

The Pressure Gauge is mostly adopted by manufacturers
to estimate the force of their explosives. As shown in Fig. 34,
it consists of a heavy block of wood A, upon which is bolted a
cast-iron block or base B, B, B. In this base are inserted four
wrought-iron guides, or standards C, C, set around the circum-

FIG. 34.—PRESSURE FIG. 36.—SHOT OF PRES-
GAUGE. SURE GAUGE.

ference of a 4-in. circle. The lead plug D rests upon a steel
plate (not apparent in the drawing), which is let into the iron
block flush with its upper surface. A ring E holds the guides
C in place at the top, passing through the ring, which is held
down by nuts F.

The piston H (also Fig. 35) which is the piece resting on the
plug of lead, is a cylinder of tempered steel, 4 in. in diameter
and S in. in length. It is turned away at the sides to lighten it
as much as possible. It moves freely between the guides. In
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the top is a parabolic-shaped cavity to hold the charge of
explosive N (Fig. 35). The weight of the piston is 12$ Ibs.

The shot | (also Fig. 36), made of tempered steel, is 4 inches
in diameter, and 10 inches in length, weighing 34~ Ibs. It is
bored through its axis to receive a capped fuze.

To put the instrument in operation a plug of lead is placed
upon the steel plate within the guides. The piston is put down
gently upon it, and the charge of explosive placed in the
cavity N. The shot is next lowered gently upon the piston,
and the capped fuze pushed down through the hole in the
shot The fuze being lighted, when the fire reaches the cap
the charge is exploded, throwing out the shot and compressing
the lead plug. The accuracy of the test is based upon the
assumption that the lead plugs shall be of
uniform density and homogeneous structure.

The form of plug used is a cylinder, an
inch in diameter and an inch in length (Fig. 37).

The lead cylinders used for these experi-
ments are cut out from lead bars, which are
manufactured from large masses of metal melted
at a high temperature; it is dense and uniform, A<, 37A—LKAD
and can be obtained in lengths of 50 feet.

These plugs are more uniform than those cast separately in
moulds from small masses of metal.

In making these tests it must be considered that the lead
plug, while being compressed by the explosion in the pressure
gauge, the density of the plug as well as the lead surface
opposed to the piston continually increases. It is self-evident
from this that the amount of compression shown by the plug
is not a direct measure of the strength of the explosive. For
illustration: if one explosive exploded in the pressure gauge,
compresses a plug of an inch, and another explosive
compresses a plug -j*£y of an inch, the latter explosive would
be twice as strong as the former if the compressions were
direct measures of relative strengths. But in fact the latter
explosive is more than twice as strong. The problem was,
how much. The strength of the explosive is proportional to
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the work performed in reducing the height of the lead plug,
lo get an expression for the work, it was only necessary to
find the number of foot-pounds required to
produce the different amounts of compression.

Foot-pounds Machine.—Acting upon
this reasoning, Lieutenant Quinan, of the
U. S. Army, devised an apparatus which is
shown in Fig. 38.

It consisted of three boards, so connected
as to form a slide 16 feet high, in which a
weight (the shot of the pressure gauge) could
fall freely. One of the boards was graduated
into feet and half feet. The horizontal
board at the bottom, upon which the others
were nailed, rested on a heavy post set deep
in the ground. A round tenon formed on
the top of the post projected through a hole
in the board. On the top of this tenon,
turned bottom upwards, was placed the piston
of the pressure gauge. This served as the
anvil, and on it the plugs were placed The
fuze hole of the shot was plugged with a
large wire, which projected through the top
and gave a hold for a simple form of clutch,
by means of which and a light rope passing
over a pulley at the top of the structure, the
shot was hoisted to any desired height. The
clutch was released by hand from the steps
of a ladder.

With this apparatus the uniformity of the
plugs is tested. It was found that plugs cast
separately in mould were ofno value for these

FIG. 38.—FOOT- tests, and had to be rejected. The plugs cut
POUNDS MACHINE. .

from drawn lead gave satisfactory results.

These plugs were carefully measured before compression and

again after compression, by taking the average of several
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measurements. The difference between the original length
and the reduced length gave the compression caused by the
blow of the shot in falling. The instrument used in measuring
the plugs is the micrometer calipers shown in Fig. 39
(manufactured by Messrs. Brown and Sharp, of New York).

FIG. 39.— MICROMETER CALIPER.

This instrument is exceedingly accurate and convenient: it
reads to the thousandth part of an inch, and even this space
can be readily divided.

The more uniform structure of the drawn plugs, as compared
with the cast, is apparent in the different appearances of the
two after reduction in the pressure gauge, or in the foot-pounds

FIG. 40.— DRAWN LEAD PLUG FIG. 41.— CAST LEAD PLUG AFTER
AFTER COMPRESSION. COMPRESSION.

machine. The drawings (Figs. 40 and 41) show this better than
description. Having adopted the drawn plugs, Lieutenant
Quinan constructed a table for converting the compressions
of the drawn plugs into foot-pounds, or actual measures of the
strength of explosives. This was simply and expeditiously
done by making several series of experiments in dropping the
shot from various heights, beginning with a half foot and going
up a half foot at a time to about 16 feet. An average of all
the compressions at a given height was assumed as correct.
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The height multiplied by the weight of the shot gave the
foot-pounds corresponding to that particular compression.

Diagram for Measurement of Pressure.—To more
graphically represent the relations between the plug com-
pressions and foot-pounds, as well as for convenience in work,
Lieut. Quinan constructed a diagram, using the compressions
as the ordinates, and the foot-pounds as the abscissae of a
curve. This diagram is shown on a much reduced scale, and
without detail, in Fig. 43.

The extreme co-ordinates are fixed by nitro-glycerine.

The original diagram 21 x 14 inches, has been relied upon
for converting plug compressions into
foot-pounds, or units of strength.

In using the diagram, the figures in
the “ scale of plug compressions” repre-
sent thousandths of an inch. The
amount of compression received by the

FIG. 42.—SECTION OF plug is ascertained by deducting its

E'[JlJCiI(DSSO\'IVh:NGPRFéE: measurement after coming out of the

SURE GAUGE. pressure gauge from the measurement
made before explosion. The difference

is, of course, the compression received, in thousandths of an
inch. Find the point in the “ scale of plug compressions”
corresponding with the amount of compression ascertained.
From this point follow the perpendicular lines until the
curved line is reached. Then from the p >int in the curved
line so reached follow the horizontal lines to the “ scale of
foot-pounds.” The figure there reached is the equivalent in
foot-pounds of the compression.

The standard charge for this pressure gauge is 24 grains.

This system gives a comparative measure for high explosives.
This pressure gauge is not, however, an accurate test for lower
explosives. A triple charge of good black blasting powder
fired with a fuse will produce a scarcely perceptible effect on
the plug, and yet we know that this powder is capable of great
work in certain kinds of rock. We may suppose, without an
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error affecting our principle, that, in firing 24 grains of high
explosive, the product of the amount of gas multiplied by the
temperature of the gases gives a number equal to the product
of the corresponding elements in the explosion of triple the
charge of black powder. But in one experiment we get a
compression which is almost infinitely greater than in the
other; for in the last we get a result too small to be measured.
It is because the third factor in our formula for explosive
effect—time—bears a similar but inverse ratio in the two
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SCALE OF FOOT POUNDS.
FIG. 43.— QUINAN'S DIAGRAM FOR MEASUREMENT OF PRESSURE.

cases; in the first being inconceivably short, and in the second
case a sensible interval.

In the explosion of the black powder, the force, though
great, is developed so gradually, that at no one instant is
enough inertia developed in the shot to produce a sensible
compression of the lead.

Initial Detonation.—1 have already referred to the
relative value of quick and slow explosives. Given a par-
ticular piece of work to be accomplished, it may well be that
of two explosives available, the more powerful one may, for
want of quickness of combustion, be the less efficacious for
the purpose in view. This drawback of the slow action of the
more powerful explosive may be overcome by adopting the

\
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method of firing explosives which is known as the detonating
ignition. It consists in applying a strong local explosion
instead of a spark or flame.

It is especially in connection with nitro-glycerine that this
mode of ignition has led to remarkable results, and it was to
suit the peculiar nature of that substance that it was invented.
Nitro-glycerine, indeed, without that special firing, though it is
an explosive, is not a blasting agent, as it cannot be applied
with any degree of certainty that it will go off. Not so when
fired by a local explosive. It not only detonates without any
confinement, but it affords an extraordinary facility for setting
off substances which, without its aid, are absolutely inexplosive.
If, for instance, charcoal and nitrate of potassium are mixed
without sulphur, they form no explosive compound within the
ordinary meaning of that term ; but if from 10 to 15 per cent,
of nitro-glycerine is added, a local explosion, produced by a
strong detonator or fulminate cap, will cause the almost inert
mixture to detonate with nearly the same rapidity as the nitro-
glycerine itself. Nitrate of ammonium and charcoal, with or
without sulphur, form a mixture so sluggish at the ordinary
temperature, that when tried in a shell along with 6 oz. of
gunpowder, the explosion of the latter failed to set it off, or
even to inflame it ; yet mixed with 15 per cent, of nitro-
glycerine, it detonates with an extraordinary violence. Sawdust,
bark, resin, starch, sugar, glucose, flour, dextrine, gum, &c.,
mixed with any nitrate, become, if a small portion of nitro-
glycerine is added, most violent detonating fulminates. Nor
is that all. Substances considered as absolutely incombustible
will form explosives; for instance, chloride of ammonium,
mixed with nitrate of potash and nitro-glycerine, will decom-
pose explosively under formation of chloride of potassium,
and the freed hydrogen unites with oxygen of the nitrate.
Sulphates are very much more sluggish; but if very finely
divided and mixed with charcoal, they also indicate a decided
reaction, although too slow to be completed in the extremely
short time which an explosion occupies. Chlorate of potash
mixed with nitro-glycerine detonates even without the presence
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of charcoal or any other combustible. The number of organic
compounds, soluble or even insoluble in nitro-glycerine, which
can thus be brought to detonate is almost unlimited.

In practice itwill be found of great advantage, when blasting
large charges of ordinary mining powder, to fire them with a
primer of dynamite or gun-cotton. The initial detonation will
cause a more rapid combustion of the gunpowder, and tear the
rocks asunder with more certainty than when the powder is
fired with an ordinary fuze. This causes a imore gradual
development of gases, which in some cases are not capable of
overcoming the resistance of the rocks, and the charge becomes
smothered without performing its work.

This extraordinary influence which the presence of nitro-
glycerine exercises on slow explosives, and even seemingly
inert substances, is easily accounted for. Being a liquid, it
comes in very close contact with the mixtures, and when the
detonation ensues the fine layer of nitro-glycerine which
adheres to every grain is instantaneously converted into an
extremely dense atmosphere of gas, having a temperature of
at least 3000° to 4000° C. Such a bath must quicken even
the slowest combustion. This explains the great success of
Judson’s powder, where the dope is mixed with only 5% of
nitro-glycerine, forming quite a formidable explosive.

It is exactly the same cause which makes gunpowder burn
with extreme quickness in a gun, while its combustion in the
open air is comparatively slow. When confined the hot gas
accumulates in proportion as it is being generated, and the
denser it grows the more heat it brings to bear on the reaction,
which thus becomes almost instantaneous.

The action of the detonator cap in setting off nitro-glycerine
and other explosives is far more complicated, and not so
easily explained. Some attribute it only to the heat produced
by compression, some only to the heat of the gas given off
by the fulminate of the cap, and others, again, to the dis-
sociating power of a strong vibration. It is not unlikely, at
least in some instances, that all those influences are brought
to bear on the explosion, but it would be very difficult indeed

*V a
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to compute the part contributed to each. There can be no
doubt as to the dislocation of certain unstable compounds by
vibia ion alone, since the slight shock which sets off chloride
and iodide of nitrogen, perchlorate of ethyl, &c., cannot
possibly raise their temperature, even locally, to the degree
at which they explode. Even in the case of nitro-glycerine,
which exhibits no such extreme sensitiveness, direct experi-
ments have shown that very violent vibration can cause
it to explode. But if vibration alone suffices to set off
nitro-glycerine, it is still less doubtful that heat alone will
do it. Not only does it detonate by being raised to the
temperature at which its constituent elements- associate, but a
minute charge of gunpowder, so slightly confined that the gas
which it produces has a very feeble tension, never fails to
make it detonate. It suffices, indeed, to apply heat in any
shape, so that it acts upon a very large surface of nitro-glycerine,
or then the gas evolved can no longer escape as quickly as it
is produced, and the pressure, accumulating with immense
rapidity, brings on the explosion.

Nitro-glycerine preparations and gun-cotton go off easily
under the influence of a sharp local explosion, such as produced
by a fulminate. Two opposite tendencies are here at work, with
one to set off the explosive, acting on it by heat, vibration, or
whatever cause it may be, and the other to throw it away
by the propelling impulse due to the expanding gas. Both
must be extremely quick in operating, and it is therefore easy
to see how a slight, apparently insignificant, difference may
turn the scale and cause an explosion or a miss-fire. For
instance, in grinding chlorate of potassium and sulphur with
care in a mortar, a series of small detonations take place,
which do not spread, but a somewhat stronger blow or friction
will set off the whole. Evidently in one case the propelling
power is preponderant over the igniting tendency, in the other
it is not Even the quickest substance requires time to get
heated, and unless the velocity implanted allows that time
combustion cannot take place.

Sir Frederick Abel found by repeated experiments that a
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charge of fulminate amply sufficient to set off compressed
gun-cotton failed to explode the same material in a loose
form ; but by twisting loose uncompressed gun-cotton round
the cap, and securing it well with a string, so as to increase its
density and resistance to projection, it is brought to detonate
with great facility without increased charge of fulminate. It
has also been found that loose gun-cotton detonates more
readily if impregnated with quite inert substances than in its
isolated state, evidently because the additional weight opposes
additional resistance to motion, thus allowing time.

The reasoning which led to firing slow explosives by local
detonation was this : When a hammer strikes a very thin layer
of nitro-glycerine on an anvil, the blow produces a strong
compression of the liquid, which liberates heat, and raises
its temperature to the point at which it detonates. But only
that part which actually receives the blow explodes. If,
however, the hammer is very heavy, and the blow strong, the
explosion is not confined to the part which receives the direct
shock, and the whole goes off. A local detonation, owing to
the immense tension of its gas, must be very similar in action
to a strong blow, and it will thus compress the explosive
liquid which surrounds it, causing it to detonate at will, and to
propagate the explosion throughout the whole mass by the
same means. When firing large masses of ordinary mining
powder, or Judson powder, it is always best to use a dynamite
primer, as better results are obtained, owing to the more
rapid and complete combustion of the powders.
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CONDITIONS TO WHICH MODERN EXPLOSIVES SHOULD
RESPOND.

CoNDITiONSofStrength—Quick Explosion desirable for Blasting—Internal
Resistance to Detonation — Conditions of Safety— Immunity against
Fire — Decomposition—Leakage—Deliquescence— Unstable character
of Deliquescent Explosives—Resistance to High Temperature— Insensi-
tiveness to Friction, Shocks, and Jars — Resistance to Percussion,
Concussion, and Tamping—Purity of Explosion Gases—Detection of
Nitro-glycerine in the Human Body—Precautions during Manufacture
of Explosives — Explosions due to External Causes — Action of
Explosives Department of Home Office.

Conditions of Strength.— The strength of a nitro-
glycerine explosive is influenced by several things —

1. By the amount of nitro-glycerine present

2. By the amount of gas in proportion to the solid
matter appearing in the explosion.

3. By the kind and character of the gases.

With the dynamites the strength is not proportionately
dependent upon the amount of nitro-glycerine. It will be
found that within certain limits an increase or decrease of the
nitro-glycerine will affect the strength of the dynamite but
little. Any inert substances used in the explosive will appear
as such in the explosion; but this is not the case where the
absorbent is an explosive base or dope, as in such dynamites
a large amount of the power developed is contributed by that
explosive base. An approximate estimation of this power can
be computed by the mortar test, and for that purpose it suffices
to make out the quantity of nitro-glycerine contained in a
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compound, and compute the distance of projection to which it
would carry the projectile of the testing mortar. Then fire a
shot with the compound containing the explosive base : the
balance of projection is due to the other ingredients, and
permits of a tolerably near estimation of their relative power.
It is true that the gaseous products of the exploded nitro-
glycerine and those of its explosive partner may react on each
other, and cause a slight loss or gain of power, but it cannot
materially alter the relative value of the two components.

Quick Explosion desirable for Blasting. — Under certain
conditions, otherwise similar, a quick explosion is preferable to
a slow one for blasting. The same amount of expansion is
produced in either case, but the maximal tension of the gas
developed may be vastly different, and on that tension de-
pends the blasting power. For instance, mealed gunpowder
under certain conditions burns with a tension scarcely sufficient
to burst a straw, yet the same substance, under other condi-
tions, becomes capable of tearing the hardest rock. The
difference in action is due only to a difference in the rapidity
of combustion.

It is therefore -clear that, of two explosives, the more
powerful one may, for want of quickness of combustion, be
the less efficacious for blasting. It becomes then a matter
of considerable importance to possess a ready means of
overcoming the drawback of this slow action, and as already
explained (page 146), the difficulty is met by means of strong
local explosions, either with strong detonators or with primers.

Internal Resistance to Detonation.—An explosive which is
carefully compounded with reference to the chemical relations
of its elements, and which gives in theory a nearly perfect reso-
lution into gas, sometimes fails to show the strength naturally
expected. This leads to the theory of internal resistance to
detonation offered by different substances. Lieut. Quinan, in
a discussion on this very interesting phenomenon, remarks:
“ In being converted into gas, the cohesion of the particles,
as well as the chemical attraction which unites the atoms, must
be overcome. Work expended in this direction is lost in
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overcoming external resistance, or in strength, as shown by
the pressure gauge. The work done in the drug-mill in reducing
the ingredients to dust is saved to the explosive, and reappears
in its greater efficiency in breaking rock.”

Conditions of Safety.— Immunity against fire exists
only to a certain extent. The statement that dynamite can be
set on fire, and that it will burn away without exploding, is
not quite correct, and is a very broad assertion. There have
been instances where large quantities have taken fire and
burned away without exploding, but unfortunately there have
been instances also where large quantities of dynamite have
been accidentally set on fire, with most disastrous results.
Small quantities, and sometimes even large ones, may possibly
bum away with immunity, but there is always the danger that
the burning explosive will heat the portion not ignited to its
exploding temperature, especially when in large masses. One
of the peculiarities of dynamite is that it bums or takes fire at
a lower temperature than its explosion temperature, and this
accounts for its property of burning some time away without
exploding.

Decomposition.— In order that the explosive may be kept
and stored with safety, it must be free from any tendency to
decompose. It will not decompose if it has been properly
made and purified. The effect of a high temperature is to
mature the seeds of decomposition, if they exist. Chemical
decomposition is productive of heat, which sometimes leads to
ignition and explosion.

Decomposition, in all classes of nitrated organic com-
pounds, may be thus accounted for: After their nitration
a certain portion of acid—sulphuric, nitric, and hyponitric
—always adheres to those compounds, more or less, accord-
ing to their form and structure. From a liquid explosive
substance the acids are easily washed out, by churning it with
water first and then with alkaline solution. It is quite clear
that if the last traces of acids are not perfectly washed out,
and that if especially hyponitric acid is present, which is a
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highly corrosive material that attacks almost every organic
compound, even at the ordinary temperature, it has to be
removed; if not, it will slowly, but surely, lead to incipient
decomposition, which, acting on a nitrated substance, sets free
portions of dioxide of nitrogen or hyponitric acid.

From nitro-glycerine the corrosive acid is washed out with the
utmost facility, and from the moment when the importance of
that operation became fully appreciated it has never been
neglected. Hence the chemical stability exhibited by dynamite
under all conditions of climate. It sometimes indicates an
acid reaction ; but that is due to the absorbent, and not to the
slightest trace of hyponitric acid present.

Leakage.— The most important quality for safety is that the
nitro-glycerine shall not leak out of the powder. This is a
practical return of the nitro-glycerine to the liquid condition,
and if it leaks it is a failure as a safe explosive. Besides being
a direct loss of strength, leakage is the source of a great many
accidents. The exuding nitro-glycerine saturates the paper
cartridges, the sawdust surrounding them, oozes through the
crevices of the boxes, gets into the holds of vessels, the floors
of cars, the walls of magazines, and a hundred other improper
places, where it may cause an unexplained accident. The
effect of high temperature is to make the nitro-glycerine
more fluid, and nitro-glycerine explosives are more liable to
exudation in warm than in cold weather.

Deliquescence.— If deliquescent salts, or other substances
which attract moisture, are present, the explosive becomes
sensitive to hygrometric and thermometric changes. The
effect of a deliquescent salt like nitrate of soda in absorbing
moisture in damp atmospheres is, however, not the only
argument against it and similar salts.

The theory of deliquescence involves other and more im-
portant considerations. The great aim of any manufacturer of
explosives should be to give a stable, reliable and uniform
character to the powder or explosive he brings before the
mining public. If we could know beforehand the conditions
to which each case of explosive and each individual caxtdd”.
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in it shipped from the factory would be subjected, the problem
would be easier. |1f we could know that the explosive would
not be subjected to atmospheric changes, the temptation to
use a cheap and powerful agent would be irresistible. But we
have no right to assume this. Explosives are frequently ex-
posed to the weather, sometimes frozen, sometimes heated
rapidly by thawing; now rained upon, now warmed by the
sun’s rays, now they are transported in ships over oceans where
the air is charged with a constant, penetrating dampness, and
during transit they undergo changes of temperatures, leaving
a temperate climate to cross the torrid zones of the tropics, to
be carried into a temperate zone again: then to be used in
damp mines, and also in atmospheres heated by chemical
action in the rocks. Under these varying conditions, an
injurious action accompanies the use of deliquescent ingredi-
ents. First, when the air is damp the explosive rapidly absorbs
water, to the injury of its strength.

Constant atmospheric changes will act so injuriously on such
explosives as to spoil them entirely. A deliquescent salt, by
absorbing moisture, overloads the absorbents with moisture,
and drives out the nitro-glycerine, if such is present in the
explosive, a loss which cannot be restored, as well as a source
of danger.

In some cases the explosive compound becomes so spoiled
that it will not explode at all, and what does the miner think
of an explosive which will miss fire, when after many hours of
hard labour he has drilled his hole and it fails to do its work ?
We all know that repeated miss-fires will destroy confidence in
an explosive.

But this is not all. There is an additional objection, the
theory of which is best illustrated by a very simple experiment.
Take a glass of water and place a thermometer in it We
will suppose it indicates 65° F. Drop into the water about
half its weight of nitrate of soda. The temperature is rapidly
reduced to about 320 F. While the salt is uniting with the
water, a large amount of heat is rendered latent, causing a
reduction of temperature. Supposing the quantity of water

M |
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used to be one pound, this reduction of temperature represents
work expended to the amount of about twenty-five thousand
foot-pounds.

Now let us reverse the conditions. Take a quantity of the
salt saturated with moisture, and expose it to a drying atmo-
sphere, so that it loses its moisture rapidly. The temperature
of the salt is now curiously elevated, for the heat rendered latent
before, becomes sensible now.

The progress of deliquescence is thus explained. The air
confined in the cartridge contains a slight quantity of moisture,
which, in uniting with the salt, causes a depression in tem-
perature, which condenses fresh moisture from the surrounding
air, as a pitcher of ice-water condenses moisture on its outside.
This being taken up, reduces the temperature still more, and
brings a fresh supply, and so on. The process continues till
arrested by an outside or atmospheric elevation of temperature,
when the action is reversed. In losing moisture, the heat
rendered latent is given out, raising the temperature, which
causes a fresh loss of moisture, and further elevation of tem-
perature, and so on, till a change in atmospheric conditions
arrests this process, and induces the contrary.

Unstable Character of Deliquescent Explosives.— Deliques-
cence (it is found) gives two different and incompatible
characters to an explosive in which deliquescent salts are used,
depending upon the particular state in which it is taken: when
absorbing moisture it is comparatively weak, and insensitive to
blows or compression; when losing moisture it is compara-
tively strong, and very sensitive to both. The temperature being
already elevated, a slight blow will raise it to the exploding
point The compression given by the tamping-rod in compact-
ing it in the bore-hole may be sufficient to cause a premature
explosion. These qualities render it unfit to bear climatic
changes, and especially dangerous in warm or drying weather.
Its constant subjection to chemical action gives it a character
of instability conducive to disasters in handling it An
explosive which is safe to-day and dangerous to-morrow is the
most dangerous of all explosives.
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From what has been said, it will be seen to be not only
essential that all explosives should respond to the conditions
enumerated, as to

Safety against fire and high temperatures;

Safety againstfriction,jars, and shocks;

Safety against percussion, concussion, and tamping;
Safety against leakage or liquefaction ;

but that they stand also the heat test of Sir Frederick Abel: and
last, although not least, all explosives should stand the test of
time.

Temperature.—The effect of heat on all explosives is to bring

FIG. 44.— FRICTION TEST.

them nearer their exploding-points, and thus to increase
their sensitiveness. This heat makes a slight saving of work
in explosion—so that all explosives are a little stronger in
warm weather. The exploding-point of nitro-glycerine is given
by Hill at 356° F. Gunpowder is 560° F. The danger of
deliquescent ingredients is not in lowering the firing-point
of nitro-glycerine, but of elevating the temperature of the
explosive to a dangerous approximation to this point.
Insensitiveness to Friction is so general with nitro-glycerine
explosives, that it might be classed with their general properties,
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and this quality is doubtless due to the action of the nitro-
glycerine, which has all the attributes of an oil as a lubricant.
The test for friction is to rub the powder between two sand-
paper surfaces. One piece is tacked to a board lying on the
ground, the other to a block of wood with a long handle.
Fig. 44 will show the test better than with any description.
Shocks and Jars.—Safety against shocks and jars implies
several different qualities, which, though allied,
are not identical.

Percussion.—By percussion is understood
the blow received by the explosive when it
is struck between hard surfaces, or by a body
moving with very high velocity. To test the
sensitiveness of an explosive as to its resist-
ance against percussion, Lieut. Quinan has
proposed the apparatus shown in Fig. 45,
which may be called a percussion gauge.

It consists of a hammer of dense wood,
with a steel rod inserted in its lower end.

This hammer slides freely up and down in
guides set in a heavy block of wood. The
anvil consists of a second steel rod, which is
set vertically in the block, directly under the
hammer. The slide is graduated to tenths of a
. . Fi6. 45.—pER-
foot. The weight of the hammer being known, ., ssion cauce.
the blow is easily estimated in foot-pounds.

To get a measure for any particular explosive, a pinch is
placed on the anvil, and the hammer dropped from increasing
heights until a complete explosion is obtained—the anvil
being cleaned and a new pinch used for each blow. For
perfect accuracy, the quantity of explosive should always be the
same.

Concussion.—By concussion is understood the shock
delivered by transmission through air or other medium inter-
vening between the powder and the source of disturbance.
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Nitro-glycerine, as a liquid, can readily be exploded by a shock
so transmitted. There is danger in producing an explosive
sensitive to concussion, and this sensitiveness increases in pro-
portion to the amount of nitro-glycerine present, or the relative
approach of an explosive to the liquid condition. This quality
can be easily tested by placing cartridges on the ground at
certain distances one from the other and exploding one by
means of a cap, and if the cartridge lying at a certain distance
from it should explode, this second explosion is the result of
concussion, and the explosion is called a sympathetic explosion
or explosion by sympathy.

Tam ping.—Sensitiveness to compression is not identical
with the properties already considered. The difference can be
illustrated in this way: With a resilient explosive, a thin
layer placed on an anvil will yield an explosion under a blow
which will not affect a thicker layer. A pasty explosive, on
the contrary, shows nearly as much sensitiveness in mass as in
small quantity. Safety against compression is one of the most
valuable qualities an explosive can possess, since it enables the
miner, without risk, to properly fill his bore-hole, and to get
the requisite concentration of power. An explosive which can
be tamped freely will be found much more economical in use
than one which is too sensitive to be tamped at all.

The apparatus (Fig. 46) used to test this quality is simple,
and at the same time unequivocal as to results. A slide similar
to the one used in the foot-pounds machine was prepared for
the shot of the pressure gauge. A piece of iron gas-pipe,
about 2~ ft. long, its lower end stopped with an iron plug, was
fixed vertically in the slide, and supported on a block of iron.
To make the test, cartridges of the explosive are slipped into
the pipe, and a short wooden tamping-rod placed on them.

The shot is then dropped from increasing heights upon the
end of the rod, giving more or less compression, depending
upon the heights and number of blows. The weight of the
shot being 34" Ibs., the energy of the blow in foot-pounds is
easily calculated.
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Purity of Explosion Gases.—Theory tells, and practice
proves, that at very high temperatures no complex chemical

F1G. 46.— TAMPING TEST.

combination can exist. Hence nitro-glycerine, when it deto-
nates, must split up into carbonic acid, carbonic oxide, water,
and nitrogen. It is difficult to explain the reason of com-
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plaints arising from the use of modern explosives in mines on
account of bad fumes, though of their existence there can no
longer be any doubt, and the poisonous element consists of
hyponitric acid. But such fumes are never the products of a
rational use of the explosive substance, and it is quite evident
that hyponitric acid can never escape decomposition in an
atmosphere of 3000° C. or more with combustible elements in
presence.

It does not. But when a dynamite cartridge burns instead
of exploding, the combustion takes place at a much lower tem-
perature, and the nitric acid contained in the nitro-glycerine
gives off only part of its oxygen, forming dioxide of nitrogen,
which escapes, and in contact with the atmosphere gets con-
verted into hyponitric fumes. It is easy to become convinced
by actual experiment of the different atmosphere produced by
a cartridge when burning or exploding. In the worst-venti-
lated tunnel twenty cartridges may be detonated without as
much molestation as is caused by the burning of one.

An excess of explosives in bore-holes should also be avoided,
owing to the quantity of gases produced, as it will be found
in practice, that if the quantity of explosive is proportionate to
the amount of work it has to do, the gases produced are not so
obnoxious as if an excess of explosive is employed.

I have known of cases of asphyxiation from imperfect ex-
plosions, and it is imperative, therefore, that proper attention
should be paid to ventilation in workings where large quantities
of explosives are fired.

Perfect Detonation.—The frequent occurrence of bad
fumes in mines proceeds from the general mistake of not
securing the detonator cap to the fuze, and the fuze to the
cartridge. In charging, the miner under such circumstances
easily draws fuze and cap out of the cartridge, leaving them
separated, so that the cap cannot possibly exercise its deto-
nating influence. What then takes place is this. Part of the
dynamite burns, emitting hyponitric fumes, and part generally
explodes under the influence of accumulating heat and pressure.
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Thus the charge goes off, but with a far inferior effect to that
of a proper detonation, and with emission of a great deal of
red fumes of hyponitric acid. A perfect detonation is requi-
site, and strong exploders ought to be used in preference. In
practice it will be found best to use the triple-force caps, even
if single force insure a good explosion.

Detection of Nitro-glycerine in the Human Body.
—The poisonous character of nitro-glycerine has already been
referred to. If in any case the death of a person should
be suspected to be due to this substance, the following
method will serve to ascertain the existence of nitro-glycerine
in the body. Parts of the body, liver, intestines, &c., are
extracted with ether or chloroform ; a few drops of the extract
are placed in a watch-glass, mixed with two or three drops of
aniline, evaporated until ether (or chloroform} and water have
gone off, and to the residue a drop of concentrated sulphuric
acid is added. If nitro-glycerine is present the contents of the
watch-glass will assume a crimson colour, due to the reaction
between aniline sulphate and nitric acid, the latter having been
liberated from the nitro-glycerine.

Precautions during Manufacture of Explosives.—
That the manufacture of explosives is dangerous is obvious,
for many reasons. The frequency of accidents shows the
danger which exists in their manipulations, and even with the
greatest care and most proper supervision they cannot be
wholly avoided. Dr. F. H. Janssen, in an able paper on the
subject, says that accidental explosions can be traced either to—

1. Improper construction and faulty arrangement of the
works and machines;

2. Carelessness on the part of the workmen ;

3. Maliciousness.

In making nitro-glycerine there is a danger of firing in the
converter or nitrating apparatus, and after that comes the
danger from overheating when the nitro-glycerine is precipi-
tated. As the acid nitro-glycerine is very sensitive, and decom-
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poses at i00° F., it is essential that the charge in the converter
should be run into a very large body of water, and that this
water should be changed as soon as possible. Under no
circumstances should acid nitro-glycerine be stored over-night.
Care should be taken that the pipe lines between the tanks do
not cross or approach near steam or hot-water pipes. Acci-
dents arise from the wash waters, since they carry nitro-glyce-
rine partly in suspension and partly attached to the solid
impurities in the water. For economy’s sake, as well as to
avoid accidents, arrangements should be made to catch as
much of this as possible before discharging the water; but
where the water is run off, it should be led through earthenware
or lead pipe by the shortest line to the river, bay or well If
wooden conduits are used, they become saturated with nitro-
glycerine and acids. Hence they should be well covered to
protect them from the sun, which causes decomposition.

The effect of the sun’s rays was seen at one factory where no
provision had been made to catch the traces of nitro-glycerine,
and where the wash waters ran a short distance over a sandy
beach before entering the river. The result was that on a hot
summer’s day red fumes were observed rising from the ground,
and a heavy explosion soon occurred.

Even where wells are used, there is danger from these wash
waters. For instance, at a factory where these waters were led
through a ditch in rocky ground, it was found that considerable
quantities of the explosive had accumulated in the fissures in
the rock. Numerous unsuccessful efforts were made to remove
this, and finally the ditch was dammed, so as to keep the
explosive covered with water. Several years after, the ditch
was struck by lightning, and an explosion ensued which damaged
the buildings in the vicinity severely, and hurled large masses
of the rock to considerable distances. From the sensitive
nature of acid nitro-glycerine, it naturally follows that the
recovery of the spent acids is attended with great danger.

During a visit to the Pembrey works in Wales a few years
ago, | saw that the precaution was taken to lead the wash

aters to a pond which was “ torpedoed ” once a week—that
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is, a charge of dynamite was lowered to the bottom of the
pond and fired, thereby exploding any nitro-glycerine which
had been carried there by the wash waters. This (in the light
of previous experience just cited) was a very wise measure.

In the making -of the dynamite, there is little danger if the
absorbent is itself a safe one, and is not too warm, and the
proper precautions regarding the use of metal tools are taken.
The buildings should be heated by hot water or steam, and the
pipes so covered as to prevent the dust from settling upon
them, or, if it does settle, they should be frequently cleaned.
This dust is a constant source of danger, especially in the
making of explosive gelatine, where nitro-cellulose is used in
the dry state and finely pulverised. In all the rooms, the
windows should be shaded, to prevent the direct sunlight from
falling on the explosive. Similar precautions are to be taken
in the packing department.

Among instances of maliciousness, a case in point occurred
where a quantity of tips from phosphorus matches had been
placed in a bag of infusorial earth, and were not discovered
until the earth had been made up into dynamite.

Explosions due to External Causes.—Mr. L.J. Le
Conte holds that dynamite catastrophes are intimately associated
with electric phenomena. He has for the past ten years noted
the circumstances attending the accidental explosions which so
frequently occur on the Pacific Coast of North America, and he
has found that, with the exception of such as occur during
thunderstorms, the explosions take place during the violent,
desiccating, north-wind storms peculiar to the winter and
spring months in California, but occasionally happening in
midsummer.

These winds (it must be remembered) have a velocity of
50 miles per hour, and a relative humidity of about 20 per cent,
but frequently as low as 15 per cent., though seldom as low as
5 per cent. During the prevalence of the winds a prodigious
amount of electricity is developed by the friction of clothing,
especially when walking against the wind. One can thus,

vt a
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easily generate a spark half an inch long. The phenomenon is
also strongly marked in horses at work, the electricity causing
their manes and tails to bristle to a remarkable extent. Mr. Le
Conte finds in this electricity the exciting cause of these explo-
sions, and in the dust that prevails in the works, the medium
through which explosion is propagated, a dust explosion always
preceding the explosion of the mass of powder. The explosions
occur on the third or fourth day of the storm.

To test his theory, he made four predictions in 1882 and
1883, and in each case an explosion of considerable magni-
tude occurred. To guard against these accidents, he suggests
the use of steam jets, such as have been so successfully applied
in cotton and flour mills, and in coal mines.

As explosions during thunderstorms are caused by the re-
turn shock, it should be a fundamental precaution that all
good conductors of electricity be prohibited from entering any
building where explosives are stored or manufactured; and it
would be a wholesome rule not to allow such conductors to be
anywhere near the premises.

Too much stress cannot be laid on the great services ren-
dered by the Explosives Department of the Home Office in
elucidating the causes of accidental explosions, and the reports
of Col. Majendie, H.M. Chief Inspector of Explosives, and
the other members of the Department, clearly demonstrate that
through the searching investigations of these officials a degree
of knowledge has now been gained in the art of manufacturing
explosives, by which, if absolute safety is not guaranteed, at
least the best precautions which human ingenuity can suggest
have been introduced ; and the decrease of accidents in this
country proves, that the efforts of the Explosives Department
have not been without beneficial results, in lessening the dangers
incident to the manufacture of explosives and their use in the
arts and otherwise.



CHAPTER XIV.

GENERAL DIRECTIONS FOR USING DYNAMITE.

Grades of Dynamite—General Rule for its Use—Materials for use in
Blasting— Drill Holes, Charges, etc.— Charging with Cartridges —
Priming—Tamping—Explosion of Blast— Miss-shots—Frozen Dyna-
mite—Safe mode of Thawing— Precautions.

Dynamite is the article among modern explosives which is
now best known and mostly in use. The American name for
it is Giant Powder.

There are, or ought to be manufactured at each factory, two
grades of dynamite, No. i and No. 2, also a No. 3.

No. 1 is more powerful than No. 2, and, when gelatinised
is not affected by water. It is also much more expensive.

No. 2 is about three-fourths as strong as No. 1, but is weak-
ened by water if kept in contact with it too long.

For the very hardest work, and for cases requiring long
exposure to water, | recommend No. 1; for all other cases,
No. 2.*

As a key to a clear understanding of the peculiar nature of
dynamite and success in its use, | give the following general
rule and explanation :(—

Rule.—Let it be put into close quarters, and held there by
the most unyielding barricades or confinement at command. Let
there be no vacancies about the charge, and let all its sur-
roundings be as compact, heavy, and incompressible as possible.

The explosion of gunpowder (it may be explained) proceeds
progressively by combustion, and its gases gradually accumu-

* See ' Modern High Explosives,” “ Dynamite No. 2,” pa~e 63. k
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late until the resistance to them gives way. This yielding, in
almost every case, takes place before all the powder is burned,
so that any vacancies are filled with gas at the maximum
pressure or density, and no effect is lost. But dynamite does
not thus explode. Explosion does not take place by com-
bustion, or progressively; it takes place instantaneously, and
all parts of the charge decompose simultaneously, thus making
the initial pressure the maximum one. Hence every vacancy
withdraws gas sufficient to fill it, and thereby weakens the
effect accordingly.
Therefore leave no vacancy about the charge.

M aterials for use in Blasting. — Cartridges. — In all
cases where dynamite is used | recommend cartridges. They
are easy to handle, and ready for use, in

form shown in Fig. 47. The regular sizes

are from 4 to 8 inches long, and from J to

2 inches in diameter. Cartridges of the

proper size to suit the diameter of the

bore-holes are preferable, but the miner

I can load the largest hole with the smallest

cartridge by slitting them on the side, as

shown in Fig. 48, and pressing them down

I in the drill-hole with a wooden tamping-rod.

cie. 47, Fl. 48, Caution.—In tamping powder or explo-

DYNAMITE sives, always use a wooden rammer. Never
CARTRIDGES. use an iron or steel bar with any explosive.

From the nature of the substance, dynamite cartridges may
be readily cut into such lengths as may be required.

Caps.—The regular cap or exploder, from a triple to a
sextuple force cap, is employed to effect the explosion of the
dynamite.

Caution.—If you value your fingers and do not want to lose
them, do not go “fooling with the cap ” because you want to see
“ whatis in it,” or “ what it is made of."
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Fuze.—Use the better quality of fuzes, the best is always
the cheapest, and as dynamite is often used under water, or
water employed for tamping, | recommend the best double
tape fuze for regular use. Single tape may be used where you
know your ground is only a little wet.

Nippers and Pinchers.—A very convenient little tool for
cutting fuze and pinching the cap to the fuze is shown in
Fig. 49. By means of the notch S2 the fuze is cut, and when
the same is inserted in the cap, as shown in Fig. 50, with the

notch S, the upper part of the cap is squeezed tightly on to
the fuze z.
This is a necessary precaution, as caps which are not
tightly squeezed on to the fuze often fail to explode.
Funnel.—A tube with a funnel mouth will be useful in
charging with loose powder.

Drill-holes, Charges, &c.—As to the diameter and depth
of holes, where they should be made, the direction they should
take, the quantity of powder or explosive to be used, and many
other matters, no precise rules can be laid down for blasting
with any explosive. In these things there must be variation
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according to the location, character of the material to be blasted,
the purpose of the blast, and other circumstances too numerous
and complicated to anticipate. Much must, therefore, be left
to the good sense and experience of the blaster.

The following observations and examples will afford some
assistance :—

As a general rule, the drill-holes and charges for dynamite
can be and should be comparatively small.

In heavy work the holes should be large in size and less in
number, and the amount of dynamite should be in proportion
to the work to be done.

A small quantity in a deep hole, whether the hole is large
or small; also a small quantity in a large hole, whether the
hole be deep or shallow; also a large quantity in a small but
deep hole; also a large quantity in a large but shallow hole,
are all examples of misapplication. They are all violations of
the general rule applicable to all explosives—that the quantity
o fexplosive should not only be proportionate to the resistance, but
the hole should be proportionate to the explosive, or the explosive
to the hole.

Owing to the great difference in the capacity between the
old powder and the new explosives, the tendency will be to
overcharge; it is, therefore, recommended that each blaster
experiment on this point, so far, at least, as to ascertain the
minimum quantity of explosives which will answer his particular
purpose.

Charging with Cartridges.— The charge must fit and
fill the bottom of the bore, and be packed solid. This is an
essential pre-requisite to an effective blast. The best way to
secure it is this: Take a cartridge as nearly as possible of the
same size as the bore, and cut it into sections of about twice
or three times their diameter. With a hard wood rammer, as
large as will run freely in the hole, press these sections into
the bore-hole one by one with sufficient force, until each
section is driven to the bottom and expanded laterally, so as
to fill the hole solidly in every direction. If the cartridge is
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smaller than the hole, slit it lengthwise. Any size cartridge
may be used, provided it is thus put in (see Fig. 51).

Caution.—Metallic rammers must not be used.

Priming.—The primer consists of the cap with the fuze in
it imbedded in a cartridge of the explosive. The cap may be
inserted directly into the charge, only it is liable to get out of
place. A convenient way to prepare a primer is this.—Cut
off squarely the end of the fuze and thrust it into the cap up to
the fulminate. If the fuze is too large, scrape it down, and

FIG. 51.— CHARGING.

if too small, wind it with paper. Then clamp the cap to the
fuze with the nippers, being careful not to disturb the fulminate
in the cap (see Fig. 52).

If for a wet hole, smear the junction of the fuze and cap
with bar soap or the like, to make it water-tight.

Now open the end of a cartridge, and with a pointed stick
make a hole in the explosive and insert the cap (with the fuze
attached) the full length of the cap, and press the explosive
firmly about the cap. Next gather the cartridge paper about
the fuze and tie it there strongly with a string, so that the
cap cannot be withdrawn from the explosive (see Fig. 53).
Cut off so much of the cartridge as is not needed, and the
primer is complete.

Thus prepared, place it in the drill-hole, and press it with
a wooden rod into contact with the charge.
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In cases where whole cartridges are required they may be
attached, as in Fig. 54.

Tamping.—This is of great importance. The idea prevails
to some extent that dynamite “ strikes downward” more than
upward, and that tamping is useless. This is mere idle talk.
Always tamp if you can, and with the best materials at hand
and in the strongest manner.

By reason of its quickness, dynamite will do a good deal
without tamping when gunpowder would do nothing, but this
is no reason for rejecting tamping.

In deep and down holes water makes an excellent tamp.
A shallow tamp of water amounts to but little. A shallow
tamp of sand, brick-dust, or clay is much better.

fig. D3*— PRIMER.

In driving and packing the tamp next to the primer, be
careful not to explode the cap; the first handful of tamping
should always be pressed down gently.

In fissures and artificial cracks, surround the charge with
mud, clay, sand, or water if possible.

Explosion of Blast.— In most cases it is better not to cut
off the required length of fuze until the hole is charged and
tamped. Then cut it offat a safe length, and fire. Set fire to
the fuze with a match or fusee : the burning of the fuze explodes
the cap; the explosion of the cap explodes the primer or charge
in which the cap may be. All the other cartridges or charges
in the same hole are exploded by the first explosion of the
primer (see Fig. 55).

M iss-Shots.—In case the blast misses, remember that the
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cap is charged with fulminate, and must not be trifled witl
Therefore, take out the tamping to within two or three incht
of the charge, put in another cartridge, fire it, and its explosio
will set off the main charge, unless the explosive had becom
frozen in the bore-hole.

Caution.—Never pick out a shot ofpowiler or dynamite, ¢
it is always attended with more or less danger.

I have always followed the practice, after inserting th
primer, to take a piece of old newspaper, make a ball <
it and push it on top of the primer and then put in th
tamping. If the shot misses fire and the tamping has to b

PIG. 55--FIRING THE CHARGE.

scraped out, as soon as the scraper reaches the paper | kno
I am near the explosive; and simple as this precautionai
measure is, it prevents the scraper from coming in conta
with the fulminating cap.

To ensure explosion, the dynamite must not be froze:
The fuze must be good, and be kept in the cap; the cr
must be kept dry, and not be withdrawn from the explosiv
Therefore, if there is a miss-blast, find out the cause if yc
can, so as to avoid it afterwards, and look for the cause in 01
of the five things named.

A space of several inches, either vacant or filled, betwee
several charges or cartridges in the same hole, will not prevei
the simultaneous explosion of all.
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In case the blast is not effective, it will be because the
directions have not been followed, or because the blaster has
erred in some matter left to his discretion. The most
common causes of failure are deficiency of the explosive and
defective tamping. Never spare the explosive because it is
dear; put in enough to make good blasts, and then, if dynamite
proves too expensive, leave itand use common gunpowder again.

I will repeat here again, that the great advantage claimed
for the modern explosives consists, not so much in diminishing
the cost of the explosives as an item of expense, as in in-
creasing the amount of work accomplished. The difference in
the cost of high explosives and of powder, respectively, is
trifling in comparison with the difference in the cost of
drilling, charging, tamping, convenience in wet work, and
effectiveness of blasts.

Dynamite, as a general rule, throws rock less and breaks
it more, and extends its effects much deeper, than ordinary
blasting powder; and those who use it soon learn not to
judge of a blast by first appearances. It frequently happens
.that a blast which seems to have had no effect proves to have
done remarkable execution in cracking and loosening the
rock, and preparing the way for subsequent blasts. This is
especially the case in tunnels and shafts.

Frozen Dynamite.—Dynamite freezes more easily than
water. When frozen it is hard and cannot be loaded properly
into bore-holes, and is difficult of explosion. It must be
thawed.

In doing this we encounter one of the peculiarities of the
powder, and almost its only practical danger.

You can set dynamite on fire or bum it up without causing
an explosion, but you must never roast, toast, bake, or fry
it. That is, you must not bury it in embers or hot ashes, nor
put it in an oven or kettle or other heated vessel, or on boilers
or other heated metals, nor set it up before a fire, or expose it
to any strong radiation of heat. It must not be thawed or
heated rapidly.
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There is but one safe mode of thawing it, which is to
keep it in a kitchen or other room at summer heat, and away
from the fire, until it is soft. It is then ready for use.

It is better to keep it, during cold weather, where it will
not freeze at all. A dry, warm cellar or deep mine will
protect it.

If these directions are disregarded an explosion of more or
less intensity is liable to follow.

Dynamite manufacturers generally supply special thawing
apparatus, which are portable tin or metal pots surrounded with
a water-jacket to hold warm water.

Precautions.—Never attempt to thaw frozen dynamite by
roasting, toasting, or baking it. Never put it in heated vessels
or on boilers, or before fires or heated metals.

Never put a cap into a charge or primer until you are ready
to use it. After it is made, never let a primer leave your
hands until it is in the hole.

Keep the caps away from the dynamite. Never let them
come near each other, except when used.

Never allow smoking or other fire near the powder, or
explosive, as it burns rapidly, and especially when loose, and
may fire caps incautiously left near by, and thus bring on an
explosion.

Never use a metallic rammer.

Do not get nitro-glycerine on your fingers. It will be
absorbed by the skin, and give you a headache.

Invariably prepare your primer at a distance from your
explosive.



CHAPTER XV.
EXPLOSIVES IN PRACTICAL APPLICATION.

E fficiency of Dynamite in removing Tree Stumps and Boulders—Blast-
ing Tree Stumps—Blasting Boulders—Sinking Wells—Breaking Ice—
Breaking Boulders—Removing Piles under Water—Rock Blasting—
Tunnelling and Blasting in Headings— Musconetcong Tunnel—Tun-
nelling with Hand Labour—Kdnigshiitie Tunnel— Pfaffensprung Tunnel
—Blasting Large Mines—Underground Drilling with Compressed Air.

1F properly used, dynamite will take out stumps of large trees
and break up masses of rock more economically than can be
done by any other means. In most cases the stump is removed
almost entirely from the ground and tom in pieces. The
boulders are broken, so as to be easily removed.

Blasting Tree Stumps.—Find with a crowbar the best
place between the roots to get under the body of the stump.
Do not be afraid of the uphill side : this may require a little
more digging, but will afford a better tamp.

If the stump is not too large, a single cartridge, by
8 inches, well situated and carefully tamped, will take it out.

If the stump is large and deep in the ground, the hole must
be larger than will be made by the crowbar.

Dig down by the side of the stump, then make a horizontal
hole under the bottom of the stump as near the centre as
possible, and just large enough to receive the explosive,
disturbing the natural earth as little as possible. Place the
explosive close to the wood; then put in the primer and tamp.

The tamp in stump and boulder blasting is of the utmost
consequence, much more so than in bore-hole work. The
following directions can be varied according to circumstances:
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After putting the charge and primer in place at the bottom
of the hole and in contact with the stump, ram in a little clay
or compact dirt, and then wet it, or use mud for packing.
Thus fill up the entire opening. If the charge is well under
the stump, this will do; but if it is not—if, as is frequently the
case, the charge is only partially under, and especially if it is
on the lower side of the stump—make a dam (the larger the
better) about the mouth of the hole, and fill it with mud or
water.

Remember that the barricade should be as compact and
as heavy as practicable. Therefore loose gravel, sand dirt,

FIG. 56.—A STUMP BEFORE FIG. 57.— SAME STUMP AFTER
BLASTING. BLASTING.

loam, stones, etc., etc., are of little service. Water or mud, or
dampened clay, and plenty of it, is the best

If the stump has a tap or peg root, put the charge well
down and close to this root.

Fig. 56 shows a stump which was removed by blasting ; it
was a green white-oak stump, 30 inches in diameter, with roots
deeply bedded in the ground. To have cut out and dug out
this stump, with axe and spades, would have been a hard day’s
work for two or more good men. A hole was punched
beneath the stump, as shown in the figure, with an iron bar,
so as to reach the centre of it Two of the cartridges were
placed beneath the stump, and were tamped with some earth;
a pail of water was then poured into the hole, which had the
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effect of consolidating the earth around the charge. The
fuze was then fired. The result was to split the stump into
numerous fragments, and to throw it entirely out of the
ground, leaving only a few shreds of roots loose in the soil.
The result is shown in Fig. 57. The fragments of the stump
were thrown to a distance of 30 to 50 feet, and many smaller
ones were carried over 100 feet. The quantity of explosive
consumed was not less than two pounds.

One useful effect of the explosion consisted in the breaking
up of the stump into such pieces as could be easily sawed
into firewood; by which much after-labour in breaking it
up, when taking it out in the usual manner, was saved. This
test was perfectly successful, and proved not only the thorough
effectiveness of the new method, but its economy in cost and
in time. Several other stumps were taken out in the same
manner, the time occupied with each being from five to
ten minutes. Smaller stumps were thrown out with single
cartridges, but in not one case was anything left in the ground
that might not be turned out with the plough, or that would
interfere with the ploughing of the ground.*

Blasting Boulders.—If you can get the charge under
the rock in the manner directed for stumps, do so. If it
cannot be placed directly under the boulder, place it as nearly
so as you can. Also try to get your charge against the flat
or hollow side of the rock, and not against the swell side.
Wherever the charge may be, see that it is well supported and
surrounded and burdened with water, mud, damp clay, or some
other compact and weighty material.

Where there is a crack or cleft, unless it is either too wide
or too narrow, it may be made serviceable. The cleft should
be packed with damp clay or mud up to the point where the
charge is to be. Lay the charge and primer in their place,
and fill and pack the balance of the crack with clay or mud in
like manner.

* For further information on the subject see ' Modern High Explosives,’
chapter vi., “* The Application of High Explosives in Agriculture.”
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Sinking Wells, &c.—Make a hole with the crowbar to the
depth desired, put the charge at the bottom, tamp well, and
fire. The effect is perfection : the harder the ground, the better.

Breaking lce.—If the ice rests on water, place the charge
in the water under the ice, and in contact with it. If the ice
is apart from water, it must be dealt with according to practice
for either a drill-hole or a boulder.

Breaking Boulders.—-In a case where a rock of about 150
cubic feet, and weighing about 10 tons, was experimented upon,

FIG. 58.—THE ROCK AS IT FIG. 59.—THE ROCK AFTER
WAS. BLASTING.

the shape of the rock before explosion was as shown in'Fig. 58.
A hole was made with the bar in the ground beneath the
rock, and three cartridges were inserted and exploded. The
result is shown in Fig. 59. To have produced this by the
ordinary method, such as was here done in a few minutes by
one man, would have occupied at least two men with drills,
sledge, etc., two or three days.

The application of this method is seen to be of great value
where the saving of time is an object. An acre of stumps or
rocks may be cleared in one day by one or two men, and the
material left ready for use as firewood, or as stone for fences
or buildings. The cost in money is also reduced in some
cases very considerably, and almost absolute safety to the
careful operator is ensured. It would be generally advisable
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to secure the services of an expert, and that the parties who
have work of this character to be performed should jointly
engage such a man who could either do the whole work, or do
it in part, and instruct a foreman or skilful workman sufficiently
in a day to perform the remainder. The most favourable

PIG. 61.

PILES WITH CHARGES ELECTRICALLY
CONNECTED.

seasons for operating upon stumps and rocks are spring and
autumn, when the ground is saturated with water. It should be
explained that this explosive is not injured by water, although a
long-continued exposure to it would affect some qualities of it.

Removing Piles under Water.— A method of procedure
in this case, which has been devised by M. Trauzl, the Aus-
trian military engineer* is represented in Figs. 60, 61 and 62.

* See 'Die Dynamite.’” Trauzl, Vienna.
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Twenty-four wooden piles, which had to be removed, were
fixed (see Fig. 60) in the river-bed of the Danube, near Vienna.
The piles were cut off with the saw just above the level of
the water, bored to a depth of 12 feet with an auger 1J-inch
in diameter, and each hole charged with one pound of
dynamite. The dynamite charges were in tin cylinders, and
provided with detonators having electric fuzes (Fig. 62). The

bore-holes were tamped with water, and the charges were
fired by electricity. The explosion brought all the twenty-four
stakes simultaneously to the surface, and each stake was com-
pletely torn to about 18 inches in height from the bottom of
the charge.

The expense was about one-fifth of what the usual mode
of extricating would have cost.

A very interesting example of applying dynamite to a woodecv.

& t.
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stump under water is represented in Fig. 63. It was removed
from an arm of the Danube near Vienna. It measured about
3 feet in diameter at the top, which reached about 20 inches
above the water, and was very rotten. Three holes were bored
vertically downward to depths of 4~ feet, 8 feet, and 8f feet
respectively, and about i£ inch in diameter. The boring of
each of the deeper holes lasted four and a half hours, and the
third three hours. Each hole received a charge of one pound
of dynamite, packed in water-tight tin cases. The result of the
explosion was a complete loosening of the ground in which
the stump was imbedded, so that its removal by mechanical
means was perfectly easy.

Where there is no necessity for removing a stake from
below the ground, and it is sufficient to get rid only of such
portions as stand in the water, no bore-hole is required; the
external application of a dynamite cartridge is enough to
effect the removal. The method represented in Fig. 64 was
applied in a case where the current of the water was so
Jrowerful as to prevent the simple laying on of the cartridge.
The latter, ¢, was fastened to a wooden hoop b, of somewhat
larger dimensions than the stake a; the hoop was then
attached to two strong wooden poles, d, d, and then pushed
over the stake down to the bottom of the river. A cartridge
containing one pound of dynamite employed in this manner
broke off stakes of an average diameter of 1 foot.*

Rock Blasting.—Rock blasting has to be resorted to
in almost all mining operations, such as quarrying, tunnelling,
shaft-sinking, railway cuttings. In all such work the bore-
holes have to be applied in such a manner that the explosive
may act towards the line of least resistance, or the shortest
distance from the bottom of the hole to the nearest open face.

If we have an open face cf, Fig. 65, as a rule the bore-hole
a b should not form an angle with the face exceeding 43°. Where
ordinary gunpowder is used, if the angle is too great the result

* See ‘Modem High Explosives’: “ Subaqueous Blasting,” pp. 323
to 357-
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will be that the hole will not be bottomed, as shown in Fig. 66,
atf.

In a rock formation, as shown in Fig. 67, the bore-hole a b
ought to be parallel with the face e d f\ and in this case the
whole block e a b f ought to be thrown out by the explosion
of the charge.

The effect of a shot may be influenced, among other con-
siderations, by—

1. The shape in which the rock is presented, the size and
number of the open faces, the shape of the piece it is desired
to take out (if that is an object), and, of course, primarily, the
size of the cross section of the face, if it is heading work.

FIG. 65. — APPLICA- FIG. 66.— BORE- FIG. 67. — BORE-
TION OP BoRK- HOLE NOT HOLE PARALLEL
HOLES IN ROCK. BOTTOMED. WITH FACE.

2. The texture of the rock, whether it is hard or easy, firm
or loose, whether it is brittle or tough. Thus experience
gained in blasting close-grained, hard granite, trap, gneiss, etc.,
would not apply to limestone, sandstone, slate, etc.

3. The structure of the rock, as to whether it is laminated,
stratified, or fissured, upon its cleavage, etc., and upon whether
it is massive or broken, etc.

In tunnelling when the strata dip'downward toward the face,
hence toward the miner, the breaking-in is started at the roof.

If the strata dip from the face; the breaking-in must be
started at the bottom.

4. The elasticity of the rock.
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5. The explosive used.

6. Whether the hole is to act alone, or simultaneously with
or following others. In the case of simultaneous firing, the
question arises, as to how the waves of oscillation will best act
in concert

7. The character of fuze and tamping/

These rules do not apply to blasting with gunpowder only,
but may be safely utilised also for high explosives.

In blasting out cuts, work has (in most cases) to be begun
on a horizontal plane, or on a slightly inclined surface. For
this purpose a series of shallow holes are bored—as at a, a, a,

F[G. 69.— BLASTING ON AN
FIG. 68.— BLASTING OUT CUTS, INCLINE.

Pig, 68—whose crater faces are enlarged by the application of
another series of holes, b, b, b, and then by c, cyc. When this
enlargement has reached the depth d f and the plane / //, we
proceed in a similar manner till we have obtained the depth gj
and the planej k, and so on toj /and / nu

In tills way we produce the step-like face d,fyj, /, m, and
the number of miners can now be increased, taking care
always to fire shots first on the lower benches, as otherwise
the debris from the upper benches would bury the lower ones.

If working on an inclined plane, like Fig. 69, the work is
commenced by blasting out with short bore-holes,fg . h 1
sections b cayd e brand opening up proper faces like h

* Sec *Modern High Explosivesi: “ The Principles of 1
P> 229 to 263.
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which permits of a systematic attack with deep holes after-
wards. Another advantage gained by this method is, that
several benches can be worked simultaneously, offering great
economy in time and money.

Tunnelling and Blasting in Headings.—The system
adopted by American railway contractors, in driving railway
tunnels, is to advance first with the heading, the full width of
the top arch, and then to follow up with the bench work, in
such a way that the heading work does not interfere with the
bench work. It consists in first blasting out an entire wedge

CONETCONG TUNNEL. FIG. 71.— PLAN oF THE HEADING.

or core the entire height of the heading, and about io ft. deep
at the centre, and subsequently squaring up the sides by several
rounds.

Musconetcong Tunnel.—This work—which is being cut
through syenitic rock, on the Lehigh Valley railway at Easton,
in the State of New Jersey—may be described in some
detail as an instance of American practice.* Twelve holes are
first drilled, by means of rock drills run with compressed air, six
on each side, in pairs of two and two, as shown in Fig. 70 at
C, A being the floor of the heading. These twelve holes are
drilled with from to 2f in. “ bits,” the holes being on the

* See Drinker on *Tunnelling.” J. Wiley & Sons, New York.
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face 9 ft. apart, but are drilled convergingly one towards the
other, and at such an angle as to meet or cross at the bottom,
the largest bits being put in first. This permits the con-
centration of the powder charges near the vertical centre line
of the tunnel within the line of least resistance.

Fig. 71 shows the heading in plan, with the rock drill H
mounted on a carriage boring drill-hole C to meet at an angle
the drill-hole C'.

When the twelve holes are bored, they are then charged with
about 25 Ibs. of No. 1 dynamite, and 50 Ibs. of No. 2, and are fired
simultaneously by electricity. No. 1 dynamite is only used for
the centre cuts, inasmuch as in them a quick, strong explosive
is required, comprised in a small bulk at the bottom of the
holes, where the greatest resistance will be found, while the
No. 2 added serves for filling the holes, so starting the sides of
the cut as the apex moves. The centre cut being out, a second
round of holes is started for the first squaring up, as shown by
the numbers, 1, 1, 1, 1, and eight holes are bored nearly in a
parallel direction with the centre holes C ; these are loaded with
No. 2 dynamite and fired. In the subsequent rounds, 2, 2, 2, 2,
and 3, 3, 3, 3, the resistance is pretty equally distributed along
the whole length of the holes, and is also, of course, not so
great as in the cut; therefore No. 2 dynamite is used.

In the first and second squaring-up rounds, from 50 to 60 Ibs.
of No. 2 dynamite are charged, and in the third from 80 to 90,
the holes getting stronger as the arch falls at the sides; there
are generally also one or two additional roof-holes in the third
round that are not shown in the figure, their position being vari-
able, according to the lay ofthe rock. The top holes in the first
round are also designed to bring down any roof not shaken by
the centre cut blasts, and are, therefore, given a strong angle
toward the centre, and always drilled from 12 to 14 ft. deep.

The horizontal projection of the above holes is shown in
Fig. 83, and as stated before, C, C' are the centre cut holes;
1, 2, and 3, the square-up holes. As to their relative depth,
the holes of the first squaring round are always drilled a foot or
more deeper than the cut holes, and when blasted they generally
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bring out a foot additional of shaken rock at the apex of the
cut The following calculations will approximately show the
number and depth of holes required, and the dynamite used for
a lineal advance of 10 ft. in heading work —

12 centre holes at 10 ft. 6 i: each,, giving 126 ft. (©

8 Ist sq. up holes at J2ft. 96 n (¥
82nd , ), 1, 12, 11 . 96 n (r)
6 3*d ,, n » 12, 1 » 72 % M
2 roof holes o9, 1 ” B8 nwmMm
36 holes giving 408 jt )
(a) total depth of holes, charged with 25 Ibs. No. 1 and 50 Ibs. No. 2 dyn.
™ li > ol ii 55 » No. 2 dynamite.
(c) ft » > 1 i 55 11 11 1 -ll
@) > 1l i* 1 8 ,, 1 1l
" u 11 It ol i H 1o 1l

{/) total depth, charged with 25 Ibs. No. 1 and 259 Ibs. No. 2 dynamite.

Now, allowing the cut holes to be ioi ft. deep, the cut will
generally blast out about 9 full ft. linear, which, as explained
above, is raised to 10 in the subsequent rounds.

Assuming the average cross section in an 8-ft. heading to be
about 175 ft. for a lineal advance of 10 ft., 65 cubic yards of
rock would be broken, which would give an average of, say,
Hj Ib. No. 1, and 4 Ibs. No. 2 dynamite burnt, and a little
over 6 ft. of holes drilled, per cubic yard broken.

This, however, it should be noted, would often be increased
by occasional block or side holes, and is assumed for a case
in which no holes are supposed to have missed, and in which
no secondary drilling and blasting are required

The above estimates are based on ordinary 10 ft. cuts; there
were, however, many instances of 12 and 13 and sometimes
14 ft. cuts taken out by ambitious foremen; but even dynamite
has its limit of strength, and working cuts too deep is not
advisable, as they will often only blow out partially, leaving the
rock in an awkward shape.

The “ bench work,” as the rock enlargement is termed, is
kept from 400 to 600 ft back of the heading, so avoiding any
interruptions at the bench from heading blasts, and allowing,
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plenty of room for handling and switching trucks, also for
backing the machines to a safe distance from the face when
blasting.

Figs. 72 and 73 show the method of blasting adopted in
enlarging the rock. First six top holes, from 12 to 13 ft. deep,
are drilled and blasted; their relative position is shown in
Fig. 74, which is a horizontal projection of the heading: A
being a centre line, B the sides of the enlargement, B' sides of
the headings, C face of bench; 1, 2, 3, 4, 5, and 6, the drill

The, Btnchy Plan/.

FIG. 73.— PLAN OF BENCH.

holes. These six lift most of the rock ; what is left is broken by
several horizontal lines shown by B in Fig. 72, in which A is
the top carriage with the drill mounted, and B the bottom
carriage with drill.

These two sets of holes, top and bottom, will average a linear
advance for the bench of 9 ft., the following being a fair estimate
of the number of feet drilled and powder burnt for 9 ft. advance :

6 top holes at 13 ft. depth, or  7a i total depth, charged with 6a Is.No. adynamite.
4bottom ,, 10,, ,, , 40, , » . 45 L
2 oles Bay, o u 1 1
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The total height of the cross section adopted for the tunnel
through rock, from lower sub-grade (i *75 ft. below base of rail)
to roof, was 20-15 ft->with an 8 ft heading-off, this leaves
about 12 ft. of a bench, with an area of 306 sq. ft., which gives
about 102 cubic yards to a lineal advance of 9 ft., or 1-05 Ibs.
No. 2 dynamite, and i « ft of holes drilled to 1 cubic yard of
rock broken, holes being drilled with from 1J to 2J in. bits, the
largest bits being put in first.

Tunnelling with Hand Labour.—When similar work

FIG. 75.— FACE OF TUNNEL.

is done by hand labour, the system generally adopted is the
following—

In the centre of the face, Figs. 74 and 75, three holes are
drilled inclining one to the other; some miners bore one central
hole, but the result is not so satisfactory. These holes are each
2] ft. deep, and should be fired simultaneously by electricity,
which tears out a cone in the centre, shown by the dotted lines
in the figure, and around this cone another series of holes is
drilled, concentric with the opening in the centre. These
shots (2) are fired again simultaneously, then we proceed with
series 3, and at last the bottom shots of series 4.

In driving a tunnel having a small cross section, such as is
shown in Fig. 76, eight holes are bored 1 ft. to ij ft. in depth,
and they are all fired simultaneously by electricity.

Another example is given in Fig. 77, represeutvu.  <ss&s&
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tunnel, say 6 fit high. Three holes are drilled around the
centre as shown in the figure and inclined one to the other at
siich angles that the bottoms of the two lower ones nearly meet,
the third upper hole inclines downward. These three central
holes are fired simultaneously by electricity. The central
breaking-in hole being produced, the enlargement holes are
placed as shown in the figure.

In driving tunnels of larger section, the methods employed

HI>. — F/iCE OK TUNNEL. FIG. 77.— FACE OF TUNNEL.

FIGS. 78, 79.— SECTIONS OF KONIGSHUTTE TUNNEL.

vary according to circumstances, and the following examples
exhibit some of the best works which have been executed
during the last twenty years.

Tunnel at Konigshiitte, Prussia.—This tunnel was
driven through very hard sandstone, and the engineer, Hugo
Munch, gives an account of the system there employed.
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The rectangular section measured 2 m. 10 in height, and
3 metres in width. Nine holes were drilled, as shown in
Fig. 78, they had a depth of o m. 90, and had a very slight-
inclination.

The holes numbered | to 6 were each charged with 150
grams of nitro-gelatine, and the other three on top with 140
grains each. The ordinary Bickford fuzes and fulminate caps
were used for firing.

Shots 1, 2, and 3 were first exploded, which produced a
breaking in om. 75 in depth, and o m. 60 in height; then 4, 5,
and 6 were fired, causing an enlargement from o m. 90 to 1 m. 40.

FIGS. £0, 81.—SECTIONS OF PFAFFENSPRUNG TUNNEL.

At last the shots 7, 8, and 9 brought down the rock up to the
roof.

One thousand five hundred kilograms of gelatine were con-
sumed in executing the work. If dynamite No. 1 had been
used, each bore hole would have required 280 grams per load,
making a consumption of 2520 kilograms, against 1500 k. of
gelatine. The economy in the explosive was in the proportion
of 3 to 5, and there was a real economy of 10 per cent., taking
the price in German marks at 4V and 3 for the two qualities.

Pfaffensprung Tunnel.—This was in hard granite, 2 m. 20
high and 2 m. 50 wide. Six holes were drilled as shown in
Figs. So and 81. The holes measured o m. 073 in diameter,
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and i in. 50 in depth; and were drilled parallel with the axis
of the tunneL  The charges consisted of nitro-gelatine cartridges
o m. 070 in diameter, and o m. 100 in length, and weighed
500 grams each.

Blasting in Large Mines.—For engineering works of
great magnitude, where large masses of rocks should be
moved at low cost, the most economical method is to make
excavations into the quarries and there accumulate a large
quantity of explosive, which is fired simultaneously.

In such cases a chamber is generally excavated at the end
of a gallery, the length of which depends on the effect which
it is desired to produce. The gallery is driven in zigzag, to
avoid the charge blowing out the tamping. The dimensions
of the gallery should be as small as possible, and only
sufficiently large for one man to work in them.

The explosives are piled up in an excavation made at the
end of the gallery, several primers of dynamite are introduced
into the charge, and the whole well covered over with bags of
earth or sand up to the roof of the tunnel, so as to ensure a
good tamping. The excavation is now walled up in masonry
and well packed in with debris, so as to ensure that the
explosives are under close confinement.

Blast of Rock at Genoa.—In 1884 the Italian Dyna-
mite Company fired [on this principle a large blast in the
port of Genoa, and particulars of the operation have been
published.*

It was a question of blowing up a rocky hillock, a, D ,f C,
Fig. 82, situated in the port of Genoa, and located between the
lighthouse and the inner basin of the harbour. There had
previously been excavated from the slope of the hill quite a
cut, leaving exposed a steep face 20 to 26 metres in depth,
and the bluff above was supported only by eight pillars. The
pillars, 1, 2, 3, 4, to the left, were so weak that they were

* In a report issued in Italy by the Societa dei Dynamiti di Avigliana.
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hardly able to bear the weight of the superincumbent rock
mass. That portion of the hill which is shown in section in
Fig. 83, rested to the right on the middle pillar 5. In the bend
of the hill to the right of the quarry, the pillars 6, 7 and 8
supported the hill.

FIG. 82—PLAN OF BLAST OF ROCK IN FORT OF GENOA.

FIG. 83.—SECTION OF BANK OF ROCK.

At a height of about 28 metres (see Fig. 84) a tunnel was
driven horizontally, but in zigzag, as shown in Fig. 85. Its dimen-
sions were 1 m. 50 high by o m. 90 wide, and at each turn, the
bends which made the zigzag were cut at right angles. At the
end of the gallery a well was sunk, 8 metres deep and | metre
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in diameter, which at the bottom was so enlarged as to form a
mine chamber of 5 cubic metres contents.

To make the charge, sacks coated with paraffin were
employed, and they held each 42 kilograms of dynamite. A
line of workmen was ranged along the tunnel, and they passed
the sacks one to the other, to the underground mining overseer,
who placed the sacks in the mine chamber, pressing them
tight one against the other. After he had placed one layer at
the bottom, a box with gelatine dynamite was placed in the
centre, containing two primers, one provided with an electric
fuze, and the other with an ordinary Bickford fuze. The

FIG. 84.—SECTION OF BANK OF ROCK.

mine was now filled with a total weight of 5000 kilograms 01
dynamite, and sacks filled with sand were placed on top of it
to fill the chamber, then loose sand was poured in till the
shaft was completely filled for its total depth of 8 metres. At
the tunnel end pieces of timber were piled up, and on it a
coating of cement. At every turn of the zigzag a barricade
of timber was built up, which was walled up with masonry, so
as to ensure the complete confinement of the explosive.

The result on firing the mine was the complete breaking up
of the hill-side up to the contour lines a, b, c, d, e, /, shown in
Fig. 82, and the cubage of rock loosened by the blast was
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estimated at 120,000 cubic metres. There was no pro-

jection.*
W

FIG. S5.—STOPPING ORE IN AN IRON MINE.

Underground Drilling with Compressed Air.—In
most mines where a large output of mineral is obtained, the

» For further information on the subject of big blasts, the reader is
referred to ‘ Modern High Explosives,” pp. 271 to 292, where the details
of such work are fully given.
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drilling is done by machine drills, owing to the rapidity with
which these perforators work in comparison with hand labour.

In tunnels and shafts these drills are clamped to iron
columns which are easily mounted and dismounted, but when
stoping either “ overhead” or “ underhead,” the drill is
mounted on a tripod, which also can be shifted easily from
one place to another. Fig. 85 shows a cross section of an iron
mine in the State of New York.

Galleries are driven on various levels along the foot and
hanging walls of the ore body, and which all connect with
one main central working shaft.

These galleries run parallel with one another, and at stated
distances, about every 200 feet, are connected by means of cross-
cuts driven transversely through the ore body, which varies from
40 to 60 feet in width; this ensures thorough ventilation and
communication through the mine. A', A' show the longitudinal
galleries along the second level; B', B' along the first level,
D, D are the cross-cuts. After the cross-cuts are completed,
breaking down the ore from overhead is commenced, and the
accumulated ore remains on the mine floor, except such surplus
as can be well spared, the broken ore occupying more space
than the solid vein stone. The drill goes upwards in proportion
as the ore heap accumulates in the mine, as is shown in the
figure.

To support the mine, occasional pillars are left standing.
There also are shoots built up of timber carried along the foot
and hanging walls through which the mineral is dropped into
the galleries below, and from where it is carried on cars to the
central hoisting shaft.

Ore is mined by this system at 50 per cent, less cost than by
hand drilling, and as one drill can do more than many miners
could effect by hand labour, the output of the mine is
proportionately greater.



CHAPTER XVI.
APPLICATION OF ELECTRICITY IN FIRING MINES.

Economical Value of Blasting by Electricity—Sir Frederick Abel’s Test
—Electric Blasting Apparatus—Magneto Machine No. 3—Directions
for Blasting—Influence of Heat on the Conductivity of Gutta-percha-
covered Wire.

T hose who have most carefully studied the question of blasting
by electricity are most earnest in praise of the method and of
its economical value.

A very little thought will make apparent the greater effect
which can be produced by firing simultaneously a number of
blasts, instead of firing them singly, while a little experience
will teach that even in firing single blasts by this apparatus
much can be gained. One advantage gained in firing single
holes is, that in case of miss-fire (which happens rarely by this
method) no time is lost in waiting, as in the case of firing by
safety fuze there would be before approaching the work. There
is no " hanging ” fire.

A second advantage is, that the explosion of the electrical fuze
at the bottom of the charge, where the priming cartridge can
be placed, throws the fire through the whole body of the
powder, igniting it all at once, and by detonation, giving the
same charge by far greater explosive effect, as has been fully
demonstrated by experiment.

Another advantage is, the explosion of an electric fuze at the
bottom of charge produces the first rupture in the rock at
bottom of the hole, leaving the tamping perfectly tight, and
confining all the explosive gas until the dynamite is completely
consumed and its force expended in loosening rock.

ol
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When firing is done with a common fuze, the first point of
rupture in the rock is often near top of charge, which often
leaves a large part of the hole unruptured, the drilling of which
and the powder it contained was a total loss, for if it had
exploded it would have burst everything around the hole.

The following test, devised by Sir Frederick Abel, illustrates
very well the different behaviour of gunpowder with the deto-
nating mode of firing:—

“ Three small iron cylinders of inch steam pipes, each being
5 in. in length and having a cap screwed on one end, are
bedded in the earth, with the open ends level with the
surface.

“In the first is placed a charge of fine-grain gunpowder,
which is fired by an electric fuze, primed with mealed powder.
The powder explodes with a dull report, leaving the cylinder
in its place and uninjured.

“ The second tube contains an electric fulminate fuze, the
remainder of the space being filled with sand. On firing this
tube is bulged and cracked a little, but not moved.

“ The third tube contains the same quantity of powder as
was used in the first one, but it is fired by a fulminate fuze
similar to that which was used in the second tube.

“ In this case the report is sharp, the cylinder is tom to pieces
which are scattered about, and the earth in which it was
imbedded is thrown out so as to leave a considerable cavity.”

When the charge is very large, it is best, indeed, to place
several fuzes at different points, as it is obvious that, whether
using fulminate fuzes or others, a great advantage is obtained
by a simultaneous firing of the powder at different points
instead of firing at one end.

The now well-known effect of the ignition of gunpowder in
a confined space is to suddenly convert its solid substance into
a great volume of fiery gases of a powerfully expansive nature,
which will either speedily find release by rupturing the walls
which confine them, or almost as speedily be again resolved,
in great part, into a liquid having no expansive tendency.

It is known, too, that a certain though very small interval of
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time is taken in the passage of the fire through the whole mass
of a charge of powder, proportioned, of course, to the size of
the charge, its density or compactness, and also, in some
degree, to other qualities.

It is also well known that the speed of electricity is many
thousand times greater than that of fire passing through any
substance whatever, being by comparison instantaneous.

It will readily be seen, therefore, that a great advantage is
had, when a charge is fired at many points, and the whole
converted into these violent gases simultaneously, over firing
at one point, with a comparatively gradual production of the
rupturing force.

Electric Blasting Apparatus.—The machine for blasting
by means of an electric current which finds the greatest favour
at the present time is a magneto-electric instrument of small
size, weighing only about 16 Ibs., occupying considerably less
than half a cubic foot of space, and sold in America at
25 dols.

It is constructed on the Wheatstone and Siemens principle,
having a magnet of the horseshoe character, of iron, wound
about with coils of insulated copper wire; between the poles
of the magnet there is fitted to revolve an armature of cylin-
drical construction, carrying in its body other insulated wire
coiled longitudinally, as to the cylinder.

The rapid revolution of the armature, by suitable means,
generates and sustains in the machine an accumulative current
of voltaic electricity of great power, which at the moment of its
maximum intensity is, practically, switched off to the outside
circuit in which are the fuzes, and in the interior of each fuze
the ignition is accomplished instantly.

In magnetic iron mines the * frictional” machine fails
through diversion or dissipation of the electricity, but the
“ magneto ” there works perfectly well; and in submarine or
very wet work is also superior, as imperfect insulation is not
always an obstacle to its successful working.

The Magneto Maehine No. 3 here described has fired fifteen
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fuses—the current of electricity having been conveyed through
one-quarter of a mile of bare iron telegraph wire in the water
at the bottom of a canal, the fuzes also being immersed.

The capacity of the machine is for about 12 or 15 holes,
though under wholly favourable circumstances many more can
be fired. The interior arrangement is shown in Figs. 86 and 87.
A is the principal magnet; B, the armature revolving between
the poles of the principal magnet; C, the loose pinion, its
teeth engaging with the rack bar, and by clutching also
engaging with the spindle of the armature on the downward
stroke (only) of the rack bar; D, the spring, which when

Section. Section.
FIGS. 86, 87, SB.— MAGNETO MACHINE FOR ELECTRIC FIRING
OF BLASTS.

struck by the foot of the descending rack bar, breaks the
contact between two small platinum bearings, and this causes
the whole current of electricity to pass through the outside
circuit,—the leading wire and fuzes; E, the two platinum
bearings, one on the upper face of the spring, the other on
the under side of the yoke over the spring; F, the commutator.

The “ commutator” is a thin ring of copper like a section of
a tube, or would be so were it not divided by a saw cut on each
side into two equal parts, which are fastened upon a hard
rubber hub. The commutator has pressing upon it (on the
outer surface of the ring) two copper springs. These should
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press firmly upon it, and its surface must be kept bright and
clean.

In the course of time, particularly if the machine should not
have been used, this surface may become tarnished, then it will
be necessary to make it bright. Rubbing with dry emery
paper will serve the purpose. Also, small particles of the
copper, the result of the wear of the ring or the springs, may
fall into the crevices between the two parts of the ring. |If
these crevices become filled with dust of copper, the result will
be to weaken the effectiveness of the machine, as it is necessary
that the two parts of the ring should be insulated, and this is
the reason of the hard rubber hub.

In order to cleanse this ring or commutator, the rack must
be taken out of the case, which can be done by removing the
small pin near the lower end of the same. Then the interior
works of the machine, with the shelf on which they rest, can be
moved partly out of the case—far enough for the purpose.
Having done this, remove the springs which press upon the
commutator, and then remove the yoke which holds in place
the spindle upon which the commutator runs, when the latter
can readily be cleaned and replaced.

In very few of the machines has there been any necessity
found for this cleaning process, and these minute directions are
given, not because they are very likely to be needed, but to
save to the person using a machine the trouble and delay
caused by having to return it to the makers, from perhaps a
great distance. The spindle bearings front and rear will need
oiling occasionally.

Fuzes.—The platinum fuze, which is used with the magneto
machine, is shown in section in Fig. 89, nearly of the actual size.

A is the shell, of copper, having a raised rim, thrown out
from the inside, which holds the sulphur cement more firmly
in place; B, the chamber containing the charge of explosive,
composed mainly of fulminate of mercury—very powerful,;
C, the fuze wires, of copper, entering the shell, having a
covering which is a partial insulator sufficient for all ordinary
purposes; D, the bare ends of the copper fuze wires, projecting
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above the sulphur cement and into the charge; E, the small
platinum wire, or bridge, soldered to and connecting the two
ends of the fuze wires : this is heated to redness or combustion
by the passage of the electric current; F, the sulphur cement
holding the fuze wires firmly in place.

The fuzes commonly in use have wires of 4, 6, and S feet
in length; any required of greater length of wire are specially
made. Those in general use are all of cotton-covered wires,
but gutta-percha covering is sometimes required. This nicety

of insulation by gutta-percha covering,
however, is not needed for general work,
but only where blasting is to be done in
deep water—probably, indeed, not then,
unless several fuzes are to be fired
simultaneously through a great length of
submerged wire.

Leading Wire.—Enough wire is needed
with each machine to make two leaders,
of sufficient length to reach from the blast
to a safe distance for the person to stand
who is to set the machine in operation.
Five hundred feet is the quantity usually

Fic. 89— pLaTinum  adopted, but in some cases a thousand

ELECTRIC FUZE. have been used.

Connecting Wire.—This is sold in coils
of one or two pounds weight, and is used in connecting
the fuzes with each other where several charges are to be fired
simultaneously.

Wi ire Heels.—As after use the leading wires may become
entangled, and to facilitate the playing out of the wires when
preparing them for use and in shifting them from blast to
blast, a little apparatus is used called the blasting wire reel.
It consists of a strong hard wood box, with a double reel
inside, so adjusted that, by means of a connecting rod on the
flange of each wheel, easy and speedy connections can be
made with the battery in use. To this rod the leading wire
is permanently connected, and is always ready for use. It is
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but the work of a moment to run out as much leading wire as
is wanted to connect the battery, and fire; and then as quickly
wind up again. The reel by means of a strap is carried around
the neck of the man.

Directions for Blasting.— A fuze should be used with
the wires attached, of such length that the ends may protrude
from the surface after the hole is charged, the fuze head being
in the centre of the charge.

Tamp with dry sand, or in such a manner that the wires
may not be cut or the insulated covering upon them be
injured. When all the holes to be fired at one time are
tamped, separate the ends of the two wires in each hole, joining
one wire of the first hole with one of the second, the other or

Fi6. 9l.—MINES EILECTRICALLY
F16. 90.— CONNECTING W IRE. CONNECTED.

free wire of the second with one of the third, so proceeding to
the end or last hole.

If the wires attached to the fuzes should not be long enough,
use connecting wire for joining. All connections of wires
should be by hooking and twisting together the bare and
clean ends, and it will be best if the parts joining be bright.
(Fig. 90.)

The charges having all been connected as directed above,
the free wire of the first hole should be joined to one of the
“ leading ” wires, and the free wire of the last hole with the
other of the two leading wires. The leading wires should be
long enough to reach a point at a safe distance from the
blast—say two hundred and fifty feet at least. (Fig. 91.)

All being ready, but not until the men are at a safe distance,
connect the leading wires, one to each of the projecting
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on the front side of the machine, through each of which a hole
is bored for the purpose, and bring the nuts down firmly upon
the wires.

Now, to fire, taking hold of the handle for the purpose, lift
the rack (or square rod toothed upon one side) to its full
length and press it down, for the first inch of its stroke with
moderate speed, but finishing the stroke with all force, bringing

FIC. 92.—FIRING DV ELECTRICITY AT BOTTOM OF SHAFT.

the rack to the bottom of the box with a solid thud, and the
blast will be made.

Holes which are fired simultaneously should not be more
than their own depth apart from each other; thus, if the holes
are 6 feet deep, they should only be 6 feet apart.

It is advisable to place the priming cartridge with the
electric fuze in it at the bottom of the hole, and leave several
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inches of the wires protruding out of the hole. In tamping
take care not to rub the wires.

Fig. 92 represents a blast of three holes, each 6 feet deep,
ready to fire in the bottom of a shaft that may be many
hundreds of feet deep. As soon as the operator in the house

FI6. 93.—THE BLAST FIRED.

pushes down the operating rod, all the holes will fire simul-
taneously, and the result will be as shown in Fig. 93.

Influence of Heat on the Conductivity of Gutta-
Percha-covered Wire.— The subjoined remarks on this
subject by J. M. Kostcrsitz, Lieutenant-Colonel of Engineers
in the Austrian Army, will be found of practical value.—

“ It will be well to mention (he says) in advance, that the
influence of heat is deleterious to the igniting effect, and
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reason of this is in the diminution of the insulating power of
the gutta-percha.

“ Schellen, in the year 1870, in his book ‘On the Electro-
Magnetic Telegraph,” says that when gutta-percha is cleansed
of its impurities it possesses great insulating power, which
decreases with an increase of temperature. Its conductivity
at 200 C. is twelve times greater, and therefore its resistance to
electricity is twelve times less than at 0° C. At that time no
experiments had been made to determine this phenomenon
exactly, and its influence on its application to explosive
purposes. The impression prevailed at that period that the
igniting power was not influenced in any way.

“ Water was considered as an element against which the
greatest precautions were to be taken, but subsequent ex-
periments disproved this supposition, even if the copper wire
was deprived of its insulation in some places. Not alone was
it proven that the conducting power of the copper wires is
unimpaired by water, but that during very hot weather water
affords the greatest protection for the wires. That the igniting
effect during hot weather is considerably diminished is beyond
doubt, as this fact made itself felt during every experiment
carried out during the hot weather.

“ At first the supposition existed that the deleterious effect of
heat acted only on the electric apparatus, in consequence of
the rarification of the air, and this was partially correct.

“ Later experiments have proved that the fault is with the
wires. The experiments which finally solved this question
were finished in the year 1875, and publications of that year
recommended as precautionary measures the prevention of the
crossing and touching of the leading and return wires, whether
they are insulated or not insulated. There was also another
danger to be feared, which was if the connecting wires between
the different mines should touch one another.

“ These connecting wires should not be viewed as a part of
the main conducting line, but they should be considered as a
part of the arrangement where the equalisation of the electricity
takes place. In case these connecting wires should touch one
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another, and if in consequence of a high temperature the insu-
lating power of the gutta-percha should be diminished, at the
point of contact an adjustment of the two electricities takes
place which greatly influences the igniting effect, which under
certain conditions may result in a miss-fire of all the mines.

“ If, for example, we have such an arrangement as in Fig. 94,
in which A is the leading and B the return wire, while the
dots 1 to 7 indicate as many mines,
and if the connecting wire 2 and
3 should cross 6, 7 in a b, then it
may happen that the equalisation
of electricity on the road {, 2and 7
may take place, and the mines
3, 4, 5, 6, be excluded from the
passage of the electric fluid and
miss fire.  Therefore the greatest
precaution is necessary to avoid
contact of the connecting wires,
as well as of the leading and return
wires.

“ A case in point took place
during the experiments with a new
electric apparatus, in which a
complete miss-fire of the fuzes oc-
curred. This led to a detailed investigation of its causes.
The experiment took place on the 7th of August, 1874;
temperature, 20° C.; humidity, 90 per cent; barometer,
753 mm. Owing to a rainstorm the atmosphere was charged
with moisture, and was sultry; the temperature of the air
was high. The uncertainty of the weather necessitated making
the connections of the fuzes in a hut. The number of fuses
was 114. The space was limited, and a contact between a
number of the connecting wires could not be avoided. On
closing the circuit only two fuzes exploded, nearest to the
leading wire. A repetition of the firing met with a similar
result, to the great surprise of those present. An examination
of the electric apparatus proved its complete efficiency, and

fig. 94.—conducting w ires.



206 FIRING MINES BY ELECTRICITY.

the leading and return wires showed no interruption in their
continuity, but it was decidedly proved that the hut for the
fuze arrangement was too small, and it was impossible, owing
to want of space, to completely insulate the connecting wires,
so that their contact was unavoidable.

“ The fuzes were now taken into the open air, and the trial
made immediately on the spot caused the explosion of all the
connected fuzes, 114 in number. Further experiments, which
were carried on in the open air, always caused the explosion
of all fuzes.

“ It may be mentioned here that the wooden hut was
saturated by the rain, and that some of the connecting wires
touched on some large nails, and in this way, by means of
the wet boards, a dispersion of the electricity into the ground
may have also taken place. This supposition was likewise
strengthened by the fact, that in the experiments carried
on in the open air some connecting wires were purposely
placed in contact with others, and a complete explosion
still ensued. Of course the temperature had cooled down
somewhat, the grass was wet in which the wires were placed,
which cooled the wires, and in consequence the conditions
for the passage of the electricity in the open air were more
favourable.

“ The following experiments were carried out by the military
committee in Vienna in the summer of 1875, during the hot
days on the Ist, 2nd, and 3rd of July, when the temperature
stood at 290 to 350 C.; the moisture varied between 70 and
62 per cent; the barometer showed only 720 mm.

“ The apparatus, contrary to the usual precaution taken with
them, were left exposed during the whole day to the influence
of the extraordinary heat, as well as the fuzes and connecting
wires, whereby the insulating power of the gutta-percha was
considerably diminished. Whereas, during the forenoon, the
apparatus had a power of firing from 50 to 100 fuzes, on
the afternoon of the first day the number was reduced to 30,
and on the afternoon of the second and third days only
20 fuzes would explode.
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“ To find out the cause of this diminution of effect, the fuzes
were put down again in the hut, and the effect raised at once
from 40 to 60. The same effect was obtained on putting
the connecting wires into troughs of water, and they were
connected with an apparatus which had been exposed for a
whole day to the rays of the hot sun. This experience has
again demonstrated the weakening effect which heat exercises
both on the apparatus and wires, and has also shown that in
placing the wires on the ground or on water, or even by simply
covering them with a bad conductor of heat, a good protection
is offered, and the precaution must also be taken not to expose
the apparatus unnecessarily to the influence of heat.

“ The experiments subsequently made on the 10th of August
led to the adoption of certain precautionary measures for pre-
venting the defects caused by heat on the igniting power of
apparatus and wires. Attention has to be drawn more to the
connecting wires than to the leading and return wires, and
that especially in those connecting wires which are very close
together, an equalisation of electricity may take place, whereby
the firing effect is diminished or partly destroyed, By avoiding
all contact of the connecting wires, the results obtained were
entirely satisfactory, as from 100 to 150 fuzes were exploded.

“ Heretofore the cause of imperfect firing was assigned to
defects in the apparatus, but these experiments show that it
was also the improper application of the connecting wires."



CHAPTER XVII.
USE OF EXPLOSIVES IN FIERY MINES.

Sir F. Abel on the Prevention of Fire-Damp Explosions during Blasting
—A New Method of Exploding Charges in Fiery Mines—Compressed
Lime Cartridges for bringing down Coal.

T he use of explosives in coal mines, particularly in those
having fiery seams, is a matter of special interest to all who are
concerned in the manufacture and utilisation of explosives.
It is a recognised fact, that ordinary explosives cannot be
employed with safety for blasting purposes in coal mines, where
there is more or less fire-damp distributed throughout the
workings. Fire-damp necessitates the exclusion of flame, and
we know that every explosion is accompanied by an outburst
of flame. Coal-dust, also, greatly adds to the dangers arising
from the existence of fire-damp in a coal mine, and may even
cause explosions, which would not take place but for its presence.
This question of fire-damp and coal-dust explosions was felt to
be of such paramount importance, that new regulations on the
subject were incorporated in the Coal Mines Regulation Act
of 1887, which no doubt will prove a great benefit to the
workers in coal mines.

The Prevention of Fire-Damp Explosions during
Blasting.—The whole subject of prevention of such explo-
sions has been admirably dealt with in some lectures delivered
by Sir Frederick Abel before the Institute of Civil Engineers.
For lack of space | can only repeat some of the most prominent
points which have a direct bearing on the subject of safety
blasting, as expressed by this eminent scientist. He says —
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“ Formidable danger frequently attends the employment of
blasting-powder in coal mines, on account of the flame which
generally attends, though to a variable extent, the firing of a
shot tamped in the usual manner; and especially on account
of the large volume of flame which is projected to a considerable
distance, either when a blast-hole is overcharged, or when the
preponderating strength of the material operated upon gives
rise to what is termed a ‘ blown-out shot,’ the tamping being
projected from the hole like a shot from a gun.

“ The Royal Commissioners recognised the dangers fre-
quently attending the use of powder in coal mines, and the
extreme difficulty of effecting any important diminution of
those dangers; and they devoted much attention to the question
whether it might be possible to discover any powder substi-
tute, or any method of using such substitute, which would
secure immunity from danger due to the presence of coal-
dust and fire-damp in the localities where blasting had to be
carried on.

“ Even if undiluted nitro-glycerine is exploded in a shot-hole,
the high temperature has the effect of raising to incandescence
particles of the tamping employed, or of the stone or coal
exposed to the highly heated gases and vapours developed, so
that, under any circumstances, sparks would be liable to be pro-
jected on the firing of a nitro-glycerine charge. The same
holds good with any of the nitro-glycerine preparations known
in commerce, such as lithofracteur, blasting gelatine, or gela-
tine-dynamite ; moreover, flame in more or less abundance may
be produced by the explosion of some nitro-glycerine prepara-
tions, the composition of which includes proportions of inflam-
mable materials.

“ That the heat to which very finely divided solid particles
may be raised, by exposure to the highly heated products of
detonation of nitro-glycerine preparations, is sufficient to deter-
mine the ignition of an explosive fire-damp mixture, has been
amply demonstrated by experiment, and it is even possible that
sparks sufficiently hot to produce that result may be carried to
some distance by the blast of heated gases projected by a shot,
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and thus reach places at some distance from the shot-hole
where gas may have lodged.

“In the early part of the labours of the Commission in 1880,
| applied the principle of most complete explosion, or detona-
tion, of one or other of the so-called ‘ high explosives’ in con-
junction with the method devised by mein 1873, of distributing
the operation of the force, developed by small charges of the
explosive, over a considerable area, through the agency of a
comparatively large volume of water, by which the charge is
enveloped.

“ The principle of suddenly transmitting the force of detona-
tion of a charge of explosive uniformly in all directions, by
completely surrounding with water the charge to be detonated,
had already been successfully applied by me to the conversion
of an ordinary shell into a projectile operating with the
destructive effects of a shrapnel-shell, and to several othei
purposes, and it occurred to me that, by applying the same
principle to the charging of a shot-hole, the effect might be noi
only to modify the destructive action of a high explosive, and
thus to attain a comparatively moderate splitting or rending
action instead of powerful disintegrating effects, but also to
accomplish the extinction, through the agency of the water
envelope, of any incandescent particles or sparks, and perhaps
flame, projected by the exploding charge, the water being
thrown forward together with them, in a finely divided con-
dition. It soon afterwards came to my knowledge that
Dr. McNab had previously put into practical execution the
idea of extinguishing the flame of a powder charge, projected
from a shot-hole, by inserting a cylinder filled with water over
the charge, and confining it by a small amount of tamping.
A series of experiments conducted for the late Commission
indicated, however, that water tamping, as first suggested by
Dr. McNab, and applied by Settle, used in conjunction with a
high explosive, such as dynamite, afforded very considerable, if
not absolute, security against accidental explosions, under the
conditions just now specified.

“ The charge of explosive should be placed in a water-tight
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cartridge, enclosed on all sides by water, with or without the
additional use of superposed tamping. The results obtained
after a series of exhaustive trials justified the conclusion, that
the so-called water cartridge, employed in conjunction with a
high explosive, could be relied upon to afford security against
accidental explosions during shot firing in the presence of
explosive gas mixtures, or of very inflammable coal-dust thickly
suspended in air containing some small proportion of fire-damp.

“In constructing a water cartridge there is not the least
necessity for employing any device for keeping the explosive in
such a position that its circumference is surrounded equally on
all sides by the water; it suffices simply to insert the charge,
with its waterproofed fuze or wires, attached, into the blast-hole
direct (if the latter is in perfectly solid stone or coal, and in a
suitable position), or into the cylinder of thin sheet metal, var-
nished paper or membrane, which is filled with the water ; it is
best, however, to insert the charge nearly to the bottom of the
water, so as to utilise the tamping effect of the greater part of
the column. The liquid is retained by a wooden or cork plug,
through which the fuze or conducting wires pass, and tamping
is applied over this after insertion of a tuft of hay or other
suitable padding material.

“ Gelatine-dynamite* is especially suitable for employment
in conjunction with water, as nitro-glycerine is not displaced
therefrom even after long immersion in water.

“ The w'ork done in coal by a high explosive, through the
agency of a column of water which encases it (or ‘ water cart-
ridge '), is different in character to that accomplished by the
same charge used in the ordinary manner. Instead of exerting
a crushing action immediately round the charge, whereby much
small coal is produced and no large amount of displacing
work performed, the force being distributed over the whole
area of the water column, its action is thereby greatly mode-
rated, and the coal is brought down in large masses—the work
done extending over at least as large an area as that of the best

powder-shots.
* In my opinion, forcite also.—M. E.
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“In applying this system as a safeguard against accidental
ignition of coal-dust or fire-damp mixtures, the quantity of
water used should at least amount to four times the volume of
the charge employed. If less is employed, the flame will not
be quenched.

“ The experiments carried out for the Royal Commission
with water cartridges led to the observation, that a considerable
proportion of the water was driven forward in a body instead
of being dispersed in a very fine state of division, by the force
of a blown-out shot, and a suggestion was consequently made
for the employment of the water in a different manner, which
was worked out by Mr. Galloway with most successful results,
so far as related to the extinction of flame and spark from a
blown-out shot. By distributing the water through a porous
body, such as sponge or moss, and thus effecting an initial
interruption of continuity of the mass of liquid placed over the
shot, its thorough dispersion in a very finely divided condition
is ensured, and its extinguishing power is greatly increased.
Comparative experiments have shown that the water cartridge
did not afford that absolute security against the ignition of an
explosive gas mixture by a blown-out dynamite shot which was
attained by the comparatively simple moss and water tamping,
which can be applied without difficulty even in holes having an
upward inclination.

“ It may be well again to emphasise the fact, that neither the
water cartridge, nor water tamping applied in the manner in
which it has been found so thoroughly efficient in conjunction
with high explosives, affords any safeguard against explosions
arising from the presence of fire-damp or of coal-dust asso-
ciated with fire-damp, in mine workings where blasting is
carried on, if powder, or any explosive agent analogous in its
composition and mode of explosion to powder, be employed in
conjunction with them.

“ Suggestions have been made to use, in conjunction with
powder, or as tamping over the charge, certain solid prepara-
tions which will evolve gases or vapours when exposed for a
sufficient period to heat capable of extinguishing flame, the
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idea being that the heat developed by the explosion of the
charge would accomplish the desired results, and that the
dangers arising from blown-out shot might thus be guarded
against.”*

Exploding Charges in Fiery Mines. — Lieutenant-
Colonel T. Latter, of the Austrian Imperial Engineers, has
invented a very ingenious as well as simple method of firing
powder, dynamite, or other explosives, which is specially
adapted for use in fiery mines. He lays down five rules
relating to blasting in coal-mines which miners would do
well to bear in mind, as they refer to the prevention of
fire-damp explosions by the charge, often a fruitful cause of
explosion.

The rules in question are:— (1) No charge should be ex-
ploded before it has been ascertained by means of the safety
lamp that within a radius of 30 ft. the quantity of fire-damp is
less than 3 per cent (2) The firing of the charges by ordinary
fuzes or squibs should be absolutely forbidden, as the combus-
tion of these causes an inflammation of the fire-damp. Only
electric or other similar methods of firing should, in fact, be
permitted at all. By the use of these methods sparks are pro-
duced only in the interior of the bore-hole charge. (3) Simul-
taneous firing of the bore-hole charges should be brought into
use, for if the charges are fired in rotation those first exploded
will not only produce coal-dust, but will sometimes open seams
from which fire-damp escapes, and is fired by explosions fol-
lowing after. (4) The use of ordinary gunpowder and its
derivatives should be forbidden, and only strong high explo-
sives should be used. (5) A sufficient amount only ofexplosive
should be taken in order to make a charge to cause dislocation
and rending of the surrounding coal and rock, in which case a

* In a previous chapter (p. 121) | have described a solid tamping mix-
ture which has been invented by Mr. Trench, and which is now being in-
troduced in lieu of the water cartridge. From the testimony of several
colliery proprietors it would appear that this tamping mixture possesses the

property of rendering tonite flameless when exploded in cartridges sur-
rounded by the mixture.—M. E.
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consumption of the explosive takes place inside the medium in
which it is employed and no flame escapes.

In the use of the detonating friction tube, which has been
invented by Col. Lauer, the spark (as with the electric exploders)
is caused inside the body of the explosive in the bore-hole,
and, as several charges can be fired simultaneously, the system
appears to commend itself by its cheapness and simplicity.

figs. 95, 96, 97.—lauer’s system of firing charges.

The friction tube in this apparatus consists of a small cylinder,
A, Fig. 95, which encloses the friction apparatus, and this is
connected with an iron wire, C. The iron wire as well a6
its protecting tube, B, are long enough to extend a few inches
beyond the mouth of the bore-hole (see Fig. 96), and the
wire terminates there ina loop, C, which for safety is bent over
and fastened to the tube by a string. The fulminating cap and
primer are set in the bottom part of the small cylinder, A. The
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bore-hole is charged in the usual way. To fire the mine, the
loop, C, is untied from the tube, B, straightened out and tied to
a strong string of a certain length, which ought to enable the
miner to get beyond the radius of projection from any flying
debris. By giving a smart pull to the end of the cord, the iron
wire, C, becomes disconnected from the friction apparatus and
causes the inflammation of the composition contained in the
small cylinder, A, and the detonation of the exploder and
charge.

For the simultaneous firing of several charges, all that is
required to be done is to connect together the strings, E and F
from the several bore-holes to one main cord, H (Fig. 58).
Each string, E, ends in a kind of hook, D, which is tied to
the loop, C. The main cord, G (Fig. 97), can be laid on
pulleys fastened to the sides of the tunnel or drift, so as to
keep the same in line. All the mines being connected, the
small winch, H, is first put gently in motion so as to give a
certain amount of tension to all the strings, then a strong pull
is given to the cord, G, which will cause the simultaneous
explosion of all the charges.

It is claimed that eight charges can be fired in this manner.
This system of firing has been tried in several Austrian coal-
mines, and seems to have given satisfactory results.

Compressed Lime Cartridges.—The considerable in-
crease in volume which caustic or quick-lime rapidly undergoes
during the slaking process, or its conversion into hydrate of
lime by union with water, was many years ago regarded as a
source of power which might be made available in lieu of powder
for the bringing down of hard coal.

Messrs. Smith & Moore prepare the lime for this purpose
by reducing freshly burned fat lime of high slaking power to
powder, and converting this into cylinders by applying powerful
pressure, which produces a very compact cartridge, rendering
the material less liable to deterioration from air slaking than if
kept in lumps. In the next place, they apply the heat which
will have been rapidly developed in the loaded hole by the
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slaking of the lime charge simultaneously throughout its entire
length, to the generation and superheating of steam on a some-
what considerable scale, whereby the force exerted by the
expanding charge of lime is supplemented in an important
manner. This is effected by ensuring the application of water
to the compressed lime almost simultaneously throughout the
entire length of the charge.

Sir Frederick Abel, in commenting on the use of lime cart-
ridges, states that, during a series of operations in the Shipley
collieries, Derby, the preparation and charging of a number of
holes at one time was expeditiously carried out, and the joint
action of the holes in bringing the coal down in large masses
was very satisfactory, the charges generally performing their
work up to the back of the holes. The time occupied by the
action of the lime ranged from ten to forty minutes from the
time of wetting the charge, but the men were able to return to
their work directly the coal had fallen ; the latter was brought
down almost entirely in large masses, and the work in such coal
appeared to be carried on with advantage in point of economy
over blasting. The results obtained with lime cartridges in
other collieries seem to be satisfactory on the whole. That its
application should not be attended with the same success in
soft and in very hard coal as in massive coal of medium hard-
ness is to be expected, and seams in which many fissures occur
are not likely to be worked successfully by the system, as the
force due to the generation of steam by the slaking of the lime
must be lost in many instances.

In damp mines, the cartridges should be kept in tightly
closed cases until just before they are required to charge a hole
with.

A so-called blown-out shot with lime causes the latter to be
more or less violently scattered about in the vicinity of the
shot-hole, and should men be in the immediate neighbourhood
it is very possible that their eyes may suffer from such an acci-
dent, but there is no possibility of an explosion being brought
about by the blowing out of the lime, or by any other circum-
stance which may attend the use of the lime-cartridge.



COMPRESSED LIME CARTRIDGES. 217

The maximum heat developed in the interior of a lime-cart-
ridge as applied in coal getting does not exceed 600° F., and
is therefore insufficient to inflame a mixture of gas and air, or
to ignite any inflammable material with which the lime-cart-
ridge might possibly come into contact in actual practice.

The conclusion of the Royal Commissioners for inquiring into
accidents in coal mines, that “in some coal-seams the lime-
cartridge will perform work quite equal to that accomplished
with powder, at no greater cost, and with absolute immunity
from risk of explosions,” was arrived at after very careful
inquiry, and is well worthy of the attention of colliery
managers,



CHAPTER XVIII.

APPLICATION OF EXPLOSIVES IN SUBMARINE
ENGINEERING.

I.iviovAl, of Obstacle* in Kivers and Harbours— Methods of Sub-
miiin(i blasting—pPontoon Drilling—Machine Drills—Drilling and
blasting— Plowing up Sunken Wrecks.

It becomes very often the duty of an engineer, in making river
or harbour improvements, to remove loose rocks, boulders,
logs, sunken ships, which form obstacles to navigation, and
in such cases the application of surface charges of dynamite,
properly located against the object, will effect the purpose. In
(lie ordinary dynamite in tin tubes, which are fastened to long
sticks and lowered from a boat against the object to be
removed.

The firing in such cases is performed advantageously by
electricity. In deep water divers have to descend to the river
bottoms to apply the charges properly. The effect is usually
very satisfactory, as the superincumbent weight of the water
forms an excellent tamping.

When the rock-masses are large, holes have to be bored,
which heretofore was accomplished by dropping heavy steel
drills on to the rock and boring the holes by simple gravitation,
but since the introduction of compressed air drills the drilling
is accomplished by mounting these drills on platforms erected
in the water or by mooring scows over the rock to be removed,
and drilling from a platform projecting from the boat. These
drills need the constant attention of divers, who also have to
do the charging of the holes.
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Submarine excavation is always costly and laborious work,
and particularly so when submerged reefs are covered with
strata of sand, gravel, and silt. Many ingenious inventions
have been made to overcome these difficulties, and full
information on this subject will be found in my work on
‘ Modern High Explosives.” As examples of modem engi-
neering, detailed accounts of the removal of the obstruction in
New York Harbour known as Hell Gate, and of the removal
of obstructions in rivers and harbours in different parts of the
globe, are given in that volume.

Methods of Submarine Blasting.— Before the inven-
tion of nitro-glycerine, the removal of rocks under water was
considered one of the most difficult branches in engineering.
The method first used was to place ordinary gunpowder in
strong wooden cases, which were lowered on to the rock and
exploded by ordinary fuzes. The application of these surface
charges did not result in much work, and a French engineer,
about thirty years ago, executed some work in Boston harbour,
U. S. A,, by drilling holes into Tower and Carwin Rocks,* by
means of heavy bars of iron, weighing several hundred pounds,
which worked in guides resting on tripods under water. The
drill by means of a long rope is attached to a crank pin, and
by means of an engine is hoisted several feet and then dropped ;
as many as sixty blows per minute are given in this way, and
the gravitation of the drill bores the hole slowly. When this
reached a certain depth, it was loaded by divers with a chlorate
of potash compound and exploded.

At the present time such work is executed by machine
drills, which are worked either from floating pontoons or
stationary stagings erected in the water over the rock which
is to be blasted.

The drill can also be mounted on a tripod stand, lowered
on to the rock under water, and attended by a diver; drilling
operations are carried on by leading compressed air to the
drills by means of indiarubber tubing, and the exhaust d;-

* See 1 Modern High Explosives,' p. 330.
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charged through another tube above water. Then there are
also instances where subaqueous drilling has been carried out
in diving bells ; but these are tedious and expensive methods.
Of late also, at Port Natal, some important work was carried out
by working from a tripod direct at the rocky bottom of the bay.

Pontoon Drilling is in favour with some engineers, by
working long drills from the deck of a pontoon stage, SO as
to admit of the machinery being all above water and easy of
access. It is usual to build a floating stage composed of two
pontoon punts, secured parallel to each other several feet apart,
thus leaving sufficient space for the working of the drills.
On each side of the drills rails are laid, bearing two light
travelling derricks, in each of which a guide-pole, 6 inches
square, works freely, carrying on it a rock drill, and fitted
with a rack and pinion gear for adjustment of the drill to the
various depths required. The guide-poles are shod with iron,
and, when in use, rest on the river bottom, the stage rising
and falling freely according to the state of the tide or the swell
caused by waves, without in any way affecting the steadiness
of the guide-poles. The stage is secured against lateral move-
ment by strong mooring-chains from each of the four comers,
and worked by crab-winches.

One of the pontoons carries the machinery, such as the
boiler, air-compressor, and air-receiver. The other pontoon is
generally fitted as a workshop, forge, and a small air-compressor
to furnish air to the diver, as it is advisable to supply the divers
with air from a separate compressor or receiver.

I have had occasion to visit works of this description in the
United States, and the plan usually adopted there is to erect over
the rock to be blasted a stationary framing 20 to 30 ft. square,
which is built of timber, and is easily dismounted, and the
drills are mounted on this staging; they are worked by steam.
The boiler is on a scow, which at the same time carries the
dredger, and as the drills are worked by steam which is led to
them in tubing, no air-compressor is required, except a small
one to supply the divers.
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I have also seen a small stage from which two drills are
worked, consisting of a large box made of ij in. planks, 12 ft.
square and 3 ft. high, air and water tight; this box was mounted
within four posts, and when the holes were to be fired, by turning
a crank, working a rack and pinion gear, the box was lowered
on to the surface of the water and the four posts lifted out of
position, so that the same became a floating stage, and could
be moored back again after the firing of the blasts.

Where the stationary stagings are large, 20 ft. square or
more, the blasting can be carried out safely, without damaging
the supports, and they are only shifted whenever the bore-holes
become located too near the supporting posts.

Machine Drills.—The drills are generally of a heavy
pattern, at least 5 in. diameter by 8 in. stroke, and the drill
steel ranges from 2 to 3 in. diameter, as long bars have to be
used when there is any depth of water.

Each drill works in a sliding frame, so that several feet in
depth can be drilled without adding on fresh length of steel to
the drill, or changing to longer bars. Sometimes the depth of
water over the rock may be 20 ft, and as the drill platform is
several feet above the water surface, and holes have to be
bored 6 to 7 ft. in depth, it is not unusual to have drill steel
35 ft. in length.

In case the rocks which have to be removed are covered with
mud, silt, gravel, the boring becomes very difficult, as the silt
will work in between the drill and the sides of the bore-hole,
and jam the drill. To avoid this inconvenience it is a usual
practice first to drive down iron tubes through the silt 4 to 5 in.
in diameter till they rest on the rocks, and then the drills are
worked within them. These tubes reach above the surface of
the water and prevent the sand getting into the bore-holes, and
also enable the workmen to let the cartridges into them from
above, by tying them to a string, and thus dispense with the
services of the diver.

General Newton constructed a scow in New York, fi
carrying out blasting work in East River, which had a cent
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opening like a well, into which he lowered a dome built of
boiler iron, and there were several tubes inside these wells, in
which he worked the drills.

Drilling and Blasting.—The bore-holes are drilled in
rows located in a line across the river, or at right angles to the
axis of the river. The depth of the holes depends on the
depth of rock to be removed. When a hole is drilled, it is
cleaned out by the diver, who inserts a nozzle into the hole and
injects compressed air, to clean out the sand, and then plugs
up the hole till the time comes to insert the charge.

If it is required to remove 6 ft in depth of rock, it will be
necessary to drill the holes 8 ft. deep, so as to get the explosive
below the level from where the rock has to be removed, as
otherwise there would be danger that if the holes were not
bottomed the required depth would not be attained. To make
sure of a successful removal, the holes ought never to be drilled
too far apart.

When a row of holes are drilled, they are charged with the
highest grade explosives, and powerful high-tension fuzes must
be employed, and the holes being electrically connected among
themselves, the leading and return wires are attached to the
end holes; when the diver gets to the surface, connection is
made with the battery and the charges exploded. Of course
no tamping is required. When using dynamite, tin canisters
are necessary to hold the charges, but with nitro-gelatine this is
not necessary.

The explosion of the charges causes only a dull muffled
sound and a slight upheaval, as the work is mostly expended
in rending the rock and overcoming the resistance of the super-
incumbent weight of water, and very seldom rocks are projected
above the water surface. The big pieces of rocks are after-
wards removed by means of a derrick placed on the scow or the
pontoons.

When a new hole is started it is very difficult to steady the
lower end of the drill and make it enter the rock, and for this
reason cast-iron shells weighing ioo Ib. are used to steady
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them. Thisshell isabout 1 ft. in height, 15 in. in diameter at the
base, standing on three pivots or legs, about 3 in. long, convex
on top, through the centre of which a hole passes vertically
admitting the free working of the drill.

It is considered good work when 1 ft. can be drilled in
halfan hour, but the drilling of course depends on the nature
of the rock.

Mr. Saunders,* of New York, has invented an arrangement
which facilitates the working of drills on rocks covered with
silt

Works of magnitude, like the blowing up of Hallett’s Points
and Flood Rock at Hell Gate, New York, involved operations
of a different nature. There the rocks were undermined by
tunnels and galleries miles in length, the pillars which were left
standing to support the roofs were drilled with holes, as well as
the roofs, and when charged were all exploded simultaneously.

General Newton, the chief of engineers of the United States
Army, has accomplished, in the laying out and prosecution of this
memorable work, an amount of ingenuity which has no parallel
in the history of explosive engineering undertakings.

Blowing up Sunken Wrecks.—Very often explosives
are employed to remove ships which have got wrecked in
the pathway of navigation. Divers who make this a special
business then examine the position of the vessel, and by the
application of long charges of dynamite or gun-cotton will break
up the vessel. The charges are either placed on deck, or hung
against the sides, or posts are driven into the sand and the
charges tied to them. Care must be taken in all cases to have
the explosive in immediate contact with the object to be
destroyed, so as to obtain the maximum effect.

No special rules can be laid down how to proceed in such
work, as each individual case presents features of its own, and
has to be dealt with accordingly.

See ‘ Modem High Explosives.’



CHAPTER XIX.
APPLICATION OF EXPLOSIVES FOR MILITARY PURPOSES.

MODERN Explosives as applied in Warfare— Zalinsky's Pneumatic Gun—
Essential Conditions of Dynamite Firing—How Zalinsky's Gun was
Invented— Official Report upon the Gun—The German and the Maxim
Pneumatic Guns—The Graydon Dynamite Shell—Gun-cotton Shells.

T hat modern explosives should have an extensive application
for military purposes as a destructive agent is a development
of their utility which one would expect to find. Our knowledge
of these numerous compounds has received large contributions
through the searching inquiries and experiments instituted by
various Governments as to the qualities, both chemical and
physical, of modern explosives, and the results may be thus
summarised : The navy departments of most nations have
adopted compressed gun-cotton for torpedo charges, and other
submarine ground mines ; whereas the military engineers of
the land forces lean towards the use of the plastic nitro-gelatine
and its derivatives as demolition charges, owing to their enor-
mous shattering power (brisance) when bridges, stockades,
railway embankments, walls, forts, and similar obstacles have
to be removed. Such explosives as nitro-gelatine, gelatine-
dynamite, and forcite, being far more powerful and exerting a
greater local action than gun-cotton, should be able to rival
the latter in its application to submarine mining; but so far as
safety is concerned, wet gun-cotton, no doubt, offers an ad-
vantage which nitro-glycerine preparations do not possess. As
bursting charges for shells and hollow projectiles, modern
explosives will doubtless be extensively applied in the near
future, and in that shape will form a terribly destructive engine



CONDITIONS OF DYNAMITE FIRING. 225

of war. Their efficiency for that purpose has indeed been
proved in the firing of projectiles from the weapon | am about
to describe.

Zalinsky’'s Pneumatic Gun.—Lieutenant Zalinsky, of
the United States Army, has practically demonstrated that
large quantities of explosives, like dynamite, nitro-gelatine, or
gun-cotton, even in charges of several hundred pounds, when
enclosed in metallic shells, can be safely fired by means of
compressed air.

I was present in New York Harbour in 1884, when the
Lieutenant fired his first experimental shots from his four-inch
gun at Fort Lafayette, and was greatly impressed with this
modern weapon, although in military, naval, and scientific
circles many authorities did not believe in the ultimate success
of the young and energetic Lieutenant’s so-called “ Dynamite
Gun.” That he has triumphed by perseverance is proven by
the fact, that the United States Government has constructed a
cruiser equipped with these guns. | also understand that the
Italian Government has ordered one from New York; and |
may mention here that | brought this gun to their notice in
1886 by submitting the specifications and drawings to Admiral
Martinez at La Spezia, and explaining to him the modus
opcrandi of the apparatus.

Essential Conditions of Dynamite Firing.—Before
entering into a description of the latest form of gun and pro-
jectile, it will be well to state the conditions which must be
fulfilled to make dynamite firing successful.

The great requisite is, to discharge the dynamite shell from
the gun without shock. Compressed air is eminently adapted
to effect this in a perfect manner, as the pressure admitted to
the gun can be regulated to any degree. Therefore, when
firing the projectile, a gentle pressure is admitted, at first just
sufficient to overcome its friction and inertia; but, once in
motion, the pressure can be rapidly increased up to the full limit,
without in any way subjecting the projectile to an undue shock.

Compressed air, also, permits the use of a detonator
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to explode the charge, and a strong exploder is embedded
in the body of the charge, the explosion of which is caused by
a specially designed electrical arrangement, which insures the
perfect explosion of the dynamite in the shell. The detonator
consists of a substance which is even more sensitive to shock
than the explosive itself, and which by its sudden and violent
action influences the latter so that it explodes with its maximum
power.

Heating of the gun never takes place, as it is well known that
compressed air when expanded absorbs heat and cools the
surrounding atmosphere; hence this gun, instead of becoming
heated by successive discharges, is actually cooled.

How Zalinsky’'s Gun was Invented.—The idea of
firing dynamite by means of compressed air originated with a
schoolmaster, named Meford, whom one of his pupils hit in
the eye with a paper ball from his pop-gun. Being of an in-
ventive turn, Meford concluded that compressed air could
be used as a motive power for firing something else besides
paper. He devised a tube of brass 2 in. diameter and ” in.
thick, 28 ft. long, mounted on a T rail and stiffened with
lie-rods; this was erected on a tripod, and arranged as a
breech-loader. The slide block was attached to a flexible
hose and connected to an air reservoir, from which the air
was admitted by a hand-cock. This was very uncertain, the
air being cut off too soon or else wasted by too long a deliver}-
The pressure was but 300 Ibs. The projectiles used were
cylindrical brass tubes 1 in. to in. in diameter, and 12 in.
to 18 in. long ; they had attached to them a wooden frustum
of a cone, of which the larger end was the size of the bore.
'l he point of the shell was of wood, and was loaded with lead
so as to keep the centre of gravity well forward. Two discs
of pasteboard, with a thickness of Canton flannel between
them, acted as a gas check, the flannel being 1 in. larger in
diameter than the pasteboard; this was placed against the
under tail of the projectile.

The great difficulty was the short range attainable by these



INVENTION OF ZALINSKY'S GUN. 227

means ; but, Lieutenant Zalinsky’s attention having been called
to this gun, he had it brought to his station and commenced
experiments. He found an increased accuracy of aim over
the ordinary smooth bores. The length in calibres of the
28 ft. gun was 168, and to this proportion is due the property
of imparting great energy to a shell, and at the same time of
avoiding a shock liable to produce premature explosion. With
the 2 in. gun and a less pressure than 500 Ibs., he had thrown
a projectile across the Narrows of New York Harbour, a
distance of 2100 yards.

In testing the safety of throwing dynamite in such thin
shells, various experiments were tried. The dynamite in
small quantities was placed at the base of the shell, and the
balance was filled with dry sand; in this way it was exposed
first to the shock from the air pressure, and next to that of the
inertia pressure of the sand, which was much greater than that
of an equal amount of dynamite. The pressure was gradually
increased from 100 Ib. to 500 Ibs., and the shell was placed at
5 ft., 3 ft., 2 ft, and 1 ft. respectively from the breech, and
finally a shell with the full charge of dynamite was thrown :
placed at the breech, in this case, there was an air cushion
of 8 ft. between the valve and the projectile. This 500 Ibs.
pressure being the limit of the endurance of the hose, a greater
one was not tried.

The next series of experiments started with the construction
of a gun 4 in. in diameter and 40 ft. in length. The barrel
was a seamless tube of yIT in. thickness, and in three sections,
mounted on an iron truss supported by a tripod. The valve
was automatic, opening rapidly and permitting a certain
uniform volume of air to escape, and closing at the time the
projectile reached the muzzle. Its general character may be
described as that of a balanced valve. The air was admitted
by this until the projectile was just outside the muzzle, and,
to have the final pressure as great as possible, the reservoir
was nine times the volume of the bore. The velocity att lined
with the 4 in. gun was found to be 72 per cent, of the
theoretical velocity.

Q *
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In early experiments with the projectile, the tails were
found to be too long and heavy, and the best results were
attained by making the centre of gravity as near to the point
as possible, The projectile being assumed to fall the instant
it left the gun, it was decided to have the rear of the tail taper
slightly to afford freedom of exit, and such projectiles had
regular flights, The pressures being uniform, the fall of shells
having the same centres of gravity struck nearly in the same
places, In fact, accuracy of range with a pneumatic gun is
one of its strongest features. .

The shells were next fired with 17 Ibs. of dynamite and with
success. The fuzes then met the attention of this investigator.
The ordinary percussion fuzes of fulminate proved unsatis-
factory, as did the copper capsules. It was also noticed that
17 lbs. shells with percussion capsules did not produce the
desired effect when they exploded, and Lieutenant Zalinsky
naturally looked to a possible effect from exploding these
shells from the rear, assuming that a small interval of time
was required even'to fully explode dynamite, and that the
layers of gases exploded near the target tended to retard the
effect of those developed at the rear of the shell,

This resulted in the devising of an electric fuze depend-
ing on the action of a small battery enclosed within the shell,
The best battery was found to be the chloride of silver one,
on account of its small size and its reliability. After remaining
idle a month, these little batteries were found equal to the
requirements. The diagram, Fig. 98, is a section of the fuze
and connections, in which A is the fuze case, B a metallic
plunger, inside the vulcanite cylinder ¢ ; the contact springs 44
are attached to the wire ¢, joining the electrical primer C,
The second wire & goes from the primer to the metallic fuze
case. The primer is thus in contact with one pole of the
battery placed within the upper part of the fuze case. As will
be seen, this battery is suspended to the fuze case A A by thin -
projections ¢ ¢, which are sheared off by the shock of firing
the gun, and the other pole falls into such a position that the
metallic plunger B can come into contact with it and. complete



INVENTION OF ZALINSKY’'S GUN. 229

the circuit. When the shell strikes, the plunger B moves
forward to the pole /, the circuit is closed and the charge is
exploded.

By examining the diagram, Fig. 99, it will be seen that
in the fuze just mentioned the battery was attached to a
projecting steel plunger held in place by a stiff steel wire pin,
and when the end of the plunger is within hin. of the target
the circuit was closed. In this diagram, A is the steel plunger
and B the battery attached to it; C is a low-tension electrical
primer, one wire from which, ¢, goes to a contact b in the

fig. 99.—SHELL WITH
EXPLODER.

FIG. 98.— EXPLODER FOR PNEUMATIC
DYNAMITE GUN

bottom of the fuze; the other, c\ connects the primer and the
fuse case. On striking the target the plunger is forced in,
shearing off the light steel safety pin, and when the front of
the shell is at the desired distance from the target the pole a
of the battery comes in contact with b, and the circuit is closed
through the primer, which explodes the charge from the rear.
The actual time required to produce explosion before the
full impact of the shell took place, is ruhrs °f a second.
Plungers arranged to close up to { in. from the target were
successful, but beyond that the effects were weakened. Ex-
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periments showed that it was important to
bring the charge as intimately in contact
with the target as was possible with as large
an area of contact as possible.

The next step in this investigation was
the construction of an 8 in. gun, designed
to throw ioo Ib. of dynamite with an initial
velocity of 1400 ft. per second, and with a
range of two miles, and to have it so
arranged that the gunner could aim, elevate,
and fire it without removing his eye from
the sight. A view of this gun is given in
Fig. too. The pressure to be used was 2000
Ibs., and the length of the gun was 60 ft. The
8 in. gun when worked with icoo Ib. pres-
sure, and at an elevation of 35 deg., a shell
with 60 Ibs. of explosive material has been
thrown 27 miles, and one with 100 Ibs., at an
elevation of 33 deg., was thrown 3000 yards.

Official Report upon the Gun -
Under the direction of the authorities of the
United States Navy, an official inquiry into
the merits of Lieutenant Zalinsky’s weapon
has been held, and the Board to whom the
inquiry was entrusted, having witnessed ex-
periments to test the rapidity of fire, ac-
curacy, and extreme range of the new gun,
have reported as follows :—

“ 1. That the dynamite gun is a new in-
strument which has its own functions in
time of war; that it cannot replace any
existing weapon; and that its place cannot
be wholly taken by any other.

“ 2. That the value of compressed air as
a means of throwing projectiles from a gun
is chiefly apparent in the ability which it
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gives to the gunner of exactly reproducing any shot, and of
accurately increasing or decreasing range, at will.

“ 3. That the machinery employed in connection with the
control of air under great pressure is very effective.

“ 4. That the gun is remarkably accurate.

“ 5. That the extreme range is probably about two miles,
the effective range from 1400 to 1800 yards.

“ 6. That the power of the projectile has not yet been
thoroughly tested.

“ 7. That the gun appears to be trustworthy in its action.

“ 8. That the system is a simple and inexpensive one, and
that the gun might be made in any large town where there
are foundries and machine shops.

“ 9. That the weapon is valuable for harbour defence.

“10. That it is adapted to naval warfare whenever mortar
fire can be advantageously used.

“11. That a modification of it might be adapted to the pro-
jection of torpedoes from ships.

“12. That, until after the gun has been properly tested on
board the dynamite cruiser which is now under construction,
it will be inexpedient to adopt it as part of the battery of
ships of war.”

The dynamite cruiser which is referred to in the report was
built by Messrs. Cramp, of Philadelphia, and has now been
successfully launched. Instead of the 10-5 in. pneumatic guns
for which she was originally designed, she is to have three 15 in.
tubes, which will be able to throw shells loaded with 600 Ibs. of
explosive gelatine. The length of her guns, which was exces-
sive, has also been shortened to 55 ft. The gun which has been
constructed for the Italian Government has a calibre of 15 in.,
and a length of only 40 ft.

The German and the Maxim Pneumatic Guns.—
Another pneumatic gun has, according to the Temps, been
tried this year in Germany, under the supervision of the
German Admiralty. The instrument is of 11 7 in. calibre, and
is 73'8 ft. long. The shell was 81’5 in. long, and contained
66 lbs. of nitro-glycerine. The target was. a wwAexv ncssS.
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moored 20S0 yards away from the firing-point. Two rounds
of shell completely destroyed the craft.

Of Mr. Hiram Maxim’s dynamite gun little of a practical
nature is yet known. It is a pneumatic tube; but the tube is
comparatively short, and, according to the specification of the
patent, a very high muzzle velocity is attained. The peculiarity
of the invention seems to consist chiefly in the substitution of
a mixture of air and some volatile hydrocarbon for air alone.
This mixture is so regulated that there shall be just sufficient
oxygen to convert the hydrogen of the hydro-carbon into
water, and the carbon into carbonic acid gas.

After the projectile has been driven by the expansive force
of the gas through a certain portion of the length of the bore,
the mixture of air and hydrocarbon is caused to explode, and
the pressure is thereby at once increased about eight-fold.
The explosive charge in the shell is to be some form of
dynamite, detonated by means of a capsule and firing-pin. It
does not, however, appear that Mr. Maxim has yet built a gun
in accordance with his designs.

The Graydon Dynamite Shell— Graydonite is the name
which has been given to an invention of Lieutenant James
Weir Graydon, late of the United States Navy, who in
1886-87 conducted, first in California and afterwards in
Russia, a series of experiments with the Graydon dynamite
shell. This he succeeded in firing, with some degree of suc-
cess, from a 6 in. rifled gun that was loaded with a mixture
of 1 Ib. of dynamite to 37 Ibs. of powder. Mr. Graydon claims
for graydonite absolute freedom from danger in handling and
transportation, a destructive power from 400 to 700 per cent
greater than that of No. 1 dynamite, and suitability for military
and naval uses. Particulars of its composition have not been
made public. Since the conclusion of the experiments in
Russia, the Ordnance Board of the United States Army has
assisted at further experiments with the Graydon dynamite
shell at Sandy Hook.

The Graydon method of charging the shell consists in sub-
dividing the bursting charge of dynamite into small pellets,
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each of which is enclosed in a separate envelope and treated
with paraffin. The interior of the shell is previously lined with
asbestos. Explosion is secured by means of a detonator,
which acts upon impact. The great advantage of the shell is
alleged to be that it can be fired from any service gun with
the ordinary service charge of powder.

At the Sandy Hook experiments a 7 in. Ames wrought-iron
muzzle-loading rifled gun was used, with a powder charge of
23 lbs., and with a steel service shell that weighed, with its
charge of 2'3 Ibs. of No. 2 dynamite, about 122 Ibs. The
target was a section of wrought-iron turret, made up of two
7 in. plates, so as to give a total thickness of 14 in. The
target was, however, not a new one. It had been indented
by previous practice, and several cracks in its surface were
noticeable. Three shells were fired at, and burst on, the
surface of this target The third round penetrated the first
plate, seriously bulged and cracked the second, and had a
generally disruptive effect upon the turret.

The next day four rounds were fired, two at a wooden target
a mile away and two seaward. All the shells were fused. The
first shell burst prematurely 300 yards from the gun, the second
burst at or beyond the object, the third did not burst, the
fourth burst prematurely at 1000 yards. These results were
not satisfactory. Later in the day the liability or otherwise of
the dynamite to explode on being fired into with small-arm
projectiles was tested. This experiment was also unsatisfactory.
The compound exploded on being struck at 50 yards by a
Springfield rifle bullet. Yet it was something to have shown
that the dynamite shells could be successfully fired from an
ordinary gun, and were capable of inflicting serious damage
upon a somewhat heavily-armoured target.

Gun-cotton Shells.—The following extracts from an
article upon this subject—translated from a German publication*
—will be read with interest:—

* Sehweizerische Zeitschriftfiir Artillerie uml| Genie, December, 1S87.
For the translation | am indebted to Engineering of 15th June, 1888.
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“ The German artillery, in opposition to the French, decided
against melinite in favour of gun-cotton as a burster for shells,
a substance already adopted by the German Navy for projec-
tiles of large calibre and torpedoes. These shell fulfil the
object of perforating in the shortest time and with absolute
certainty the projection given in the opposing forts, of acting as
mines in the cavities formed, and of rendering the occupation
of the structure assailed absolutely impossible. It is no longer
a secret that during last autumn and winter the 15 cm. and the
short 21 cm. German guns, fired at Kummersdorf with high
bursting charges of gun-cotton, succeeded in perforating the
defence of forts, which were specially constructed so as to
represent one of the French frontier forts, and in reaching the
parts best covered, such as the magazines, &c., with over-
whelming effect—a notable and important triumph for the
German artillery.

“ Artillerists have studied the properties of gun-cotton for a
long time. Ten years ago it was experimented with at the
Government gun-cotton factory at Hanau under the direction
of an officer of the German staff, and in the end the disadvant-
ages in its use were overcome, and it was produced in a form
which places it in the first rank as an explosive for shells, damp
cotton specially prepared being now used for that purpose. It
is carried on service in a moist state, and to explode it a
primer of dry cotton with a special detonating composition is
employed. The construction of this primer is kept secret.
The damp state of the cotton gives security against premature
or spontaneous explosion, tendencies which were rightly con-
sidered defects in the use of the earlier forms of gun-cotton.

“ The great safety in transport and use of gun-cotton now
obtained is due not only to the experiments at Hanau, but also
to others made by the firm of Von Forster and Wolff at Wals-
rode, in Hanover, who, in 1883, took out two patents, one for
a mode of preserving gun-cotton, the other for the construction
of a shell fitted with that substance.

“Von Forster's method of preserving gun-cotton consists in
dipping the cotton either in a dry or moist state into ether for
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15 to 20 seconds, whereby a very thin, hard, yellowish-brown
film is formed on the surface of the cotton, rendering it water-
proof, and giving it the semblance of a piece of wood. Instead
of ether, nitro-benzol, or any fluid which dissolves the cotton,
can be used. This film in no way decreases the explosive
qualities of the gun-cotton, but it prevents its losing its con-
sistency and decomposing. It preserves the requisite degree
of moisture, and prevents paraffin soaking in. As, however,
the skin is not absolutely impermeable, water finds a passage
and the cotton is modified by keeping. Von Forster, however,
states that under favourable conditions this disadvantage can
be neglected, as experience has shown that gun-cotton unpro-
vided with a protecting film loses its moisture in a few days if
exposed to a current of dry air, whereas the protected cotton
retains its moisture for many weeks under the same conditions.
On the other hand, the skin is so slight that it does not interfere
with the rapidity of ignition.

“ In case dry cotton charges should be preferred, Von Forster
recommends dipping them in ether, closing the channel for
ignition by means of a paper washer, and giving the charge a
bath of paraffin, which adds a second impervious lacquer.

“Von Forster, it should be added, disapproves of the use
of gun-cotton impregnated with paraffin, as prepared in the
Kruppamiihle factory in Schleswich. This, he states, is secure
neither against decomposition nor accidental ignition; it is
as liable to explosion as dry cotton ; and is more sensitive to
concussion than the wet cotton, being exploded by three suc-
cessive rifle bullets, which would have no effect on gun-cotton
containing 15 per cent, of moisture.

“ The projectile, which forms the subject of the second patent,
is a cast-iron shell in two parts screwed together and filled with
discs of compressed gun-cotton. Towards the base of the shell
a detonator is placed, connected by a channel with the gun-
cotton placed above it The shell is fitted with a common
percussion fuse, which communicates with the detonator by a
primer, either of granular gun-cotton or the same substance
mixed with meal powder. The patent does not specify how
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the detonator is fixed in position. This arrangement was
chosen after experiments made with gun-cotton exploding in
the open air, and the following results were also determined.
The force of gun-cotton varies with its density. It is more
powerful in a moist state than when dry. It is best to ignite the
charge as far as possible from the point of attack, and an axial
channel through the charge increases the effect of explosion.

“ It does not appear that these shell as described have been
tried, and the most recent experiments with shell exploding in
the open do not seem to confirm the conclusions as to the
position of the detonator and the value of the axial channel.
The endeavour was made to improve the shell by charging it
through the fuse hole, leading to a further patent in May, 1885,
for another mode of charging shell and of securing the explo-
sive contents.

“The gun-cotton in this is used in the form of prismatic grains,
made by cutting up the compressed discs, and to the charge of
wet cotton 200 grms. of dry cotton are added. When the
charge is placed in position the neck of the shell is closed by a
plug, leaving space for the fuse and detonator, which is pierced
by a curved channel through which paraffin at a temperature of
75° to 80° is poured. The paraffin fills all the interstices
between the grains, and as it hardens forms the whole into a
compact mass.

“ The fuse is the same as the German percussion fuse, model
1873. The cupped part of this is lengthened and is open at
the base, enclosing a capsule which contains 1 grm. of fulmi-
nate, surrounded by an india-rubber ring and washer. The
whole is fixed by a screw. By slightly modifying the arrange-
ment a delayed action fuse is obtained. To secure the imme-
diate action of the capsule on the charge the former is sur-
rounded with a primer of 10 grms. of dry gun-cotton, protected
against concussion by an india-rubber ring. The shells are
kept in store loaded, but the fulminate and fuse are only
inserted when required for use.

“ The German Government delivered in the spring of 1885
to the Walsrode works a cast-iron 15 cm. gun for trial of this
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mode of charging shell. Shells 2 and 2{- calibre were used,
weighing with lead coat 27 kg. empty and with an internal
capacity ofabout 2 dm.3 Each shell had a charge of 1+35 kg.
gun-cotton, 20 per cent, moisture, in rectangular grains 10 mm.
by 20 mm., with 200 grms. dry cotton in cubical grains of
6 mm. The powder charge was !5 kg., distance of butt
70 in., velocity of shot at 30 m. being 243 m. Of five rounds
none burst prematurely, two were set for delayed action and
formed larger cavities than the other three. The shell were
shattered into very small pieces, none of which exceeded a few
millimetres in size. A hail of small pieces was thrown back
more than 70 m. A loaded shell was then embedded in the
butt and exploded, producing a crater about 2 m. diameter,
70 cm. deep, and i ‘25 m.3 in capacity.

“ Von Forster thereupon adopted a new position for the cap-
sule—of which he gives no information—but which seems to
have given good results, and the trials were continued to test
all the points in his system.

“ For this purpose blind shell were fired with primers of wet
cotton. The detonators were found unexploded. This was
followed by loaded shell without primers or detonators. The
charge of gun-cotton was found to be neither consolidated nor
altered. Filled shell with primers were then fired against the
butt strengthened with wood baulks and iron rails, but the shell
failed to explode ; the butt was still further strengthened suffi-
cient to break up a blind shell on impact. Under these con-
ditions the charged shell for the most part burst. In some
cases, however, they rebounded uninjured.

“ Finally, fully charged and fitted shells were used, more than
200 rounds of 8-8 cm. shell being fired with a velocity of
450 m., common shell filled with gun-cotton were fired with a
velocity of 200 m. from the rifled 15 cm. mortar and from the
15 cm. gun with a velocity of 400 m. These guns fired also
steel shell 6 calibres long fitted on the same system. No
premature burst occurred, and the bursts were in all cases
satisfactory.

“ On exploding an 8-8 cm. 7 kg. cast-iron shell at rest, 200
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pieces over 10 grms. and 600 under xo grms. were counted.
An 818 cm. steel shell, 6'64 kg. in weight, gave 23 large pieces
weighing together 2'26 kg., and 127 weighing 2¢ 865 kg. A
cast-iron 15 cm. shell, weight 27 kg., gave 376 pieces over
10 grms., and 828 pieces under 10 grms. in weight were
found to pass through wood baulks 25 cm. thick. A 15 cm.
shell 6 calibres long, with a charge of 97935 kg. gun-cotton,
sunk vertically in the ground, the base 25 cm. beneath the
surface, gave a crater 4 m. broad, 130 m. deep, and 7 m.3
in capacity. With a burster of 16 kg. the following dimensions
were obtained: 5¢1 m. diameter, 1¢56 m. depth, 12 m.3
contents.

“In November, 1885, it was announced that the German
Government had adopted the Walsrode gun-cotton for shell
bursters.

“ In 1882 the German artillery commenced experiments with
shells filled with gun-cotton on its own account, the original
experiments being to determine the possibility of using high
bursting charges with the 21 c¢cm. mortar. Steel was used for
the shell instead of iron, so as to increase the strength of the
walls and permit the employment of larger charges, and the
length of the shell was carried to 5 calibres.

“ The following is a description of the 21 cm. mine shell:
The shell is formed in two parts screwed together. The gun-
cotton is contained in a zinc case and consists of small discs of
compressed cotton 5 mm. thick with 20 per cent, moisture. A
primer of dry cotton is placed in the upper half of the shell,
which is pierced by a central channel for the quicksilver deto-
nator. When the burster is placed in its case a wooden tube
is inserted in the channel for the detonator, and paraffin is
poured in to fill the interstices. A metal plug then closes the
case in which an opening is left for communication -with the
detonator. When the burster is in place the head of the shell
is put on and a metal cylinder inserted which fixes the burster
and receives the fuse and detonator.

“ The use of compressed gun-cotton discs permits of the use
of a charge about one-third heavier than when the gun-cotton
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is inserted in grains, but in the latter case making the shell in
two parts can be avoided.

“ General Brialmont states that in 1883 experiments were
made with the 21 cm. mortar against casemates of strong brick-
work 1 m. thick covered with 80 cm. concrete and 1 m. to
115 m. of earth. Shell 6 calibres long with 19 kg. of gun-
cotton as a burster perforated the structure and burst inside.
It was further observed that the 21 cm. shell, with a burster of
26 kg., fitted with delayed action fuse, penetrated 4 m. into
sand. A casemate 1 m. thick, with 3 m. sand, would be per-
forated by such a projectile, which 5 m. of protection are required
to keep out. The craters in the sand measured 480 m. in
diameter, 2+4 m. deep, and were about 15 m.3 in capacity.

“ The trials were extended to shells for other natures of
guns, especially the 15 cm. and 28 cm. mortars. The burster
of the last is given as 50 kg."
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APPENDIX A.

ON THE ANALYSIS OF EXPLOSIVES.?*

BY

PHILIP HESS,
Captain of Engineers in the Austrian Army.

Section I.—THE ANALYSIS OF NITRO-COMPOUNDS—Determination of
Nitrogen in Gun-cotton and Glycerine—Results of Analyses by various
methods— Analysis of Kieselguhr Dynamite—Of Explosive Gelatine—
Of New Dynamite No. 1. ’

Section II. — COMPOSITION OF GUN-COTTON SAMPLES — Method of
Analysis—Results of Analyses of Lenk’s and Abel's Gun-cotton—
Determination of Ash Residue of Gun-cotton.

Section I11.—QUALITATIVE AND QUANTITATIVE CHEMICAL ANALYSIS
OF NITRO-GLYCERINE COMPOUNDS — Ingredients of Nitro-glycerine
Compounds—Qualitative Examination—Quantitative Examination—
Notes as to Analysis of Nitro-gelatine containing Camphor.

I.—THE ANALYSIS OF NiTRO-COMPOUNDS.

Determination of Nitrogen in Gun-cotton and
Nitro-glycerine. — Champion and Pellet discovered a
method for the determination of the nitrogen in gun-cotton,

* Translated from the German, as published in ¢Mittheilungen iiber
Gegenstinde des Artillerie und Genie Wesens,’ Vienna,




DETERMINATION OF NITROGEN. 243

which was based on the reaction; that on boiling nitro-cellulose
with ferrous chloride and hydrochloric acid, all of the nitrogen
of the nitrates is disengaged in the form of nitrogen oxide, and
can be exactly measured.

A vacuum is created in the flask in which the reaction is to
be carried on, by boiling a certain weight of gun-cotton with
distilled water, and the ferrous chloride mixed with hydro-
chloric acid is introduced into this flask by aspiration; and
when on heating the flask to boiling, the nitrogen oxide is

developed, it is conducted into a graduated tube, where it is
measured.

F. M. Eder, who employed this method almost exclusive'y
in his determination of nitrogen oxide in pyroxylin, introduced
one modification, in that he substituted a solution of ferrous
sulphate in hydrochloric acid for the ferrous chloride, and yet
obtained equally satisfactory results.

[The apparatus used by Captain Hess is identical with the
one used by Champion and Pellet, and is shown in Fig. 101.]

Twenty to twenty-five grams of crystallised ferrous sulphate
are dissolved in 100 cubic centimetres of water, in a flask K hold-

AN
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ing from 150 to 200 c.c., and to the solution a few small scraps
platinum are added to prevent bumping during the boiling.
The flask is closed with an india-rubber stopper having two
bores, through which the glass tubes r and r2 are inserted.
The tube r, is closed by the cock A, and r2 is closed by means
of the pinch-cock q fastened to the india-rubber connecting
tube .

Through continuous boiling all air is expelled from the
flask, and the end of the tube rt, which is bent up at nearly
right angles, is introduced into the graduated tube R, which
has been filled with caustic soda solution, and stands in the
basin w, which also contains caustic soda solution, as shown
in the figure.

An accurately weighed quantity of the nitro-compound is
dissolved in about 5 to 6 c.c. of sulphuric acid, and the
solution poured into the funnel of r. From o0°¢12 gram to
0-16 gram of the nitro-compound are generally weighed out
The funnel is washed down with 2 to 3 c.c. of sulphuric acid,
which is first poured into the small beaker glass that contained
the dissolved sample. By carefully opening the cock A, the
acid solution flows in the flask K, whereby the introduction of
any air bubbles is avoided as much as possible. Afterward
the funnel is washed down with distilled water till the flask
contains about 8 c.c. of fluid.

After heating the flask, a small pressure is obtained, the
pinch-cock q is carefully opened and the nitrogen oxide with
some steam is driven toward R. At the commencement only
that gas is collected which is produced by the contact of the
concentrated acid solution with the ferrous sulphate solution.
The remainder of the nitrogenoxide is only disengaged by
the concentration of the contents in the flask, which goes on
gradually as the liquid boils down; and a very small quantity
even remains behind and cannot oe expelled in this way.
When the contents of K commence to puff up, the tube r2 is
closed by q, the flame is extinguished and a vacuum is formed
in K, and thereby the nitTOgen oxide is disengaged, which
was still retained by the liquid in K. After a while about
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20 to 25 c.c. of water are introduced in the flask and the
distillation is continued, whereby the remnant of nitrogen
oxide is driven off with great facility toward R. The process
can be considered as finished, when no further augmentation
of the gas volume is noticed. The following table clearly
shows how far the results, which have been obtained by
various methods employed in the determination of nitrogen,
agree.

To establish the correctness of the method, the following
trials were made on—

X. Chemically pure nitromannite (recrystallised twice from
alcohol).

2. A nitro-glycerine, the nitrogen contents of which have
been determined by Dumas’ method by Captain Dittel, and
found to be 18-35 per cent.

Both these samples were analysed, and the correctness of
the method established.

According to Champion and Pellet the composition of
gun-cotton is pentanitro-cellulose, and the commercial nitro-
glycerine in the dynamites is pretty nearly trinitrin.

The nitrohydro-cellulose, of the factory at Zamky, shows
an unexceptionaily low percentage of nitrogen, and it can be
surmised that in its employment for primers for nitro-gelatine
it could be advantageously replaced by higher nitrated gun-
cotton.

The nitrogen contents of the collodion-cotton examined
coincide exactly with the collodion-cotton prepared after
Schering’s method.

The paper powder prepared by the firm of Prentice and Co.
was to a certain extent insoluble in sodium sulphide solution,
so that it must have been a mixture of nitrated and unnitrated
gun-cotton.

Kieselguhr Dynamite.—The simplest form of dynamite
is the old Kieselguhr dynamite. For the analysis, from 1-5 to
2 grams (2372 to 30-9 grains Troy) of this powder is put in a
watch-glass of known weight, and dried in an exsiccator, over
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RESULTS OF ANALVSES MADE BY VARIOUS METHODS FOR THE DrTER-
MINATION OF NITROGEN IN CERTAIN NITRO-COMPOUNDS,

Percentage of Nitrogen as found by Method of
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calcium chloride or sulphuric acid for at least two days.

Let us assume that before drying we had the following
weight—

Watch glass with powder . . 5*7412 grams
»  » Wwithout powder . . 38534 »
Dynamite . . . . 1-8878

and after drying we had—

Watch glass with powder . . S'7tze
" » Wwithout powder . | 3 8534
Dynamite . . . 1-8642 ,,
Deducting from . 1-8878
1-8642

There remains . , . 0-0236 grams.

or 1-25 per cent, for moisture.

Then having prepared two filtering-papers of exactly equal
size and weight, we take a thin beaker, xJ in. wide by i£ in.
high, and weigh it accurately, and put it under a glass funnel
which is provided with a loose stopper of cotton placed in the
neck, and introduce the weighed filter paper into the funnel.
The loose stopper of cotton under the filter paper prevents the
too fast passing through of the ether. The filter paper is
slightly moistened with ether, the dynamite put into it, and is
treated with repeated washings of ether, until this has been
done six or eight times, when all the nitro-glycerine will have
been dissolved and filtered into the beaker.

A very simple way of ascertaining if any nitro-glycerine is
yet passing in the solution, is by dropping two or three drops
on a piece of writing paper, when if there is only a trace of
nitro-glycerine the paper will show a greasy spot. As soon as
the filter paper is dry, it is cleaned with ether and then ignited
together with its contents in a platinum dish of known weight
When a uniform colour has been obtained it is allowed to cool,
and then weighed.



248 ANALYSIS OF EXPLOSIVES.

As a result we have:—

Weight of platinum dish and contents . . . 15'6616 grains.
» L*571769 »
Therefore Kiesclguhr and ash . . « . 0*4847

Then the second filter paper, of exactly the same weight as
the one used, is reduced to ashes in the platinum dish and
again weighed.

Weight of platinum dish and contents . . . 15" 17S0 grams.
» N , alone . . . . . 15*1769
@ S h s e . . o'oon
The Kiesclguhr equals 0*4847—Q'OO0ll .. 0*4836 "

equal to 23J! per cent.

The nitroglycerine can be determined now by the loss, but
the percentage of it is ascertained as follows: a water bath,
covered with a sheet of tin and a wire netting, is heated to
about 70° centigrade, the beaker with its filtrate is put on the
wire netting. The ether must not boil, but slowly evaporate;
and as soon as it has nearly all evaporated, the flame is
repeatedly withdrawn. The filtrate will soon assume a milky
appearance, and when this takes place the beaker is lifted
several times and shaken a little to stir up the contents. When
all the ether has evaporated the remainder consists of nitro-
glycerine and acetic ether, which can be evaporated by con-
tinued heating over the water bath. If an air-pump is at hand,
even the smallest traces of acetic ether can be extracted. We
have now —

Weight of beaker with contents............c.cccccuvuneee. 42*9550 grams.
. ,oalone . 41'5744
Nitro-glycerine . . . i*3S06

or 7530 Per e x - The explosive examined is therefore com-

posed of—
Nitro-glycerine 75*26 per cent.
Kieselguhr . 23746 ,,
Moisture. 1*25  ft
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A detailed examination of the Kieselguhr must be made
under a microscope (900) magnifying power, to ascertain
whether it contains a heavy percentage of Bacillariae and Pleu-
rosigmata (the first-named infusoria to be largely in excess),
but no grains of quartz and no wheel-shaped Dictyodaceae. A
good Kieselguhr is absolutely necessary for good guhr dyna-
mite, bad Kieselguhr, even with the same percentage of nitro-
glycerine makes a weaker dynamite.

Explosive Gelatine.—The analysis of this substance is
made as follows: About 15 to a grams of gelatine is taken
and weighed; assuming that we have—

Beaker with explosive . . . . 42'2103 grams
» alone.n. 4]1'535 1
Then gelatine . . . . 1'6798 ,,

A few drops of alcohol are then poured upon the gelatine,
and after that, an excess of ether, until the nitro-glycerine and
nitro-cellulose is completely dissolved. Then an excess of
chloroform is added. Two filtering-papers exactly alike are
cut, and one of them laid in a glass funnel. The solution
of chloroform containing the nitro glycerine and the nitro-
cellulose is then filtered into a beaker of known weight and
frequently wet with chloroform. The filtrate is then chloroform
and dissolved nitroglycerine, while the remainder is nitro-
cellulose.

The filtering-paper is then taken from the funnel, the chloro-
form remaining about the filter allowed to evaporate, and the
funnel thoroughly cleaned with chloroform. Then the filter-
paper with the nitro-cellulose and the other filter not used are
put over a water bath for about fifteen minutes at a temperature
of 1003 Centigrade, and both filters then weighed. The differ-
ence in their weight gives the proportion of nitro-cellulose;
say in this case the difference is 0*1243 gram or 7’4 per cent,
nitro-cellulose.

The filtered fluid is then treated as in the first test, with the
result:—
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Weight of beaker with contents . 43'0683 grams.
" ” alone . . . 4«'538 »

Hence nitro-glycerine . .  1"5555

or 92-6 per cent. The explosive gelatine consequently
contains

Nitro-glycerine . . . 92*6 per cent.

Nitro-cellulose . . . ™4
It is advisable to determine the moisture in the gelatine before
its solution in ether and alcohol.

New Dynamite No. 1.—Weigh out about 2-5 to 3 grams,
and dry for about three days in an exsiccator; it is then weighed

again.
Say the following are the results:—
Watch glass with contents . . S$'2939 grams
“ONE. 53538 ,

Hence dynamite with moisture ~ 2*9401
and after drying in the exsiccator, we have—

Watch glass with contents , . . 8*7616 grams
» alone..icen, 5'8538
Hence dynamite . . . . . 2*9078

2*9401 — 2*9078 = 0*0323 gr. = i*io per cent, moisture.

The dynamite in the beaker is then moistened with some
alcohol, then ether is added until the nitro glycerine and the
gur.-cotton are completely dissolved. It is then filtered through
a filtering-paper of known weight, and washed with ether. The
ether and alcohol is then evaporated and the filtering-paper is
dried at about ioo°® C. The filtered fluid is then covered with
chloroform which separates the nitro-glycerine from the gun-
cotton. The process is now the same as that with explosive
gelatine, described above. When the dry filter-paper is
weighed we have—

Weight of filter paper with contents . . . 1*3858 grams
. . I. alone . . . . . 0*7623
Therefore absorbents alone . . . . 1*0735 ,,

or 36*51 per cent.
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The paper with the absorbent is then put into the funnel, and
is repeatedly wet with boiling water until the saltpetre and soda
is dissolved. The filtered fluid is now put in a platinum dish
and carefully dried over a water bath, and after having been left
for twenty-four hours over the exsiccator, it is weighed.

Platinum dish with contents . . . 15'9322 grams
" s alone... 15-1769 ”
Hence saltpetreandsoda. . . O7583 ,,

Besides these two substances the residue contains the soluble
parts of the wood pulp. For ordinary purposes this analysis is
sufficient, and we have for the explosive examined :—

MOISTUTE ..o 0'0323 gram or |'10 per cent.
Saltpetre, soda and dissolved pulp o'7553 sI  » 25-68 "
WO00d PUIP ..o 0-3182 » , 108, ,
Gun-cotton . . . . . . . 0-0647 M ts  2*20 »
Nilro-glycerine........ccceniennne. 17693 ft a 60*17 is it
L 0SS iiiieerrineeinineisren s 0*0003 I <« o0%03 » »

2-9401 i00-00

If an exact analysis is desired, then, after the above-described
proceeding we must determine the residue in the filtering
paperi—

Paper with residue........cccooveeernenne. 1-0805 gram
,ooalone e 0-7623
Therefore dried wood pulp . . . 0-3182 ,, or 10-S2 per cent.

Then a few drops of water with one drop of nitric acid are
added to the salts in the platinum dish, and after that it is
dried and weighed. From the difference the percentage of
soda can be calculated, as the sodium carbonate has been
changed by the nitric acid into sodium nitrate. For instance,
let the first weight of saltpetre, soda, and dissolved wood pulp
(as above) 0-7553 gram = P; the second weight = 0-7450
gram = P, therefore difference = 0-0103 gram. The mole-
cular weight of sodium nitrate is 85, twice the same = 170;
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the molecular weight of sodium carbonate — 106. We have
then the proportion :—

106 : (170—106) = X : 0-0i03
or 106 : 64 = X : 0*0103

hence x = 64°103 = 0*0171 gram of sodium carbonate.

To ascertain the percentage of the dissolved wood pulp, the
contents of the platinum dish are heated until the saltpetre is
melted; it is then cooled, a little water and a drop of nitric acid
added, and then dried over steam. The dish is then heated to
150° C., dried in an exsiccator and weighed:— If, for instance,
the weight of the dish and contents is 0*7273 gram, then
F = 0*7450, P" = 0*7273; the difference is 0*0177 gram;
equal to the weight of the dissolved constituents of the wood
pulp. The above given weight of 0*7553 gram has the fol-
lowing composition:—

Potassium nitrate........coceeveveneene 0*7205 gram = 24*50 per cent.
Sodium carbonate . . . . 0*0171 , = 0*58 ,, ,,
Dissolved wood pulp L. 0*0177 ,, = o*6o ,

°-7553 » = 2568 ,

These examples show that an analysis of dynamite can be
made at a small expense of time and means; all that is needed
is careful, intelligent work, and a good balance which is
accurate to nyhns °f a gram.

Il.— Composition of Gun-cotton Samples.

The gun-cotton prepared after the Lenk-Abel system shows
a variable composition, as will appear from the table of results
of analyses given below, which has been compiled by several
observers, although the analyses were conducted on one and the
same method, as follows :(—

a. Determination of Moisture.—As in compressed gun-
cotton the moisture is not evenly distributed throughout the
whole mass, it becomes important to obtain an average
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sample. This is best obtained by dividing several cartridges
into thin discs and sampling these perfectly. The divided
gun-cotton is now weighed in a glass tube, which can be
hermetically closed, and the weight of which has been
previously taken ; it is exposed in this to the influence of a
current of dry air at a temperature of 40° C., until its weight
remains constant. To prevent any of the powdered gun-
cotton from being carried away by the current of air, the
outlet of the tube is closed by a cotton stopper. Parts of this
sample are then taken for analysis, the weight of the tube being
taken each time, so as to determine by the difference of weight
how much of the gun-cotton has been taken out.

b. Determination of Ash.—A certain weight of the gun-
cotton is saturated with paraffin (about 5 grams will suffice)
in a platinum-dish and set on fire, and the residue weighed.

c. Extraction of Alkalies.—A certain quantity of dried
gun-cotton is leached out with water, which dissolves any
alkaline carbonates present. An addition of a carbonate of an
alkaline earth is found by the analysis of the ash. All of the
ash that is not soluble in hydrochloric acid, can be considered
as sand.

d. Determination of the contents of Mono- and
Dinitro-Cellulose.—About 5 grams of the triturated and
dried gun-cotton are saturated in a flask with absolute alcohol,
and then ether is added. The flask is closed with a cork and
left standing at the ordinary temperature of the room, shaking
it gently occasionally till all the fibres are dissolved. Alcohol
ether is now added till the solution is perfectly fluid, and it is
now passed through a linen filter. Should the filtrate appear
turbid, it is repeatedly passed through the filter. After
carefully washing the filter with alcohol-ether it is dried in a
current of air of 40° C. and again weighed. The difference
between the weight of the gun-cotton sample itself and the
weight of the residue on the linen filter gives the contents of
mono- and dinitro-cellulose.
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The residue consists of ash particles insoluble in water, of
trinitro-ccllulose and unnitrated cotton fibres.

e. Separation of Trinitro-cellulose from the Un-
nitrated Cotton-fibres.—A portion of the residue from d is
weighed out in a test tube, and repeatedly boiled with an excess
of concentrated sodium sulphate. The trinitro-cellulose goes
into solution ; whereas the unnitrated fibres are not attacked.

The solution is passed through a weighed linen filter and
washed with distilled water, till the drops of filtrate do not
impart a brown colour to paper saturated with lead acetate.
The filter is now washed with dilute hydrochloric acid, to
wash out traces of sulphate of iron, and at last is washed with
distilled water to free it from hydrochloric acid, then dried at
40° C. in a current of dry air and weighed.

It is advisable to examine the residue obtained once more by
repeating the whole process, so as to see if any trinitro-cellulose
remains. The residue must not be considered as pure cotton,
but must be incinerated, and the ashes leached out with
hydrochloric acid and the residue which is insoluble must be
weighed out. As an explanation of the subjoined Table, it
must be first noticed that—

Samples a and b are from the gun-cotton factory at
Kruppamiihle in Upper Silesia.

Samples cand d are gun-cotton from some other continental
factory.

Sample e is English gun-cotton extracted from a blasting
compound named “ Tonite,” from the cotton-powder factory
at Faversham.

Samples under g and h indicate the composition of Abel’s
gun-cotton according to Musprat

Sample i gives the composition of a sample of English
gun-cotton (which has been freed of its ash, amounting to
i per cent.) according to Champion and Pellet. But instead
of indicating the highest nitrated product of cotton by the
name of trinitro-cellulose, Champion and Pellet by doubling
the cellulose formula: used the name “ Pentanitro-Cellulose.”



Table showing the Composition of some Gun-Cotton samples prepared after Lenk’ and
Abel’s M ethods.

Trinitro-
Ccltulose.
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100-37 (Second Lieutenant
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Captain Hess.
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fCaptain Hess and
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100-00 Champion and Pellet.
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Determination of the Ash Residue of Gun-cotton.—
In incinerating gun-cotton, collodion-cotton, or any other nitro-
cellulose, in consequence of the rapid development of gas the
ashes are blown away from the vessel, and an exact determination
of the ashes becomes difficult.

To avoid this the weighed quantity of gun-cotton is
impregnated with paraffin. The burning proceeds now slowly,
and there is no loss of ashes. The modus operattdi is as
follows:

A quantity of clear paraffin, just sufficient to impregnate
the gun-cotton, is melted in a platinum dish. An excess of
paraffin is not objectionable. After the gun-cotton is soaked
it is set on fire. The contents of the dish do not bum now
any faster than pure paraffin would. There remains a
carbonaceous residue, which can be incinerated.

The results obtained in this manner by Captain Hess are
very satisfactory, and a sample of gun-cotton from a German
factory gave, after two trials, a percentage of ash of 2+40 and
a'4l per cent. A second assay gave 2-44 and 2'56 per cent.,
and a third assay gave 2'33 and 2'34 per cent.

A sample of English gun-cotton gave in three determinations
an ash content of 424, 4*19 and 4111 per cent.

Ill.—Qualitative and Quantitative Chemical Analysis

of Nitro-glycerine Compounds.

Ingredients of Nitro-glycerine Compounds.—In tre
determination and separation of the ingredients which are con-
tained in the various nitro-glycerine compounds, account is
taken of the various parts which they play, and hence they are
classified as follows:—

1. Explosive ingredients.
2. Absorbents which arc non-explosive and play no part in the explosion.
3. Absorbents which are chemically active and which are subdivided
into:—
a. Mineral absorbents.
i. Organic absorbents.
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4. Oxidising agents, which promote the combustion of the organic
absorbents during the explosion.

5. Ingredients which contribute to the stability of the explosive
compounds.

6. Ingredients which are intended to impart certain advantageous
technical properties to the nitro-glycerine compounds, besides the explosive
effect.

1. As explosive ingredients of the nitro-glycerine compounds
we have: Nitro-glycerine,gun-cotton, collodion-cotton, nitrated
wood fibres.

2. As absorbents, which are non-explosive, and play no
part during the explosion, we have: Kieselguhr, Randanite,
Tripoli clay, and argillaceous earth.

X7. Mineral absorbents, which act chemically through the
volatile gases which are developed by the heat generated
during the explosion, such as chalk, carbonate of magnesia.

3A Organic absorbents, such as sawdust, wood pulp, paper
pulp, charcoal, brown coal and stone coal.

4. As mineral oxygen carriers we have: Saltpetre, nitrate
of soda, nitrate of ammonia and nitrate of baryta. Sometimes
chlorate of potash is used, as in Se'ranine and Horsley
powder.

5. The ingredients which contribute to the stability of the
explosive compounds are generally the carbonates of the
alkalies and alkaline earths, like carbonate of soda, carbonate
of ammonium, carbonate of lime, carbonate of magnesia. The
two last serve also as absorbents for the nitro-glycerine.

6. Other additions are : Paraffin, sulphur, resin and other
substances which are utilised to modify the absorbing capacities
of the absorbents and diminish their hygroscopic properties.
To diminish the sensitiveness of the nitro-glycerine to me-
chanical and thermal influences, camphor is added in some
instances.

Qualitative Examination of Nitro-glycerine Com-
pounds.— For the qualitative examination of the nitro-glycerine
compounds, the following advice is given :

The compound is very finely divided, which is done by

3
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cutting the gelatine into very thin sections, and when te
compound is pulverulent it is treated with ether, but when
gelatinous, with a mixture of two parts of ether and one of
alcohol. In the first case, the nitro-glycerine is extracted, ad
if paraffin, sulphur, resin or camphor is present, they are aso
dissolved. In the second case the collodion-cotton is aso
dissolved.

Reactions of the Nitro-glycerine.—The ether solution is evapo-
rated on a water bath at a temperature of about 30° C. To
prove the presence of the nitro-glycerine as such, a drop of itis
taken out on a piece of blotting-paper and is hammered on an
anvil, which causes an explosion.

The portion dissolved in alcohol and mixed with an alcoholic
solution of ammonium sulphide will cause the separation of
sulphur.

A solution of ferrous sulphate, to which a few drops of
muriatic acid are added, will give, when a drop of nitro-
glycerine is added and on slightly warming, the nitrogen-
oxide reaction.

On adding a drop of the oil to an iodide of potassium and
starch solution, acidulated with dilute sulphuric acid and con-
taining some zinc filings, a blue coloration of the liquid will
be produced.

If after evaporation of the ether the oil shows a specific
gravity of 1+6 and has no smell, it can be concluded that itis
pure nitro-glycerine.

In making these tests pure ether must be employed, as
otherwise the impurities which are less volatile will be found in
the residue. This will be especially the case with acetic ether.

Reactions for Paraffin, Sulphur, and Resin. — If after the
evaporation of the ether (when the solution is completed) the
residue is carefully examined, and if the presence of paraffin,
sulphur, and resin is suspected, then the nitro-glycerine is
decanted, and the residue pressed between filtering-papeT &
long as it shows any fat.

By boiling the residue with soda solution the resin is first
dissolved.
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Another portion of the residue after drying is treated with
aqua regia, by which any sulphur will be converted into sul-
phuric acid, which is then precipitated as barium sulphate.

Another portion of the residue is boiled with a solution of
ammonium sulphide, whereby the sulphur dissolves and
forms ammonium polysulphide, and the paraffin after cooling
collects as a crust on the surface of the liquid, and can be
washed with water, dried and subjected to a further exami-
nation.

The test for paraffin can also be made after the evaporation
of the ether from the oil, by taking some of the sample and
treating it with alcohol, and pressing between filter-paper till all
the liquid is absorbed. Then the residue is tested as to its
fusibility and its boiling-point, and the smell of its distillation
products noticed.

The resin which may be present can be saponified by boiling
with soda solution, from which the resin can be precipitated by
hydrochloric acid.

Reactions of Collodion-cotton and Camphor. — If the ether
solution contains camphor, this is recognised at once by its
smell.

If the explosive is treated with a mixture of alcohol and
ether, then on addition of chloroform the mono- and dinitro-
cellulose is separated. By now heating gradually from 30° to
80° C., the solution is freed from ether, alcohol, and chlo-
roform.

The mono- and dinitro-cellulose which is separated is recog-
nised by its explosibility when struck with a hammer on an
anvil; and also through its deportment with sodium sulphide
solution, in which it dissolves on boiling. By boiling it with
hydrochloric acid and ferrous sulphate it ought to give the
nitrogen oxide reaction.

Reaction ofthe Nitrates, Chlorates, and Carbonates soluble in
Water.—The residue from the extraction of the explosive with
ether or alcoholic ether is now treated with hot distilled water,
whereby the nitrates, chlorates, and those carbonates which are
soluble in water go into solution. The determination of these

s a
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substances in the aqueous solution offers no difficulty. The
residue which remains after leaching with hot water, if the
explosive in the first instance has only been treated with ether,
may contain mono-, di- and trinitro-cellulose, but if the extrac-
tion has been carried on with alcoholic-ether only trinitro-
cellulose, the higher nitro-products, and a'l the other sub-
stances which are insoluble in alcohol, ether and water.

Reaction for Trinitro-cellulose. — The presence of trinitro-
cellulose in the residue is determined :—

1. By examining the residue under the microscope by means
of polarised light; the trinitro-cellulose shows the original
structure of the cotton fibres, but they are of a dull aspect,
while the unnitrated fibres show a very vivid play of prismatic
colours.

2. By boiling the residue with ferrous sulphate solution ad
hydrochloric acid, the nitrogen oxide reaction will set in if
any trinitro-cellulose is present.

3. On boiling the residue with an alcohol solution of caustic
potash, when the filtrate is slightly acidulated with sulphuric
acid, free nitric or nitrous acid ought to be recognised.

4. On separating the fibres taken for trinitro-cellulose, and
examining them in regard to their inflammability and explo-
sibility. The trinitro-cellulose can be separated from the
residue, by boiling it with sulphide of sodium solution, filtering
and washing with distilled water, which will leave the other
insoluble ingredients behind.

Reaction for Carbonate of Lime, Carbonate of Magnesia, ad
Argillaceous Earth.—When the residue which contains these
substances is treated with hydrochloric acid, the carbonate of
lime, carbonate of magnesia, and also the argillaceous earth,
goes into solution, and the substances enumerated under 2 and
3b remain behind.

Examination of the Residue: Wood, Coal, Insoluble Mineral
Substances— The residue is examined under the microscope.
Sawdust, wood pulp, and charcoal are easily recognised by their
structure and colour.

The wood fibres can be dissolved with caustic potash solu-
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tion, and are precipitated with a brown colour by means of
acids.
Brown coal will also enter into solution with caustic potash.
The residue when incinerated will yield beside wood and
stone coal ash, any mineral- substances which may have been
contained in the explosive substance. The microscope must
have detected the kieselguhr beforehand, if any was present

Quantitative Examination of Nitro-glycerine Com-
pounds.—A. Extraction with Ether.—The extraction of the
nitro-glycerine, in most cases, is best effected with ether.
Ether is the best solvent for nitro-glycerine on account of its
great volatility, and also because ether leaves nearly all other
substances behind without acting on them as a solvent.

The sample which is submitted for analysis is first dried
under the exsiccator over chloride of calcium. The use of sul-
phuric acid for drying nitro-glycerine and similar compounds,
as well as fulminates, ought to be avoided in all cases, as
serious accidents might happen by spilling some of the explosive
into the acid. The sample is now treated on a filter with ether,
as fully described previously.

The ether solution is collected in a small beaker, previously
weighed, and evaporated on a water bath. There is a moment
during the evaporation when the clear liquid, in consequence
of the partial separation of the nitro-glycerine from the ether,
shows a milky turbidity; and the operation is now closely
watched till this turbidity disappears, when the beaker is at once
taken away from the bath. The nitro-glycerine still contains
small quantities of ether, or acetic ether, and to free it from
these traces and also from moisture, it is put again under the
vacuum of an air-pump over chloride of calcium. The nitro-
glycerine can be weighed as soon as no smell of ether is
noticed, and the operation is repeated until the weight is
constant.

Determination of the Nitro-glycerine in thepresence o fParaffin,
Resin, or Sulphur. Determination o fthese Substa/iccs.— If the
explosive contains beside nitro-glycerine other substances, like.
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paraffin. resin, or sulphur, which are also soluble in ether, these
go into solution along with it. After evaporation of the ether,
the nitro-glycerine, with the adhering substances, is weighed
and then heated on a water bath with a soda solution. The
resin goes into solution, and is separated by decantation from
the rest, precipitated with hydrochloric acid, and collected on
a weighed filter, previously dried at a temperature of too0OC,
washed, and again dried as before, and weighed. The nitro-
glycerine is taken up with strong alcohol, decanted, and the
remaining mixture of paraffin and sulphur washed with alcohol,
then dried and weighed.

To separate the sulphur from the paraffin, the mixture is
heated with a solution of ammonium sulphide in water. After
cooling the paraffin collects as a crust on the surface, and by
pricking a small hole through it the liquid underneath is
poured off, and after washing with water and drying the paraffin
is weighed.

The quantity of the nitro-glycerine and that of the sulphur
is determined by difference.

R Extraction with Ether-Alcohol. Determination of the
Nitro-glycerine in Gelatinised Explosives. Determination o fthe
other Substances which can be Extracted with A Icoholic Ether.—
In acting on gelatinised materials, it is better to use alcoholic
ether and to dissolve the nitro-glycerine and collodion-cotton at
once, and to precipitate the collodion-cotton by adding chloro-
form.

If camphor is present it is extracted with bisulphide of
carbon after the compound is treated with the ether-alcohol

In case any paraffin, sulphur, or resin is present they will go
over into solution with the camphor in the sulphide of carbon,
and the easily volatile camphor can be separated by evapora-
tion from the difficultly volatile paraffin, resin, or sulphur. If
the weight of the extract freed from ether-alcohol but not yet
treated with bisulphate of carbon is = a; and if the weight of
the extract after treatment with bisulphide of carbon and evapo-
ration of the same is = b; and if the weight of the residue
which is left after evaporating the bisulphide of carbon and the

jm*,
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camphor it held in solution is = c¢; we find the percentage of
camphor to be : a—b—c.

The residue ¢ may contain traces of nitro-glycerine, some
paraffin, resin, or sulphur, and their separation may be effected
by the method described beforehand.

C. Separation and Determination of the Ingredients which are
Insoluble in Ether and Ether-Alcohol.—In the residue which
remains after the treatment of the explosive with ether and
alcoholic ether, there may be present some bodies enumerated
under 2, 3a, 3b, 4 and 5.

If, according to the qualitative analysis the residue, consists
of refractory substances, they can be incinerated with the filter
and weighed. But it is better first to dry the filter in a current
of dry air at 60° C., and to weigh, and then burn the filter and
weigh again, and determine by this means whether or not the
residue contained small quantities of organic substances.

If the residue contains other ingredients, it is treated in the
following manner .—

Extraction with Water.— If soluble salts are present, after
the weight of the residue on the filter is determined, they are
leached out with hot distilled water, the filtrate evaporated,
dried at 120° C., and its weight determined. If the extract
contains carbonates and no chlorates, the residue is dissolved
again in water, neutralised with nitric acid, evaporated on a
water bath, dried at 120° C., and again weighed. By this
proceeding the carbonates are converted into nitrates, and from
the difference of the two weighings the quantity of carbonic acid
is determined.

The separation of the different bases is carried out according
to the known analytical methods.

In case any chlorates are present in the aqueous solution of
the soluble salts, a portion of it is taken, and the carbonic acid
k first determined as calcium carbonate through precipitation
with calcium nitrate, and after separation of the precipitate the
solution is evaporated and heated and the chloric acid deter-
mined as silver chloride.

Another portion of the aqueous solution is taken for the
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purpose of determining the nitric acid through conversion into
ammonia.

The determination of the different bases is carried on with
still a separate portion of the aqueous solution. The residue
which is left after the extraction with water is treated as
follows:—

Separation and Determination of Trinitro-cellulose.— If trinitro-
cellulose is present, then a part is taken from the filter and
boiled in a concentrated solution of sodium sulphide. The
nitro-cellulose goes thereby into solution, and is passed through
a weighed filter, which is carefully washed with distilled water,
dried and weighed. The difference of weight gives the per-
centage of trinitro-cellulose.

Extraction with Hydrochloric Acid. — The residue which
remained on the above filter, after separating from it the
trinitro-cellulose, is treated with dilute hydrochloric acid, which
dissolves out the carbonates of lime and magnesia and also the
argillaceous earth, and in the solution the different bases are
determined. The residue is washed with water, and after drying
is weighed on a filter, and from the difference or weight the
quantity or alkaline and earthy carbonates is found.

Determination of the Organic and Inorganic Absorbents.—
This residue contains, besides the wood, coal or similar organic
substances, the insoluble mineral absorbents also.

Through incineration the organic substances can be separated,
and the insoluble mineral substances are weighed as a residue.
If there are several organic absorbents, such as wood pulp and
charcoal, a satisfactory separation of these two substances
cannot be made here, but they must be determined by means
of an elementary organic analysis, which will establish the
relative proportion of these ingredients quite approximately.

Notes as to the Analysis of Nitro-gelatine con-
taining Camphor.—To determine the camphor, the nitro-
gelatine is cut into very thin slices and digested in a flask with
a mixture of alcohol and ether at a temperature of 30° C.
About 30 cubic centimetres of the solvent are taken for 0'3
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grams of the gelatine, and the solution is effected after several
hours, with the exception of some pentanitro-cellulose and
unnitrated cotton.

The clear solution is poured into a beaker and the flask
washed with a little ether, and this added to the solution in
the beaker. The whole is now mixed with about three times
its volume of chloroform, which separates the collodion-cotton
as a gelatinous mass, and this is collected on a linen filter, air-
dried at 70° C. and weighed. The filter is washed with a
little chloroform.  After drying the filter, its increase in weight
determines the quantity of collodion-cotton.

The filtrate is kept at a temperature of 30° C., and after
being put over chloride of lime in the vacuum of an air-pump,
it is freed from the alcohol-ether, chloroform and moisture, and
the nitro-glycerine and camphor remains.

A portion of this remaining solution of camphor in nitro-
glycerine is now taken in a test tube and mixed with 20 c.c.
of bisulphide of carbon and well shaken. The camphor and a
very small portion of nitro-glycerine dissolve in the bisulphide
of carbon, and this solution is now decanted from the remaining
nitro-glycerine. The nitro-glycerine and the decanted liquid
are exposed first to a temperature of 20° C., then to 60° C.,
and at last in the vacuum of an air-pump over calcium chloride
till the bisulphide of carbon in both samples, with the camphor
contained in one, is evaporated. The evaporation of the
camphor is noticeable by the smell. The test tube which
contained the bisulphide of carbon shows now a few drops of
nitro-glycerine, which were dissolved with the camphor and
which has separated now from it The principle of this
method therefore consists in dissolving the camphor, which is
held with great tenacity by the nitro-glycerine, in bisulphide of
carbon.

A very small quantity of nitro-glycerine is lost by this
method through its volatilisation with the bisulphide of carbon,
and it is of importance to determine this loss, so as to correct
the weight of the separated nitro-glycerine. Captain Hess
made several tests, to determine the loss occasioned in this
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way, by shaking well together 4 to 5 grams of nitro-glycerine
and 20 c.c. of bisulphide of carbon, decanting and evaporat-
ing as before stated. The nitro-glycerine weighed afterwards
showed by repeated tests an average loss of 1'25 per cent.

Hence in an analysis of nitro-gelatine, containing camphor,
this quantity has to be added to the weight of nitro-
glycerine found. The quantity of camphor is therefore
determined by difference. A small quantity of camphor is
also lost during the evaporation of the ether-alcohol and
chloroform solution, and this loss has to be determined. To
see how exact this method is, Captain Hess prepared several
samples of nitro-gelatine himself, and from the synthetic con-
ditions and the results of the analysis he found it satisfactory.
From 100 parts of dry camphor gelatine he obtained

According to Accordingto
Synthesis. Analysis.
Nitro-glycerine . . . . 85-25. . . . 85-33
Collodion-cotton P S-74 . o 9-00
CampPhor..ceccieceecee s 6-ot . . . . 5-67
loo-00 i00-00



APPENDIX B.

DETERMINATION OF STABILITY.—INSTRUC-
TIONS AS TO TESTS ISSUED BY THE
HOME OFFICE.*

Heat Test as applied to Explosives of the Nitro-
compound Class (as defined by Order in Council, No. i,
of 5th August, 1875).

General Instructions.
Apparatus required,

1. A water bath, consisting of a spherical glass or copper
vessel (a), Fig. 102, of about 8 inches diameter, and with an
aperture of about 5 inches; the bath is filled with water to
within a quarter of an inch of the edge. It has a loose cover
of sheet copper about 6 inches in diameter (b), and rests on a
tripod stand about 14 inches high (<), which is covered with
coarse iron wire gauze (<), and is surrounded with a screen of
thin sheet tin or copper (d). W.ithin the latter is placed an
argand burner (J) with glass chimney. The cover (b) has
four holes arranged as seen in Fig. 103, No. 4 to receive the
regulator, No. 3 the thermometer, Nos. | and 2 the test tubes
containing the gun-cotton or other materials to be tested.
Around holes x and 2 on the under side of the cover are

* | am indebted to Colonel V. D. Majendie, H.M. Chief Inspector of
Explosives, for a copy of these Instructions.
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soldered three pieces of brass wire with points slightly
converging (Fig. 203); these act as springs and allow the
test-tubes to be easily placed in position and removed.

*2. Scheibleris or Page's temperature regulator.

FIG. 102. Fic. 103.
SIR FREDERICK ABEL'S HEAT TEST APPARATUS.*

/if Scheibler’s

*3. Two cells of Le Clanche’s battery No. 1. .
j regulator is

*4. A few yards of insulated copper wire | used
5. Test tubes from si to 51 inches long, and of such
diameter that they will hold from 20 to 22 cubic centimetres
of water when filled to a height of 5 inches.

* This is not absolutely required, as the temperature of the bath can be
kept coustant by proper attention to the healing flame.
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6. India-rubber stoppers, fitting the test tubes and carrying
an arrangement for holding the test paper, viz., a narrow glass
tube passing through the centre of the stopper, drawn out so
as to form a hook, or terminating in a platinum wire hook
(Fig. 103).

7. A thermometer, with range not less than from 30° to
2120 Fahrenheit.

8. A minute clock.

M aterials Required.

a. Test Paper.—The test paper is prepared as follows:—
45 grains of white maize starch (corn-flour), previously
washed with cold water, are added to 8 oz. of distilled water;
the mixture is stined, heated to boiling, and kept gently
boiling for ten minutes; 15 grains of pure potassium iodide
(/<. which has been re-crystalised from alcohol) are dissolved
in 8i oz. of distilled water. The two solutions are thoroughly
mixed and allowed to get cold. Strips, or sheets, of while
English filter paper, previously washed with water and re-dried,
are dipped into the solution thus prepared, and allowed to
remain in it for not less than ten seconds; they are then
allowed to drain and dry in a place free from laboratory fumes
and dust. The upper and lower margins of the strips, or
sheets, are cut off and the paper is preserved in well-stoppered
or corked bottles and in the dark. When the paper is
freshly prepared, and as long as it remains in good condition,
a drop of dilute acetic acid, put on the paper with a glass rod,
produces no coloration. In process of time, however, the
stronger the light to which the paper is exposed, the sooner
a drop of the acid produces a brown or bluish coloration (a
single hour of direct sunlight produces a marked effect), and
whenever this is the case the paper should be rejected. On
this account it is advisable not to prepare too much of the test
paper at one time, but to prepare it fresh every month or so.

b. Standard Tint Paper.—A solution of caramel in water
is made of such concentration that when diluted one hundred
times (10 c.c. made up to 1 litre) the tint of this diluted solu-



270 DETERMINATION OF STABILITY.

tion equals the tint produced by the Nessler test in ioo c.c.
water containing 0-00007S grin, of ammonia or 0-00023505
grm. of chloride of ammonium. With this caramel solution
lines are drawn on strips of white filter paper (which paper
must be carefully washed with distilled water in the first
instance, to remove any traces of bleaching matter, and dried)
by means of a clean quill pen. When the marks thus pro-
duced are dry the paper is cut into pieces of the same size
as the test paper previously described, in such a way that
each piece has a brown line across it near the middle of its
length, and only such strips are preserved in which the brown
line has a breadth varying from mm. to i mm. (5G inch to

5V inch)-

Testing Dynamite, Blasting-Gelatine, and other
Explosives of the First Division of the Nitro-
compound Class.

A.—Dynamite, &o., &e.

Nitro-glycerine preparations, from which the nitro-glycerine
can be extracted in the manner described below, must satisfy
the following test, otherwise they will not be considered
as manufactured with “ thoroughly purified nitro-glycerine”
within the terms of the license.

This test, however, though at present looked upon as the
most important, as far as testing the purity of the nitro-
glycerine is concerned, is only one of several which any
given sample of nitro-glycerine preparation has to satisfy in
order to establish its compliance with the definition in the
license.

The test, although at present accepted as regulating and
defining the meaning of the terms “ thoroughly purified,” may
nevertheless be modified or superseded if, in the opinion of
the Home Office, such alteration may at any time be deemed
necessary.
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Apparatus Required.—A funnel 2 inches across (it) a cylin-
drical measure divided into grains (<), see Fig. 105.

Mode of Operation.—About 300 to 400 grains of dynamite ()
finely divided are placed into the funnel, which has previously
been loosely plugged by some freshly ignited asbestos (a).

The surface is smoothed by means of a flat-headed glass

PIG. 104. FIG. 105.

SIR FREDERICK AIIEL'S HEAT TEST APPARATUS.

rod or stopper, and some clean washed and dried Kie-
selguhr () is spread over it to the depth of about | inch.

Water is next carefully dropped from a wash bottle upon
this Kieselguhr, and when the first portion has been soaked
up, more is added; this is repeated until sufficient nitro-
glycerine has been collected in the graduated measure (g)
below.

If any water should have passed through with the nitro-
glycerine, it should be removed with a piece of blotting-paper,
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and the nitro-glycerine, if necessary, filtered through a dry
paper filter.

Application of the Test.—The thermometer is fixed so as to
be inserted through the lid of the water bath described before
into the water (which is to be steadily maintained at a tempe-
rature of 160° Fahr.) to a depth of 2} inches. Fifty grains of
nitro-glycerine, to be tested, are weighed out into a test tube in
such a way as not to soil the sides of the tube. A test paper
is fixed on the hook of the glass rod so that when inserted into
the tube it will be in a vertical position. A sufficient amount of
a mixture of half distilled water and half glycerine to moisten
the upper half of the paper is now applied to the upper edge
of the test paper, by means of a camel's-hair pencil, the cork
carrying the rod and paper is fixed into the test tube and the
position of the paper adjusted so that its lower edge is about
half-way down the tube ; the latter is then inserted through one
of the perforations of the cover, to such a depth, that the
lower margin of the moistened part of the paper is about § of
an inch above the surface of the cover. The test is com-
plete when the faint brown lne, which after a time makes
its app_crace at the line of boundary between the dry and
moist part of the paper, equals in tint the brown line of the -
standard tint paper.

The nitro-glycerine under examination will not be considered
as thorougily purified within the terms of the license, unless
the time necessary to produce the standard tint as above

described IS AT LEAST 15 MINUTES.

B.—Blasting—Gelatine, Gelatine Dynamite, and
Analogous Preparations.

Fifty grains of blasting-gelatine are to be intimately
srporated with 100 grains of French chalk. This may
veadily effected by carefully working the two materials
s with a wooden pestle in a wooden mortar. The

is to be gradually introduced into a test tube of the
recommended above for the dynamite heat test,
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with the aid of gentle tapping upon the table, between the
introduction of successive portions of the mixture into the
tube, so that when the tube contains all the mixture it shall
be filled to the extent of 1} inch of its height. The test
paper is then to be inserted, and the heat is to be applied in
the manner prescribed above for the dynamite heat test, and
the sample tested as to withstand exposure to 160° Fahr. for
a period of ten minutes, before producing a discoloration of
the test papers corresponding in tint to the standard colour
test which is employed for governing the results of the dynamite
heat test.

Testing Gun-cotton, Schultze Gunpowder, E. C.
Powder, and other Explosives of the 2nd Division
of the Nitro-compound Class.

A.—Compressed Gun-cotton, Tonite, &c., &c.

Sufficient material to serve for two or more tests is removed
from the centre of the cartridge by gentle scraping, and, if
necessary, further reduced by rubbing between the fingers.

The fine powder thus produced is spread out in a thin layer
upon a paper tray 6 inches by 4j inches, which is then placed
inside a water oven, kept, as nearly as possible, at 120° Fahr.

The wire gauze shelves in the oven should be about 3 inches
apart. The sample is allowed to remain at rest for fifteen
minutes in the oven, the door of which is left wide open.

After the lapse of fifteen minutes the tray is removed and
exposed to the air of the room for two hours, the sample
being at some point within that time rubbed upon the tray
with the hand, in order to reduce it to a fine and uniform state
of division.

Application of the Test—The cover of the water bath is fitted
with the gas regulator which is inserted through the centre hole
(No. 4). The thermometer is fixed into hole No. 3. The water
in the bath is then heated to 150° Fahr., and the regulator set
to maintain that temperature.
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Twenty grains of the sample to be tested are weighed out,
placed in the test tube, and gently pressed down until the
specimen occupies a space of as nearly as possible inch
in a test tube of the dimensions specified.

A test paper is affixed to the hook of the glass rod or tube,
and moistened by touching the upper edge with a drop of
distilled water containing 50 per cent, of Price’s glycerine.
The quantity of liquid used must be only sufficient to moisten
about half of the paper.

The cork carrying the rod and test paper is then fixed into
the test tube, and the latter inserted into the bath to a depth
of 2| inches, measured from the cover, the regulator and
thermometer being inserted to the same depth. The test paper
is to be kept near the top of the test tube, but clear of
the cork, until the tube has been immersed for about five
minutes.

A ring of moisture will about this time be deposited upon
the sides of the test tube a little above the cover of the bath ;
the glass rod must then be lowered until the lower margin
of the moistened part of the paper is on a level with the
bottom of the ring of moisture in the tube; the paper is now
closely watched.

The test is complete when a very faint brown coloration
makes its appearance at the line of boundary between the dry
and moist parts of the paper.

The interval of time between the first insertion of the tube
containing the sample of gun-cotton in the water at 150° and
the first appearance of discoloration on the paper constitutes
the test, and this interval of time must be not loss than
ten minutes, or the sample will not be accepted as properly
purified.

B.—Schultze Powder, E. C. Powder, Collodion-
Cotton, &c., &c.

Sufficient of the sample, without further mechanical division,
is dried in the oven as above, and then exposed for two hours
to the air. The test as directed above for compressed gun-
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cotton, &c., is then applied, the minimum duration of test
being the same, via. ten minutes.

Exudation and Liquefaction Test for Blasting-Gela-
tine, Gelatine-Dynamite, and Analogous Prepara-
tions.

Test for Liqguefaction.—A cylinder of blasting-gelatine
is to be cut from the cartridge to be tested, the length of the
cylinder to be about equal to its diameter, and the ends being
cut flat.

The cylinder is to be placed on end on a flat surface without
any wrapper, and secured by a pin passing vertically through
its centre.

In this condition the cylinder is to be exposed for 144 con-
secutive hours (six days and nights) to a temperature ranging
from 85° to 90° Fahrenheit (inclusive), and during such expo-
sure the cylinder shall not diminish in height by more than
one-fourth of its original height, and the upper cut surface shall
retain its flatness and the sharpness of its edge.

Note.—If the blasting-gelatine and the gelatine-dynamite to
be tested be not made up in a cylindrical form, the above test
is to be applied with the necessary modifications.

Test for Liability of Exudation.—There shall be no
separation from the general mass of the blasting-gelatine or
gelatine-dynamite of a substance of less consistency than the
bulk of the remaining portion of the material, under any con-
ditions of storage, transport, or use, or when the material is
subjected three times in succession to alternate freezing and
thawing, or when subjected to the liquefaction test hereinbefore
described.

a)
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APPLICATIONS FOR AUTHORISATION OF
EXPLOSIVES. — INSTRUCTIONS ISSUED
B THE HOME OFFICE.

Home O ffice,
W hitehall,S_W.
Memo.]

EXPLOSIVES ACT, 1875.
(38 Viet. cap. 17.)

When an inventor desires a new explosive to be placed on
the list of “ Authorised Explosives,” with a view to its being
ultimately licensed for manufacture or importation, the steps to
be taken are as follows:—

(@) The inventor (or his agent) must write stating (con-
fidentially if preferred) the exact composition of the explosive
he proposes to submit,* and the name by which it is to be
distinguished.

This done, the applicant will be informed as to the amount
of fee payable for the examination of the same under the scale
of fees laid down by the Secretary of State. This fee will then
have to be deposited at the Home Office, and will not be
returned whether the result of the examination is or is not
favourable to the introduction of the explosive.

(b) The inventor will then be asked to submit samples (the

* A copy of the Patent Specification should be sent where practicable.
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required amount being stated), and when he reports them
ready a special permit for their conveyance will he sent to
him.*

(¢) The general result of the examination will be communi-
cated to the inventor. If it is found that the explosive is likely
to be reasonably safe under ordinary conditions of manufacture,
transport, and use, and especially that it is not too sensitive to
friction or percussion, or a combination of these, an application
for a license to manufacture or import the same, will be enter-
tained.

If, however, the explosive fails to comply with the above
conditions, it will not be placed on the list of Authorised
Explosives.

V. D. MAJENDIE, Colonel,
Chief Inspector of Explosives.

* When the samples have to be imported from abroad, an Importation
License will be required.
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THE EXPLOSIVES ACT, 1875.
(38 Viet. c. 17.)

In the following abstract of this enactment, either the sub-
stance or (in many cases) the full text is given of those portions
of the Act which it will be useful for manufacturers, vendors,
and users of high explosives, or importers or carriers of tho-e
substances, to have at hand for reference.

The Act—which is intituled, “ An Act to amend the Law
with respect to manufacturing, keeping, selling, carrying, and
importing Gunpowder, Nitro-glycerine, and other explosive
substances”—was passed 14th June, 1875, and came into
operation on Ist January, 1876. There is no occasion to
notice here those sections of the Act which made temporary
provision concerning factories or stores for explosives
existing when the Act was passed and authorised under
previous Acts; and the provisions of the Act (Part 1.) which
relate to gunpowder will be set out here in those cases only
in which the same provisions are subsequently applied by
the Act (Part I1.) to high explosives.

In many of its provisions, the requirements of the Act are not
easily followed, but on this point the remarks of Sir Frederick
Abel will commend themselves —*“ It can hardly be doubted
that the somewhat complicated machinery of the Act, found
necessary in the first instance in order to attain an efficient
control over the making, carriage, keeping, &c., of all explosive
substances in their great variety of forms and applications,
from barrels of powder and ship-loads and stores of dynamite,
ammunition, and detonators, to drawing-room fireworks, sub-
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stitutes for pigeon-shooting, and toy crackers, will in clue
course be much simplified. There can be no doubt that the
action of manufacturers and vendors themselves will impor-
tantly contribute (and has, indeed, already to some extent
contributed) to such simplification, not by their raising
difficulties and entertaining or conniving at attempts of evasion,
but by their ready adoption of obviously wise precautions and
improvements, and by the systematic exercise of care and
vig.lance within their individual spheres of influence.”

Definition of Explosive.

In the Act the term “ explosive ” is defined to mean gun-
powder, nitro-glycerine, dynamite, gun-cotton, blasting powders,
fulminate of mercury or of other metals, coloured fires, and
“ every other substance, whether similar to those above
mentioned or not, used or manufactured with a view to pro-
duce a practical effect by explosion or a pyrotechnic effect” ;
and it also includes fog-signals, fireworks, fuzes, rockets, per-
cussion caps, detonators, cartridges, ammunition of all descrip-
tions, and “ every adaptation or preparation of an explosive
as above defined” (s. 3).

Scope of the Act.

By' the Act, various powers for the control of the manufac-
ture of explosives, and of all trafficking therein, are vested in
(1) the Secretary of State (ix., in practice, the Home Secretary),
who is authorised to appoint Government Inspectors of Ex-
plosives; (2) in the Local Authorities defined by the Act; and
(3) in Harbour Authorities. For the effective administra-
tion of the Act, large powers ofsearch and inquiry are given to
the Government Inspectors, and (in a lesser degree) to officers
of Local Authorities. Breaches of law under the Act—whether
of its express provisions or of rules or bye-laws framed under
it—render the offenders liable to heavy and summary penalties,
and these will be found mentioned in the following pages in
every case specified in the Act. Where exception may be
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taken by the occupier of premises licensed under the Act to
the requisitions made by a Government Inspector, provision is
made by the Act for a reference of the matter in dispute to
arbitration. Special provision is also made for official inquiry
into accidents occurring with explosives, not only in a factory,
magazine, or store licensed under the Act, but on any
“ carriage, ship, or boat” used for conveying explosives ; and
special regulations are required to be observed at coroners'
inquests on deaths resulting from accidents with explosives.

Local Authorities.
The Local Authorities for the purposes of the Act are—

Jn England (s. 67),

(1.) In the City of London, the court of the Lord Mayor
and Aldermen;

(2.) In the Metropolis outside the City of London, the
Metropolitan Board of Works* ; and

(3.) In any borough not assessed to the county rate by
the county justices, the Mayor, Aldermen, and Bur-
gesses acting by the Council; but

(4.) In any harbour within the jurisdiction of a harbour
authority, whether situate or not within the jurisdic-
tion of any local authority before mentioned, the
Harbour Authority, to the exclusion of any other
local authority; and

(5.) In any place in which there is no local authority as
above the Justices in petty sessions assembled.*

By s. 68 the Secretary of State is empowered to declare
the Council of a borough assessed to the county rate, and

* By the Local Government Act, 1888, the powers, duties, and liabilities
of the Metropolitan Board of Works were transferred to the London
County Council (51 & 52 Viet. c. 41, ss. 40-45); and by the same Act
(s. 7) the business of county justices as Local Authorities under the
Explosives Act was transferred to County Councils.
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the Improvement Commissioners of a district, to be Local
Authorities (but not for a harbour) under the Act.

In Scotland (s. no),

(1.) In any borough the Magistrates and Town Council;

(2.) In any harbour within the jurisdiction of a harbour
authority, whether situate or not within the jurisdic-
tion of any local authority for a borough, the Harbour
Authority, to the exclusion of any other local
authority ; and

(3.) In any place other than a borough or harbour the
County Justices.

But by s. 115, the Secretary of State is empowered to declare
the Police Commissioners of a burgh to be the Local
Authority in certain cases.

In Ireland (s. 116),

(1.) In the City of Dublin, the Lord Mayor, Aldermen,
and Burgesses acting by the Town Council; and

(2.) In an urban sanitary district, the Urban Sanitary
Authority; but

(3.) In any harbour within the jurisdiction of a harbour
authority, whether situate or not within the jurisdic-
tion of any local authority above mentioned, the
Harbour Authority, to the exclusion of any other
local authority;

(4.) In any place in which there is no local authority as
above defined, the Justices in petty sessions.

The expression Harbour Authority in the Act includes
(s. 107) any person or body of persons claiming to be pro-
prietor or proprietors of or intrusted with the duty or power of
maintaining or regulating any harbour, and any port, haven,
and estuary, or intrusted with the duty of conserving the
navigation of any tidal water; and any such harbour, port,
haven, estuary, tidal water, and any wharf, dock, pier,
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and work, and other area, whether land or water, over which
the Harbour Authority have control or exercise powers, are
included in the Act in the expression “ harbour.”

PART I.—GUNPOWDER.

Part I. of the Act comprises the sections relating to gun-
powder, and contains the following provisions, these being made
applicable (with certain modifications and additions) to other
explosives also in subsequent sections (Part 11.) of the Act:—

Manufacture and Keeping of Gunpowder.

The manufacture of gunpowder shall not, nor shall any
process of such manufacture, be carried on except at a factory
for gunpowder either lawfully existing or licensed under the
Act; and any person who carries on any such process of manu-
facture, except as allowed by the Act, shall be deemed to
manufacture gunpowder at an unauthorised place.

Where gunpowder is manufactured at an unauthorised place,
(1) all or any part of the gunpowder or ingredients of gunpowder
found in or about such place may be forfeited, and the person
so manufacturing shall be liable to a penalty of too/, for every
day during which he so manufactures (s. 4).

Gunpowder, unless kept for private use and not for sale to
an amount not exceeding thirty pounds, or in the keeping of a
carrier for the purpose of conveyance in accordance with the
provisions of the Act, shall not be kept at any place except in
tne factory in which it is manufacture!; or (2) in a magazine
or store either lawfully existing or licensed under the Act, or
(3) in premises registered under the Act Where gunpowder
is kept in an unauthorised place, all or any part of the gun-
powder found in such place may be forfeited ; and the
occupier of such place, and also the owner of, or other
person guilty of keeping the gunpowder, shall each be liable
to a penalty of 2s. for every pound of gunpowder so kept

(@ 5)-
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Licensing of Factories ami Magazines.

A new factory or magazine for gunpowder shall not be
established except on the site and in the manner specified in
a license to be granted by the Secretary of State, with the
assent of the Local Authority. Detailed directions are given
in the Act for obtaining such license and the requisite assent of
the Local Authority (ss. 6, 7, 8).

Regulation of Factories and Magazines.

In every gunpowder factory and magazine—

(1.) The factory or magazine, or any pirt thereof, shall
not be used for any purpose not in accordance with
the license; and

(2.) The terms of the license shall be duly observed, and
the manufacture or keeping or any process in or
work connected with the manufacture or keeping
of gunpowder shall not be carried on except in
accordance with those terms ; and

(3.) The factory or magazine and every part thereof shall
be maintained in accordance with the license; and
any material alteration in the factory or magazine by
enlarging or adding to the site, or by externally
enlarging or adding to any building, or by altering
any mound otherwise than by enlargement, or by
making any new work, shall not be made except
in pursuance of an amending license granted under
the Act.

In the event of any breach (by any act or default) of this
section, the gunpowder or ingredients thereof in respect to
which, or being in any building or machine in respect to
which, the offence was committed, may be forfeited; and the
occupier shall be liable to a penalty not exceeding in the case
of the first offence 50/, and in the case of a second or any
subsequent offence too/., and in addition 50/. for every day
during which such breach continues (s. 9).

The occupier of a factory shall not be deemed guilty of a
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breach of this section for using in a case of emergency, or
temporarily, one building or part of a building in which any
process of the manufacture is, under the terms of the license,
carried on, for another process of the manufacture, if he do not
carry on in such building or part more than one process at the
same time, and if the quantity of gunpowder or ingredients
thereof in such building or part do not exceed the quantity
allowed to be therein, or any less quantity allowed to be in
the building or part of a building in which such other process
is usually carried on; and if upon such use being continued
after the lapse of twenty-eight days from the first beginning
of such use he send notice to a Government inspector, and
the inspector do not require its discontinuance (s. 9).

In the event of any breach (by any act or default) in any
factory or magazine of the general rules for gunpowder
factories prescribed by the Act,* all or any part of the gun-
powder or ingredients thereof in respect to which, or being in
any building or machine in respect to which, the offence was
committed, may be forfeited; and the occupier shall be liable
to a penalty not exceeding 10/., and in addition (on a second
offence) 10/. for every day during which such breach continues
(s. 10).

Every occupier of a gunpowder factory or magazine shall,
with the sanction of the Secretary of State, make special rules
for the regulation of the persons employed therein, and there
may be annexed to any breach of such special rules penalties
not exceeding forty shillings for each offence (s. n).

Supplemental as to Factories and Magazines.

Where the occupier of a gunpowder factory or magazine
desires that any alteration should be made in the terms of his
license, or any material alteration made in the factory or
magazine by enlarging or adding to the site or by externally
enlarging or adding to any building, or by altering any mound

* The “ general rules” of sect. 10 aie omitted here, as not concerning
factories for high explosives (seepost, p. 292).
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otherwise than by enlargement, or by making any new work, he
may apply for an amending license. If he satisfy the Secretary
of State that the alteration may be properly permitted without
increased risk, the Secretary of State may grant the amending
license of his own authority, but otherwise the application will
be dealt with as an application for a new license (s. 12).

A gunpowder factory or magazine license shall not be
avoided by any change in the occupier of the factory or
magazine ; but notice of the name, address, and calling of the
new occupier shall be sent to the Secretary of State within
three months after the change, and in default such new
occupier shall be liable to a penalty not exceeding 20s. for
every week during which such default continues (s. 13).

Stores for Gunpowder.

Any person may apply to the Local Authority for a license
for a gunpowder store, and if the proposed site, construction
of the store, and amount of gunpowder to be stored therein
are in accordance with the Order in Council (see s. 16), the
license is to be granted on payment of a fee not exceeding sr.
(s- 15)-

Her Majesty may from time to time, by Order in Council,
regulate the construction and materials and fittings of gun-
powder stores, prescribe the buildings and works from which
gunpowder stores are to be separated, and the distances by
which they are to be separated; and prescribe the maximum
amount of gunpowder, not exceeding two tons, to be kept in
stores, graduated according to their construction and situation
and the.r distance from the said buildings and works (s. 16).

In the event of any breach (by any act or default) of the
general rules prescribed by the Act for gunpowder stores, all
or any part of the gunpowder in respect to which or being in
the store when the offence was committed may be forfeited,
and the occupier shall be liable to a penalty not exceeding
10/., and in addition (on a second offence) 10/. for every day
during which such breach continues (s. 17).
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A store license shall be valid only for the person named in
it, and shall be annually renewed by the Local Authority, ata
fee not exceeding if., and unless so renewed shall expire (s. 18),

Every occupier of a gunpowder store may, with the sanctton
of the Secretary of State, make special rules for the regulation
of the persons employed therein, and there may be annexed to
any breach of such special rules penalties not exceeding 40X
for each offence (s. 19).

Registered Premises.

A person desirous of registering with the Local Authority
any premises for the keeping of gunpowder shall register his
name and calling, as well as the premises, in such manner and
on payment of such fee, not exceeding if., as may be directed
by the Local Authority, such registration to be annually
renewed at a fee not exceeding if.

In the event of any breach (by any act or default) of the
general rules prescribed by the Act for registered premises, all
or any part of the gunpowder in respect to which, or being in
any house, building, place, safe, or receptacle in respect to
which, the offence was committed may be forfeited, and the
occupier shall be liable to a penalty not exceeding 2f. for
every pound of gunpowder in respect of which or being on the
premises in which the offence was committed (s. 22).

Supplemental Provisions.

The occupier of every factory, magazine, store, and registered
premises for gunpowder, and every person employed in or
about the same, shall take all due precaution for the prevention
of accidents by fire or explosion, and for preventing un-
authorised persons having access thereto or to the gunpowder
therein, and shall abstain from any act whatever which tern's
to cause fire or explosion and is not reasonably necessary for
the work therein; and any breach (by any act or default) of
this section shall be deemed to be a breach of general rules

(« *3)-
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The Local Authority shall cause registers to be kept of all
store licenses granted by and of all premises registered with
them under the Act; and a ratepayer within the area of the
Local Authority, or a licensee or person registered under the
Act, upon payment of a fee of one shilling, and a Government
inspector, or an officer appointed by any Local Authority for the
purposes of the Act, or an officer of police, without payment,
shall be entitled at all reasonable times to inspect and take
extracts from any such registers (s. 28).

If the occupier of a store or registered premises dies or
becomes bankrupt, or has his affairs liquidated by arrangement,
or becomes mentally incapable or otherwise disabled, the
person carrying on the business of such occupier shall not be
liable to any penalty for acting under the license or registration
during such reasonable time as may be necessary to allow him
to obtain a fresh license or registration (s. 29).

Sale of Gunpowder.

Gunpowder shall not be hawked, sold, or exposed for sale
upon any highway, street, public thoroughfare, or public place ;
and (1) any person hawking, selling, or exposing gunpowder for
sale shall be liable to a penalty not exceeding 40*., and (2) all or
any part of the gunpowder so hawked or exposed for sale, or
found in the possession of any person convicted hereunder may
be forfeited (s. 30).

Gunpowder shall not be sold to any child apparently under
the age of thirteen years; and any person selling gunpowder
in contravention of this section shall be liable to a penalty not
exceeding 5/. (s. 31).

All gunpowder exceeding one pound in weight, when
publicly exposed for sale or sold, shall be in a substantial
case, bag, canister, or other receptacle made and closed so as
to prevent the gunpowder from escaping, and to such outer-
most receptacle shall be affixed the word “ gunpowder” in
conspicuous characters by means of a brand or label, or other
mark; and if any gunpowder is sold or exposed for sale in
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contravention of this section the person offending shall be
liable to a penalty of 407, and all or any part of the gunpowder
so exposed for sale may be forfeited (s. 32).

Conveyance o f Gunpowder.

The following general rules shall be observed with respect to
the packing of gunpowder for conveyance :

(1.) The gunpowder, if not exceeding five pounds in

)

3)

amount, shall be contained in a substantial case, bag,
canister, or other receptacle, made and closed so as
to prevent the gunpowder from escaping; and

The gunpowder, if exceeding five pounds in amount,
shall be contained either in a single package or a
double package. A single package shall be a box,
barrel, or case of such strength, construction, and
character as may be for the time being approved by
the Government inspector as being of such strength,
construction, and character that it will not be broken
or accidentally opened, or become defective or in-
secure whilst being conveyed, and will not allow the
gunpowder to escape. If the gunpowder is packed
in a double package the inner package shall be a
substantial case, bag, canister, or other receptacle
made and closed so as to prevent the gunpowder
from escaping, and the outer package shall be a box,
barrel, or case of wood or metal or other solid
material, and shall be of such strength, construction,
and character that it will not be broken or accident-
ally opened, or become defective or insecure whilst
being conveyed, and will not allow the gunpowder to
escape; and

The interior of every package, whether single or
double, shall be kept free from grit and otherwise
clean; and

(4.) Every package, whether single or double, when
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actually used for the package of gunpowder, shall not
be used for any other purpose; and

(5.) There shall not be any iron or steel in the construc-
tion of any such single package or inner or outer
package, unless the same is effectually covered with
tin, zinc, or other material; and

(6.) The amount of gunpowder in any single package, or
ifthere is a double package in any one outer package,
shall not exceed one hundred pounds, except with
the consent of and under conditions approved by a
Government inspector ; and

(7.) On the outermost package there shall be affixed the
word “ gunpowder” in conspicuous characters by
means of a brand or securely attached label or other
mark.

In the event of any breach (by any act or default) of any of
the above-mentioned general rules, the gunpowder in respect
of which the breach is committed may be forfeited, and the
person guilty of such breach shall be liable to a penalty not
exceeding 20/.

The general rules contained in this section may from time
to time be altered by the Secretary of State (s. 33).

Bye-Laws.

Every Harbour Authority shall, with the sanction of the
Board of Trade, make byelaws for regulating the conveyance,
loading, and unloading of gunpowder within its jurisdiction.

For breaches of such bye-laws, penalties are authorised by
the Act, not exceeding 20/. for each offence, and 10/. for each
day during which the offence continues, besides forfeiture of
all or any part of the gunpowder in respect of which, or found
in the ship, boat, or carriage in respect of which, the breach of
bye-law has taken place (s. 34).

Any person resisting a harbour-master or officer acting
under such bye-laws shall be liable to the same penalties as a

Vs
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person for obstructing the harbour-master in the execution of
his duty (s. 34).

On any part of the coast of the United Kingdom or in any
tidal water for which there is no harbour authority, the Board
of Trade are empowered by the Act to make bye-laws for that
part or water as if it were a harbour and they were the harbour
authority; and they may by such bye-laws define the area
within which they are to be observed, and the officers by
whom they are to be enforced (ibid).

I'.very railway or canal company over whose railway or canal
any gunpowder is to be carried, shall, with the sanction of the
Board of Trade, make bye-laws for regulating the conveyance,
loading, and unloading of such gunpowder (s. 35).

Penalties for any breach of any such bye-laws may be
imposed, and may be graduated according to the gravity of
the offence, and according as it may be a first, second, or
Other subsequent offence, that is to say, pecuniary penalties
not exceeding 20/. for each offence, and 10/. for each day
during which the offence continues, besides forfeiture of all or
any part of the gunpowder in respect of which, or being in the
carriage, ship, or boat or train of carriages, ships, or boats in
respect of which, the breach of bye-law has taken place (ibid).

The occupier of every wharfor dock on or in which gun-
powder is loaded or unloaded (if such loading or unloading is
not otherwise subject to any bye-laws under this Act) may, and
if so required by the Secretary of State shall, from time to time,
with the sanction of the Secretary of State, make bye-laws for
regulating the loading and unloading of gunpowder on or in
such wharf or dock, and in particular for declaring or regulating
all or any of the matters which can be declared or regulated in
the case of any wharf or dock within the jurisdiction of a
harbour authority by bye-laws made by such authority in
pursuance of this Act; and penalties may be annexed to
breaches of such bye-laws, as in the case of bye-laws made
under section 35 (s. 36).

The Secretary of State is empowered to make bye-laws for
regulating the conveyance, loading, and unloading of gun-
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powder by land or otherwise, in any case in which bye-laws
made under any other provision of the Act do not apply; and
penalties may be annexed to any breach of any such bye-laws
as in the case of bye-laws made under the thirty-fifth section
(s- 37)-

Any recommendation to Her Majesty in Council, any
general rules with respect to packing, and any bye-laws which
is or are proposed to be made under the Act by a Secretary of
State or the Board of Trade shall, before being so made, be
published in such manner as the Secretary of State or the
Board of Trade may direct, and the bye-laws framed by any
Railway Company, Canal Company, or Harbour Authority
under the Act shall, before being sanctioned by the Board of
Trade, be likewise published in such manner as the Board may
direct (s. 38).

PART Il.—EXPLOSIVES OTHER THAN GUN-
POWDER.
Part Il. of the Act relates to explosives other than gun-

powder, and by s. 39 it is declared that, subject to the pro-
visions hereafter in this part of the Act contained, Part I.
of the Act relating to gunpowder shall apply to every other
description of explosive, in like manner as if those provisions
were re-enacted with the substitution of that description of
explosive for gunpowder.

Modification of Part I. as applied to Explosives other than
Gunpowder.

In the case of explosives other than gunpowder, the follow-
ing modifications and additions are to be made in and to
Part I. of the Act:

(1.) The draft license for a factory or magazine submitted
by an applicant to the Secretary of State shall specify
such particulars as the Secretary of State may

require;
\s 1
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(6.)
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The prescribed general rules [/>., rules prescribed by
an Order in Council] shall be substituted for the
general rules in Part |. of the Act relating to
factories, magazines, stores, and registered premises
respectively; but no such general rule shall require
the removal of any building or work in use at the
date of the Order in Council by which such rule is
made;

The Secretary of State may from time to time alter
the general rules relating to packing contained in
Part I. of the Act for the purpose of adapting the
same to the packing of any explosive other than gun-
powder ; and

For the maximum amount limited by the Act to be
kept for private use and not for sale, or in a store,
and for the minimum amount limited by the Act to
be exposed for sale or sold otherwise than in a
substantial case, box, canister, or other receptacle as
therein mentioned, there shall be substituted in the
case of explosives other than gunpowder the following
amounts; namely, (@) where such explosive consists
of safety cartridges made with gunpowder, an amount
containing not more than five times the maximum or
minimum amount of gunpowder, as the case may be,
above mentioned; and (6) in the case of any other
explosive, the prescribed amount; and

Two or more descriptions of explosives shall not be
kept in the same store or registered premises, except
such descriptions as may be prescribed in that
behalf; and, when so kept, shall be kept subject to
the prescribed conditions and restrictions; and
Where any explosive, other than gunpowder, is
allowed to be kept in the same store or registered
premises with gunpowder, the maximum amount of
gunpowder to be kept therein shall be the prescribed
amount in lieu of the amount fixed by Part |. of the
Act; and
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(7))

8)

9)

Where any explosive, other than gunpowder, is
allowed to be kept in the same magazine, store, or
registered premises with gunpowder, the prescribed
general rules shall be observed instead of the general
rules set out in the Act; and

There shall be on the outermost package containing
the explosive in lieu of the word “ gunpowder ” the
name of the explosive, with the addition of the word
“ explosive,” and if such name is materially false the
person selling or exposing for sale such explosive,
and also the owner of the explosive, shall be liable to
a penalty not exceeding 50/.

With respect to the importation from any place out
of the United Kingdom of either dynamite or gun-
cotton, or any explosive (other than gunpowder,
cartridges made with gunpowder, percussion caps,
fireworks, and any prescribed explosive), the follow-
ing provisions shall have effect: ,<z) The owner and
master of any ship having on board any such ex-
plosive shall not permit the same to be unloaded and
delivered to any person who does not hold an
importation license from the Secretary of State, and
any transhipment shall be deemed to be delivery;
(b) the Secretary of State may grant an importation
license for any such explosive, and may annex thereto
such provisions and restrictions as he may think
fit, for the protection of the public from danger;
(c) the license shall be of such duration as the
Secretary of State may fix, and shall be available
only for the person named in the license ; (d) in the
event of any breach by any act or default of the
provisions of this section with respect to the importa-
tion of an explosive, or of the provisions of any
importation license, all or any part of the explosive
with respect to which such breach is committed, or
being in any ship or boat in connexion with which
such breach is committed, may be forfeited, and the
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owner and master of such ship or boat, and the
licensee or person to whom the explosive is de-
livered, shall each be liable to a penalty not exceed
ing 100/., and to a further penalty not exceeding is.
for every pound of such explosive; and (e) the
Commissioners of Customs and their officers shall
have the same power with respect to any such
explosive, and the ship containing the same, as they
have for the time being with respect to any article on
the importation of which restrictions are for the time
being imposed by law (s. 40).

Nothing in the Act shall apply to the filling or conveying,
for private use and not for sale, of any safety cartridges to the
amount allowed by the Act to be kept for private use (s. 41).

Sect 29 of the Passengers Act, 1855, and sects. 23 to 27,
both inclusive, of the Merchant Shipping Act, 1873,+ shall
apply to every explosive within the meaning of this Act in like
manner as they apply to gunpowder (s. 42).

Specially dangerous Explosives.

Her Majesty from time to time, by Order in Council, may
prohibit, either absolutely, or except in pursuance of a license
of the Secretary of State under this Act, or may subject to con-
ditions or restrictions the manufacture, keeping, importation
from any place out of the United Kingdom, conveyance, and
sale, or any of them, of any explosive which is of so dangerous
a character that it is expedient for the public safety to make
such Order; and any explosive manufactured or kept in con-
travention of any such Order shall be deemed to be manufac-
tured or kept in an unauthorised place, and any explosive con-

* By which gunpowder is prohibited as cargo on a passenger ship.

t Imposing a penalty of 500/. on any person who sends by ship
“ dangerous goods " under a false description, and empowering theshipowner
or master to throw such goods overboard, and declaring dangerous goods
so sent liable to forfeiture.

Kk
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veyed in contravention of any such Order shall be deemed to
be conveyed in contravention of a bye-law under the Act.

If any explosive is imported or sold in contravention of any
such Order, (1) all or any part of such explosive may be
forfeited ; (2) the owner or master of the ship in which it was
imported shall be liable to a penalty not exceeding ior. for
every pound of such explosive brought in the ship ; and (3) the
person to whom it was delivered and the person selling the
same shall be liable to a penalty not exceeding ioj- for every
pound of such explosive delivered or sold or found in his
possession.

The Commissioners of Customs and their officers shall have
the same power with respect to any such explosive, and the
ship containing the same, as they have for the'time being with
respect to any article prohibited by law to be imported (s. 43).

Provisions in favour of certain Manufacturers and Dealers.

The occupier of a factory for any explosive shall not be
required to take out a factory license for making up on such
factory the explosive made thereon into cartridges or charges for
cannon or blasting not containing within themselves their own
means of ignition ; and the occupier of any magazine, store or
registered premises for keeping any explosive may keep such
explosive when so made up into cartridges or charges as if it
were not so made up (s. 44).

The occupier of a factory for any explosive who manufac-
tures a new form of explosive similar to the one specified in
his license, shall not deemed to have manufactured the same
in an unauthorised place if the manufacture be on a small
scale, and exclusively for the purpose of trial and not for sale,
and if he send notice thereof as soon as manufactured to the
Secretary of State (s. 45).

The occupier of a magazine, store, or registered premises for
any explosive shall not be required by the Act to take out a
factory license by reason that in connexion with such magazine,
store, or premises he fills for sale or otherwise any cartridge for
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small arms with the said explosive, so that he observe the
following regulations ; namely,

(1.) There shall not be in the room in which such filling

@)

(3)

4)

(6)

is being carried on more than five pounds of gun-
powder, or the prescribed amount of any other
explosive, except it is made up into safety cart-
ridges; and

Any work unconnected with the making of the cart-
ridges shall not be carried on in the room while such
filling is being carried on ; and

There shall not be in the room while such filling is
being carried on any fire nor any artificial light,
except a light of such construction, position, or
character as not to cause any danger of fire or explo-
sion; and

In the case of a magazine or store, the room in which
the filling is carried on shall be detached from the
magazine or store, but in the immediate neighbour-
hood thereof, and at such distance therefrom as may
be specified in the case of a magazine by the license,
and in the case of a store by an Order in Council
relating to stores ; and

The occupier shall give notice in the case of a
magazine to the Secretary of State, and in the case
of a store or registered premises to the local
authority, that he intends to carry on such filling of
cartridges.

In the case, however, of magazine or store for which a
continuing certificate has been obtained the previous consent
of the Secretary of State will be required.

The regulations in this section shall be deemed to be
general rules under the Act, and the breach of them shall be
punished accordingly (s. 46).

The occupier of any magazine or store for any explosive
shall not be required by the Act to take out a factory license
by reason that, in connexion with such magazine or store, he,
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by filling cartridges, making charges, drying, sifting, fitting, or
otherwise, adapts or prepares the said explosive for use ex-
clusively in his mine or quarry, or in some excavation or work
carried on by him or under his control, so that he observe the
following regulations; namely,

(1.) There shall not be in the workshop in which such
adaptation or preparation is carried on more than
one hundred pounds of gunpowder or the prescribed
amount of any other explosive; and

(2.) Any work unconnected with such adaptation or
preparation shall not be carried on in the said work-
shop while such adaptation or preparation is being
carried on; and

(3.) The said workshop shall be detached from the
magazine or store, but in the immediate neighbour-
hood thereof, and at such distance therefrom as may
be specified, in the case of a magazine by the license,
and in the case of a store by an Order in Council
relating to stores; and

(4.) An explosive of one description shall not be con-
verted into an explosive of another description, and
shall not be unmade or resolved into its ingredients ;
and

(5.) The occupier shall give notice in the case of a
magazine to the Secretary of State, and in the case
of a store to the local authority, that he intends to
carry on such adaptation or preparation as is allowed
by this section.

In the case, however, of a magazine or store for which a
continuing certificate has been obtained, the previous consent
of the Secretary of State will be required.

The regulations in this section shall be deemed to be
general rules under the ct, and the breach of them shall be
punished accordingly (s. 47).
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Existing Factories, Magazines, and Stores.

In any continuing certificate for a lawfully existing factory
or magazine for any explosive other than gunpowder, the
following regulations are to form part of the terms of such
certificate:

(1.) If the factory or magazine is for dynamite or any
substance having nitro-glycerine as one of its com-
ponent parts or ingredients, the conditions contained
in the existing license, with such modifications (if
any) as the Secretary of State may think necessary in
order to bring the same into conformity with this
Act, and also any limitation of time for the expiration
of the license contained in the existing license, and
also the existing power of the Secretary of State to
revoke the license ; and

(2.) In any other case, such terms as the Secretary of
State may think expedient, having regard to the
conditions (if any) contained in the license under
which the factory or magazine is established; and
such terms shall include any limitation of time
contained in such license, but shall not require the
removal of any lawfully existing building or work

(s 51)

PART IIl.—ADMINISTRATION OF LAW.

Government Inspectors of Explosives.

A Government inspector shall have power to make such
examination and enquiry as may be necessary to ascertain
whether the Act is complied with, and for that purpose
(1) he may enter, inspect, and examine any factory, magazine,
or store of any explosive, and every part thereof, at all times
by day and night, but so as not to unnecessarily impede or
obstruct the work in such factory, magazine, or store, and
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may make inquiries as to the observance of the Act and all
matters and things relating to the safety of the public or of
the persons employed in or about such factory, magazine, or
store; (2) he may enter, inspect, and examine any premises
registered under this Act, and every part thereof, in which any
explosive is kept, or is reasonably supposed by him to be
kept, at all reasonable times by day; and (3) he may require
the occupier of any factory, magazine, store, or premises which
he is entitled, under this section, to enter, or a person
employed by such occupier therein, to give him samples of
any explosive or ingredients of an explosive therein, or of
any substance therein, the keeping of which is restricted or
regulated by the Act, or of any substance therein which the
inspector believes to be an explosive, or such ingredients or
substance.

The occupier of every such factory, magazine, store, and
registered premises, his agents and servants, shall furnish the
means required by the inspector as necessary for every such
entry, inspection, examination, and inquiry.

Any person who obstructs an inspector in the execution of
his duties under the Act shall be liable to a penalty of 100/.
for each offence (s. 55).

If in any matter not expressly provided for by the Act, an
inspector find any factory, magazine, or store for an explosive,
or any part thereof, or any thing or practice therein or con-
nected therewith, to be unnecessarily dangerous or defective,
so as in his opinion to tend to endanger the public 'safety or
the bodily safety of any person, such inspector may require the
occupier of such factory, magazine, or store to remedy the
same; and where the occupier objects to comply with the
requisition he may require the matter to be referred to arbitra-
tion in manner provided by the Act (s. 56).

Accidents.

Whenever there occurs any accident by explosion or by fire
in or about or in connexion with any factory, magazine, or



registered premises, the occupier of such factory, magazine,
store, or premises shall forthwith send or caused to be sent
notice of such accident and of the loss of life or personal
injury (if any) occasioned thereby to the Secretary of State.
A notice of any accident of which notice is sent in pursuance
of this section to a Government inspector need not be sent to
any inspector or sub-inspector of factories or any inspector of
mines.

Where in. about, or in connexion with any carriage, ship, or
boat, either conveying an explosive, or on or from which an
explosive is being loaded or unloaded, there occurs any
accident by explosion or by fire causing loss of life or personal
injury, or if the amount of explosive conveyed or being so
loaded or unloaded exceeds in the case of gunpowder half a
ton, and in the case of any other explosive the prescribed
amount, any accident by explosion or by fire, the owner or
master of such carriage, ship, or boat, and the owner of the
explosive conveyed therein or being loaded or unloaded there-
from, or one of them, shall forthwith send or cause to be sent
notice of such accident, and of the loss of life or personal
injury, if any, occasioned thereby, to the Secretary of State.

Every such occupier, owner, or master as aforesaid who fails
to comply with this section shall be liable to a penalty of 20/.
(s- 63).

Where an accident by explosion or fire has occurred in, and
wholly or partly destroyed a factory magazine, or any magazine
or store, the factory magazine, magazine, or store shall not be
reconstructed, and any further supply of an explosive -shall not
be put therein, except with the permission of the Secretary of
State; and where an accident by explosion or fire in a
factory has wholly or partly destroyed any building of such
factory as to which a Government inspector has previously to
the accident sent to the occupier a notice that the building is
unduly near to some building or work outside the factory, such
building shall be reconstructed only upon such site in the
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factory and with such precautions as may seem reasonable to
the Secretary of Slate: and where an accident by explosion or
by fire in a factory has wholly or partly destroyed two or more
buildings in such factory, not more than one of such buildings
shall be reconstructed except with the permission of the
Secretary of State; provided that this enactment shall not
apply to any buildings in a lawfully existing factory, if either
both or all such buildings are incorporating mills, or if as
regards any other buildings a Government inspector has not
previously to the accident sent to the occupier a notice that
such buildings are unduly near to each other. The recon-
struction of any building in contravention of this section shall
be deemed to be a breach of the terms of the license, and shall
be punished accordingly (s. 64).

Coroners’ Inquests.

Where a coroner holds an inquest upon a body of any
person whose death may have been caused by any accident of
which notice is required by the Act to be given to the
Secretary of State, or by the explosion of any explosive, the
coroner is to adjourn such inquest unless a Government
inspector, or some person on behalf of the Secretary of State,
is present to watch the proceedings ; but if such accident or
explosion has not occasioned the death of more than one
person, and the coroner has sent to the Secretary of State not
less than forty-eight hours’ notice of the time and place of
holding the inquest, it shall not be imperative on him to
adjourn such inquest if the majority of the jury think it un-
necessary; and where evidence is given at an inquest at
which no Government inspector or official is present, of any
neglect as having caused or contributed to the explosion or
accident, or of any defect in or about or in connexion with
any factory, magazine, store, or registered premises, or any
carriage, ship, or boat carrying an explosive, appearing to the
coroner or jury to require a remedy, the coroner is to send to
the Secretary of State notice in writing of such neglect or
defect (s. 65).
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Special Inquiries.

The Secretary of State may direct an inquiry to be made by
a Government inspector into the cause of any accident which
is caused by an explosion or fire either in connexion with any
explosive, or of which notice is required by the Act to be given
to the Secretary of State; and where it appears to the Secretary
of State, either before or after the commencement of any such
inquiry, that a more formal investigation of the accident, and
of the causes and circumstances thereof, is expedient, the
Secretary of State is empowered to direct such an investigation
to be held by a court having all the powers of a court of
summary jurisdiction hearing informations for offences against
the Act, as well as the powers of a Government inspector under
the Act, and the special powers of entry and inspection of
premises, of summoning witnesses, and of calling for books,
papers, and documents, which are given by the Act (s. 66).

Powers of Officer of Local A uthority.

Any officer authorised by the local authority may, on pro-
ducing, if demanded, either a copy of his authority purporting
to be certified by the clerk or some member of the local autho-
rity, or some other sufficient evidence of his authority, require
the occupier of any store (not being subject to the inspection
under the Act of any Inspector of Mines) or any registered
premises, or any small firework factory, to show him every or
any place and all or any of the receptacles in which any ex-
plosive or ingredient of an explosive, or any substance the
keeping of which is restricted or regulated by the Act, that is
in his possession is kept, and to give him samples of such
explosive, ingredient, or substance, or of any substance which
the officer believes to be an explosive or such ingredient or
substance.

Any occupier of a store or registered premises or a small
firework factory who refuses to comply with any such requisition
of an officer of the local authority, or to give him such assist-
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ance as he may require for the purpose of tins section, or who
wilfully obstructs the local authority, or any officer of the local
authority, in the execution of the Act, shall be liable to a
penalty of 20/. (s. 69).

Local Authority may provide Carriages and Magazines.

Every harbour authority and canal company shall, in addition
to any other powers they may have for the like purpose, have
power to provide carriages, ships, and boats for the conveyance,
loading, or unloading of an explosive within the jurisdiction of
such authority or company, and may charge a reasonable sum
fixed by a bye-law under the Act for the use of such carriage,
ship or boat (s. 71).

General Power o f Search.

Where any of the following officers—namely, any Govern-
ment inspector, or any constable or any officer of the local
authority, if such constable or officer is specially authorised
either (a) by a warrant of a justice (which warrant such justice
may grant upon reasonable ground being assigned on oath), or
(b) (where it appears to a superintendent or other officer of
police of equal or superior rank, or to a Government inspector,
that the case is one of emergency and that the delay in obtain-
ing a warrant would be likely to endanger life), by a written
order from such superintendent, officer, or inspector,—has
reasonable cause to believe that any offence has been or is
being committed with respect to an explosive in any place
(whether a building or not, or a carriage, boat, or ship), or that
any explosive is in any such place in contravention of the Act,
or that the provisions of the Act are not duly observed in any
such place, such officer may, on producing, if demanded, in the
case of a Government inspector a copy of his appointment,
and in the case of any other officer his authority, enter at any
time, and if needs be by force, and as well on Sunday as on
other days, the said place, and every part thereof, and examine
the same, and search for explosives therein, and take samples
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of any explosive ami ingredient of an explosive therein, am
any substance reasonably supposed to be an explosive, or sucl
ingredient which may be found therein.

Any person who, by himself or by others, fails to admit inti
any place occupied by or under the control of such person ai
officer demanding to enter in pursuance of this section, or
any way obstructs such officer in the execution of his .
under this section, shall be liable to a penalty of 50/., and shal —Ml
also be liable to forfeit all explosives, and ingredients thereof*M",
which are at the time of the offence in his possession or unde”® r
his control at the said place.

Where a constable or officer of the local authority special)
authorised by written authority other than a warrant of
Justice of the Peace, enters and searches as above provided, 1
special report in writing of every act done by such constabli
or officer in pursuance of that authority, and of the grounds 0
which it is done, shall be forthwith sent by the person b~AN5'
whom or under whose authority it was done to the Secretary 0— (
State (s. 73).

Where any of the following officers—namely, any Govem ~»-
ment inspector, or any constable, or any officer of the loc,™ |
authority—has reasonable cause to believe that any explosiv
or ingredient of an explosive or substance found by him s- s
liable to be forfeited under the Act, he may seize and detai
the same until some Court of Summary Jurisdiction h»—s
determined whether the same is or is not so liable to 1> 7
forfeited, and with respect thereto the following provisiot*- 5
shall have effect:

N

(1.) The officer seizing may either require the occupier C> *
the place in which it was seized (whether a buildin
or not, or a carriage, boat, or ship) to detain
same in such place or in any place under the control
of such occupier, or may remove it in such mann”f
and to such place as will in his opinion least
endanger the public safety, and there detain it, and
may, where the matter appears to him to be urgent /



)

3)
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and fraught with serious public danger, and he is a
Government inspector, or is authorised by an order
from a Government inspector or a Justice of the
Peace, or from a superintendent or other officer of
police of equal or superior rank, cause the same to
be destroyed or otherwise rendered harmless; but
before destroying or rendering harmless the same he
shall take and keep a sample thereof, and shall, if
required, give a portion of the sample to the person
owning the explosive, or having the same under his
control at the time of the seizure; and any such
occupier who, by himself or by others, fails to keep
the same when he is required in pursuance of this
section to detain it, and any such occupier or other
person who, except with the authority of the officer
seizing the same, or of a Government inspector, or in
case of emergency for the purpose of preventing
explosion or fire, removes, alters, or in any way
tampers or deals with the same while so detained,
shall be liable to a penalty not exceeding 50/., and
shall also be liable to forfeit all explosives, and in-
gredients thereof, which are at the time of the
offence in his possession or under his control at the
said place;
The proceedings before a Court of Summary Juris-
diction for determining whether the same is or is not
liable to forfeiture shall be commenced as soon as
practicable after the seizure ; and
The receptacles containing the same may be seized,
detained, and removed in like manner as the contents
thereof; and
The officer seizing the same may use for the purposes
of the removal and detention thereof any ship, boat,
or carriage in which the same was seized, and any
tug, tender, engine, tackle, beasts, and accoutrements
belonging to or drawing or provided for drawing such
X
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ship, boat, or carriage, and shall pay to the owner a
reasonable compensation for such use, to be deter-
mined, in case of dispute, by a Court of Summary
Jurisdiction, and to be recovered in like manner as
penalties under the Act; and

(5.) The same shall, so far as practicable, be kept and
conveyed in accordance with the Act, and with all
due precaution to prevent accident, but the person
seizing, removing, detaining, keeping, or conveying
the same shall not be liable to any penalty, punish-
ment, or forfeiture, or to any damages, for keeping or
conveying the same, so that he use all such due
precautions as aforesaid; and

(6.) The officer seizing the same, or dealing with the same
in pursuance of this section, shall not be liable to
damages or otherwise in respect of such seizure or
dealing, or any act incidental to or consequential
thereon, unless it is proved that he made such seizure
without reasonable cause, or that he caused damage
to the article seized by some wilful neglect or de-
fault (s. 74),

Any of the following officers—namely, any Government in
spector under the Act, any chief officer of police, and any superior
officer appointed for the purposes of this Act, where the justices
in petty sessions are the local authority, by the court of quarter
sessions to which such justices belong, and in the case of any
other local authority by the local authority itself—may, for the
purpose of ascertaining whether the provisions of the Act with
respect to the conveyance, loading, unloading, and importation
of an explosive are complied with, enter, inspect, and examine
at any time, and as well on Sundays as on other days, the
wharf, carriage, ship, or boat of any carrier or other person who
conveys goods for hire, or of the occupier of apy factory,
magazine, or store, or of the importer of any explosive, on or in
which wharf, carriage, ship, or boat he has reasonable cause to
suppose an explosive to be for the purpose of or in course of
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conveyance, but so as not to unnecessarily obstruct the work
or business of any such carrier, person, occupier, or importer.

Any such officer, if he find any offence being committed
under the Act in any such wharf, carriage, ship, or boat, or on
any public wharf, may seize and detain or remove the said
carriage, ship, or boat, or the explosive, in such manner and
with such precautions as appear to him to be necessary to
remove any danger to the public, and may seize and detain the
said explosive, as if it were liable to forfeiture.

Any officer above mentioned in this section, and any officer
of police, or officer of the local authority who has reasonable
cause to suppose that any offence against the Act is being
committed in respect of any carriage (not being on a railway)
or any boat conveying, loading, or unloading any explosive,
and that the case is one of emergency, and that the delay in
obtaining a warrant will be likely to endanger life, may stop,
and enter, inspect, and examine such carriage or boat, and by
detention or removal thereof or otherwise take such precautions
as may be reasonably necessary for removing such danger, in
like manner as if such explosive were liable to forfeiture.

Every officer shall for the purpose of this section have the
same powers and be in the same position as if he were
authorised by a search warrant granted under the Act, and any
person failing to admit or obstructing such officer shall be
liable to the same penalty (s. 75).

When a Government inspector, constable, or officer of the
local authority takes samples of any explosive, or ingredient,
or substance, he shall pay for or tender payment for the same
to such amount as he considers to be the market value thereof,
and the occupier of the place in which, or the owner of the
bulk Irom which the sample was taken, may recover from the
officer taking the sample, as a debt in the county court, any
excess of the real value over the amount so paid or tendered,
and any amount so tendered (s. 76).
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PART IV.—.SUPPLEMENTAL PROVISIONS.

Trespassers and Offenders.

Any person who enters without permission or otherwise
trespasses upon any factory, magazine, or store, or the land
immediately adjoining thereto which is occupied by the
occupier of such factory, magazine, or store, or on any wharf
for which bye-laws are made by the occupier thereof under the
Act, shall for every such offence, if not otherwise punishable,
be liable to a penalty not exceeding 5/., and may be forthwith
removed from such factory, magazine, store, land, or wharf, by
any constable, or by the occupier of such factory, magazine,
store, or wharf, or any agent or servant of or other person
authorised by such occupier.

Any person other than the occupier of or person employed
in or about any factory, magazine, or store who is found com-
mitting any act which tends to cause explosion or fire in or
about such factory, magazine, or store, shall be liable to a
penalty not exceeding 50/.

The occupier of any such factory, magazine, store, or wharf
shall post up in some conspicuous place or places a notice or
notices warning all persons of their liability to penalties under
this section; but the absence of any such notice or notices
shall not exempt a person from a penalty under this section
(s 77)-

Any person who is found committing any act for which he
is liable to a penalty under the Act, and which tends to cause
explosion or fire in or about any factory, magazine, store, rail-
way, canal, harbour, or wharf, or any carriage, ship, or boat,
may be apprehended without a warrant by a constable, or an
officer of the local authority, or by the occupier of or the agent
or servant of or other person authorised by the occupier of
such factory, magazine, store, or wharf, or by any agent or
servant of or other person authorised by the railway or canal
company or harbour authority, and be removed from the place
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at which he is arrested, and conveyed as soon as conveniently
may be before a court of summary jurisdiction.

Where any person is guilty of any offence which under the
Act is punishable by a pecuniary penalty only, and which, in
the opinion of the court that tries the case, was reasonably
calculated to endanger public safety or to cause serious
personal injury, or to cause a dangerous accident, and was
committed wilfully by the person accused, such person shall
be liable to six months’ imprisonment, with or without hard
labour (s. 78).

Every person who forges or counterfeits any license, certifi-
cate, document, or plan granted or required in pursuance or
for the purposes of the Act, or gives or signs any such
document or plan which is to his knowledge false in any
material particular, or wilfully makes use of any such forged,
counterfeit, or false license, certificate, document, or plan,
shall be liable to imprisonment, with or without hard labour,
for a term not exceeding two years (s. 81).

Every person who, without due authority, pulls down,
injures, or defaces any notice, copy of rules, or document,
when affixed in pursuance of this Act, or of the special rules,
shall be liable to a penalty not exceeding two pounds (s. 82).

Legal Proceedings.

Where any offence under the Act for which the occupier of
any factory, magazine, store, or registered premises is liable to
a penalty or forfeiture has in fact been committed by some
other person, such other person shall be liable to a penalty not
exceeding twenty pounds, and the occupier shall be exempt
from any penalty and forfeiture upon proving that he had used
due diligence to enforce the observance of the Act, and had
taken all practicable means in his powder to prosecute the
actual offender to conviction; and where a Government
inspector, or an officer of the local authority, or the local
authority, is satisfied that such occupier would, under the
foregoing provisions, be exempt, and the occupier gives all
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facilities for proceeding against and convicting the actual
offender, the inspector, officer, or local authority shall proceed
against that person in the first instance, without first proceed-
ing agiinst the occupier.

Where any offence under the Act for which any warehouse-
man, carrier, occupier of a wharf or dock, or owner or mester
of any ship, boat, or carriage, is liable to a penalty or fo-
feiture, has in fact been committed by some other person, this
section is to apply in like manner as in the case of an
occupier (s. 87).

Where a carrier or owner or master of a ship or boat is
prevented from complying with the Act by the wilful act,
neglect, or default of the consignor or consignee of the ex-
plosive, or other person, or by the improper refusal of the
consignee or other person to accept delivery of the explosive,
such consignor, consignee, or other person who is guilty of
such wilful act, neglect, default, or refusal shall be liable to the
same penalty to which the carrier, owner, or master is liable
for a breach of the Act, and his conviction shall exempt the
carrier, owner, or master from any penalty or forfeiture under
the Act (s. 88).

Where a court before whom a person is convicted of an
offence against the Act has power to forfeit any explosive, the
court may, if it think it just and expedient, in lieu of forfeiting
such explosive, impose upon such person, in addition to any
other penalty or punishment, a penalty not exceeding such
sum as appears to the court to be the value of the explosive s
liable to be forfeited.

Where any explosive, or ingredient of an explosive, is
alleged to be liable under the Act to be forfeited, any indict-
ment, information, or complaint may be laid against the owner
of such explosive or ingredient, for the purpose only of en-
forcing such forfeiture; and where the owner is unknown, or
cannot be found, a court may cause a notice to be advertised,
stating that unless cause is shown to the contrary at the time
and place named in the notice, such explosive will be for-
feited, and at such time and place the court, after hearing the
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owner or any person on his behalf, may order all or any part
of such explosive or ingredient to be forfeited (s. 89).

Every offence under the Act may be prosecuted, and every
penalty under the Act recovered, and all explosives and
ingredients liable to forfeiture under the Act may be forfeited,
either on indictment or before a court of summary jurisdiction,
provided that the penalty shall not exceed 100/., exclusive of
costs, and of any forfeiture or penalty in lieu of forfeiture, and
the term of imprisonment shall not exceed one month. All
costs and penalties may be recovered before a court of
summary jurisdiction.

A court of summary jurisdiction may by order prohibit a
person from doing any act for doing which such person has
twice been convicted under the Act, and may order any person
disobeying such summary order to be imprisoned for any
period not exceeding six months (s. 91).

The court of summary jurisdiction, when hearing and deter-
mining an information or complaint, in respect of any offence
under the Act, shall be constituted either of two or more
justices of the peace in petty sessions, or of a magistrate
empowered by law to do alone any act authorised to be done
by more than one justice of the peace.

Nothing in the Act shall render liable to any penalty or
forfeiture the owner or master of any ship or boat, or any
carrier or warehouseman, or the person having charge of any
carriage, for any act done in breach of the Act, if he prove
that by reason of stress of weather, inevitable accident, or other
emergency, the doing of such act was, under the circumstances,
necessary and proper (s. 100).

Definition and Classification ofExplosives.

Her Majesty is empowered, by Order in Council, to declare
that any substance which appears to Her Majesty to be spe-
cially dangerous to life or property by reason either of its
explosive properties, or of any process in the manufacture
thereof being liable to explosion, shall be deemed to be an
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explosive within the meaning of the Act; and Her Majesty
is also empowered from time to time, by Order in Council, to
define, for the purposes of the Act, the composition, quality,
and character of any explosive, and to classify explosives
@6 104,106).

Any person who carries on any of the following processes—
namely, the process of dividing into its component parts or
otherwise breaking up or unmaking any explosive, or making
fit for use any damaged explosive, or the process of remaking,
altering, or repairing any explosive, shall be subject to the
provisions of this Act as if he manufactured an explosive, and
the expression “ manufacture” in the Act is to be construed

accordingly (s. 105).

Table of Fees.

The following are to be the maximum fees for licenses and
certificates granted by the Secretary of State (s. 26):—

Factory license, original ..o Ten pounds.
N N amending Five pounds.
" " renewal when lost Five shillings.
Magazine license, original............... Ten pounds.
N N amending Five pounds.
N . renewal when lost .. Five shillings.
Importation license, first grant One pound
renewal Ten shillings.

” ”

Continuing certificate.....ccccvieveivinenns Forty shillings.
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4 ADVERTISEMENTS.

IS RECOMMENDED TO

CONTRACTORS, MINERS, PIT SINKERS, QUARRYMEN AND COLLIERY OWNERS

AS BRING THE

SAFEST OF ALL EXPLOSIVES.

Is a most efficient and economical blasting agent, and Is
largely In demand. It does no contain any Nltro-glycerine.
and Is therefore exempt from the dangers of exudation, or

of freezing and Its attendant process of thawing.

The Company Manufacture

PATENT DETONATORS for use with TONITE.

ALSO SUPPLY

SAFETY FUSE & ELECTRIC FIRING APPLIANCES

Of best description.
ADDRESS :

THE COTTON POWDER COMPANY,

LIMITED,
162a, Queen Victoria Street, London, E.C.

*SMOKELESS POWDER
COMPANY, Ltd,

SDciSrtjtoooti police,

NEW BROAD STREET,
LOZEsnDOT|T, E.C.

TELEGRAPHIC AOORESS.
BOMBSHELL. LONDON.

MANUFACTURERS OF
SMOKELESS SS SPORTING POWDER.

SMOKELESS (SR) RIFLE POWDER.
SMOKELESS sNI MILITARY POWDER.

SMOKELESS @ BLASTING POWDER.
Works: BALIWICU, MIUIl vwwwvs, wvania™.
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Exhibition Awards at- Adopted by the vorlo s
SANTIAGO, 1875. /\ Government Depots and
MELBOURNE, 1880. the largest Railway
MINING INST., g and Dock Con-

ESRTJE,IY]ALLYO* v X tractors and

188 "ax > (Trade Mark.) X v Mine Owners
ADELAUDE, X /7 ' throughout

1s87. the
SYDNEK, y  CROWN BRAND. world.

SAFETY FUSE.

Manufactured by—
WILLIAM BENNETT, RO8S8KEAR FUSE WORKS,
CAMBORNE, CORNWALL.

These Fuses are the most satisfactory and reliable in the market,
and are made to meet every possible requirement, and to blast
explosives of all descriptions.

SAMPLES AND PRICES FURNISHED ON APPLICATION.

RECENTLY'PUBLISHED.

Second Edition, revised, Super Royal 8vo., upwards of 950 pages,
with 230 Illustrations. Price £2 2s., cloth.

BRITISH MINING:

A TREATISE ON THE

HISTORY, DISCOVERY, PRACTICAL DEVELOPMENT, AND
FUTURE PROSPECTS OF

METALLIFEROUS MINES

IN THE

UNITED KINGDOM.
By ROBERT HUNT, F.R.S,

LATE KEEPER OP MINING RECORDS;

FORMERLY SECRETARY OF THE ROYAL CORNWALL POLYTECHNIC SOCIETY ;
PROFESSOR OF EXPERIMENTAL SCIENCE IN THE KOVAL SCHOQ| P MINES;
mD1TOK OF UKE’S DICTIONARY OF ARTS, MANUFACTURES, AN INKS,

ETC. ETC. ETC.

"An exhaustive work, which we have little doubt will come to be regarded as a standard
work on the subject with which it deals. . . . In the bulky volume before us there have been
oollected together a vast number ol interesting facts and much useful information, which,
»hilc txéilég Of most intimate concern tJ those engaged in mining pursui s, cannot tail to be
appreci by a wider ¢ rcle."—/no*.

CROSBY LOCKWOOD & SON, 7> Stationers1 Hitt Coutt, YW\, W *bw,N.K..



6 AD VERTISEMENTS.

WORKS ON MINING, METALLURGY, Ac.,

Published by Crosby Lockwood & Son.

Fourth Fdit’on, revised, with Illustrations, Crown svo. Price 6d., cloth.

A TREATISE ON

METALLIFEROUS MINERALS
AND MINING.

sy D. C DAVIES, FGS.

Summary of Contents.

Materials of which the Earth is made.—Classification of the Deposits of
Metalliferous Minerals.— Metallic Contents of Lodes.—Second, Third, and
Fourth Classes of Mineral Deposits.—Gold (6 chapters).—Silver (3 chapters).
— Copper (6 chapters).—Tin (3 chapters).—Lead (4 chapters).—Zinc.— Iron
(3 chapters).— Various Metals.—On the Discovery and Proving of Mines.—
On the working of Metalliferous Mines (4 chapters).—On the Dressing of
Metallic Ores (2 chapters).— Hydraulic Gold Mining.—Sundry Particulars of
Work and Costs.—General Considerations.—Index.

“ The most exhaustive and the most practically useful work we have seen ;
the amount of information given is enormous. Neither the practical miner
nor the general reader interested in mines can have a better book for his
companion and his guide.”—Mining Journal.

"A's a history of the present state of mining throughout the world, this
book has a real value, and it supplies an actual want, for no such intormation
has hitherto been brought togtther within such limited space.”—Athemzum.

Also, by thesam e Author, Second Edition, with Illustratias, Crown 8vo. Price rax. 6 ., cloth.
A TREATISE ON

EARTHY & OTHER MINERALS
AND MINING.

Summary of Contents.

Part I. Silica—Alumina—Lime—Magnesia—Glucina—Zirconia—Thoria
—with some of their combinations. Part Il. Chloride of Sodium (Common
Salt)— Nitrate of Soda— Borax— Baryta—Gypsum—Alum Shale—Phosphate
of Lime. Part Ill. Carbon and Compounds of Carbon—Sulphur. Part IV.
Arsenic—Cobalt— Molybdenum—Antimony, and Manganese— Classified List
of Mineral Substances.

“ It is essentially a practical work, intended primarily for the use of
practical men. . . . We do not remember to have met with any English work
on mining matters that contains the same amount of information packed in
equally convenient form.”— Academy.

CROSBY LOCKWOOD & SON,

7, Stationers’ Hall Court, Yatooaaa. YYalv, \ asrwss., Y..C.
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WORKS ON MINING, METALLURGY, &cC.,

Published by Crosby Lockwood & Son.

\lﬂ published, Fourth Edition, revised and enlarged. Small Crown Svo.
Price 3r. 6J. cloth.

THE

PROSPECTOR’'S HANDBOOK:

A GUIDE FOR THE PROSPECTOR AND TRAVELLER
IN SEARCH OF METAL-BEARING OR OTHER
VALUABLE MINERALS.

By J W. ANDERSON, MA. (Carb), FRGS,

“ FIJI AND NEW CALEDONIA""

AUTHOR OK
V\MI supply a rruch-felt WAE, espeaa]ly Colonists, in whose way are so often
value o V\hlch it is difficult for any one not a

manymne ical 9
PORlISt 10 CRtenTine. 'I'hémlt hasplaoed jons before his r in the
I n&etmlbletem ar‘dhlsbodnstheb&ctofltslqm 7Eng|neer

Just published, Second Edition, revised, Small Crown 8vo. Price is. 6</., cloth.

NOTES AND FORMULA
FOR

MINING STUDENTS.

JOHN HERMAN MERIVALE M.A,,

CERTIFICATED COLLIERY MANAGER, AND PROFESSOR OF MINING IN THE

DURHAM COLLEGE OF SCIENCE, NEWCASTLE-UPON-TYNE

" The auﬂﬁorl“esdonehlsmorkmanexceedmglycredltablenaner and hes produced a
book that will be of service to students, and thoseé who are practically In mining
operations."—engineer.

Third Edition, Imperial 8vo. Price £ | ios.t cloth.

PRACTICAL ;IY'UNNELLING.
FREDERICK WALTER SIMMS, CE.

Revised and Extended, with Additional Chapters,
By D. KINNEAR CLARK, M.Inst.C.E.

JOitl) £h]tthD=0ne JFoIIing Iplatrs anil numerous JElooi Cntprabings
*Sims's dedfrommeﬁrstasatextbookothe
Mr. Clark has |m”neme|yto value of the book, ly by introduci rmdlﬁ(z-
by the | additions whi r‘e nas mede to it—additions

aT, of ar important
V\hld']qmm the5|zeoftheonglmlvolme *—Engmeer
CROSBY LOCKWOOD & SON,
7, Stationers’ Hall Court, Ludgxty. E wA,



8 AOVER TISEMENTS.
WORKS ON MINING, METALLURGY, &C,

Published by Grosby Lockwood & Son.

Sixth Edition, revised and enlarged. Price 4s., cloth.
A RUDIMENTARY TREATISE

COAL & COAL MINING.

By SIR WARINGTON W. SMYTH, M.A,, F.R.S,,

CHIEF INSPECTOR OF THE MINES OF THE CROWN AND OF THE DUCHY OF
CORNWALL; LECTURER AT THE ROYAL SCHOOL OF MINES.

EiDIitl] Numerous Illustrations.

“ Every portion of the volume appears to have been prepared with much care, and as an
out'ine is given of every known coalfield in this and in other countries, as well as of the two
principal methods of working, the book will doubtless interest a very large number of
readers/’— Mining Journal.

“ Should be in the hands of every mining student and engineer.n—Colliery Guardian. '

The book is one wnich may be, with the greatest advantage, placed in the hands of
students for use as a text-bookT—Iron and Coal Traded Review.

Demy 8vo., 900 pages. Priced| 8j., cloth.
THE

COAL &IRON INDUSTRIES

OF THE

UNITED KINGDOM.

(U flitb Iflitps ofthe Coalfitlbs anb Jfnmstonc deposits.
By" RICHARD MEADE,

LATE ASSISTANT KEEPER OF MINING RECORDS, MINING RECORD OFFICE
(MUSEUM OP PRACTICAL GEOLOGY)

“ Contains texts and the facts and figures for the subject matter of dlibrary on mining and
manufacturing industries, progress, and wealth.”—Engineer.

Octavo, with Wood Engravings and Folding Plates. Price 157, cloth.

MINE DRAINAGE:

BEING

A COMPLETE AND PRACTICAL TREATISE

ON DIRECT-ACTING UNDERGROUND STEAM
PUMPING MACHINERY-

By STEPHEN MICHELL.

“ A valuable work, which cannot fail to prove of practical value.. ..Much_\ﬁlmble
information is given, so that the book is thoroughly worthy of an extensive circulation
amongst practical men and purchasers of machinery.”—Mining Journal.

CROSBY LOCKWOOD & SON,
7, Stationers’ Hall Cow I, L mdokuy. E.C.



7, Stationers®"Hall Court,London, E.C
February,

A

CATALOGUE OF BOOKS

INCLUDING NEW AND STANDARD WORKS IN

ENGINEERING: CIVIL, MECHANICAL, AND MARINE,
MINING AND METALLURGY,

ELECTRICITY AND ELECTRICAL ENGINEERING,
ARCHITECTURE AND BUILDING,
INDUSTRIAL AND DECORATIVE ARTS, SCIENCE, TRADE
AGRICULTURE, GARDENING,

LAND AND ESTATE MANAGEMENT, LAW, &c.

PUBLISHED BY

CROSBY LOCKWOOD & SON.

MECHANICAL ENGINEERING, etc.

New Pocket-Book for Mechanical Engineers.

THE MECHANICAL ENGINEER'S POCKET-BOOK OF
TABLES, FormuLAs, RULES Ayp DATA. A Handy Book of Reference
for Daily Use in Engineering Practice. By D. Kiknear Clark, M.InsLC.E.,
Author of “ Railway Machinery," "Tramways," &c. &. Small 8vo, nearly
700 pages. W ith lllustrations. Rounded edges, cloth limp, 7s. 6J.; or
leather, gilt edges, 95. [?;«/ published.

New Manual for Practical Engineers.
THE PRACTICAL ENGINEER'S HAND-BOOK. Comprising

a Treatise on Modern Engines and Boilers: Marine, Locomotive and Sta-
tionary. And containing a large collection of Rules and Practical Data
relating to recent Practice in Designing and Constructing all kinds of
Engines, Boilers, and other Engineering work. The whole constituting a
comprehensive Key to the Board of Trade and other Examinations for Certi-
ficates of Competency in Modern Mechanical Engineering. By Waiter S.
Hutton, Civil and Mechanical Engineer, Author of “* The Works' Manager's
Handbook for Engineers," &c. With upwards of 370 Illustrations. Fourth
Edition, Revised, with'Additions. Medium 8vo, nearly 500 pp., price 185.

Strongly bound. [jus/ published.
This work is designed as a companion to the Author's "W orks'
Manager's Hand-book." It possesses many new and original features, and con-

tains, like its predecessor, a quantity of tnUter not originally intended for publica-
tion, but collected by the authorfor his own use in the construction of a great variety
of modem engineering work.

% * Opinions of the Press.
"* A thoroughly good practical handbook, which_no engineer can go through without learning
somethlng that wifi be of service to him."—Marine Engineer.

“ An_excellgnt book of rcfcrcuce for engineers, and a valuable text-book for students of
engmeermg "—Scotsman.

" This valuable manual embodies the results and experience of the leading authorities on
mechanlcal engineering."—BuUding News.

" The author has collected together a surpnslng quantity o. rules and practical data, and has
shown much judgment In the selections he has mad There is no doubt that thU book is
one of the mo»t useful of its kind published, and WI|| be'a very popular compendium.”—Engineer.

* A mass of information, set down in simple language, and in such a form that it can be easily
referred to at any time. The matter is uniformly gooa and well chosen, and is gTeatly elucidated
by the illustrations. Tho book will find its way on to most engineers’ shelves where it will rank as
one of the mast useful books of reference."—Practical Engineer.

"Should bJ found on the office shelf of all practical engineers."—English Mechanic,



2 CROSBY LOCKWOOD €* SON'S CATALOGUE.

Handbook for Works” Managers.

THE WORKS'" MANAGER'S HANDBOOK OF MODERN
ULES, TABLES, AND DATA. For Engineers, Millwri hts and Boiler
Fl\gajker &ool BI\/kake Machinists, and V\/orkelrjs ct I %J’nld Brass
NgErs, &c. e Pra |ca |neers
(ﬂaoo’k" Mrth Edltlon} carg‘ul':Ihf ReV|se§ aréoqaart tga
One handsome Volume, medium 8vo, strongl [Just publlshed
The Author having compiled Rules and Data for his OM1 use in a great
variety of modem engineering work, and having found his notes extremely useful,,
decided to publish them—revised to date—believtng that a practical work, suited ter
the daily requirements of modern engineers, would befavourably received.
In the Third Edition, the following among other additions have been made, vis.:
Rules for the Proportions of Riveted Joints in Soft Steel Plates"theResults of Experi-
ments by Professor Kennedy for the Institution of Mechanical Engineers—Rules
for the Proportions of Turbines—Rules for the Strength of Hollow Shafts of Whit-
worth’s Compressed Steel, &c.

*,* OriNIONS OF THE PRESS

"The author treats every subjecl from the point of view of one who hs collected
notes for application in workshop practice, nther than from the theoretical or literary aspect. The
volume contoins a great deal of that kind of information which is gained only by practical experi-
ence, aud Is seldom written in books.”—Engineer.

“The volume is an exceedingly useful one. brImlU with engineers’ notes, memoranda, and
rules, and well worthy of being on every mechanical engineer's bookshelf." "—Mechanical H'orld.

" The information is precisely that likely to be required in practice. . . . The work forms a
desirable addition to the library not only of the works manager, but of anyone connected with
general engineering."—MiningJourna

"A formidable mass of facts and figures, readily accessible through an elaborate index

. Such a volume will be found absolutely necessary as a book of reference hi all sort?
of works connected with the metal trades."—Roland’s Iron Trades Circular.

brimful of useful information, stated In a concise form. Mr. Hutton's books have met a press-
ing want among engineers. The» book must prove extremely useful to every practical man-
rowessing a copy,"—Practical Engineer.

Practical Treatise on Modern Steam-Boilers.
STEAM-BOILER CONSTRUCTION. A Practical Handbook
for Engineers, Boiler-Maker?, and Steam Users, Containing a large Col-

lection of uI&s and Data relatln to the Deg%rg Construction, and rking
f Modern Stational Loco Steam-Bollers, w nbtar:

V\:it?ﬁfmn dso?:ﬂ)l ustratlons I\/le\é[am&/o lSSa%?Oﬁ"I ._Fru]st publlshed—

JeEvery delall both In boiler design and management, is clearly laid before the reader. The
volume shows that boiler construction nas been reduced to the condition of one of the most exact
sciences; and such a book is of the utmost value to the Jin de aide Engineer and Works
Manager "—Marine Engineer.

There has long been room for a modern handbook on steam boilers : there is tint that room
row, because Mr. Hutton has filled it. It is a thoroughly pracllcal book for those who ate occur
pled In the construction, design, to'ection, or use of boilers."—Engineer.

“ The Modernised Teni})leton.”

THE PRACTICAL. MECHANIC'S WORKSHOP COM-
PA NIQN. Comprisin a&*reatvane of the most useful Rules and Formula®
In Mechanical Scien Tables of Practical Data and Calcu-

lated Resultsf(())rf Fa'FHItaEnée(femhanP e ratlons B w..égm ST)&m th
ngineer's Pra | ixteen

chtlon Rewsed Mode r&%f’ Enarggb%ooalter

Hutton, E r of "Th

Practlcal En |neers Handbook ap earIyEm h Ei ht

Plates and ds of 250 IIIustratlve Dlagrams 6, St y bound Yo

workshop or t wear and tear. «/ publlshed,,

% * Oplnlons op the Press.

"In Its modernised form Hutton's ' Templeton 'should have a wide sale, for It contains muck
valuable information which the mechanic will often find of use. and not a few tables and notes which
he might look for in vain in other works. This modernised edition wi be appreciated by all who
have teamed to value the original editions of* Templeton." —English Mechanic.

" It has met with great success in the engineering workshop, as we can tesllf and there are
a great many men who, in a great measure, owe their rise in life to this little book.’ —Bulldlng AY*X.

« This familiar text-book—well known to all mechanics and engineers—is of essential service to
the every-day requirements of engineers, millwrights, and the various trades connected with
engineering and building. The new modernised edition is worth its weight in gold —Building
A'cuts. (Second Notice.)

‘s This well-known and largely used book contains Information, brot ght up to date, of the
sort so useful to the foreman and draughtsman. So much fresh information has been introduced
a* to constitute it poetically a 1 cw beck. It will be largely used in the office and workshop.
Mechanical It'orld.
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Stone-working M achinery.
STONE-WORKING MACHINERY, and the Rapid and Economi-

cal Conversion of Stone. With Hints on the Arrangement and Management

of Stone Works. By M. Powis Bate, M.I.M.E. With Illusts. Crown bvo, 93.

" Should be Inthe hands of every mason or student of stone-wort."—Colliery Guardian.

" A capital handbook lor all who manipulate stone for building or ornamental purposes."—
Machinery Market.

Pump Construction and Management.

PUMPS AND PUMPING : A Handbook for Pump Users. Being
Notes on Selection, Construction and Management. By M. Powis Bale,
M.I1.M.E., Author of " Woodworking Machinery,” &. Crown 8vo, 2. GJ.
**The matter is set forth as concisely as possible. In fact, condensation rather than diffusen<??5
has been the author s aim throughout; yet he docs not seetu to have omitted anything likely to be
of u s Journal Gas Lighting.

M illing M achinery, etc.
MILLING MACHINES AND PROCESSES: A Practical
Treatise ON Shaping Metals by Rotary Cutters, including Information on
Making and Grinding the Cutters. By Paul N. Hasluck, Author of" Lathe-
work.”  With upwards of 300 Engravings. Large crown Bvo, irs.&ii_cloth.

Turning.

LATHE-WORK : A Practical Treatise on the Tools, Appliances,
and Processes employed in the Art of Turning. By Paut N. Hasluck.
Fourth Edition, Revised and Enlarged. Cr. Bvo, 5. cloth,

" Written by a man who knows, not only how work ought to be done, but who also knows how
13do it. and how to convey his knowledge to others. To ail turners this book would be valuable.
—£ ttjftnetring.

" We can safely recommend the work to young engineers. To the amateur it win simply be
invaluable. To the student it will convey a great deal of useful information."—Engineer.

Screw-Cutting. )
SCREW THREADS: And Methods of Producing Them. With
Numerous Tables, and complete directions for using Screw-Cutting Lathes.
By Paut N. Hastuck, Author of " Lathe-Work,” &c. With Fifty Illustra-
tions. Third Edition, Enlarged. Waistcoat-pocket size, is. 6d. cloth.
" Full of useful information, hints and practical criticism. Taps, dies and screwing-tools gene-
rally are illustrated and their action descrloed."—Mechanical IVorld.
. " It is a complete compendium of all the details of the screw cutting lathe ; in fact a tnultum-
in-/arzo on all the subjects it treats upon.”"—Carpenter and Builder.

Smith’s Tables for Mechanics, etc.
TABLES, MEMORANDA, AND CALCULATED RESULTS,
FOR MECHANICS, ENGINEERS. ARCHITECTS, BUILDERS, etc.
Selected and Arranged by F rancis S mith. Fifth Edition, thoroughly Revised
and Enlarged, with a New Section of Etectrical Tables, Formulta, and
Memoranda. Waistcoat-pocket size, is. 6d. limp leather. [Just published,
" 1t would, perhaps, be as difficult to make a small pocket-book selection of notes and formal*
tj suit ALL engineers as it would be to make a universal medicine; but Mr. Smiths waistcoat-
pocket collection may be looked upon as a successful attempt."—Engineer.
*sThe best example we have ever seen of 250 pages of useful matter packed into the dimen-
sions ofa card-case."—Building News. ~ "A veritable pocket treasury 01 knowledge."—Iron.

Engineer’'s and Machinist’'s Assistant,
THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S
PRACTICAL ASSISTANT. A collection of Useful Tables, Rules and Data.
By Wittiam Templeton. 7th Edition, with Additions. i8mo, 2s. Gd. cloth.
"Occupies a foremost place among books of this kind. A more suitable present to an appren-

tice to any of the mechanical trades could not possibly be made."—Building News. .

M 'HA deservedly popular,work, it should be in the 'drawer' of every mechanic."—English

echanic.

Iron and Steel,
“IRON AND STEEL " : A Workfor theForge, Foundry, Factory,
and Office. Containing ready, useful, and trustworthy Information for Iron-
masters; Managers of Bar, Rail, Plate, and Sheet Rolling Mills; Iron and
Metal Founders; Iron Ship and Bridge Builders ; Mecnanical, Mining, and
Consulting Engineers; Contractors, Builders, &. By Chartles Hoare
Eighth Edition, Revised and considerably Enlarged. 32ir.o, 6s. leather.
"One of the best of the pocket books."—English Mechanic.
"W e cordially recommend this book to those engaged in considering the details of all kinds of
Iron and steel works."—N aval Science.
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Engineering Construction.
TATTEfFI{EN AKII\(I:gm,ﬁmPrac;;%I Trle%tlseGeem bracin the Mam
of Encjneerin includi ari bg%
I\)Qjc%s . En rne V\brk, S?Qaaves n
Screws F%rts of Patterns |n

m%?'ﬂt al?d(?astmgas to V\fw& ch |g%%ggd an Appen(%(et(})‘?('li'3 ab| eﬁor Wor%]hop

Foreman rn ker.

red and Seventy IIIustraIlons Crown 80, 7s. 6d dot
"A well written technical guide, evidently written by a man who understands and has prac-
tised what he has written about. . . . We ¢ rdially recommend it to engineering students, yourg
We can confidently recoimn-nd this comprehensive treatise.l uilding News.
" Likely to prove a welcome guide to many workmen, especially to draughtsmen who have
ployers and managers in engineering works: —Ha'-dware Tra.it Journal,
"More than 370 illustrations help to explain the text, which is. however always clear and ex-
master of his tiado.'—English Mechanic,
Dictionary of Mechanical Engineering Terms.
PR CTICE.OF CHANICA/ ENGINEERING, (F‘]U
Drawin ce, Pattern Sho Foun ry Flttln Turn Smlt
|n|t| Edlted&%y
Foreman Pattern Maker, Pattern
73, 6ff. cloth
gineering. The practical engineering pupil will find the book ofgreat value in his studies, and
every foreman engineer and mechanic should have a copy."—Building News.
engmeer will here find all he is likoly to require. It will be largely useA." "_Practical Englneer
One of the most useful books which can be presented to a mechanic or student."—English
’*Not merely a dictionary, but, to a cortain extent, also a most valuable guide. It strikes us as
a happy |dea to combine with a definition of the phrase useful information on the subject of which
“Nc word having connection with any branch of constructive engineering seems to be
omllted No more comprehensive work Ins bec-n. so f.ir. Issued. —Knowledge.
students everywhere.”—Colliery Guardian.
Steam Boilers.
struction,avd Economical Working. By Robert witson, C.E. Fifth Edition.
1Ttuo, 6s. cloth.
"The best treatise that has ever been published on steam hollers."—Engineer.
ploying steam power to possess themselves of the work."—Hyland's Iron Trade Circular.
Boiler Chimneys.
and Stablllt V\Ath a Chapter _on Lightning Conductors. . BY Rovert
Wilson, A, Authorof - o Treatise on steam Bollers,” ec. Second

j luraeymen, and others desirous oftolng initiated Into the mysteries oggan rn-making." “—Builder.
licked a training in the shops, pupils pursuing their practlcal studies in our factories, and to em-
plicit. thus rendermg the work an excellent va.ie wtenui for the apprentlcewho desires to become
LOCKWOOD'S DICTIONARY OF TERM S USED IN THE
BO|Ier Shops, &€. scc. Comprisin
“Just the sort of handy dictionary required by the various trades engaged In mechanical en-
*'Alter a c&resul examination of tho book, and trylllpg all manner of words, we think that the
Mechan
1 treats."—Machinery Market.
"W e strongly commend this useful and reliable adviser to our friends in the workshop, and to
A TREATISE ON STEAM BOILERS: Their Strength, Con-
"The author shows himself perfect master of his sub]ecl and we heartily recommend all em-
BOILER AND'FACTORY CHIMNEYS; Their Draught-Pouvr
Edition. Crown B,

" Full of use'ul |nformal|on deflnlte in stalement and thoroughly practical In treatment. —
The Local Government Chronicle.

" A valuable contribution to the itcraturo of scientific bcilding."—The Builder.
Boiler Making.
THE BO ILER MAKfEPR (?t RIEéeng tREiﬁdKTONElRt & ?StShLSJ—
mples of Practjcal el €l Nng._Tor se
oPPIaters Eﬁs Y 8%059
S

Riveters. Y lohn Courtney Clark
Thlrd Edition, 480 pp., with 140 Fcap f-bou
" No workman or apprentice should be wnhout thls book —Iron Trade |rcu|ar
" Boiler-makers will readily recognise the value of this volume. . . The tables are clearly

prmted and so arranged that they can be referred to with the greatest faclllty so that it cannot b«
doubted that they wifi be generally appreciated and much used."—Mining Journal.

Warming.
HEATING BY HOT WATER; with Information and Sug
gest ns on the best Methods of Heating Public, Private and Hortlcultural
INgS. BY Waitter Jones. th “1llustrations, crown 8vo, as. cloth.

“ We confldently recommend all Interested Inheating by hot water to secure a copy of this
valuable little treatise.l—The Plumber and Decorator.
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Steam Engine.
TEXT-BOOK ON THE STEAM ENGINE With a Su -
plement on Gas El R and p 1. o eat Engmes
Goodeve, MA Ster-at- Law “Professor Ol Wechanics ‘at the
hoo# of |enceand the Royal Schcol thanl es,"Autho of 't -
ples Of ics/' "The EIe ntsot Mechanism," &c. EIeventh Edltlon
Enlarged. Wth nurrerous Tllustrations.  Crown 8vo, &. cloth.

"Professor Coodeve has given us a treatise on the steam engine which will bear comparison
with anythlng written by Huxley or Maxwell, ami we can award it no higher praise."—£nalnter.

Coodeve's text-book is a work of whlch every young engineer should possess himself.'
—Mi |n|ng Journal.

Gas Engines.

ON GAS-ENGINES. Being a Reprint, with some Additions, of
the Supplement to.the Text-book on the Steam Engine, by T. M. Goodeve,
M.A. Crown , 1S. 60. cloth

" Like all Mr. Coodeve’s writings, the present is no exception In point of general excellence.
It is a valuable little volume.'—Meckanieal World.

Steam.
THE SAFE USE OF STEAM. cContaining Rules for Un-

professional Steam-users. By an Engineer. Sixth Edition. Sewed, 6d.
" 1f steam-users would but learn this Imle book by heart boiler explosions would become
sensations by their rarity."—English Mttka

Reference Eoolcfor Mechanlcal Engineers.
THE MECHANICAL ENGINEER'S REFERENCE BOOK,
for Mechine and Boiler Construction. In Two Parts. §ans
Engineerin an:“.Boner Construction. \M 51P
numerous Iﬁustratlons By Netson Forey, M.LN. Folig, ¢5 ss. half
bound. [JtQ7pubI|shed

eneral

Coal and Speed Tables.
A POCKET BOOK OF COAL AND SP%Echo TfA,%LIIES der
n |neer5 i elson F e I O oller
E g .and Steam-users. (%iOH’]I § Foley

et-sire, 3*. Gd.
These Iahles are designed to meet the requlrements ufevery day use ; ond maybe com-
mended to engineers and users of steam."—Iren.

"This pocket-book well merits the attention of the practical engineer. Mr. Foley has com-
piled a very useful set of tables, the information contained in_which is frequently required by
engineers, coal consumers and users of steam."—Iron and Coal Trades Review.

Fire Engineering.

FIRSEtS FtIIE{E IIEENG INﬂEqS (I]AOan‘tD CtFIRE -BRIGADES. ntWI{[h
ory of Fire-Engines, their ruction and ?/Ianageggm e-
o Fire-broot Buildin s, anti the Preservatlon of Li ire;

Foreln Flre Systerms, &C. By C. F. I. Young, C.E,

lustrations, 544 pp., demy 8o, *1 4. cloth.

* To such ofour readers as are interested in the subject of fires and fire apparatus, we can most
heartlly cpramend this book."—Engineering.

"1t displays much evidence of careful research: and Mr. Young has put his facts neatlv
together. Itis ewdlgnt enough that his acquaintance with the practical details of the construction ot
steam fire engines ISaccurate and Engineer.

Estimating for Engineering w ork, <(V.
ENGINEERING ESTIMATES COSTS AND ACCOUNTS:
A Guide to Commercial En |nee With numerous Examples of Est:-

es and Costs of Millwr M scellaneous Productions. Steam

En nes and Steam |Iers and a on the Preparation of Costs

Y General Manager. Derry8vo 12s. cloth.

"This |s an exce lent and very useful book, covering subject-matter in constant requisition fa
every factory and workshop. . . . The book is Invaluable, not only to the young engineer, but
also to the estimate department of every works.’ —Builder.

“*We accord the work unqualified praise. The information Isgiven in n plain, straightforward
manner and bears throughout evidence of the intimate practical acquaintance ofthe author with

«very phrase of commercial engineering."—Mechanical World.

Elementary Mechanics.
CONDENSED MECHANICS. A Selection of Formula;. Rules,
Tables and Data, for the Use of Engineerin Students Science Classes, &c.
Accordance with the Requirements of ce'and Art Departrent
By [G. Crawford Hughes, AM.LCE. Crown8vo is. a. cl
Qml fuMuftcd

With numerous
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THE POPULAR WORKS OF MICHAEL REYNOLDS

A @ T_he Engln.eD_rlver's Friend").
Locomotive-Engine Driving.

LOCOMOTIVE-ENGINE DR IVING A Practical Manual for
E¥%_H?eers in cha e of Locomotive Engines. Michael Re{no Ids,
oclety o ngiuneers formerly Locomo ive Inspector d S.C. R

tr&hth Edi On | UglA‘gt%(ey to the Locomotive IE]nglne With Tlus-
own 8vo, 4b. &d. cl

*Mr. Reynolds has supplled a want, and has supplled |t well. We can confidently recommend
the book, not only to the practical driver, but to everyone who takes an interest in the performance
of Iocomotlve eaginea."—The Engineer.

" Mr. Reynolds has opened a new chapter in the literature of the day. This admirable practical
treatise, of the practical utility of which wo have to speak in terms of warm commendation."—
Athemxnm . .

" Evidently the work of one who knows his subject thoroughly."—Railway Service Gazette.

"W ere the cautions and rules given in the book to become part of the every-day working ot
our engine-drivers, we might have fewer distressing accidents to deplore."—Scotsman.
Stationary Engine Driving.

STATIONARY ENGINE DRIVING: A Practical Manual for

dgmeers in chae(%e ofStatlonary Engines. By Michael Reyno 1ds. Fourth

tion, Enlar S and WWbodcuts. Crown Svo, 4. 6. cloth.

"The author is thoroughly acqualnted with his subjects, and his advice on the varlous points
treated is clear and practical. . . . He has produced a manual which is an exceedingly useful
one for the class for whom it is specially intended."—Engineering.

Our author leaves no stone unturned. He Is determined that his readers shall not only know
somethlng about the stationary engine, but all about it."—Engineer

"Anengineman who has mastered thecontentsof Mr.Reynolds's bookW|H requlrebutllttle actual

experience with boilers and engines before he can be trusted to look after them.*—EnglishMtekanic.

The Engineer, Fireman, and Engine-Boy.

THE MODEL LOCOMOTIVE ENGIN EER FIREMAN and
ENGINE §:> J1e rlsmg a Historical Notice of the M neer Locomotive
En%mes ir Invent Michael Reynotds, VAth numerous Illus-
trations and a fine Portralt of eorge StePhenson Crown 8vo, 45. &d. cloth.
"From the technical knowledge of the author it will appeal to the railway man of to- day more
forcibly than anything written by Dr. Smiles. The volume contains information of a tech-
nical kind, and facts tnat every driver should bo familiar with."—English Mechanic.
"W e should be glad to see this book in the possession of everyone in the kingdom who has
ever laid, or is to lay, hands on a locomotive engine."—Iron.

Continuous Railway Brakes.
CONTINUOUS RAILWAY BRAKES: A Practical Treatise on

the several Systems in Use in the United Kingdom; their Construction and
Performance. th copious Illustrations and numerous Tables. By Michael
Reynolds, I'J€ crown 8vo, 9s. cloth.
" A popular explanation of the dlfferent brakes. It will be of great assistance In forml_é; publlc
“j)lgho;nlgnd will be studied with benefit by those who take an interest in the brake nglish
"Written with sufficient technical detail to enable the principle and relative connection ot the
various parts of each particular brake to be readily grasped."—Mechanical World.

Engine-Driving Life.
ENGINE-DRIVING LIFE : Stirring Adventures and Incidents

in the Lives of L com otiye F]ngme Drlvers Mlch Reynolds. Second

Edition, with oral © do

“"From flrsl to last perfeclly fasclnatlng Wllkle Collins’S most thrllllng conceptlons are thrown
nto lheshade by true incidents, endless in their variety, related in everypage.*—North British Mail.

" Anyone who wishes to get a real Insight Into railway life cannot do better than read *Engine-
Driving Life’ for himself; and if he once take it up he will find that the aulhors enthusiasm ana real
ovo Ot the engine-driving professlon willcarry him on till he has read every page."—Saturday Review.

Pocket Companion for Enginemen.
THE ENGINEMAN'S POCKET COMPANION AND PRAC-

ticAl educator for englnemen, boiler _attend nts,
AND MECHANICS, ;;M hae |th For%?lve Iustra:
tlonsam)0 rpﬁr{)us Diagr; Second Edltlon Revised 18mo, 35. td..t
strong y or
" This admirable work Is weII sulted to accompllsh its object, being the honest workmanship of
a competent engineer. "—Glasgow/ Heral
A most meritorious work, giving ina ‘succinct and practical form all the Information an engine-
mmder desirous of mastering the scientific principles of his dally calllng would require."—Miller.
"A boon to those who are striving to become efficient mechanics."—Daffy Chronicle.
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French-English Glossary for Engineers, etc.
A POCKET GLOSSARYOfTECHNICAL TERMS: ENGLISH -
ERENCH, FRENC -EN.GLISH; With Tables |tab|efortheArch|tecturaI,
Englneerng uring and Nautical Pro essions. John James
Eietener, ENGINeer and Strveyor. 200 pp. VNaistcoat- pocféet&‘,lze, IS. 6d.t

o It ought certalnly to be In the waistcoat-pocket of every professional man."—Ilron.

* Itis a very great advantage for readers and correspondents In France and England to have
to large a number of the words relating to engineering and manufacturers collected w a Uliputian
volume. The little book will be useful both to students and travellers.’ —Architect.

" The glossary of terms is venr complete, and many of the tables are uew and well arranged.
We cordlally commend the book. —Mechanical Worlﬂy

Portable Engines.
THE PORTABLE ENGINE; ITS CONSTRUCTION AND

MANAGEMENT. A Practical Manual for Owners and Users of Steam
En INes ?ener%\l% $B%jW Iliam Dyson Wansdrough. th 0 Illustra-

**Thls is a work of value to those who use steam machlnery . Should be read by every-
one who has a steam engine, on a farm or elsewhere."—Mark Lane Express
« We cordially commend this work to buyers and owners of steam engines, and to those who
have to do with their construction or use.”—Timber Trades Journal.
“ Such a general knowledge of the steam engine as Mr. Wansbrough furnishes to the reader
should beacquired by all intelligent owners and others who use the steam engine."—Building A'cats.
" An excellent text-book of this useful form of engine, which describes with all necessary
minuteness the details of the varipus gdevices. .. *The (lints to Purchasers contain a deal of
cumtaonsense and practical wsxfx —Engtiih Mechanic.
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MR. HUMBER'S IMPORTANT ENGINEERING BOOKS.

The Water Supply of Cities and Towns.
A COMPREHENSIVE TREATISE on the WATER-SUPPLY

OF CITIES AND TOWNS, By w ittiam Humb -M.lost.C.E., and
M Inst. Author of * Cast ou%ht Iro Brl ige_Construction,”
&C. &C.. IIIustrated Wlth 50 Double Pl le” Pl Iate Coloured

9.,

Frontispiece, and u of 250 Wood ?nd es
Text. Imp. 40, £6 g./var egantlyandsubstantl ly half- boundn?n rm%:‘%o
Lut of Contents.

I. Historical Sketch of some of the means Conduits.—X I11. Distribution of Water.—X1V.
Out have been adopted for the Supply of Water Meters, Service Pipes, and House Fittings.—
to Cities and Towns.—II. Water and the Fo- XV'. Tne Law and Economy of Water Works.
reign Matter usually associated with it.—II1 XVI. Constant and Intermittent Supplyf

Rainfall and Evaporation.—IV. Springs and

Description of Plates. — Appendices,
the water-bearing formations_of various dis-

tricts.—V. Measurement and Estimation of the Arc. &c, together with Specifications of several
flow of Water—V 1. On the Selection of the Works illustrated, among which will be found:
Source of Supply —VI1I. Wells-VIII. Reser- Aberdeen, Bideford. Canterbury, Dundee.

ication of Water.—X. Halifax Lambeth, Rotherham, Dublin, and
g Machinery. — X1I. other:

ic and valuable work upon waler supply hitherto produced In English, or
In any other language. . . Mr. Humbers work is characterised almost throughout by an
exhaustiveness much more distinctive of French and German than of English technical treatises.”

—Engineer.

“*Wc can congratulate Mr. Humber on having been able to give so large an amount of Infor-
mation on a subject so important as the water supply of cities and towns. Tho plates, filty in
number, are mosuy drawings of executed works, ana alone would have commanded the attention
of every engineer whose practice may lie in this branch of the profession."—Builder.

Cast and Wrought Iron Bridge Construction.

A COMPLETE AND PRACTICAL TREATISE ON CAST

AND WROUGH'[] IRON BRIDGE . C NSTRga? including Iron

Foundations ree eoretl Practi Descriptive. B

Witkiam Humber, AM and M ?ME Third Edition, Ré-

vised and much i ovedW|th 15 bIePates 20 of which_now'first

ar in thls edl ha} and numerous ditions to the Text. In Two Vols,,
, £6 -bound in morocco.

"A very valuable comrlbutlon to the slandard literature of civil engineering. In addition to
elevations, plans and sections, Iarge scale details are given which very much enhance tho instruc-
tive wonh of those illustrations."—Civil Engineerand Architect's Journal.

* Mr. Humber's stately volumes, lately issued—in which tho most |mporlant bridges erected
during the last fiveyears, under the direction of the late Mr. Brunei. Sir W. Cubltt, Mr. Hawk-
shaw, Mr. Page. Mr. Fowler. Mr. Homans, and others among our most eminent engineers, arc
drawn and specified in great detail." —Englneer
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MR. HUMBER'S GREAT WORK ON MODERN ENGINEERING.

Complete in Four Volumes, imperial 4to,
i \Volume gf)e

price £12 r2s., balf-morocco. Each

d'separately as follows
A RECORD OF THE PROGRESS OF MODERN ENGINEER-

First Series

Rallwa Brldge a'nd'other

%otograp%lc Portralt fmﬁ]

nﬁnsm rIC|V|I Mechanlcal Marine, Hydraulic,

|Illam Humber,

n
&uble Pfates drg\/\vl\r’] a large scale,

., ., and copious

descriptive Letterpress, Specmcallons See £3 33 half TI0rOCCO.
List of th$ Plates and Diagrams.

Victoria Station and Roof, L. B. 8tS.
|8 plates): Southport Pier (a plates); Vlctorla
Station and Root, L. C. & D. and W. 6
plates); Roof of Cremome Music Hall; Bndge
over G. N. Railway; Roof of Station, Dutch
Rhenish Roil (a plates); Bridge over the
" Handsomely lithographed and printed.

Thames, West London Extension Railmy Is
plates); Armour Plates: Suspension Bridge,
Thames (4 plates); The Allen Engine; Su*-
pension Bridge, Avon (3 plates); Underground
Railway (3 plates).

It will find favour with many who desire to preserve

In a permanent form copies of the plans and specifications prepared for the guidance of the con-
tractors for many important engineering work%.—£ hE inter.

HUMBER'S RECORD OF MODERN ENGINEERING.

eries. | with Double
Stententon o 20 WIB 5. Bk

Second
hic Portrait of Robert

Plates Phot(())Lg1S
lescriptive Letterpress,

Specifications, ficc, £3 3%, balf- moroooo

List of the Plates and Diagrams.

Birkenhead Docks, Low Water Basin (15
plates); Charing Cross Station Roof, C. C,
Rallway (3 plates); Digswell Vladuct Great
Northern Railway ; Robbery Wood Vladuct
Great Northern Railway; Iron Permanent
Way; Clydach Viaduct, Merthyr, Tredegar,

and Abergavenny Railway; Ebbw Viaduct,
Merthyr, Tredegar, and Abergavenny Rail-
way; College Wood Viaduct. Cornwall Rail-
way; Dublin Winter Palace Roof (3 plates);
————— Ige over the Thames, L. C. & D. Railway
(6 plates); Albert Harbour, Greenock (4 plates).

*Mr. Humber has done the profession good and true service, by the fine collection of exampfes

he has here brought before the profession and the pub

HUMBER'S RECORD OF MODERN ENGINEERING.

Serijes. th4OD0ub|

Nca(ilganrs] Iat Prgs h&?

“"Zpractical Mechanic'l Journal.

Third
ic Portrait of J. R.
Ive Lettcrpressi Speci-

Plates, Phot
copious desco%

List of the Plates and Diagrams.

Matn Drainage. Metropolis—North
Side.—Map showing Interception of Sewers;
Middle Level Sewer (aplates); Outfall Sewer,
Bridge over River Lea (3plates); Outfall Sewer,
Bridge over Marsh Lane. North Woolwich
Railway, and Bow and Barking Railway Junc-
tion; Outfall Sewer, Bridge over Bow and
Barking Railway <3 plates); Outfall Sewer.
Bridge over East London Waterworks' Feeder
(a plates); Outfall Sewer, Reservoir (a plates);
Outfall Sewer, Tumbling Bay and Outlet; Out-
fall Sewer, Penstocks. South Side.—Outfall
Sewer, Bermondsey Branch (a plates); Outfall

*The drawings have a constantly increasing
sontJttlons of the two great works carried out by
volume.”—Engineer.

HUMBER'S RECORD OF MODERN ENGINEERING

Series. np V\/lth 36 DJUbI
Fowler, late Pres Inst.
fications, &c., £33, fm:)r

Sewer, Reservoir and Outlet (4 plates): Outfall
Sewer, Filth Hoist; Sections of Sewers (North
and South Sides).

Thames Lmhankment.—Section Of River
Wall [ Steamboat Pier, Westminster (a plates):
Landing Stairs between Charing Cross ana
Waterloo Bridges; York Gate (aplates); Ovea*
flow and Outletat Savoy Street Sewer (3 plates):
Steamboat Pier, Waterloo Bridge (3 plates) «
Junction of Sewers, Plans and Sections;
Gullies, Plans and Sectlons Rolling Stock;
Granite and Iron Forts.

value, and whoever desires to possess clear repre-
oui Metropolitan Board will obtain Mr. Humber's

Fourth
hic Portrait of John
Ive Letterpress, Speci-

Plates, Phot
copious descri

List of the Plates and Diagrams.

Abbey Mills Pumping Station, Main Drain-
age, Metropolis (4 pUtes); Barrow Docks (5
plates); Manquis \ taduct, Santiago and Val-
paraiso Railway (a plates) Adam’s Locomo-
tive, St. Helen's Lanai Rallway (3 plates);
Cannon Street Station Roof, Channg Cross
Railway (3 plates); Road Bridge over the River
Moka (a pfates); Telegraphic Apparatus for

Mesopotamia; Viaduct over the River Wye,
Midland Railway (a plates); St. Germans Via-
duct. Cornwall Railway (3 plates); Wrought-
Iron Cylinder for Diving Bell; Millwal! Docks
(6 plates); Milroy's Patent Excavator Metro-
i>olitan District Railway (6 plates); Harbours
Ports, and Breakwaters (3 plates).

We gladly welcome another year’s issue of this valuable publication frmn the able pen o»

Mr. Humber.

The accuracy and general excellence of this work are well known, while its useful-

ness in giving the measurements and details of some of the latest examples of engineering, as
carried out by the most eminent men in the profession, cannot be too highly prized."—.irtxtan.
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MR. HUMBER'S ENGINEERING BOONS—continued.
Strains, Calculation of,

A HANDY BOOK FOR THE CALCULATION OF STRAINS
IN GJRDERtS AND SIMILAR STRUCTURES, AND THEIR STRENé; HI
Consisting of Formulag and Corresponding Diagrams, with numerous eta ils
for Practical Application, &c. Bv Wllllam Humber, A-M.IN
ifth Edition. ' Crown 8vo, hearly ioo \Wbodcuts and'3 Plates, 75 6d cloth
*The formulae are neatly expressed, and the diagrams good. *—A/hemrutn.
lish ’\\ﬁlecchgeneiétlly commend this really handy book to our engineer and architect readers."—Eng-
IS
Barlow’s Strength of Materials, enlarged by Humber
A. TREATISE ON THE STRENGTH OF MATERIALS;
tg Rules ‘or pllcatlon in Architecture, tr‘e nstructlon f Suspensiol
Bridges, Railwa)

yPeter Barlow |t|0n revise
hl P Barlow FR W H Barlow tO whicl
éaﬁ klnson Fairbairn Klrkaldy
Forrrulaefor culatlrggo rders 5 &C, ed and Edited by W. Humper,
Autl\s/l IQSS 40pp, W|th 19 large Plates and nummerous Wbod-

**Valuable allke to the student, tyro, and the experienced practitioner. It wiD always rank In
future as it has hithertodone, as the standard treatlse on that particular subject."—Engineer,
" There is no greater authonly than Barlow."—Building News.
" As a scientific work of the first class, it deserves a foremost place on the bookshelves of cvesy
CIVI| engineer and practical mechanic." —EngUsh Mechanic.

Trigonometrical surveying

AN OUTLINE OF THE METHOD OF CONDUCTING A
TRIGONOMETRICAL SURVEY, for the Formation of Geographical aml
TopograEhlcal Maps and Plans, Mllltary Reconnalssance Levelling, &c., Wi
errs, Formulas, and Tables, Lieut.-General F rome, R.E.
Fourth Edition, Revised and partl R wntten jor General Serharles
Warren. G.CMG., R.EE. "With19 Plates and 11 cuts, royal 8vo, 16s.

“ The simple fact that a fourth edition has been called for Is the best testimony to Its merits.
No words of praise from us can strengthen the position so well and so steadily maintained by this
work. Sir Charles Warren lias revised the entire work, and made such additions as were necessary
to bring every portion of the contents up to the present date."—Broad Arrow.

Field Fortification.
ATREATISE ON FIELD FORTIFICATION THE ATTACK
QF FORTRESSES MI ITARY MINI RECOI'\_j’EOITRING B}/
Colone Macaulay, Professor o Fort |cat|on in
wich. Slxth Edition, crown 8vo, cloth, with separate Atlas of 12 Plates 123

Oblique Bridges.
A PRACTICALAND THEORETICAL ESSAY ON OBLIQ UB

tm eorge atson uc
?\/IRT%GEES Thlrthdltlon gev (ﬁs% BQ/ G Watson \BNuct M. IBCEk
and w (a)%? to Dlagrarm for Famlltatlng the Oon-
sic(erdqctlon of Oblique Brldges . Barlow, ML.CE

“ 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.

"M r. Buck's treatise is recognised as a standard text-book, and his treatment has divested the
subject of many of the intricacies supposed to belong to it. Asa gulde to the engineer and archi-
tect, on &confessedly difficult subject, Mr. Buck's work is unsurpassed.”—Building News.

Water Storage Conveyance and Utilisation.
WATER ENO%IN EERINGUt IA ItDractlfc\?\}aIrefatltsJ%oSn thie Mfe_le_lsure—
orage, Conve ce ilisation Of er for Ul of Towns
AR PR PRI

yCharles Slagg, er
ralnage En |neer AM.Inst.C. E Auth or of * tary Work in the Smaller

Towns,and | Villages,” &c WAfth numerous IIIusts Cr. 8vo. 7s. 6>1. cloth.

" As a small practical treatise on the water supply of towns, and on some applications of
water power, the work is in many respects excellent., ngineering.

“The author has collated the results deduced from the experiments of the most eminent
authorities, and has presented them in a compact and practical form, accompanied by very dear
and detailed explanations. . . . The application of water as a motive power is treated very
carefully and exhaustively.” "—Builder.

“For anyone who desires to begin the study nf hydraulicswith a consideration of the practical
applications of the science there Is no better guide.”—Architect.
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Statics, Graphic and Analytic.
GRAPHIC AND ANALYTIC STATICS, in theirPractical Appli-

cation to the Treatment of Stresses in Roofs, Solid Girders, Lattice, Bowstring
and Suspension Bridges, Braced Iron Arches and Piers, and other Frameworks

Y R. Hudson Graham CE ntainin a%t ates to Scale.
With numerous taken from existing Structures. SpeC|aII
arsrgdngéer(gj fgr IClass -WOI It in CoII and Universities. Second Edition, Re-
A

e “ Mr. Graham's bonk WI|| End a place wherevergraphlc and analytic statics are used or studied.”
—E ngineer.

*The work is excellent from a practical point of view, and has evidently been prepared with
much care. The directions for working are ample, and are illustrated by an abundance of well-
selected examples. It ison excellent text-book;for the practical draughtsman."—Atheturum.

Student’s Text-Book on Surveying.

PRACTICAL SURVEYING: A Text-Book for Students pre—
for Exammatlon or for Survex—work in. the Colonics., B!
Usl i AM.ICE. Statistics of Water T
Great Britain.” With Four thho%vz\amphlc Plates OﬂHA/ards of ustra—
tions. Second Edition, Revised
+ The best forms of instruments are described as to thelr construcllon nses and modes of
employment, and there arc innumerable hints on work and equipment such as the author, in his
experience as surveyor, draughtsman and teacher, has found necessary, and which the student
in his inexperience will find most serviceable." 7Eng|neer
“ The latest treatise inthe English language on surveying, nnd we have no hesitation in say-
ing that the student will find it a better guide than any of its predecessors . . .
Deserves to be recognised as the first book which should be put in the hands of a pupil of civil
Engineering, and every gentleman of education who seta out for the Colonies would find it well to
have a copy. "—Architect.
“ A very useful, practical handbook on field practice. Clear, accurate and not too con-
densed."—Journal oj Education.
Survey Practice.
AID TO SURVEY PRACTICE, for Reference in Surveying, Levels
and Settlng -out; and in Route Surveys of Travellers by Land and Sea.
W?t IIIustratlons Records. By L DA Jacksan,
C E H)La;aullc Manual," rn Metrology," &c.
Second Edmon Enlarged rown 80, 12s. 6d. cloth.
*'Mr. Jackson has produced a valuable vade mecum for the surveyor. We can recommend

this book as containing an admirable supplement to the teachingof the accomplished surveyor."—
Atheturum.
" As a text-book we should advise all surveyors to place It In their libraries, and study well the
matured instructions afforded in its pages."—Colliery Guardian.
*The author brings to his work a fortunate union of theory and practlcal e é)erlence which,
aided by a dear and lucid style of writing, renders the book a very useful one,"—Build

Surveying, Land and Marine.

LAND AND MARINE SU RVEYING in Reference to the Pre-
atlon of Plana afr% ﬁgradks)u and Railways Canalg Rivers, Towns \Water

Bp Is. th ription and Use o urve(yllnr?
Instruments, B¥ D Haskort Author of * Bridge and Vi
struction,” &. Second Edition, Rewsed with Additions: Large cr. 8vo, gs. cl.
*This book must prove of ?reat value to the student. We have no hesitation in recommend-
ing it. feeling assured that it will more than repay a careful study."—Mechanical World.
“ A most useful and well arranged book for the aid ofa student. We can strongly recommend
It as qlaarefullyfwrilten and valuable text-book. It enjoysa well-deserved repute among surveyors."
uilder.

* This volume cannot fill to prove of the utmost practical utlllly It may be safely recommended
to all students who aspire to become clean and expert surveyors."—Mining Journal.

Tunnelling.
PRACTICAL TUNNELLING. Explammg indetail the Setting-

out of the works, Shaft-sinking and Heading-drivi glrtllgIe Lines and
Levelllnglq undert kground Sub cavat imberi atgo Construction
of the Bricl Tunnels, an%u ur requwed for, and

Cost of thevar_l%us&)od f J B%(tl:re ck W.simms, F.G.S,,
M.Inst.C.E ird_Edition, Revised and djedrby Kinnear Clark
M.Inst.C.E, gerﬁi 8vo, with 21 Folding Plates and numerous \WWood
Engravings, 305
‘*The estimation Inwhich Mr. Simms's book on tunnelling has been held for over thirty yean
cannot be moretmly expressed than in the words ofthe late Prof. Kankine*The best source of in-
formatlononthe subject of tunnels is Mr.F.W.Simms'swork on Practical Tunnelling.'"—Architect.
" It has been regarded from the first as a text book of the subject. . « . Mr. Clarke has addod
Immensely to the value ol the book."—Engineer.
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Levelling.
A TREATISE ON THE PRINCIPLES AND PRACTICE OP
LEVELLING. Showing its Application to purposes of Railway and Civil
Engineering, in the Construction of Roads: with Mr.TKLroRD’s Rules for the
same. ByFrederick W.Simms,F.G.S., M.Inst.C.E. Seventh Edition, with
the additionof Law's Practical Examples for Setting-out Railway Curves, and
T rautwine’'s Field Practice of Laying-out Circular Curves. With 7 Plates
and numerous Woodcuts, 8vo, 8s. 6d. cloth. **e T rautwinb on Curves
may be had separate, 5L
“ The text-book on levelling in most of our engir_leerin%schools and colleges."—Rntfnttr.
*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."—iin” inetring.

Heat, Expansion by.

EXPANSION OF STRUCTURES BY HEAT. By John
Keily, C.E., late of the Indian Public Works and Victorian Railway Depart-
ments. Crown 8vo, 3s. &. clotb.

Summary of Contents.

Section |. Formulas and Data. Section VI. Mechanical Force of

Section Il. Metal Bars. Heat,

Section Ill. Simple Frames. Section VII. Work of Expansion

Section IV. Complex Frames and and Contraction.
Plates. Section VIII. Suspension Bridges.

Section V. Thermal Conductivity. Section IX. Masonry Structures.

*The aim the author has set before_him. viz., to show the effects of heat upon metallic and
other structures, U a laudable one. for this is a branch of physics upon which the engineer or archi-
tect can find but little reliable and comﬁrehenswe data in'books."—Buildtr.

" Whoever is concerned to know the effect of changes of temperature on such structures as
suspension bridges and the like, could not do better than consult Mr. Kelly's valuable and handy
exposition of the geometrical principles involved in these change*."—Scotsman.

Practical Mathematics.

MATHEMATICS FOR PRACTICAL MEN: BeingaCommon-
place Book of Pure and Mixed Mathematics. Designed chiefly for the use
of Civil Engineers, Architects and Surveyors. By Olintiius Gregory,
LL.D., F.R.A.S., Enlarged by Henry Law, C.E. 41b Edition, carefully
Revised by J. R. Young, formerly Professor of Mathematics, Belfast College,
With 13 Plates, 8vo, £1 is. cloth. . .

“ The engineer or architect will hero find rea%to his hand rules for solving nearly every mathe-
matical difficulty that may arise in his practice e rulesare In all cases explained by means of
examples, in which every step of the process is clearly worked out.'—Builder. i

“"On* of the most sérviceable books for practical mechanics. . . It isan Instructive book for
the student, and a text-book for mm who. havi%once mastered the subjects it Meats of, needs
occasionally to refresh his memory upon them."—Building; AVar,

Hydraulic Tables.
HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAS
for tinding the Discharge of \Water from Orifices, Notches, Weirs, Pipes, and
Rivers. With New Formula, Tables, and General Information on Rainfall,
Catchment-Basins, Drainage, Sewerage. Water Supply for Towns and Mill
Power. By John Neville, Civil Engineer, M.R.I.A. Third Ed., carelully
Revised, with considerable Additions. Numerous Ulusts. Cr. 8vo, 145, cloth.

_»Alike valuable to students and engineers in practice; its study will prevent the annoyance of
avoidable failures, and assist them to select the readiest means of successfully carrying out any
given work connected with hydraulic en%l_neerlng.”fM ining Journal.

" It is, of all English books on the subject, the one nearest io completeness. . , . From the
good arrangement of the matter, the clear explanations, and abundance of formulae, the carefully
calculated tables, ar.d, above all, the thorough, acquaintance with both theory and construction,
which is displayed from first to last, the book'w be found to bo an acquisition.” —Atxhiua.

Hydraulics.
HYDRAULIC MANUAL. Consisting of Working Tables and
Explanatory Text. Intended as a Guide in Hydraulic Calculations and Field
Operations. By Lowis D’A.Jackson, Author of'*Aid to Survey Practice,”
“ Modern Metrology," Sec. Fourth Edition, Enlarged. Large cr. 8vo, 165 cl.
*The author has had a wide experience in hydraulic engineering and has been a careful ob-
server of the facts which have coine under his notice, ar.d from the great mass of material at his
command he has_constructed a manual which may be accepted as a trustworthy guide to this
branch of the engineer s profession. We can heartily recommend this volume to all'who desire to
be acquainted with the latest development of this important subject."—Engineering.
" The standard-work In this department of tncchnnics." —Scotsman.
" The most useful feature of this work is its freedom from what Is superannuated, and Its
thorough adoption of recent exneriments; the text is, in fact, In great parta short account of the
great modern experiments."—Nature,



2 CROSBY LOCKWOOD %- SON'S CATALOGUE.

Drainage.

ON THE DRAINAGE OF LANDS. TOWNS AND BUILD-
INGS. By G. D. Dempsey, C.E., Author of "The Practical Railway En-
gineer," &c. Revised, with large Additions on Recbkt Practice is
Drainage Engineering, by D. Kinnear Clark, M.Inst.C.E. Author of
“"Tramways,” "A Manual of Rules, Tables, and Data for Engineers,” &c.
Second Edition. xzino, 5. cloth.

. "The new matter added to Mr. Dempsey's excellent work b characterised by the comprehen-
swﬁ grasp and accuracy of detail for which the name of Mr. D. K. Clark is a sufficient voucher. —
Athenaum.

" As a work on recent Eractice_in drainage engineering, the book b to be commended to all
who are making that branch of engineering science their special study."—/*vn.
" A comprehensive manual on'drainage engineering, and a useful “introduction to the student.

Building Newt.

Tramways and their Working.
TRAMWAYS: THEIR CONSTRUCTION AND WORKING.

Embracing a Comprehensive History of the System ; with an exhaustive

Analysis of the various Modes of Traction, including Horse-Power, Steam,

Heated Water, and Compressed Air; a Description of the Varieties of Rolling
Stock: and ample Details of Cost and Working Expenses: the Progress
recently made in Tramway Construction, &c. &c, By D. Kinnear Clark,
M.Inst.C.E. With over 200 Wood Engravings, and 13Folding Plates. Two

Vols., large crown 8vo, 30s. cloth. . .

" All Interested in tramways must refer to it, as all railway engineers have turned tothe author's
work ‘ Railway Machinery.'-—Engineer. X . o

" An exhaustive and practical work on tramways. In which the history of this kind of locomo-
gor_lida_nd aNdescrlptlon and cost of the various modes of laying tramways, axe to be found."—
utlding rus.

" The best form of rails, the best mode of construction, and the best mechanical appliance*
are so fairly indicated in the work under review, that any engineer about to construct a tramv.-ay
will be enabled at once to obtain the practical information” which will be of most service to him.' —
Athenaeum.

Oblique Arches.

A PRACTICAL TREATISE ON THE CONSTRUCTION OP
OBLIQUE ARCHES, Bylohn Hart. Third Edition, with Plates, Im-
perial Bvo, 8s. cloth.

Curves, Tables for Setting-out.

TABLES OF TANGENTIAL ANGLES AND MULTIPLES
for Setting-out Curves from 5 to 200 Radius. By Alexander Beazeley,
M.Inst.C.E. Third Edition. Printed on 48 Cards, and sold in a cloth box,
waistcoat-pocket size, 3s. 6d.
" Each table b printed on a small card, which, being placed on the theodolite, leaves the hands
free to manipulate tne instrument—no small advantage as regards the rapidity of work."—Engineer.
"Very handy; a man may know that all hb day's work must fa on two of these cards, which
he puts into his own card-case, and leaves the rest behind."—Athenaum.
Earthwork.
EARTHWORK TABLES. Showing the Contents in Cubic
Yards of Embankments. Cuttings, &c.,of Heights or Depths up to an average
of 80 feet. By Joseph Broadbknt, C.E., and Francis Campin, C.E. Crown
8vo, 5s. cloth.
" The way in which accuracy is attained, by a simple division ot each cross section Into three
elements, two in which are constant and one variable, is iogunious."—Athenaeum.

Tunnel Shafts.
THE CONSTRUCTION OP LARGE TUNNEL SHAFTS: A
Practical and Theoretical Essay. By T H. Watson Buck, M.Inst.C.E..
Resident Engineer, London and North-Western Railway. Illustrated with
Folding Plates, royal Bvo, 12s. cloth.

" Many of the methods given arc of extreme practical value to the mason; and the observations
on the form of arch, the rules for orderin% the stone, and the construction of the templates will be
found of considerable use. We commend the book to the engineering profession."—BuiLimp Nm t.

"W ll be regarded by civil engineers as of the utmost value, and calculated to save much tii u
and obviate many mistakes."—Colliery Guardian.

Girders, Strength of.
GRAPHIC TABLE FOR FACILITATING THE COMPUTA.
TION OF THE WEIGHTS OF WROUGHT IKON AND STEEL

GIRDERS, etc., for Parliamentary and other Estimate?. By J. H. Watsosi
Buck, M.Inst.C.E. On a Sheet, 0s.6-/.
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JUiver Engineering.

RIVER BARS: The Causes of their Formation, ami their Treat-
merit by “ Induced Tidal Scour; " with a Description of the Successful Re-
duction by this Method of the Bar at Dubliu. By I. . Mann, Assist. Eng.
to the Dublin Port and Docks Board. Royal Svo, )s. Cd. cloth.
*We recommend all Interested in harbour works—and. Indeed, those concerned in tlus hn-

T mveincEntspf river* generally—to read Mr. Mann's interesting work on the treatment of river
—Engineer.

trusses.

TRUSSES OF WOOD AND IRON. Practical Applications of
Sciencein Determining the Stresses, Breaking Weights, Safe Loads, Scantlings,
and Details of Construction, with Complete Working Drawings. By William
G riffiths, Surveyor, Assistant Master, Tranmere School of Science and
Art. Oblong 8vo, as. 6d. cloth.

» This handy little book enters so minutely Into every detail connected with the construction of
Woof trusses, that no student need be ignorant of these matters."—Practical Engineer.

Stnilway Worklan.
SAFE RAILWAY WORKING. A Treatise on Railway Acci-
dents: Their Cause and Prevention; with a Description of Modern Appliances
and Systems. By Clement E. Stretton, C.E., Vice-President an.i Con-
sulting Engineer, Amalgamated Society of Railway Servants. With Illus-
trations ana Coloured Plates. Second Edition, Enlarged. Crown 8vo, 3. &d.
cloth. [Just published.
" A book for the engineer, the directors, the managers; and. in short, all who wish for informa*
on on railway matter* will find a perfect encyclopaedia in 'Safe Railway Working. ' —Railway

" V/e commend the remarks on railway signalling to all railway managers, especially where a
ttnitomi code and practice is advocated.”—Htrefath's Kail-way ‘Journal. .

«The author maybe congratulated on having collected, in a very convenient form, much
valuable information on the principal questions ailccting the safe workirg of railways."—Kail-
“\kay Engineer.

Field-Book for Engineers.
THE ENGINEER'S, MINING SURVEYOR'S. AND CON-
TRACTOR'S FIELD-BOOK. Consisting of a Series of Tables, with Rules,
Explanations of Systems, and use of Theodolite 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 Off-
sets : and Earthwork Tables to 80 feet deep, calculated for every 6 inches in
depth. By W. Davis Haskoll, C.E. With numerous Woodcuts. Fourth
Edition, Enlarged. Crown 8vo, 122 cloth.
"The book is verﬁ handy; the separate tables of sines and tangents to every minute win make
h useful for many other purposes, the genuine traverse tables existing all the same."—Alhenau>n.
" Every person engaged in engineering field operations will rstim'ite the km|>ortance of such a
work and the amount of valuable time which will bo saved by referen;o to a set of reliable tables
prepared with the accuracy and fulness of those given in this volume."—Railway News.

Earthwork, Measurement of.
A MANUAL ON EARTHWORK. By Atex.J. S. Graham,
C.E, With numerous Diagrams. Second Edition. iSmo, as. 6. cloth

" A great amount of {)ractical information, very admirably arranged, and available for rough
estimates, as well as for the more exact calculations required iu the engineer's and contractor s
Oiitces."—A rtixan.

Strains in Ironwork.
THE STRAINS ON STRUCTURES OF IRONWORK; with
Practical Remarks on Iron Construction. By F. W. Sheilds, M.Inst.C.E,
Second Edition, with 5 Plates. Royal 8vo, Ss. cloth.
Tha student cannot find a better little book on this subject.”—Engineer.

Cast Iron and other Metals, Strength of.

A PRACTICAL ESSAY ON THE STRENGTH OF CAST
IRON AND OTHER METALS. By T homas Tredgolo, C.E. Fifth
Edition, including Hcdgkihson's Esperimental Researches. Bvo, 12]. cloth.
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ARCHITECTURE, BUILDING, etc.

Construction. _
THE SCIENCE OP BUILDING : An Elementary Treatise on
the Principles of Construction. By E. Wyndham Tarn, M.A., Architect.
Third Edition, Enlarged, with 59 Engravings. Fcap. 8vo, 45. cloth.

" A very valuable "book, winch we strongly recommend lo all stu ents."—Builder.
* No architectural student should be without this handbook. —Architect.
A i te/*tre

A HANDY BOOK OF VILLA ARCHITECTURE: Brin* a

Series of Designs for Villa Residences in various Styles. With Outline

Specifications and Estlmates. By C. Wickhs, Author of “The Spires and

Towers of England,” &c. 6Ll Plates, 4to, £1 ns. &d. half-morocco, gilt edges.

" Tho whole of the deS|gns bear evidence of thelr being the work of an artistic architect, and
they will prove very valuable and suggestive."—Building Aewe.

Text-Book for Architects.
TIIE ARCHITECT'S GUIDE: Being a Text-Book of Useful
Information for Architects, Engineers, Surveyors, Contractors, Clerks of
Works, &c. &c. By Frederick Rogers, Architect, Author of “ Specifica-
tions for Practical Architecture,” &c. Second Edition, Revised and Enlarged.
With numerous Illustrations. Crown 8vo, 6s. cloth.
«As a text-book of useful information for architects, englndeers surveyor* &c., It would be

hard t «find a handler or more complete little volume." "_Stand
"A young architect could hardly have a better guide-book."—Timber Trades Journal.

Taulor and Cresy’a Borne.
THE ARCHITECTURAL ANTIQUITIES OF ROME. By
the late G. L. Taylor, Esq., F.R.1.B.A., and Edward Cresy, Esq. New
Edition, thoroughly Revised by the Rev. Alexander Taylor, M.A. (son of
the late G. L. Taylor, Esq.), Fellow of Queen’s College, Oxford, and Chap-
Iam of Gray’s Inn, Large folio, with 13c Plates, hall-bound, £3 S
Klor and Cresy’s work has from Its flrst publication been ranked among those professional
books which cannot bé bettered. . ould be difficult to find examples of drawings, even
among those of the mos" ‘)alnstaklng students ofGOthlc more thoroughly worked out than are the
one hundred and thirty plates In this volume." " Architect.
Linear Verspectire.
ARCHITECTURAL PERSPECTIVE : The whole Course and
Operations of the Draughtsman In Drawing a Large House in Linear Per-
spective. Illustrated by 39 Foldiug Plates. By F. O. Ferguson. Demy
8vo, 3. 6. boards. A [Just published.
A rchitectural Drawing.
PRACTICAL RULES ON DRA WING,for the Operative Builder
and Young Student in Architecture. By George Pyne. With 14 Plates, 4to,
75. 6d. boards.
Sir Wm. Chambers on Civil Architecture.
THE DECORATIVE PART OF CIVIL ARCHITECTURE.
By Sir William Chambers, F.R.S. With Portrait, Illustrations, Notes, and
an Examination of Grecian Architecture, by Joseph Gwilt, F.S.A. Revised
and Edited by W. H. L eeds, with a Memoir of the Author. 66 Plates, 4to,
?xs. cloth
House Budding and Repairing.
THE HOUSE-OWNER'S ESTIMATOR : or, m at will it Cost
to Buil 1, Alter, or Repair? A Price Book adapted to the Use of Unpro-
fessional People, as well as for the Architectural Surveyor and Builder. By
JAMKs D. Simon, A.R.1.B.A. Edited and Revised by F rancis T. W. Miller,
I R.I.B.A. With numerous Illustrations. Fourth Edition, Revised. Crown

8vo, 3L &d. cloth. .
"In two years it will repay Its cost a hundred times over.l—Field.

URBAN COTTAGES AND VILLAS:
How to Plan and Build Them._ Containing 33 Plates, with Introduction,
General Explanatlors and Description of each Plate. By James W. Bogue,
Architect, Author of ““ Domestic Architecture,” &. 4(0, sos. 6i. cloth.
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he New Builder’s Price Book, 1S02.
LOCKWOOD'S BUILDER'S PRICE BOOK FOR 1892. A

Comprehensive Handbook of the Latest Prices and Data for Builders.
Architects, Engineers and Contractors. Rc-co istruc/ed, Re-written ana
Further Enlarged. By Francis T. W. Miller. ;o0a closely-printed pages,
crown 8vo, 4s. cloth. # ust published.
his book 18 a very useful one, and should find a place in every English office connected with

1*lie bulld|n%and englneenngbprofessmns "—Industries.
«This Price Book has been set up In new type. . . Advantage has been taken of the

Y|
* r.jinformation to add much additional information, and ‘the volume is now an excellent book of
1 reference *—Architect.

" la its new and revised form this Price Book is whata work of this kind should be—couipre-
* tensive, rellable well arranc?ed legible and well bound —British Architect.
work of establishel reputation."—Athtn
his very useful handbook is well ertten exceedmgly clear in its explanations and great
«=are has evidently been taken to ensure accuracy. —Morning Advertiser.

- Designing, Measuring, and Valuing.

THE STUDENT'S GUIDE tothe PRACTICE of MEASUR-
ING AND VALUING ARTIFICERS' WORKS. CouUiniiiR Directions for
taking Dimensions, Abstracting the same, and bringing the Quantities into
Bill, with Tables of Constants for Valuation of Labour, and for the Calcula-
tion of Areas and Solidities, Originally edited by E dward Dobson, Architect.
With Additions on Mensuration and Construction, and a New Chapter on
Dilapidations, Repairs, and Contracts, by E. Wysdham Takn, M.A. Sixth
Edition, including aComplete Form of a Bill of Quantities. With 8Plates and
63 Woodcuts. Crown 8vo, 7s. 6d. cloth.
" Well fulfils the promise of its title- -page, and we can thoroughly recommend it to the class
*or whose use it has been compiled. Mr. Tarn's additions and rc»i»fon§ have much increased the
1jsefulness of the work, and have especially augmented its value to Students."—JinvineeriMg.
is edition will be found tie most complete treatise on_the principles ol measuring and
valuing artificers’ work that has yet beon published."—Iluiidieyr Xcws.

Pocket Estimator and Technical Guide.

THE POCKET TECHNICAL GUIDE, MEASURER AND
ESTIMATOR FOR BUILDERS AND SURVEYORS. Containing Tech-
nical Directions for Measuring Work in all the Building Trades, Complete
Specifications for Houses, Roads, and Drains, and an easy Method of Estimat-
ing the parts of a Building collectively. By A. C. Jbaton, Author of

* Quantities and Measurements,” &c. Sixth Edition, Revised. With s}
Woodcuts, waistcoat-pocket S|ze 15 6]. goet edges [Ji«f published.
" No builder, architect, surveyor, or valuer shoull * Beaton.' -43U|Id|ng Nett'S.

. "Oontalns an extraordnary amount of mfom'etlon |n danl requisition iN Measul
estimating.  Its presence in the pocket will save valuable time trouble."—Building H" ord

Donaldson on 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 b

Precedents of Buildings actually executed by eminent Architects and En—

ineers. By Professor T. L. Donaldson, P.K.1.B.A., & New Hdition, in

ne large VoL, 8w, with upwards of 1, 000 pages ofText and 33 Plates
£1 1ls .6d. cloth.

"In this work forty-four specifications of executed works are riven, Including the specifica-
tions for parts of the ‘new Houses of Parliament, by Sir Charles Barry, and for the new Royal
Exchange, by Mr. Tite, M.P. The Litter, in articular, is a very complete and remarkable
document. It embodies, to a reat extent, as Mr. Donaldson mentions, the bill of quantities
with the description of the wor s.' It is valuable as a record, and more valuable still as a
book of precedents. . . Suffice 1t to say that Donaldson’s *Hand1"uk of Specifications
must be bought by all architects."—Builder.

Bartholomew and Rogers’ Sitedfloations.

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE.
A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay
on the Structure and Science of Modern Buildings. Up* the Basis of the
Work by Ai1fred Bartholomew, thoroughly Revised, Ct riecled, and greatly
added toby Frederick Rogers, Architect. Second Edition, Revised, with
JAdditions. = With numerous Illustrations, medium 8vo, 15 cloth.

The collection of specifications prepared bv Mr. R ers on the bash- f Bartholomew's work

Istoo well known to tisone of the V\s with which eve

need any recommendation from
¥ou chitect m.st be mpped for time busshm,n that the speclficati .. cannot be set
hrough any defect in |hem "ZArchitect.
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Building ; Civil and Ecclesiastical. )
A BOOK ON BUILDING, Civil and Ecclesiastical, including
Church Restoration ; with the Theory of Domes and the Great Pyramid, See.
By Sir Edmund Bkckett, Bart.,, LL.D., F.R.A.S., Author of "Clocks and
Watches, and Bells,'1&c. Second Edition, Enlarged. Fcap. 8vo, 5s. cloth.
« A book which Is always amusing and nearly always Instructive. The style throughout IS in

the highest degree condensed and epigrammatic." —Times.

Ventilation of Buildings.

VENTILATION. A Text Booh to the Practice of the Art of
Ventilating Buildings. With a Chapter upon Air Testing. By W. P.Buchan,
R.P., Sanitary and Ventilating Engineer, Author of “ Plumbing,” &c. With
170 Illustrations. X2, 45. cloth boards. lJust published.

The Art of Plumbing. _
PLUMBING. A TextBook to the Practice of the Art or Craft of
the Plumber, with Supplementary Chapters on House Drainage, embodying the
latest Improvements. By W illiam Paton Buchan, R.P., Sanitary Engineer
and Practical Plumber. Sixth Edition, Enlarged to 370 pages, and 380
Ilustrations, nmo, 4s. cloth boards.
« A text book which tuny be safely put in the hinds of every ?/oung plumber, and which will
also be found useful by architects and”meileal professors."—f>uiUler. X
“ A valuable text book, and the only treatise which can be regarded as a really reliable manual
of the plumber's art.*—Building News.

Geometry for the Architect, Engineer, etc.
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.T arn, M.A., Architect,
Author of "The Science of Building," &. Second Edition. With X72 Illus-
trations, demy 8vo, gs. cloth.

No book with the same objects in view has ever been published In which the clearness of the
rules laid down and the illustrative diagrams have been so satisfactory."—Scotsman.

The Science of Geometry.
THE GEOMETRY OF COMPASSES: or, Problems Resolved

by the mere Description of Circles, and the use of Coloured Diagrams and
Symbols. By Otliver Byrne. Coloured Plates. Crown 8vo, 3s. 64. cloth.

“ The treatise is a good one, and remarkable—like all Mr. Byrne's contributions to the science
of geometry—for the lucid character of its teaching."—Building News.

DECORATIVE ARTS, etc.

Woods and Marbles (Imitation of).

SCHOOL OF PAINTING FOR THE IMITATION OF WOODS

AND MARBLES, as Taught and Practised by A. R. Van der Burg and P.

Van der Burg, Directors of the Rotterdam Painting Institution. Royal folio,

xSi by ia\ in., lllustrated with 24 full-size Coloured Plates; also 12 plain

Plates, comprising 154 Figures. Second and Cheaper Edition. Price£i ixs.64.
List of Plates.

1. Various Tools required for Wood Painting Finished Specimen—ip. Mahogany: Specimens
-a, 3. Walnut: Preliminary Sta}r;es of Graining of various Grainsand RAelhods of K/Iani ulation
aid Finished Specimen —4. Tools used for ~ —ao. ax. Mahogany: Earlier Stages and Finished

Marble Painting and Method of Manipulation—  Specimen—a2, &3. 34. Sienna Marble: Varieties

«fi. St. Remi Marble: Earlier Operations and of Grain, Preliminary Stages and Finished

Finished cimen—. Methods of Sketching Specimen—as, 26. rj. %unlper Wood : Methods

different Grains, Knots, &c~—8,9. Ash: Pre- OfJ)I'O_dL_ICIn Grain, flee.: Preliminary Stages
an

litninary Stages and Finished Specimen —1Q Finished Specimen—aS, 29, 30. "Vert de
Methids of Sketching Marble Grains—11, xa. Mer Marble: Varieties of Grain and Methods
Breche Marble: Preliminary Stages of Working of Working Unfinished and Finished Speci-
and Finished Specimen—I3. Maple: Methods  mens—31. 32. 33- Oak: Varieties of Grain, Tools
of Producing the different Grains—14.15. Bird's- Employed, and Methods of Manipulation, Pre-
eye Maple: Prelhninary Stages and Finished liminary Stages and Finished Specimen—34. 33.
pecimen—I6. Methods of Sketching the dif- 36, Waulsort Marble: Varieties of Grain, Ua-
ferent Species of White Marble—ij, x8. White finished and Finished Specimens.
Marble: Preliminary Stages of Process and

. . Opinions ok the Press. o
_ *Those who desire to attain skill in the art of painting woods and marbles will find advantage
in consulting this book. . . . Some of the Working Men's Clubs should give Uieir young uicu
the opportunity to study \X'—Buil,Ur.
" A comprehensive guide to the art. The explanations of the processes, the manipulation and
management of the colours, and the beautifully executed plates will not be the least valuable to the
Mudent who aims at making h'tswork a failbtul txanscriv* * eatowe."—Building News.
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House Decoration.

ELEMENTARY DECORATION. A Guide to the Simpler
Forms of Everyday Art, as applied to the Interior and Exterior Decoration of
Dwelling Houses, &c. By James W. Facev, Jun. With 68 Cuts, iauio, ZS,
cloth limp.

PRACTICAL HOUSE DECORATION : A Guide to the Art of
Ornamental Painting, the Arrangement of Colours in Apartments, and the
principles of Decorative Design. With some Remarks upon the Nature and
Properties of Pigments. By James William Facev, Author of “ Elementary
Decoration,"” &. With numerous lllustrations, 121110 zs. 6tl. cloth limp.
N.B.—The above Two Works together in One Vo!., strongly half-bound, 55.

Colour.

A GRAMMAR OF COLOURING. Applied to Decorative
Painting and the Arts. ByGeorge Field. New Edition, Revised, Enlarged,
and adapted to the use of the Ornamental Painter and Designer. By E l1lis
A. Davidson, With New Coloured Diagrams and Engravings, iznio, 3s. 6d,
cloth boards.

"The book is a most useful resume of the properties of pigments."—Builder.

House Painting, Graining, etc.

HOUSE PAINTING. GRAINING, MARBLING. AND SIGN

WRITING, A Practical Manual of. By Ellis A.Davidson. Sixth Edition.

With Coloured Plates and Wood Engravings. i2mo, 6s. cloth boards.
MeChA mass of information, of use to the amateur and of value to the practical man."—English

Slmply invaluable to the youngster entering upon this particular calling, and highly service
able to the man who is practising it. —Furniture Gazette.

Decorators, Itecei])ts for.

THE DECORATOR'S ASSISTANT: A Modern Guide to De-
corative Artists and Amateurs, Painters, Writers, Gilders, &. Containing
upwards of 600 Receipts, Rules and Instructions ; with a variety of Informa-
tion for General Work connected with every Class of Interior and Exterior
Decoranons &c. Fourth Edition, Revised. RpP— crown 8vo, is. in wrapper.
* Full of receipts of value to decorators, painters, gilders. &c. The book contains the gist of
Iarger treatises on colour and technical processes. It would be difficult to meet with a work so full
of varied information on the painter'sart."—Building AVwx
" We recommend the Workto all who, whether for pleasure or profit, require a guide to decora-
tion."—Plumber and Decorat

Moyr Smith on Interior Decoration.
ORNAMENTAL INTERIORS. ANCIENT AND MODERN.

By J. Moyr Smh h. Super-royal 8vo, with 32 full-page Plates and numerous-

smaller Illustrations, handsomely bound in cloth, gilt top. price 18s.

"The book Iswell lllustrated and handsomely eot up, and contains some true criticism and a
good many good examples of decorative treatment. —The Build

This'is the most elaborate and beautiful work on the artisticdecoration of interiors that we

have seen. . . The scrolls, panels and other designs from the author's own pen are very
beautiful and chaste; but he takes care that the designs of other men shall figure even more than
his own."—Liverpool Albion.

" To all who take an interest in elaborate domestic ornament this handsome volume will be
welcome."—Grafh ic.

British ancl Foreign Marbles.

MARBLE DECORATION and the Terminology of British and
Foreign Marbles. A Handbook for Students. By George H.Blagrove,
Author of “ Shoring and its Application,” &. With 28 lllustrations. Crown
Svo, 3s. &d. cloth.
This most useful and much wanted handbook should be in the hands of every architect and
bullder "—Building Iforld.
Revi * Itis an excellent manual for students, and interesting to artistic readers generally."—
evi

|ew.
" A carefully and usefully written treatise ; the work is essentially practical. —Scotsman.

Marble Working, etc.

MARBLE AND MARBLE WORKERS: A Handbook for

Architects, Artists Masons and Students. By Arthur Lee, Author of " A

L Visit to Carrara,” " The Working of Marble," &. Small crown 8vo, 75. cloth.

Ke ** A redlly valuable addition to the technical literature cf architects and masons. —Bulldlng
en's



18  CROSBY LOCKWOOD & SON'S CATALOGUE.
DELAMOTTE'S WORKS ON ILLUMINATION AND ALPHABETS.

A PRIMER OF THE ART OF ILLUMINATION, for the Use of
Beginners: with a Rudimentary Treatise on the Art, Practical Directions for
its exercise, and Examples taken from Illuminated MSS., printed in Gold and
Colours. By F. Delamotte. New and Cheaper Edition. Small 4to, 6s.orna-
mental boards.

“ The examples of ancient MSS. recommenced to the student, which, with much good sense,

the author chooses from collections accessible to all, arc selected with judgmentand Knowledge,
as well as Usta."—A theneeum.

ORNAMENTAL ALPHABETS, Ancient and Medieval, from the
Eighth Century, with Numerals; including Gothic, Church-Text, large and
small, German, Italian, Arabesque, Initials for Illumination, Monograms,
Crosses, dec. dec., for the use of Architectural and Engineering Draughtsmen,
Missal Painters, Masons, Decorative Painters, Lithographers, Engravers,
Carvers, Bsc. dtc. Collected and Engraved by F.Delamotte, and printed in
Colours. New and Cheaper Edition. Royal 8vo, oblong, 2s. Gfi. ornamental
boards.

"For those who Insertenamelled sentences round gilded chalices, who blazon shop legends over

ihoj-doors, who letter church wail* with pithy sentences from the Decalogue, this book will be use-
(\A.—Athenaum.

EXAMPLES OF MODERN ALPHABETS, Plain and Ornamental:
including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew,
Court Hand, Engrossing, Tuscan, Riband, Gothic, Rustic, and Arabesque;
with several Original Designs, and an Analysis of the Roman and Old English
Alphabets, large and small, and Numerals, for the use of Draughtsmen, Sur-
veyors, Masons. Decorative Painters, Lithographers, Engravers, Carvers, dfc.
Collected and Engraved by F. Delamotte, and printed in Colours. New
and Cheaper Edition. Royal Svo, oblong, 25. 6d. ornamental boards.

"There Is comprised In It ev-ry possible shape into 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 and ornamental letters is wonderful."—Standard.

MEDIJEVAL ALPHABETS AND INITIALS FOR ILLUMI-
NATORS. By F. G. Delamotte. Containing 21 Plates and Illluminated
Title, printed in Gold and Colours. With an Introduction by I. Willis
B rooks. Fourth and Cheaper Edition. Small jto, 4s. ornamental boards.

“ A volume In which the letters of the alphabet come forth glorified Ingilding and all the colour*
of the prUm interwoven and intertwined and intermingled."—Sir/t.

THE EMBROIDERER'S BOOK OF DESIGN. Containing
Initials, Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesiastical
Devices, Mediaeval and Modern Alphabets, and National Emblems. Col-
lected by F. Delamotte, and printed in Colours. Oblong royal Svo, is. &.
ornamental wrapper.

"The book win be of great assistance to ladles and young children who are endowed with the
art of plying the needle In'this most ornamental and useful pretty work."—hast Anglian Timex.

IFoo<l Carving.

INSTRUCTIONS IN JVOOD-CARVING, for Amateurs: with

Hints on Design. By A Lady. With Ten Plates. New and Cheaper Edition.
Crown 8vo, as. in emblematic wrapper.
« The handicraft of the wood-carver, so well as a book can Impart It, may be learnt from *A
Lady's' publication."—Athenennn. .
" The directions given are plainand easily understood."—English Mechanic,

Class Painting.
GLASS STAINING AND THE ART OF PAINTING ON

GLASS. From the German of Dr.Gessert and Emanuel Otto Fromberg,
With an Appendix on The Art of Enamelling. i2ino, 2s. 6d. cloth limp.

Letter Painting.

THE ART OF LETTER PAINTING MADE EASY, By
James Greig Badenoch. With 12 full-page Engravings of Examples, is. 6it,
cloth limp.

"The system Is a simple one, but quite original, and wetl worth the careful attention of letter
ptinten, it can be ea*Uy mastered and remembered,"—Building News,
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TredgoUVs Carpentry, Revised <&Enlarged by Tarn.
THE ELEMENTARY PRINCIPLES OF CARPENTRY.
A Treatise on the Pressure and Equilibrium of Timber Framing, the Resist-
ance of Timber, and the Construction of Floors, Arches, Bridges, Roofs,
Uniting Iron and Stone with Timber, &. 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 Tim-
ber for different purposes, the Specific Gravities of Materials, &. By T homas
T redgold, C.E. With an Appendix of Specimens of Various Roots of Iron
and Stone, lllustrated. Seventh Edition, thoroughly revised and considerably
enlarged by E. Wyndham Tarn, M.A., Author of "The Science of Build-
ing," &. With 61 Plates, Portrait of the Author, and several Woodcuts. In
one large vol., 4to, price £1 5Ss. cloth.

*+Ought 10 be in every architect's and every buDder’s library."—Builder.
" A work whose monumental excellence must commend it wherever skilful carpentry Is con-

cerned. The author's principles are rather confirmed than Unpaired by time. The additional
plates are ofgreat intrinsic value,"—Building News,

. -
Woodworh'ing Machinery.
WOODWORKING MACHINERY: Its Rise, Progress, and
Construction. With Hints on the Management of Saw Mills and the Economi-
cal Conversion of Timber. Illustrated.with Examples ol Recent Designs by
leading English, French, and American Engineers. By M. Powis Bale,
A.M.Inst.C.E., M.ILM.E. Large crown 8vo, 1. &d. cloth.
" Mr. Bale is evidently an expert on the subject and he has collected so much Information that
bis book is all-sufficient for builders and others engaged in the conversion of timber."—Atjihitect.
"The most comprehensive _com%endlum of "wood-working machinery we have seen. The
author is a thorough mister of his subject."—Building News.
. ‘sThe appearance of this book at the present time will, we should think, give a conMd rable
impetus to_the onward march of the machinist engaged in the designing and manufacb re of
Wooﬁ-working machines. It should be in the office of every wood-working factory."—Eiglish
Mechanic.

Haw Mills.

SAW MILLS : Their Arrangement and Management, and the
Economical Conversion of Timber. (A Companion Volume to “ Woodwork-
ing Machinery.”) By M, Powis Bale, With numerous lllustrations. C:ow
8vo, 106 e&d. cloth.
" The administration of a large sawing establishment is discussed, and the sublect examine.,
from a financial standpoint. WG could not desire a more complete or practical treat!.c.'—Builder.
" We h|gh|¥ recommend Mr. Bale's work to the attention and perusal of all those who are en-
gaged in the art of wood conversion, or who are about building or remodelling saw-mills on im-
proved principles."—Building News.

Carpentering.

THE CARPENTER'S NEW GUIDE; or, Book of Lines for Car-
renters; 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 Pynb, With 74 Plates,
4to, £1 15. cloth.

Handrailing and Stairbuilding.

A PRACTICAL TREATISE ON HANDRAILING : Showing
New and Simple Methods for Finding the Pitch of the Plank, Drawing the
Moulds, Bevelling, Jointing-up, and Squaring the Wreath. By George
Collixgs. Second Edition, Revised and Enlarged, to which is added A
T reatise on Stairbuilding. With Plates and Diagrams. i2mo, 2s. 6if.
cloth limp.

«* Will be found of practical utility in the execution of this difficult branch ofjoinery.*—Builder.

. " Almost every difficult phase of this somewhat intricate branch of joinery is elucidated by the
aid of plates and explanatory letterpress."—Furniture Gaaeitt.

Circular Worke-
CIRCULAR WORK IN CARPENTRY AND JOINERY: A
Practical Treatise on Circular Work of Single and Double Curvature. By
George Collings, Author of “ A Practical Treatise on Handrailing." Illus-
trated with numerous Diagrams. Second Edition. i2mo, as. 6d. cloth limp.

_ " An excellent example of what a book of this kind should be. Cheap in price, cleax hx
tion and prarticai in ‘he examples selected."—Builder.
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niber Merchant’'s Companion.

THE TIMBER MERCHANTS AND BUILDER'S COM-
PASION. 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 Petersburg Standard Hundred; the Price per Cube Foot of
Square Timber toany given Price per Load of 50 Feet; the proportionate
Value ot 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, &c. Scc. By
Wi illiam Dowsing. Fourth Edition, Revised and Corrected. Cr.8vo0.3s. cl.
. =Avcare glad to see a fourth edition of these admirable tables, which for correctness and
simplicity of arrangement leave nothing to he desirciL"—T fnItr Trades Tourttal.

"An exceedingly well-arranged, dear, and concise manual of tables (or the use of all who buy
or sell timl>er."—Journal cf / ertstry.

Practical Timber Merchant.
THE PRACTICAL TIMBER MERCHANT. Being a Guide

for the use of Building Contractors, Surveyors. Builders, Sec., comprising
useful Tables for all purposes connected with the Timber Trade, Marks of
Wood, Essay on the Strength of Timber, Remarks on the Growth of Timber,
&c. By W. Richardson. Fcap. Bvo, 3s. Od. cloth.

" This handy manual contains much valuable information for the use of timber merchant*,
builders, foresters, and all others connected with the growth, -ile, and manufacture of timber. —
Journal Forestry.

Timber Freight Book.

THE TIMBER MERCHANT'S. SAW MILLER'S, AND

IMPORTER'S FREIGHT BOOK AND ASSISTANT. Comprising Rules,

Tables, and Memoranda relating to the Timber Trade. By William

Richardson, Timber Broker; together with a Chapter on " S peeds of Saw

Mill Machinery,” by M. PowisBalb, M.I.M.E., &c. i2mo, 3s. 6d. cl. boards.

"A very useful manual of Tules, tables, and memoranda relating to the timber trade. We re-
commend it as a compendium of calculation to all timber measurers and merchants, and as supply
Lng a real want in the trade. '—Building News.

Packing-Case Makers, Tables for.
PACKING-CASE TABLES; showing the number of Super-

ficial Feet in Boxes or Packing-Cases, from six inches square and upwards.

By W. Richardson, Timber Broker. Third Edition. Oblong 4to, 3s. 6d. c).
" Invaluable labour-saving tahics."—Iron monper.
"Will save much labour and calculation."—Grocer.

Superficial 3leasurement.

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA-
SUREMENT. Tables calculated from 1 to 200 inches in length, by 1to :08
inches in breadth. For the use of Architects, Surveyors, Engineers, Timber
Merchants, Builders, See. By James Hawkings. Third Edition. Fcap.,
3s. 6d. cloth.
" A useful collection of tables to facilitate rapid calculation of surfaces. The exact area of any
sirface of which the limits have been ascertained can be instantly determined. The book will be
found of the greatest utility to all engaged in building operations."—Scotsman.

.. " These tables will be found of greatassistance to all who require to make calculations in super-
ficial measurement."—English Mechanic,

Forest

ry.
THE ELEMENTS OF FORESTRY. Designed to afford In-
formation concerning the Planting and Care of Forest Trees for Ornament or
Profit, with Suggestions upon the Creation and Care of Woodlands. By F.B.
Hough. Large crown 8vo, 10s. cloth.

Timber Importer’s Guide.

THE TIMBER IMPORTER'S, TIMBER MERCHANTS AND
BUILDER'S STANDARD GUIDE. By Richard E. Grandy. Compris-
ing an Analysis of Deal Standards, Home and Foreign, with Comparative
Values and Tabular Arrangements for fixing Nell Landed Cost on Baltic
and North American Deals, including all intermediate Expenses, Freight,
Insurance, flee. &. Together with copious Information for the Retailer and
Builder. Third Edition, Revised, umo, at. cloth limp.

" Everytliing it pretends to be: built up ?radually,_ it leads one from a forest to a treenail, and
throws in, as a makeweight, a host of material concerning bricks, columns, cisterns, Sic."—£nplisA
Mechanic.
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Chain Cables. - -
CHAIN CABLES AND CHAINS. Comprising Sizes and

Curves of Links, Studs, &c., Iron for Cables and Chains, Chain Cable and
Chain Making, Forming and Welding Links, Strength of Cables and Chains,
Certificates for Cables, Marking Cables, Prices of Chain Cables and Chains,
Historical Notes, Acts of Parliament, Statutory Tests, Charges for Testing,
List of Manufacturers of Cables, &c. &. By T homas W. T raill, F.E.R.N.,
M. Inst. C.E., Engineer Surveyor in Chief, Board of Trade, Inspector of
Chain Cable and Anchor Proving Establishments, and General Superin-
tendent, Lloyd's Committee on Proving Establishments. With numerous
Tables, lllustrations and Lithographic Drawings. Folio, £2 2s. cloth,
bevclleJ boards.

" It contains .1 vast amount of valuable Information. Nothing seems to be wanting to make it
« complete and standard work of reference on the subject."—Xautual Magacini.

Marine Engineering.
MARINE ENGINES AND STEAM VESSELS (A Treatise
on). By Robert Murray, C-E. Eighth Edition, thoroughly Revised, with
considerable Additions by the Author and by George Carltiste, C.E.,

Senior Surveyor to the Board of Trade at Liverpool, nmo, 5s cloth boards.

' Well adapted to give the young steamship engineer or tnanne engine and boiler maker a
general introduction into his practical work."—Ma hanical H'orld.

" We feel sure that this thoroughly revised edition will continue to be as popular in the future

»> it has been in the past, as, for its size, it contains more useful inform -lion than any similar
treatise." —In i:istries.

. The information giv_en is both sound and sensible, and well qualified t» direct young sea*
going hands Oil the siraight road to the extra chief's c;rt ficato. Most useful to survejors.
inspectors, draughtsmen, and all young engineers who take an interest in their prgfessmn."—

. } . . asgxnv Herald.
"An Indispensable manual for the student of marine engineeiing."—Liverpool Mercury.

Pocket-Bookfor Naval Architects and Shipbailders.
THE NAVAL ARCHITECT'S AND SHIPBUILDER'S
POCKET-BOOK 0/ Formuhr, Rules,and Tables,and itARINF. ENGINEER'S
AND SURVEYOR'S Handy Book of Reference. By Clement Mackrosv,
Member of the Institution of Naval Architects, Naval Draughtsman. Fourth
Edition, Revised. With numerous Diagrams, &c. Fcap., ns. 6J. strongly
bound in leather.

" Will oe found to contain the most useful tables and formulae required by shipbuilders, carefully
collected from the best authorities, and put together ina popular and simplé form."—E/tgin ter.

" The professional shipbuilder has now, in'a convenient and accessible form, reliable data for
solvm% many of the numerous problems that present themselves In the course of his work."—ran.

. “There’is scarcely a sub#ect on which a naval architect or shipbuilder can require to refresh

his memory which will not be found within the covers of Mr. Mackxow's book."—English Mechanic.

Pocket-Book for Marine Engineers.
A rOCKET-BOOK OE USEFUL TABLES AND FOR-
MULJE FOR MARINE ENGINEERS. By Frank Proctor, A.l.N.A.

Third Edition. Royal 32tno, leather, gilt ed?es, with strap. 4s.
*Wc recommend it to our readers as going far to suppl

4s.
I 3 f y a long-felt want."—Vara." Science.
A most useful companion to All marine engineers."—United Service Gazette.

Introduction to Marine Engineering.
ELEMENTARY ENGINEERING : A Manual for Young Marine
Engineers and Apprentices. In the Form of Questions and Answers on
Metals, Alloys, Strength of Materials, Construction and Management of
Marine Engines and Bjilers, Geometry, &c. See. With an Appendix of Useful
Tables. Bylohn Sherrkn Brewer, Government Marine Surveyor, Hong-
kong. Small crown 8vo, 2s. cloth.
. MContains much valuable information for the class for whom it is Intended, especially In the
Jlijpters on the management of boilersand engnes."—Nautical Magazine.
« A uicful Introduction to the more elaborate text books.” —Scot:

sman.
. "To astudent who has the requisite desi<e ami resolve to Attala a thorough knowledge, Mr.
firewer offers decidedly useful help.*—Alhenaum.

Navigation.
PRACTICAL NAVIGATION. Consisting of T he Sailor’s
Sea”Book, by James G reenwood and W. H. Rosser * together with the
requisite Mathematical and Nautical Tables for the Working of the Problems,

by Henry Law,C.E., and Professor J. R. Youno. Illustrated, 12010,7s.
st'ongly half-bound.
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MINING AND METALLURGY.

Metalliferous Mining in the United Kingdom.
BRITISH MINING : A Treatise on the History, Discovery. Practical
Development, and Future Prospects 0/ Metalliferous Mines m the United King-
dom. By Robert Hunt, F.R.S., Keeper of Minins Records; Editor of
" Ure’s Dictionary of Arts, Manufactures, and Mines,'16cc. Upwards of 950
pp., with 230 lllustrations. Second Edition, Revised. Super-royal Svo,
£2 2s. cloth.

"One of the most valuable works of reference of modem times. Mr. Hunt, as keeper of mining
records of the United Kingdom, lias had opportunities for such a task not enjoyed by anyone else
and has evidently made the most of them. . he language and style adopted are good, an
the treatment o f the various subjects laborious, conscientious, aud scientific."—Engineering.

"The book is, in fact, a treasure-house of statistical information on_mining subjects, and we
know of no other work embodying so great a mass of matter of this kind. Were this the onljt
merit of Mr. Hunts volume, it would be sufficient to render it InqlsFensable in this_library ol
even{jone interested in the development of the mining and metallurgical industries of this country.’
—Athtnxum.

_"A maw of information not elsewhere available, and of the greatest value to those who may

be Tnterested in our great mineral industries."—Engineer. . .

" A sound- business-like collection of interesting_facts. . . . The amount of information
Mr. Hunt has brought together isenormous. . . . The volume appears likely to convey more
Instruction upon the subject than any work hitherto published.”—Mining Journal*

Colliery Management.

THE COLLIERY MANAGER'S HANDBOOK: A Compre-
hensive Treatise on the Laying-out and Working of Collieries. Designed as
a Book of Reference for Colliery Managers, and for the Use of Coal-Mining
Students preparing for First-class Certificates. By Caleb Pamely, Mining
Engineer and Surveyor; Member of the North of England Institute of
Mining and Mechanical Engineers; and Member of the South Wales Insti-
tute of Mining Engineers. With nearly 500 Plans, Diagrams, and other
Illustrations. Medium 8vo, about Coo pages. Price £1 5s. strongly bound.

[Just published.
Coal and Iron.
THE COAL AND IRON INDUSTRIES OF THE UNITED
KINGDOM. Comprising a Description of the Coal Fields, and of the
Principal Scams of Coal, with Returns of their Produce and its Distribu-
tion, and Analyses of Special Varieties. Also an Account of the occurrence
of Iron ©res in Veins or Seams; Analyses of each Variety; and a History ol
the Rise and Progress of Pig Iron Manufacture. By Richard Meade, Assistani
Keeper ol Mining Records.  With Maps. 8vo, £1 &s. cloth.
" The book Is one which must hud a place on the shelves of all Interested in coal and iron
production, and in the iron, steel, and other metallurgical Industries.”*—Engineer.
"Of this book we may unreservedly say that it is the best of its class which we have ever met.
. . A book of reference which no one engaged in the Iron or cool trades should omit from hie
library."—ron and Coal Trades Review,
Prospecting for Gold and other Metals.
THE PROSPECTOR'S HANDBOOK: A Guide for the Pro-
spector and Traveller in Search of Metal-Bearing or other Valuable Minerals.
. W. Anderson, M.A. (Camb.), F.R.G.S., Author of "Fiji and New
Caledonia." Fifth Edition, thoroughly Revised and Enlarged. Small
crown Svo, 3s. &d. cloth.
"Will supply a much felt want, especially among Colonists, in whose way are so often thrown
many mineralagical specimens the value of which itis difficult to determine.”—Engineer.
How to find commercial minerals, and how to identify them when they are” lound, are the
leading points to which attention is directed. The author has managed to pack as much practical
detail into his pages as would supply material for a book three times’its size.*—Mining Journal.

Mining Kotes and Formulas.
NOTES AND FORMULA! FOR MINING STUDENTS. By
John Herman Merivale, M.A., Certificated Colliery Manager. Professor of
Mining in the Durham College of Science, Newcastle-upon-Tyne. Third
Edition, Revised and Enlarged. Small crown svo,2s. &d. cloth.

" Invaluable to anyone who is working up for an examination on mining subjects."—Coal and
Iron Trades Review.

" The author lias done his work in an exceedingly creditable manner, and has produced a book
that will be of service to students, and those who are practically engaged in mining operations.' —
Engineer.

o A vast amount of technical matter of the utmost value to mining engineers, and of consider-
able interest to students."—=Schojlntasttr.
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Explosivcs.

A HANDBOOK ON MODERN EXPLOSIVES. Being a
Practical Treatise on the Manufacture and Application of Dynamite, Gun-
Cotton, Nitro-Glycerine and other Explosive Compounds. ~Including the
Manufacture of Collodion-Cotton. By M. Eisster, Mining Engineer and
Metallurgical Chemist, Author of *The Metallurgy of Gold,” With

about ioo Illstratios. Crown 8\, ios. 6/. cloth.

"i'seful not only to the miner, but also to officers o( both services to whom blasting and the
use or explosives generally may at any time become a necessary auxiliary."Mature. o

" A veritable mine of informationon the subject of explosives employed for military, mining
atd blasting purposes."—Army and Xavy GazeHr.

" e book is clearlgl written. Taken as a whole, wc consider it an excellent little book and
onr that should be found of great service to miners and others who are engaged in work requiring
the use of explosives."—Athenaum.

Gold. Metallurgy of.

THE METALLURGY OF GOLD : A Practical Treatise on the
Vetallurgical Treatment of Gold-bearing Ores._ Including the Processes ot
Concentration and Chlorination, and theAssah%;a , Melting and Refining of
Gold. By M. Eisster, Mining Engineer and Vetallurgical nist, formerly
Assistant r of the U. S_Mint, San Francisco. Third Edition, Revised
and greatly Enlarged. With 187 Illwstrations. Crown 5w, izs. Cd. cloth.
_ *This book, thoroughly deserves Us title of a «Practical Treatise.* The whole process of gold
m||||n?, from the breaking Ol the quartz to the assay of the bullion, is described in clear ‘and
order_¥ narrative and with much, but not too much, fulnhess of detail.”—Saturday Revtnv. .
“ The work is a storehouse of information and valuable data, and we strongly recommend it to
all professional men engaged in the gokl-mining industry."—!/iHing Journal

Silver, Metallurgy of.

THE METALLURGY OF SILVER : A Practical Treatise on
the Amalgamation, Roasting and Lixiviation of Silver Ores, Including the
Assa%/_mg, Vel and Refining of silver Bullion. By M. Eisster, Author
of “The Metallurgy of Gold % Second Edition, Enlarged. With 150 -

tratios.  Crown , 10s. 0d. cloth. [Just published.

" A practical treatise, and a technical work which we are convinced will supply a long-felt want
amongst practical men. and at the same time be of value tostudents and others indirectly connected
with tne industries.*—Minin? Journal. .

“ From first tolast the book is thoroughly sound and reliable.*—Colliery Guardian.

ssFor chemists, practical miners, assayers and investors alike, we do not know of any work
on the subject so handy and yet so comprehensive."—Glasgow Herald.

Silver-Lead, Metallurgy of.

THE METALLURGY OF ARGENTIFEROUS LEAD: A
Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of
Lead Bullion. Includiog Reports on various Smelting Establishments and
Descriptions of Modern Furnaces and Plants in Europe and America. By
M. Eisster, M.E., Author of “The Metallu of Gold,” &. Crown 8wo.
400 pp-, with numerous Hlustratios, 1. O, cloth. [Just published.

Metalliferous Minerals and Mining.

TREATISE ON METALLIFEROUS MINERALS AND
MINING. Bg/ D. C. Davies, F.G.S., Mining Engineer, «c., Author of “A
Treatiseon Slate and Slate Quarrying.” _Ilustrated with numerous Wood
Engravings. Fourth Edition, Ily Revised. Crown 8w, 12. 6d. cloth.
«Neither the practical miner nor the general reader interested in mines can have a better bock
for his companion and his guide."—Minina Journal. . X [Mining World.
«We are doing our readers a service m calling their attention to this valuable work."—
= As a history of the present state of mining throughout tne world this book has a real value,
and it supplies an actual want."—Athenaum.

Earthy Minerals and Mining.

A TREATISE ON EARTHY & OTHER MINERALS AND
MINING. By D. C. Davies, F.G.S. Uniform with, and forming a Com-
ion Volume 1o, the same Author’s * Metal liferous Minerals and Mining.”
ith 76 Wood Engravings. Second Edition. Crown 8w, 12s. 6. cloth.
"W e do not remember to have met with any English work on mining matters that contains
the came amount of information packed in equally convenient form."—Academ

! Y- .
e should be Inclined to rank it as among the very best of the bandy technical and trades
manuals which have recently appeared.”—British Quarterly RexHexv.
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Mineral Surveying and Valuing.
THE MINERAL SURVEYOR AND VALUER'S COMPLETE

GUIDE, comprising a Treatise on Improved Mining Surveying and the Valuur
tion of Mining Properties, with New Traverse Tables. By W «. Lintern,
Mining and Civil Engineer._Third Edition, with an Appendix on *Magnetic
and Angullar Sul ing,” with Records of the Peculiarities of Needle Dis-
tuabancos. With Four Plates of Diagrams, Plans, stc. xzmo, 4s. cloth.

" Mr. Lintern's book forms a valuable and thoroughly trustworthy guide."—/reri and Coal

Trades Review. . . )
" This new edition must be of the highest value to colliery surveyors, proprietors and mana-
gers.”—Colliery Guardian.

Asbestos and its Uses.
ASBESTOS: Its Properties, Occurrence and Uses. W ith some
Account of the Mines of Haly and Canada. By Robert H.Jones. With
Eight Col lotype Plates and other Illustrations. "Crown 8w, 15. 6d. cloth.
" An interesting and invaluable work."—Colliery Guardian. 3
“ We couns»l our readers to get this exceedlngf\f/ interesting work for themselves; they will
gnd“ijn it much that is suggestive, and a great deal that is ofimmediate and practical usefulness."—
uillaer.
" A valuable addition to the architect's and engineer’s library.”—Building News.

Underground Pumping Machinery.
MINE DRAINAGE. Being a Complete and Practical Treatise
on Direct-Acting Unde(n};round Steam Pumping Machinery, with a Descrip-
tion of a_large number of the best known ines, their General Utility and
the_Special “Sphere of treir Action, the Mode of their Application, and
theiir merits compared with other forms of Pumpiing Machinery. By S tephen
Michell. 8vo, 155. Cl N
"Will be highly esteemed by collier%{1 owners and lessees, minin engin_eers, and students
%enerall who require to be acquainted with the best means of securing the drainage of mines. It
a most valuable work, and stands almost alone in the literature of steam pumping machinery.' —
Colliery Guardian.
" Much valuable Information Is given, so that the book k thoroughly worthy of an extensive
circulation amongst practical men and purchasers of machinery."—Mining Journal.

Mining Tools.
A MANUAL OF MINING TOOLS. For the Use of Mine
Managers, Agents, Students, &C. By William Morgans, Lecturer on Prac-
tical Mining at the Bristol School of Mines. i2mo, 25. 6d. cloth linp.
ATLAS OF ENGRAVINGS to Illustrate the above, contain-
ing 235 Illustrations of Mining Tools, drawn toscale. 4to, 4s. 6:. cloth.
"Studenrs In the science of raining, and overmen, captains, managers, and viewers may gain

practical knowledge and useful hints by the study of Mr. Morgans' manual.”—Colliery Guardian.

B "A Ivaluable work, which will tend materially to improve our rniuing literature."—Mini*m

ournal.

Coal Mining.
COAL AND COAL MINING: A Rudimentary Treatise on. By
the late Sir Warington W.Smyth, M.A., F.R.S_, &._, Chief Inspector of the
Mines of the Crown. Seventh Hdition, Revised and Enlarged. With
numerous Illustratias.  #2ino, 4s. cloth boards.
"As an outline If given of every known coal-field in_this and other countries, as well as of the
Blr_incipal methods of working, the book will doubtless interest a very large number of readers.”—

ining Journal.

Slibterraneons Sitrveying.

SUBTERRANEOUS SURVEYING, Elementary and Practical
Treatise on, with and without the Magnetic Needle. ByTHOMAS Fenwick,
Surveyor of Mines, and T homas Baker, C.E. Ulust. 12010, 3. cloth boards.

Granite Quarrying.
GRANITES AND OUR GRANITE INDUSTRIES. By
George F. Harris, F.G.S., Membre de laSoci6te Beige de Geologic, Lec-
turer on Economic Geology at the Birkbcck Institution, &. With Iliustra-
tios. Crown 8vof«. 64. Cloth.

_Sc"oémclaer?rly and well-written manual for persons engaged or interested In the granite Industry

“ An intérestint_i work, which will be deservedly esteemed."—Colliery Guardian.

“ An exceedingly interesting and valuable monograph on a subject which has hitherto received
unaccountably little attention inthe shape of systematic literary treatment." —Scottish Leader.
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ELECTRICITY ELECTRICAL ENGINEERING, etc.

Electrical Engineering.
THE ELECTRICAL ENGINEER'S POCKET-BOOK OF
MODERN RULES, FORMULAS, TABLES AND DATA. By H. R.
Kkhie, M.Inst.E.E., A.M.Inst C.K., Technical Officer Postal Telegraphs,
Author of "A Handbook of Electrical Testing,” stc. With numerous Illus-
trations, royal 32nto, oblong, 5i. leather. LJusf published.
"There is very little in the shape of formulae or data which tho electrician is likely to want
in a huiry which cannot be f*und in its pages."—Practical Engineer. . . .
_*'A very useful book of reference for daily use in practical electrical engineering and Its
vaiious applications to the industries of the present day."—ron.
“ It is the best book of it* kind."—Electrical Engineer.
"The Electrical Engineer's Pocket-Book is a good one."—Electrician. .
"Strongly recommended to those engaged in tuo various electrical industries.”—
Rciew.

Electric Lighting.

ELECTRIC LIGHT FITTING : A Handbook for Working
Electrical Engineers, embodying Practical Notes on Installation Manage-
ment. By John W. Urqgchart, Electrician, Author of “ Electric Light,” «c.
With numerous lllustrations, crown 8vo, 55. cloth. __ published.
"This volume deals with what may be termed tho mechanics of electric lighting, and is
addressed to m*nwho are alread%; engaged in the work or are training for it. The worktraverses
a threat dral of ground, and may be read as a sequel to the .same authors useful worn on *Electric
Light.""—Electrician. i ) . .
_ . “This is an attempt to state in the simplest language the precautions which should be adopted
in instal ing the electric light, and to g ve information,lor the guidance of those who have to run
the plant when installed. The book is well worth the perusal of the workmen for whom it is
w.itten."—Electrical Review.
* Eminently practical and useful . . . Ought to be In tho hands of everyone In charge of

an electric light plant.E lectrical Engineer. S . . .
" A really capital book, which we have no hesitation in recommending to the notice of working

electricians and electrical engineers."—Mechanical World.

Electric Light.

ELECTRIC LIGHT: Its Production and Use. Embodying Plain
Directions for the Treatment of Dynamo-Electric Machines, Batteries,
Accumulators, and Electric Lamps. By J. W. Urquhart, C.E., Author of

" Electric Light Fitting,” &c. Fourth Edition, Revised, with Large Additions

and 145 lllustrations. Crown 8vo, 5. 6]. cloth. [ 7 i/sf published.

"The book is by far the best that we have yet met with on the subject.”—Athemrum.

"It is the only work at present available which gives, in language intelligible for the most part
to the ordinary reader, a general but concise history of the means which have becu adopted up to
the present time in producing the electric light."—Metropolitan. . o

*The book contains a general account of the means adopted in producing the electric light,
not only as obtained from voltaic or galvanic batteries, but treats at length of the dynamo-electric
machine inseveral of its forms.*—Colliery Guardian.

Construction of Dynamos.

DYNAMO CONSTRUCTION ; A Practical Handbook for the Use

of Engineer Constructors and Electricians in Charge. With Examples of

leading English, American and Continental Dynamos and Motors. By J. W.

Urquhart, Author of “ Electric Light,” &. Crown 8vo, 7s. 6d. cloth.

[Just published.
'The author has produced a bo~k for which a drnun-t has long existed. The subject is
treated in a thoroughly practical manner.'—Mechanical World.

Dynamic Electricity anti Magnetism.
THE ELEMENTS OF DYNAMIC ELECTRICITY AND
MAGNETISM By Philip Atkinson, A.M., Ph.D. Crown 8vo. 400 pp.
With 120 lllustrations. 10s. 6d. cloth. [/«/*/publish.d.

Text Boole of Electricity.
THE STUDENT'S TEXT-BOOK OF ELECTRICITY. By
Hrnry M. Noad, Ph.D., F.R.S., F.C.S. New Edition, carefully Revised.
With an Introduction and Additional Chapters, by W. H. Prkecr, M.I.C.E.,
Vice-President of the Society of Telegraph Engineers, Stc. With 470 Illustra-
tions. Crown 8vo, izs. 6d. cloth.
*We can recommend Dr. Noad's book for clear style, great range of subject, a good index
« aplethora of woodcuts. Such collections as the present are indispensable.”—A thenanm.
«An admirable text book for every student — beginner or ndvanced —of electricity."—
Engineering.
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Electric Lighting

THE ELEMENTARY PRINCIPLESOF ELECTRIC LIGHT.
isc. By Alan A. Campbell Stimos ,Associate I.EE. Second Edition,
Enlargedand Revised. W|th16lllusuat|crs Crown 8vo, is. 64. doth

+* Anyone who dc-"es a short and thoroughl{dear exposition of the demetltan/ oi
efentric-kgfcitng 1adnot do better than read this litLc work. —braJd/ird Observer.
Electricifg

A MANUAL OF ELECTRICITY: Including Galvanism. wagq
mdism,Dus-Magnetism, Electro-Dynamics, Magno-Electrxeity, and the Electric

Telegraph. By Hknrt M. Noad, Ph.D., F.R.S., F.C.S. Fourth Edition.
Wi'th 500Woodcuts. 8wo, £1 4L cloth.
%1t la worthy of a pUce in the Ilbraw of every public institution."—Afu*&V J.'urr~al.
I gnanus Countruction.
HOW TO MAKE A D YNAMO: A Practical Treatisefor A mateurs.
Containing numerous Illustrations and Detailed_Instructions for Construct-
inga Small Dynamo, to Produce the Electric Light. By Alfred Crofts.
_Third Edition, Revisedand Enlarged. Crown 8w, &s. cloth.
“ 1he instruction® given in thU unpretentious little bx>k arc sofficiemly clear and explicit to

env>|** »ny amnteur mechanic poweiaed of average dull and the u«sj) tools to be foond in an
« iiMteur wworkshop, to build a practical dynamo machine.  Electrician.

NATURAL SCIENCE, etc.

Pneumatics and Acoustics.
PNEUMATICS : including Acoustics and the Phenomena of Wind
currents, for the Use of imers. By Charles Tomlinson, F.R.S.
P.C.S., &c. Fourth Hition, Enlarged. i2mo, is.64. C
Itaghmera |n the stu b¥eonhls Important apgllcallon of science could not have a better manual *

—Srran /r. valuable and suitable text-book for students of Acoustics and the Pheno-
Wind Currents BchctilmaiUr.
Concholo V.

A MANUAL OF THE MOLLUSCA : Being a Treatise on Recent
and Fossil Shells. By S. P. Woodward. A.L.S., F.G.S., late Assistant
Paleeotologist in the British Museum. With an Ap endix on Recent and
Fossil Conchological Discoveries, by Ralph Tate, A.L.S., F.G.S. Illustrated

Y A. N. Waterhouse and Toseph Wilson Lowry With 23Plat$and
Lkawards of 300 Woodcuts. rint of Fourth Ed., 1830. Cr. 8wo, 7s. 64. cl.

\aleble storeouese of condolagical and geollagiical information” —science Gossip<
Geology.

RUDIMENTARY TREATISE ON GEOLOGY. PHYSICAL
anD HisToRrIcAL. Consisting of “Physical Geology " which sets forth
the leading Principles of the Science; and “Historical Geology,” which
treats of the Mineral and Organlc Conditions of the Earth at each stccessive
, especial reference being made to the British Series of Rocks. By
Ralp h Tate,A.L.S., F.G.S., ac. With 250 Illsstratians, nmo, 5. cloth.
*The fulness of the mutter ha* elevated the book into a manual. Its Information Is exhaustive
and well arranged.”—School Board Chronicle.
Geology and Genesis.
THE TWIN RECORDS OF CREATION; or, Geology and
Genesis: thrir Perfect Harmony and Wonderful Concord. BY George W.
Victor le Vaux . Numerous Illlustratios.

" A valuable contribution to the evidences of Revelation, ani dlsposes very concluswely of the
arguments of those who would set Cod's Works against God's Word.-—The Rock.

The Constellatione.

STAR GROUPS: A Student's Guide to the Constellations. By

LEllard Gork, F.R.AS., M.R.1.A_, &., Author of “The Scenery of the

Heavens." W|th3OMaps Small 4to %. cloth, silvered. [Justpublished.
Astronom

ASTRON%MY By the late Rev. Robert Main,M.A., F.R.S.,
formerly Redcliffe Observer at Oxford. Third Edition, Revised and Cor-
rected 1o the present time, by W. T. Lynn, BA.,FRAS i2mo, 5. cloth.
" A sound and simple treatise, very carefully edlted and a capital book for beglnners —

Anomed [rieMal Times.
VAccurater brought down to the requirements of the present lime by Mr. Lynn."—Educa*
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DR. LARDNER'S COURSE OF NATURAL PHILOSOPHY.

THE HANDBOOK OF MECHANICS. Enlarged and almost re-
written by Benjamin Loewv, F.R.A.S. With 378 Illustrations. Post 8vo,

Gs. cloth.

"The perspicuity ot the original has been retained, and chglpters which had become obsolete
have been replaced "by others of more modern character. "he explanations throughout are
studiously popular, and care has been taken to show the application of the various branches of
physics to the industrial arts, and to the practical business of life*—Mining Journal.

Nat Mr. Loewy has carefully revised the book, and brought it up to modern requirements.”*—
ature.

_ "Naturalphilosophy has had few_exponents more_able or better skilled In the art of popu-
larising the sutject than Dr. Lardner 5and Mr. Loewy is doing good service in fitting this treatise,
aud the others of the series, for use at the present time."—Scotsman.

THE HANDBOOK OF HYDROSTATICS AND PNEUMATICS.
New Edition, Revised and Enlarged, by Benjamin Loewv, F.R.A.S. With

236 Illustrations. Post 8vo, 5s. cloth.

"For those 'who desire to attain an accurate knowledge of physical science without the pro-
found methods of mathematical investigation,’ this work is not merely intended, but well adapted.™
—Chemical Newt.

" The volume before us has been carefully edited, audgmented to nearly twice the bulk of the
fohme;r edition, and all the most recent matter has been added. . It is a valuable text-book."
—Nature.

«Candidates for pass examinations will find it, we think, specially suited to their requirements.™
English Mechanic.

THE HANDBOOK OF HEAT. Edited and almost entirely re-
written by Benjamin Loewv, F.R.AS., &. 1x7 lllustrations. Post 8vo, &.
cloth.

" The style Isalways clear and precise, and conveys Instruction without leaving any cloudiness
or lurking doubts behlnd."—Engineerin%_ K . .

"A most exhaustive book on the subject on which It treats, and is so arranged that it can be
understood by all who desire to attain an accurate knowledge of physical science.................. Mr.
Loewy has included all the latest discoveries in the varied laws and éffects of heat."—Standard.

I: complete and handy text-book for the use of students and general readers."—English
Mechanic.

THE HANDBOOK OF OPTICS. By D ionysius Lardner,D.C.L.,
formerly Professor of Natural Philosophy and Astronomy in University
College, London, New Edition. Edited by T. Olver Harding, B.A. Lond.»
of University College, London. Wilh 298 Illustrations. Small 8vo( 448
pages, 5s. clotn.

"Written by one of the ablest English scientific writers, beautifully and elaborately illustrated.”
Mechanics Magazine.

THE HANDBOOK OF ELECTRICITY, MAGNETISM. AND
ACOUSTICS. By Dr. Lardner. Ninth Thousand. Edit, by George Carey
Foster, B.A., F.C.S. With 400 Illustrations. Small 8vo, 5s. cloth.

_"The book could not have been entrusted to anyone better calculated to preserve the terse and
lucid style of Lardner, while correcting his errors and bringing up his work to the present state of
scientific knowledge."—Popular Science Review.

THE HANDBOOK OF ASTRONOMY. Forminga Companion
to the " Handbook of Natural Philosophy.”™ By Dionysius Lardner, D.C.L.,
formerly Professor of Natural Philosophy and Astronomy in University
College, London. Fourth Edition. Revised and Edited by E dwin D itxkin,
F.R.A.S., Royal Observatory, Greenwich. With 38 Plates and upwards of
100 Woodcuts. In One Vol., small Svo, 550 pages, 9. 61. cloth.

" Probably no other book contains the samo amount of information in so compendious and well-
arran\%zd a form—certainly none at the price at which this is offered to the public."—Athenaum.

"W e can do no other than pronounce this work a most valuable manual of astronomy, and we
strongly recommend it toall who wish to acquire a general—but at the same tune correct—acquaint-
ance with this sublime science."—Quarterly Journal <J Science.

"One of the most deservedly popular books on the subject . . . We would recommend not
onlﬁthe student of the elementary principles of the science, but he who aims at mastering the
hig N?r and mathematical branches of astronomy, not to be without tills work beside him."—J*racH-
tat Magazine.

JJr. Lartlner’s Electric Telegraph.
THE ELECTRIC TELEGRAPH. By Dr. Lardner. Re-
vised and Re-written by E. B. Bright, F.R.A.S. 140 lllustrations. Small

Vo, 25. 6d. cloth.
One of the most readable books extant on the Electric Telegraph."—EngUsh Mechanic.
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DR. LARDNER'S MUSEUM OF SCIENCE AND ART.

THE MUSEUM OF SCIENCE AND ART. Edited by
Dionysius Lardner, D.C.L., formerly Professor ot Natural Philosophy and
Astronomy in University College, London. With upwards of 1,200 Engrav-
ings on Wood. In 6 Double Volumes, £i is., in a new and elegant cloth bind-
ing ; or handsomely bound io half-morocco, 31s. 6d.

% ¢+ Opinions op the Press.

"This series, besides affording popular but sound Instruction on scientific subjects, with which
the humblest man in the country ought to be acquainted, also undertakes that teaching of *Com-
mon Things ‘ which every well-wisher of his kind is anxious to promote. Many thousand copies of
tills serviceable publication have been printed, in the belief and hope that the desire for instruction
and improvement widely prevails ; and we have no fear that such enlightened iaith will meet with
disappointment."—Tima.

" A cheap and interesting publication, alike Informing and attractive. The papers combine
subjects of Importance and great scientific knowledge, considerable inductive powers, and a
popular style O treatment."—Spectator.

"The ‘Museum of Science and Art' is the most valuable contribution that has ever been
made to the Scientific Instruction ol every class of society.”—Sir DAVID BREWSTER, in the
Horih British Review.

" Whether we consider the liberality and beauty of the illustrations, the charm of the writing,
or the durab'e interest of the matter, we must express our belief that there is hardly to be found
among the new books one that would be welcomed by people of so many ages ana classes as a
valuable present."—Examiner.

%* Separate books formed from the above, suitable for Workmen's Libraries,
Science Classes, etc.

Common Things Explained. Containing Air, Earth. Fire, Water,Time,
Man, the Eye, Locomotion, Colour, Clocks and Watches, &c. 233 Illus-
trations, cloth gilt, 5s.

The Microscope. Containing Optical Images, Magnifying Glasses, Origin
and Description of the Microscope, Microscopic Objects, the Solar Micro-
scope, Microscopic Drawing and Engraving, &c. 147 lllustrations, cloib
gilt, 2s.

Popular Geology. Containing Earthquakes and Volcanoes, the Crust of
the Earth, &c. 201 lllustrations, cloth gilt, 25. &d.

Popular Physics. Containing Magnitude and Minuteness, the Atmo-
sphere, Meteoric Stones, Popular Fallacies, Weather Prognostics, the
Thermometer, the Barometer, Sound, &c. 85 lllustrations, cloth gilt, 2s. 6.

Steam and its Uses. Including the Steam Engine, the Locomotive, and
Steam Navigation. 89 lllustrations, cloth gilt, 5.

Popular Astronomy. Containing How to observe the Heavens—The
Earth, Sun, Moon, Planets, Light, Comets, Eclipses, Astronomical Influ-
ences, &c. 182 lllustrations, 4s. 6d.

The Pee and White Ants: Their Manners and Habits. With Illustra-
tions of Animal Instinctaud Intelligence. 135 lllustrations, cloth gilt, .
The Electric Telegraph Popularised. To render intelligible to all who

can Read, irrespective of any previous Scientific Acquirements, the various

forms of Telegraphy in Actual Operation. 100 Illustrations, cloth gilt,
is. &d.

Dr. Lardner’8 School Handbooks.

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr.Lardner.

328 Illustrations. Sixth Edition. One Vol., 3s. 6d. cloth.

" A very convenient class-book for Junior students in private schools. It Is Intended to convey.
In dear and precise terms, general notions of all the principal divisions of Physical Science."—
British Quarterly Review.

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardnbf.

With 190 lllustrations. Second Edition. One Vol., 3s. 6d. cloth.

“Clearly written, well arranged, and exie'lcntly illustrated."—Gardeners ChronicU.
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COUNTING-HOUSE WORK, TABLES, etc.

Introduction to Business.
LESSONS IN COMMERCE. By Professor R. C ambaro, of
the Royal High Commercial School at Genoa. Edited and Revised by James

Gault, Professor of Commerce and Commercial Law in King’s College,
London. Crown 8vo, price about 3s. 6d. [In the press.

Accounts for Manufacturers.

FACTORY ACCOUNTS: Their Principles and Practice. A
Handbook for Accountants and Manufacturers, with Appendices on the No-
menclature of Machine Details; the Income Tax Acts; the Rating of Fac-
tories; Fire and Boiler Insurance; the Factory and Workshop Acts, &c.,
including also a Glossary of Terms and a large number of Specimen Rulings.
BjrE mite Garcke and J. M. Fells. Third Edition. Demy 8vo, 250 pages,
price 6s. strqngl&/ bound. . .

« A very interesting description of the requirements of Factory Accounts. heprincl

ts. . . . the .0
ofassimilating the Factory Accounts to the general commercial books is one which we thorougﬁly
agree with."—Accountants' yournal.

"There arc few owners of Factories who would not derive great benefit from the perusal
of tills most admirable work.”—Local G<rjern>nent Chronicle.

Foreign Commercial Correspondence.
THE FOREIGN COMMERCIAL CORRESPONDENT: Being
Aids to Commercial Correspondence in Five Languages—English, French,
German, Italian and Spanish. By Conrad E. Baker. Second Edition,
Revised. Crown 8vo, 3s. 6d. cloth.
‘*Whoever wishes to correspond in all the languages mentioned by Mr. Dakcr cannot do better
than"sAtudy this work, the materials ofwhich are excellent and conveniently arranged." —Athen&um.

. careful examina bn has convinced as that it is unusually complete, well arranged and
reliable. The book is a thoroughly good one."—Schoolmaster.

Intuitive Calculations.
THE COMPENDIOUS CALCULATOR; or, Easy and Con-

cise Methods of Performing the various Arithmetical Operations required in
Commercial and Business Transactions, together with Useful Tables. By
D. O'Gorman. Corrected by Professor J. R. Young. T wentv-seventh Ed.,
Revised by C.Norris. Fcap. 8vo, 2s. 6d. cloth; or. 3s. 6d, half-bound.

« |t would be difficult to exaggerate the usefulness of a book like this to everyone engaged in
commerce or manufacturing industry."—Knowledge.

" Supplies special and rapid methods for all kinds of calculations. Of great utility to persons
engaged in any kind of commercial transactions."—Scotsman.

Modern Metrical Units and Systems.

MODERN METROLOGY: A Manual of the Metrical Units
and Systems of the Present Century. With an Appendix containing a proposed
Enelish System. By Lowis D’A. Jackson, A.M.Inst.C.E., Author of " Aid
to Survey’ Practice,” &. Large crown 8vo, 12s. 6d. cloth.

"The author has brought together much valuable and interesting information. , . . We
cannot but recommend the work."—Nature.

"For exhaustive tables of equivalent weights and measures ofall sorts, and for clear demonstra-

tions of the effects of the various systems that have been proposed or adopted, Mr. Jackson's
treatise is without a rival."—Academy.

The Metric System and the British Standards.
A SERIES OF METRIC TABLES, in which the British Stand-

ard Measures and Weights are compared with those of the Metric System at present
in Useon the Continent. By C. H. Dowling, C.E. 8vo, ios. 6d. strongly bound.
"Their accuracy has been certified by Profossor Airy, the Astronomer-Royad."—Builder.
"Mr. Dowling's Tables are well put together as a ready-reckoner for the conversion of one
system into the other."—Athenaum.

Iron and Metal Trades’' Calcidator.

THE IRON AND METAL TRADES' COMPANION. For
expeditiously ascertaining the Value ol any Goods bought or sold by Weight,
from is. per cwt. to 112s. per cwt., and from one farthing per pound to one
shilling per pound. Each Table extends from one pound to 100tons. To
which are appended Rules on Decimals, Square and Cube Rootf Mensuration
ot Superficies and Solids, &c.; also Tables of Weights of Materials,and other
Useful Memoranda. ByTnos. Downie. Strongly bound in leather, 396 pp., Ss.
" A most useful set of tables. . . . Nothing like them before existed."—Building Nnos.
" Although specially adapted to the Iron and metal trades, the tables win be found useful in
every other business In"whicn merchandise Is bought and sold by weight."—Railtcay Neux.
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Calculator for Numbers and Weights Combined.

THE NUMBER, WEIGHT AND FRACTIONAL CALCU-

LA TOR. Containing upwards of 250,000 Separate Calculations, showing at

a glance the value at 422 different rates, ranging from , I-th of a Penny to

20s. each, or per cwt., and £20 per ton, of any number of articles consecu-

tively, from 1 to 470—Any number of cwts., ars., and Ibs., from 1cwt. to 470

cwts.—Any number of tons, cwts., grs., and Ibs., from 1 to r,000 tons. By

W iltliam Chadwick, Public Accountant. Third Edition, Revised and Im-

proved. 8vo, price iSs., strongly bound for Office wear and tear.

*,* This work is specially adapted for the Apportionment of Mileage Charges
for Railway Traffic.

This comprehensive and entirely unique and original Calculator is adapted
for the use of Accountants and Auditors, Railway Companies, Canal Companiest
Shippers, Shipping Agents, General Carriers, etc.

tronfounders, Brassfounders, Metal Merchants, Iron Manufacturers,Ironmongers,
Engineers, Machinists, Boiler Makers, Millwrights, Roofing, Bridge and Girder
Makers, Colliery Proprietors, etc.

Timber Merchants, Builders, Contractors, Architects, Surveyors, Auctioneers
Valuers, Brokers, Mill Owners and Manufacturers, Mill Furnishers, Merchants and
General Wholesale Tradesmen.

*** Opinions op the Press.

“ The book contains the answers to questions, and not simply a set of Ingenious puzzle
(Dctho<I?, ofarriving at results. It is as easy of reference for any answer or any number of answers
as a dictionary, and the references are even more quickly made. For making n{)_ accounts or esti-
mates, the book must prove invaluable to all who have “any considerable quantity of calculations
involving price and measure in any combination to do.“—Ungineer.

" Tne most perfect work of the kind yet prepared."—Glasgow Herald.

Comprehensive Weight Calculator.

THE WEIGHT CALCULATOR. Being a Series of Tables
upon a New and Comprehensive Plan, exhibiting at One Reference the exact
Value of any Weight from 11b. to 15tons, at 300 Progressive Rates, from id.
to 168s. per cwt., and containing 186,000 Direct Answers, which, with their
Combinations, consisting of a single addition (mostly to I>e performed at
sight), will aflord an aggregate of 10,266,000 Answers; the whole being calcu-
lated and designed to ensure correctness and promote despatch. By Henry
Harukn, Accountant. Fourth Edition, carefully Corrected. Royal 8vo,
strongly half-bound, £1 5

A practical and useful work of reference for men of business generally ; it is the best of tho

kind we have seen.' —ironmonger. X . . .
"O f priceless value to business men. Itis a necessary book in all mercantile offices.”—She/-

field Independent. R R R
Comprehensive Discount Guide.
THE DISCOUNT GUIDE. Comprising several Series of
Tables for the use of Merchants, Manufacturers, Ironmongers, and others,
by which may be ascertained the exact Profit arising from any mode of using
Discounts, either in the Purchase or Sale of Goods, and the method of either

Altering a Rate of Discount or Advancing a Price, so as to produce, by one

operation, a sum that will realise any required profit after allowing one or

more Discounts: to which are added Tables of Profit or Advance from i| to

00 per cent., Tables of Discount from ifc to 98} per cent., aud Tables ot Com-

mission, &c., from i to 10per cent. By Henry Harben, Accountant, Author
of “ The Weight Calculator.” New Edition, carefully Revised and Corrected.
Demy 8vo, 54 pp. half-bound, £1 5s.

« A book such as this can only b« appreciated by business men, to whom the saving of rime
means saving of money. We have the nigh authority of Professor J. R. Young that tne tables
throughout the work are constructed upon strictly accurate principles.  The work Is a mode
of typographical dearness, and must prove of gTeat value to merchants, manufacturers, and
general traders."—British Trade Journal.

Ilvon Shipbuilders’ and Merchants’ Weight Tables.
1 RON-PLATE WEIGHT TABLES: For Iron Shipbuilders,
Engineers and Iron Merchants. Containing the Calculated Weights of up-
wards of 150,000 different sixes of Iron Plates, from 1 foot by 6in. by \ in. to
10 feet by 5 feet by. xin. Worked out on the basis of ao Ibs. to the square
foot of Iron of linch in thickness. Caretully compiled and thoroughly Re-
vised by H. Burlinson and W. H. Simpson. Oblong 4to, 25s. half-bound.
«This work will be found of great utility. The authors have had much practical experience

of what is wanting in making estimates; and "the use of the book will save much time In making

elaborate calculations."—English Mechanic.
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INDUSTRIAL AND USEFUL ARTS.
Soap-making.
THE ART OF SOAP-MAKING: A Practical Handbook of the

Manufacture of Hard and Soft Soaps, Toilet Soaps, etc. _ INncCludingmany New
Processes, and a Chapter on the Recovery of Glycerine from waste -
By Alexander Watt, Author of ““Electro-Metallu Practically Treated, >
&. With numerous Ilwstratios. Fourth HEdition, Revised and Enlarged.
Crown 8w, ys. 6. cloth.
«The work will prove very useful not merely to the technological student, but to the practical
soap-boiler who wishes to understand the theory of hisart."—ChemicalNnvt.
" Mr. Watt'sbook Isa thoroughly practical “treatise on an art which has almost no literature In
our language. We congratulate the author ou the success of his endeavour to till a void in English
technical literature."—Aature.

Paper Making.
THE ART OF PAPER MAKING : A Practical Handbook of the

Manufacture of Paper from Rags, Esparto, Straxo and other Fibrous M aterials,
Including the Manufacture of Pulp Irom Wood Fibre, with a Description of
the Machinerg and Appliances used. To which are added Details of
Processes for Recovering Soda from Waste Liquors. By Alexander Watt.
With Illustratios. Crown Swo, ys. 64. cloth.

“This book is succinct, lucid, thoroughly practical, and includes everything of interest to tho

modem paper maker. It fs the latest, most practical and most complete work on the paper-making
art before the British public/'—Paper Rcwnt. i . .

't may_be regarded as the standard work on the subgect The book is full of valuable in-
fonnation. “The *Art of Paper-making.' is in every respect a model of a text-book, either for a
technical class or for the private student"—Paper and Printing- Trad's Journal,

* Admirably adapted for general as well as ordinary technical reference, and as a handbook
for students in” technical education maybe warmly commended."—The Paper Maker's Monthly
Journal.

Leather Manufacture.

THE ART OF LEATHER MANUFACTURE. Being a

Practical Handbook, in which the Operations of Tanning, Curi ingi, and

Leather Dressing are fully Described, the Principles of Tanningr%xp ained

and many Receut Processes introduced. By Alexander Watt, Author of

.S.MS)O —M?légqng," &c. With numerous illustrations. Second Edition. Crown
, 6. cloth.

«+A sound, comprehensive treatise on tanning and Its accessories. This book is an eminently

valuable production, which redounds to the credit of both author and publishers.*—Chemical
V,evietv.

+This volume Is technical without being tedious, comprehensive and complete without being
orosy, and it bears on every page the impress of n master hand. We have never come across a
better trade treatise, nor one that so thoroughly supplied an absolute want."—Shoe and Leather
Trades’ Chronicle.

Boot and Shoe Making.

THE ART OF BOOT AND SHOE-MAKING. A Practical
Handbook, including Measurement, Last-Fitting, Cutting-Out, Closing and
Making, with a Description of the most approved Machinery employed.
ByJohn B. Lend, late Editor of st. crispin, @nd The Boot and Shoe-Maker.
With numerous Illustrations. Third Edition, umo, cs. cloth Iirrg.

«This excellent treatise Is by far the best work ever written on the subject. new work,
embracing all modern improvements, was much wanted. This want is now satisfied. The chapter
on clicking, which show* now waste may be prevented, will save fifty times the price of the book.”
—Scottish Leather Trader.

Dentistry.

MECHANICAL DENTISTRY: A Practical Treatise on the

Construction ofthe various kinds of. A rtificial Dentures. Comprising alsoUse-

ful Formulae, Tables and Receipts for Gold Plate, Clasps, Solders, &c. &c.

By Chartes Hunter. Third Edition, Revised. With upwards of 100

Wood Engravings. Crown 8wo, 3. 64. cloth.

*The workis very practical’—Monthly Revino ofDental Surgery.

“ Wc can stronPIy recommend Mr. Hunter's treatise to all students preparing for the profession
of dentistry, as well'as to every mechanical dentist."—Dublin Journaloj Medual Science.
Wood Engraving.

WOOD ENGRAVING: A Practical and Easy Introduction to the

Study of the Art. By William Norman Brown. Second Edition. With

numerous Illstratias.  i2to, is. Gi. cloth limp.

«The book is clear and complete, and will be useful to anyone wanting to understand the first
elements of tho beautiful art of wood engraving."—Graehic.
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HANDYBOOKS FOR HANDICRAFTS. By PAUL N. HASLUCK.

Metal Turning.
THE METAL TURNER'S HANDYBOOK. A Practical Manual
for Workers at the Foot-Lathe: Embracing Informatlm on the Tools
Appliances and Processes emEoned in Metal Tuming. ul N. Ha
tuck, Author of * Lathe-Worl With upwards of One Hundred IIILst]a—
Has. Second Edition, Revised. _Crown Bw, zs. cloth.
“Cleartyand aociselywritten, ecellat ineveryway.~ v tchanical W orld

Wood Turning.
THE WOOD TURNER'S HANDYBOOK. A Practical Manual
for workers at the Lathe: Embracing Information on the Tools, Appliances
and Processes Employed in Wood Tuming. By Paul N. Hasluck. With
upNards of One, Hundred IIILsuatlcm Crown 8w, |s cI

hnterto nwain IE’:Ps:ry r have

7A\eehan|cu\WoHd

WOOD AND METAL TURNING. By P. N. Hasluck.
the Two preoedlngd\éols bound mgether) 300 pp ,with upwards of

2? jstrations, crown 3. 6. cloth

Wwdtch liepairing.
THE WATCH JOBBER'S HANDYBOOK. A Practical Manual
on Cleaning ,Repairing and Adjusting. Embracing Information on the Tools,
Veterials, liances and Processes Employed inWatchwork. By Paul N,
lll—Alalsluck. ith upward‘?‘ggge Hungdgjalg IILstrg?d m%%t(,:g]mﬂ?at

demnegfg ,glremswew:)rk "—C Urkrnwell Chronicle.

Clock liepairing.
THE CLOCK JOBBER'S HANDYBOOK: A Practical Manual
on Cleaning. Repairing and Adjusting. Embracing Information on the Tools,
Meterials, liances and P ra:essesEmployed in Cloclq/vork By Paul N.
Hasluck, Withupwards of 100 Illustrations. cl
**Of inestareblle service to those commenciing the —Ccvenlry Standard.

WATCH AND CLOCK JOBBING. By P. N. Hasluck.

%B'ﬁm the Two preceding \ols. bound mgether) 320 pp., with upwards of
Ilustrations, crown Bwo, 3. &

Pattern Making,
THE PATTERN MAKER'S HANDYBOOK. A Practical
Manual , embracing Information on the Tools. Materials and Appliances em-
loyed in Constructing Patterns for Founders. By Paul N. Hasluck.
ith One Hundred Hllustratias. Crown 8vo, . cloth.

_%This volure antairs sound informatian of arsicereble \elle © studnts and
atifias’> Hardware Trades Journal.

Mechanical Manipulation.
THE MECHANIC'S WORKSHOP HANDYBOOK. A Practical

Manual on Mechanical Manipulation. Embracing Information on various
Handlcraft Processes, with useful Notes and Miscellaneous Memoranda.

By _Paul N Hasluck Crown 8vo, as. cl
|¥ ich shouldbe m@g%m & ks one vhich vill be antinally
\eygsat = Saturday Review.

Model Engineering.
THE MODEL ENGINEER'S HANDYBOOK: A Practical
Manual on Model Steam Engines. Embracing Information on the Tools,
Materials and Processes Employed in their Construction. Bi/ Paul N.
Hastuck, With upwards of 100 Illustrations. Crown 8w, . cloth.
-| m%dﬁm,mmma y pick up an ecelleit rotian of the aon-
INEs." Telegraphic Journal.

Cabinet Making.
THE CABINET WORKER'S HANDYBOOK: A Practical
Manual , embracing Information on the Tools, Materials, Appliances arg]df

Processes emplogged in Cabinetwork. By Pait N. Hasluck, Author
“Lathe Work With upwards of too Illustrations. Crown 8w, zs

0 iy prectical thragout. The ugattau vorker Inviood vill-fird SEHASE Vi
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Electrolysis of Gold, Silver, Copper, etc.
ELECTRO-DEPOSITION: A Practical Treatise on the Electrolysis
of Gold, Silver, Copper, Nickel, and other Metals and Alloys. With descrip-
tions of Voltaic Batteries, Magneto and Dynamo-Electric Machines, Ther-
mopiles, and of the Materials and Processes used in every Department of
the Art, and several Chapters on Elcciro-Metallurgy. By Aitlexander
Watt. Third Edition, Revised and Corrected. Crown 8vo, Ss. cloth.
*Eminently a book for the practical worker In electro-deposition. It contains practical

descriptions of methods, processes and materials as actually pursued and used in the workshop."
—Engineer.

Electro-Metallurgy.

ELECTRO-METALLURGY; Practically Treated. By Alexander
W att, Author of “ Electro-Deposition,” &. Ninth Edition, Enlarged and
Revised, with Additional Illustrations, and including the most recent
Processes, iamo, 45. cloth boards.

"From this book both amateur and artisan uiay learn everything necessary for the sueccssfu
prosecution of electroplating."—ron,

Electroplating.

ELECTROPLATING : A Practical Handbook on the Deposi-
tion of Copper, Silver, Nickel, Gold, Aluminium, Brass, Platinum, See. Btc.
With Descriptions of the Chemicals, Materials, Batteries and Dynamo
Machines used in the Art. By J. W. Urquhart, C.E. Second Edition, with
Additions. Numerous lllustrations. Crown 8vo 55 cloth.

" An excellent practical manual."—Engineering.

" An excellent work, giving the newest information.”"—Horological Journal.

Electrotyping.
ELECTROTYPING : The Reproduction and Multiplication of Print-
ing Surfaces and Works of Art by the Electro-deposition of Metals. By J. W.
Urquhart, C.E. Crown 8vo, 5. cloth.
" The book is thoroughly practical. The reader is, therefore, conducted through the leading
aws of electricity, then through the inctals used by electrotypere, the api>aratus, and the depositing
processes, up to the bnal preparation of the work."—Art Journal.

Horology.
A TREATISE ON MODERN HOROLOGY, in Theory and Prac-

tice. Translated from the French of Claudius Saunier, by lulien T rip*
plin, F.R.A.S., and E dward Rigg, M.A., Assayer in the Royai Mint. With
78 Woodcuts and 22 Coloured Plates. Second Edition. Royal 8vo, £2 25
cloth ; £2 10s. half-calf.

_ " There is no horological work in the English Ian?ugige at all to be compared to this produc-
tion of M. Saunter's for clearness and completeness. Tt is alike good as a guide for the student and
as a reference for the experienced horologist and skilled workman,“—/Ilorological Journal.

" The latest, the most complete, aud the most reliable of those literary productions to which
continental watchmakers are_indebted for the mechanical superiority over their English brethren
—infact, the Hook of Hooks, is M. Sauuicr's' Treatise.""—Watchmaker, JewellerandSilversmith.

Watchmaking.
THE WATCHMAKER'S HANDBOOK. A Workshop Com-
panion for those engaged in Watchmaking and the Allied Mechanical Arts.
From the French of Claudius Saunier. Enlarged by Julikn Tripplin,
F.R.A.S., and Edward Rigg, M.A., Assayer in the Royal Mint. Woodcuts
and Copper Plates. Third Edition, Revised. Crown 8vo, 9. cloth.
" Each part is truly a treatise in itself. The arrangement is good and the language is clear and
concise. _ It'is an admirable guide for the young watchmaker."—Engineering.
“ It is impossible to speak too highly of its excellence. It fulfils every requirement in a hand-
bookl* intended for the use of a workman."—Watch and Clockmaker.

his book contains an immense number of Bractica] details bearing on the daily occupation
ofa watchmaker.W atchm aker and Metalworker (Chicago}.

Goldsmiths’ Work.

THE GOLDSMITH'S HANDBOOK. By George E. Geh,

Jeweller, &c. Third Edition, considerably Enlarged. i2mo, 3s. 6d. cl. bds.

A good, sot nd educator, and will be accepted as an authority."—Horological Journal.

Silversmiths’ Work.

THE SILVERSMITH'S HANDBOOK. By George E. Gee.

Jeweller, &c. Second Edition, Revised, with numerous lllustrations, iamo,

3s. &d. cloth boards.

«» Workers in the trade will speedily discover its merits when they sit down to study it."—
English Mechanic:.

The above two works together, strongly half-bound, price 7s.
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Bread and Biscuit Bakiny.

THE DREAD AND BISCUIT BAKER'S AND SUGAR-

soiLer's aAssisTanT. Including a large variety of Modern Recipes.

With Remarks on the Art of Bread-making. By Robert Wells, Practical
r. Second Edition, with Additional ipes. Crown 8w, is. clath.

* A large number of wrinkles for the ordinary cook, as well as the baker."—SatHrdmy Review.

Confectionery.

THE PASTRYCOOK AND CONFECTIONER'S GUIDE.
For Hotels, Restaurants and the Trade In ral, adapted also for Family
Use. By Robert Wells. Author of “The Bread and Biscuit Bakers and
Sugar Boilers Assistant.” Crown 8w, 2s. cloth.
" We cannot speak too highly of this really excellent work. In these days of keen competition
our reader* cannot do better than purchgse tills book."—Rakers' Times.
Ornamental Confectioncry.
ORNAMENTAL CONFECTIONERY: A Guide for Bakers.
Confectioners and Pastrycooks; including a variety of Modem Recipes, and
Remarks on Decorative and Coloured Work. With 129 Original ﬁigns.
By Robert Wells. Crown 8vo, 55. cloth.
"A valuable work, and should be in the hands or every baker and confectioner. The Illus-
rativc designs are alone worth treble the amount charged for the whole work."- Bakers' limes.

Flour Confectionery.

THE MODERN FLOUR CONFECTIONER. Wholesale and
Retail. Containing a Iaﬁ@ol lection of Recipes for Cheap Cakes, Bisuuits,
Ac. With Remarks on Ingredients used in treir Manufacture, &c. By
R. Wells, Author of ""Ornamental Corfectionery,”" “The Bread and Biscuit
Baker," "' The Pastrycooks Guide,”&. Crown 8w, &s. cloth.

Laundry Work.

LAUNDRY MANAGEMENT. A Handbook for Use in Private
and Public Laundries, Irx:lujing%NDescriptiveAccountsoi Modern Machinery
and Appliances for Laund ork. By the Editor of “"The Laundry
Jourmal.”" With numerous Illustratias.  Crown 8vo, 2s.04. cloth.

CHEMICAL MANUFACTURES & COMMERCE.

New Manual of Enyineeriny Chemistry.
ENGINEERING CHEMISTRY : A Practical Treatise for the
Use of Amalytical Chemists, Engineers. Iron Masters, Iron Founders,
Students, and others. Comprising Methods of Analysis and Valuation of the
Principal Materials used in Engineering Work, with numerous Anal .
Examples, and S.g?estlons _ By H. Joshua Phittips, F.I.C., F.CS.,
Amlytlmf and Consul'ting Chemist 1o the Great Easterm Railway. Crown 8vo,
320 pp., with Hllustratias, ioj. cut. Cloth. «SFpublished.

Ininis work tre nuthor hesrendered no srall sarviice toa, nUMerous !>ody of practical men.
. . . The analytical methods may be pronounced most satisfactory, being as accurate as the
despatch required of engineering chemists permits.*—Chemical News.

Analysis and Valuation of Fuels,

FUELS; SOLID, LIQUID AND GASEOUS, Their Analysis
and Valuation. For the Use of Chemists and Engineers. By H. J. Phillips,
F.C.S., Analytical and Consulting Chemist to the Great Eastern Railway.
Crown 8wo, 3. 6. cloth.
" Ought to have its place in the laboratory' of every metallurgical establishment, and wherevei
fuel is used on a large scale.s’ Chemical News.
« Cannot fall to be of wide interest, especially tit the present time."—Railway News.

Alkali Trade, Manufacture of Sulphuric Acid, etc,

A MANUAL OF THE ALKALI TRADE, including the
Manufacture ofSLélggmuric Acid, Suggzhate of Soda, and Blea_ching Powder .
By John Lomas. pages. With Hlustrations and Working Drawings.
Second Edition. Royal 8w, 1 10s. cloth.
_ "This book is written by a manufacturer for manufacturers. The working details of the most
ipprovod forms of_aﬁparatus are glven, and these are accompanied by no less than wood en
~ravings, all of which' may be used for the purposes of construction.”- Athemrum.



AGRICULTURE, FARMING, GARDENING, etc.

The Blowpipe.
THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND
ceoLocy. Containingall known Methods ofAnhydrous Amlysus Work—
ing Examples, and Instructions for Making Apparatus. By Lieut. —00) W.
Ross, R.A.  With 120 Illsstratios. New Edition. Crown 8w, &com

Th ﬁm mg; ?]m %mﬁgﬂgaebddmn %!na
mmm;g‘“'”:;%% any humber of ea@ininehons ntrel cm%’its. Chemical News.
Commercial Chemlcal Analysis.

THE COMMERCIAL HANDBOOK OF CHEMICAL ANA-
LYSIS; or. Practical Instructions lor_the determination ol the Intrinsic or
Commercial Value of Substances used in Manufactures.Trades, and the Arts.

§A Normand New Edltlmbyﬂ;%ngw}(\lj(ia%gl?s Cr. S\D %l\g’]

WTHEN. = Mature.
Brewm
A HANDBOOK FOR YOUNG BREWERS. By Herbert
Edwards Wright, B.A. New Edition, much Enlarged. [In the press.

Dye-Wares and Colours.
THE MANUAL OF COLOURS AND DYE-WARES : Their
Properties, lications, VaILatlon rities, and istications. For the
use of AppPr r%rs See. Bys:(]Jph Slater. Second
Edition, Revised and greatly Enlarged Crown 8v0, &. &. cloth.
encyclopaedia of the materia tinctoria, The information given respecting each

msﬁrﬁpremse and the methods of determining the value of articles such as these, so
lble o aregiven WIth clearness, and are practical as well as valuable.”—Chemist

and Druggist.
“There_iBnQ other work which covers precisely the same ground. To students preparing
for eaminations indyeing and printing it will prove exceedingly useful.”—Chemical News.

Pigments.
THE ARTIST'S MANUAL OF PIGMENTS. Showing
their Composition, Conditions of Permanency. Non-Permanency, and Adul-
terations; Effects in Combination with Each Other and with Vehicles ; and
the most Reliable Tests of Purity. By H. C. Standage Second Edition.

.Crown 8w, . cd. cloth.
'I'hlsworkus indeed mu/rnm-in-fiat-i>o, and wo can, with good conscience, recommend it to
allwho come incontact with pigments, whether as makers, dealers or users."— Chemical Review.

Gauging. Tables and Hales for Revenue Officers,
Brewers, et
A POCKET BOOK OF MENSURATION AND GAUGING :
Containing Tables Rules and Memoranda for Revenue Officers, Brewers,
irit Merchants, By J B. Mantélnland Revenue) . Second Edition
ised. Oblong |8mo elastic band

"Thishandy and useful book is ada ted to the requirements of tho Inland Revenue Depart-
nmt and will be a favourite book of reference."—Civilian.
Should be in the bands of every practical brower."—Brewers’ Journal.

AGRICULTURE, FARMING, GARDENING, etc.

Touatt and Burn’s Complete Grazier.
THE COMPLETE GRAZIER, and FARMER'S and CATTLE-
BREEDER'SASSISTANT. IncludlnglheBreedlr&g Rearing, and Feeding
of Stock ; Management of the Dairy, Culture and Management of Grass
Land, and of Grain and Root Crops, &. By W. Youatt and R. Scott
Burn. An entirely New Edition, partl Re-writlen and Iy Enl
W. Fream, B.Sc.Lond., LL.D. In medlum&m about 1, [/*thepress

Agricultural Facts and Figures,
NOTE-BOOK OF AGRICULTURAL FACTS AND FIGURES
FOR FARMERS AND FARM STUDENTS. BYyPrimrose McConnell,
late Professor of Agriculture, Glasgow Veterinary Oollege Third Edition.
Royal 3200, 4s. leather.

« The most coinnlete and comprehensive Note-book for Farmers and Farm Students that we
have seen. It Ilteral)/ teems with information, and wo can cordia \\}recommend it to all connected

with agrcuilture. *—N<?rth British Agriculturist.



36 CROSBY LOCKWOOD & SON'S CATALOGUE.

Flour Manufacture, Milling, etc.

FLOUR MANUFACTURE: A Treatise on Milling Science
and Practice. By Friedrich Kick, Imperial Regierungsratb, Professor of
Mechanical Technology in the Imporial German Polytechnic Institute,
Prague. Translated from the Second Enlarged and Revised Edition with
Supplement. By H. H. P. Powlibs, AM.I.C.E. Nearly 400 pp. llinstratcd
witn 28 Folding Plates, and 167 Woodcuts. Royal 8vo, 25s. cloth.

" This valuable work Is. and will remain, the standard authority on the science of miIIin?. .
The miller who has read and digested this work will have laid the foundation, so to speak, of a suc-
cessful career ; he will have acquired a number of general principles which he can proceed to
apply. _In this handsome volume we at last have the accepted text-book of modern millingin good,
sound English, which has little, if any, trace of the German idiom."—The Miller. ;. .

" The appearance of this celebrated work in Eng[lsh is very opportune, and British millers
will, we arc sure, not be slow in availing themselves of its pages."—Millers' Gazette.
Small Farming.
SYSTEMATIC SMALL FARMING: or. The Lessons of my
Farm. Beingan Introduction to Modern Farm Practice for Small Farmers
in the Culture of Crops; The Feeding of Cattle; The Management of the
Dairy, Poultry and Pigs, Sic. &. ByRobert Scott Burn, Author of “ Out-
lines of Landed Estates' Management.” Numerous Musts., cr. 8vo, fw.clolh.
_“ This is the completest book of its class wc have seen, and one which every amateur farmer
will read with pleasure and accept as a guide."—EieLt. . o

"The volume contains a vast amount of useful Information. No branch of farming is le't
untouched, from the labour to be done to the results achieved. It may be safely recommended to
all who think they will be in paradise when they buy or rent a three-acre farm."—Glasgow Herald.
Modern Farming.

OUTLINES OF MODERN FARMING. By R. Scott Burn.
Soils, Manures, and Crops—Farmingand Farming Economy—Cattle, Sheep,
and Horses — Management of Dairy, Pigs and Poultry — Utilisation of
Town-Sewage, Irrigation, &c. Sixth Edition. In One Vol,, 1,250 pp., half-
bound, profusely Illustrated, 12s.

“ The aim of the author lias been to make his work at once comprehensive and trustworthy,
and in this aim he lias succeeded to a degree which entitles him to much credit."—Morning
Advertiser. " No farmer should be without this book."—Banbury Guardian.
Agricultural Engineering.

FARM ENGINEERING. THE COMPLETE TEXT-BOOK OF.
Comprising Draining and Embanking; Irrigation and Water Supply; Farm
Hoads, Fences, and Gates; Farm Buildings, their Arrangement and Con-
struction, with Plans and Estimates; Barn Implements and Machines; Field
Implements and Machines; Agricultural Surveying, Levelling, &. By Prof.
John Scott, Editor of the “ Farmers’ Gazette,” late Professor of Agriculture
and Rural Economy at the Royal Agricultural College, Cirencester, Btc. Sic.
In One Vol,, 1,150 pages, half-bound, with over 600 Illustrations, 15

+Written with great care, as well as with knowledge and ability. The author has done his
work well; we have found him a very trustworthy guide wherever we have tested his statements.
The volume will I>e of great value to agricultural students,"—AfarA Lane Express. .

" For a young agriculturist we know of.no handy volume likely to be more usefuDy studied.
—Bell’s IVeekly Messenger.

English Agriculture.

THE FIELDS OF GREAT BRITAIN: A Text-Book of

Agriculture, adapted to the Syllabus of the Science and Art Department.

For Elementary and Advanced Students. By Hugh Clements (Board of

Trade). Second Ed., Revised,with Additions. i8mo, 2s. 6d. cl.

"A most comprehensive volume, giving a mass of information."—Agricultural Economist.

" It is a long time since we have seen a book which has pleased us more, or which contains
such a vast and useful fund of knowledge."—Educational Times.

Tables for Farmers, etc,

TABLES, MEMORANDA, AND CALCULATED RESULTS

Jor Fanners, Graziers, Agricultural Students, Surveyors, Land Agents Auc-

tioneers, etc. With a New System of Farm Book-keeping. Selected and
Arranged by Sidney Francis. Second Edition, Revised. 272 pp., waist-
coat-pocket size, is. 6). limp leather.

“ Weighing less than 1 oz., and occupying no more space than a match box, it contains a_mass
of facts and calculations which has never before, in such handy form, been obtainable. . Every
operation on the farm is dealt with. The work may be taken as thoroughly accurate, the whole ot
the tables having been revised by Dr. Frcam. ~Wc cordially recommend it."—Bell’s IVeekly
Messenger.

" A marvellous little book. . . . The agriculturistwho possesses himself of it will not be
disappointed with his investment."—The Farm.
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Farm and Estate Book-keeping.
BOOK-KEEPING FOR FARMERS & ESTATE OWNERS.
A Practical Treatise, presenting, in Three Plans, a System adapted for all
Classesof Farms. By Johnson M.W oodman, Chartered Accountant. Second
Edition, Revised. Cr. 8vo, 3s. 6d. cl. bds.; or 2s. &d. cl. limp.
" The volume is a capital study of a most important subject."—Agricultural Gazette.
_ "Will be found of great assistance by those who intend to commence a system of book-keep-
ing, the author’s examples being clear and explicit, and his explanations, while full and accurate,
being to a large extent free from technicalities.”"—Live Stock Journal.

Farm Account Book.
WOODMAN'S YEARLY FARM ACCOUNT BOOK. Giving
a Weekly Labour Account and Diary, and showing the Income and Expen-
diture under each Department of Crops, Live Stock, Dairy, &c. &. With
Valuation, Profit and Loss Account, and Balance Sheet at the end of the
Year, and an Appendix of Forms. Ruled and Headed for Entering a Com-
plete Record of the Farming Operations. By Johnson M. Woodman,
Chartered Accountant. Folio, 75. 6J. half bound. . [culture.

"Contains every requisite form for keeping farm accounts readily and accurately."—Agri-

Early Fruits, Flowers and Vegetables. )
THE FORCING GARDEN; or, How to Grow Early Fruits,
Flowers, and Vegetables. With Plans and Estimates for Building Glass-
houses, Pits and Frames. By Samukl Wood. Crown 8vo, 3s. 6d. cloth.

" A good book, and fairly fills a place thatwas in some degree vacant. The book iswritten with
great care, and contains a great deal of valuable teaching."—Gardeners' Magazine.
“* Mr. Wood's book is an original and exhaustive answer tothe question " How to Grow Early

Fruits, Flowers and Vegetables!” "—Land and H'ater.

Good Gardening.
A PLAIN GUIDE TO GOOD GARDENING ; or, How to Grow
Vegetables, Fruits, and Flowers. With Practical Notes on Soils, Manures,
Seeds, Planting, Laying-out of Gardens and Grounds, &c. By S. Wood.
Fourth Edition, with numerous lllustrations. Crown 8vo, 3s. 6d. cloth.
“ A very good book, and one to be highly recommended as a practical guide. The practical
directions are excellent."—Atheneeum. .
_" May be recommended to young gardeners, cottagers, and specially to amateurs, for the
plain, simple, and trustworthy information it gives on common matters too often ncgiectc<L'—
Gardeners' Chronicle.

Gainful Gardening.
MULTUM-IN-PARVO GARDENING; cr, How to make One
Acre of Land produce £620 a-year by the Cultivation of Fruits and Vegetables;
also, How to Grow Flowers in Three Glass Houses, so as to realise £176 per
annum clear Profit. By S. Wood. Fifth Edition. Crown 8vo, is. sewed.

"W e are bound to recommend it as not only suited to the case of the amateur and gentleman's
gardener, but to the market grower."—Gardeners’ Magazine.

Gardening for Ladies.
THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN,
and Amateurs' Complete Guide. By S. W ood. With Illusts. Cr.8vo, 3s. 6d. cl.

" This volume contains a good deal of sound, common sense instruction."—Florist.
" Full of shrewd hints and useful instructions, based on a lifetime of experience.”—Scotsman.

Receipts for Gardeners.
GARDEN RECEIPTS. By C.W. Quin. i2mo, is. 6J. cloth.
" A useful and handy book, containing a good deal of valuable information."—Athencrum.
Market. Gardening.
MARKET AND KITCHEN GARDENING. By Contributors
to “The Garden.” Compiled by C. W. Shaw, late Editor of "Gardening

Ilustrated."” 121110 3s. 6d. cloth boards.
" The most valuable compendium of kitchen and market-garden work published.”—Fartner.

Cottage Gardening.
COTTAGE GARDENING ; or. Flowers. Fruits, and Vegetablesfor
Small Gardens. By E. Hobday. Z2mo, is. 6d. cloth limp.

Potato Vulture.
POTATOES: How to Grow and Show Them. A Practical Guide

to the Cultivation and General Treatment of the Potato. By James Pink.
Second Edition. Crown 8vo, 2S. cloth.
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LAND AND ESTATE MANAGEMENT, LAW, etc.

Hudson’s Land Valuer’'s Pocket-Book.

THE LAND VALUER'S BEST ASSISTANT: Being Tables
on a very much Improved Plan, for Calculating the Value of Estates. With
Tables tor reducing Scotch, Irish, and Provincial Customary Acres to Statute
Measure, &. By R. Hudson, C.E. New Edition. Royal 31010, leather,
elastic band, 41,

"This new edition includes tables for ascertaining the value of leases for any term of years ;
and for showmg how to lay out plots ofground of certain acres in forms, square, round, &cMwith
valuable rules for ascertaining the probable worth of standing timber to any amount; and is of
incalculable value to the country gentleman and professional man."—Farmers” Journal.

Ewart’s Land Improver’s Pocket-Book.

THE LAND IMPROVER'S POCKET-BOOK OF FORMULA,
TABLES and MEMORANDA required in any Computation relating to the
Permanent Improvement of Landed Property. Bylohn Ewart, Land Surveyor
and Agricultural Engineer. Second Edition, Revised. Royal 34010, oblong,
leather, gilt edges, with elastic baud, 4.

"A compendious and handy little volume."—Spectator.

Complete Agricultural Surveyor’s Pocket-Book.

THE LAND VALUER'S AND LAND IMPROVER'S COM-

PLETE POCKET-BOOK. Consisting of the above Two Works bound to-

gether. Leather, gilt edges, with strap, 7s. &d.

" Hudson's book Is the best ready-reckoner on matters relating to the valuation of land and
crops, and its combination with Mr. Ewart’'s work glreatly enhances the value and usefulness of the
latter-mentioned. ... It Ismost useful as a manual for reference."—North <ifEngland Partner.

Auctioneer’s Assistant.

THE APPRAISER,AUCTIONEER. BROKER, HOUSE AND

ESTATE AGENT AND VALUER'S POCKET ASSISTANT, lor theValua-

tion for Purchase, Sale, or Renewal of Leases, Annuities and Reversions, and

of property generally; with Prices for Inventories, &c. BvJohn Wheeler,

Valuer, &c. Fifth Edition, re-written and greatly extended by C. Norris,

Surveyor, Valuer, &c. Royal 32mo, 3s. cloth.

_ " A neatand concise book of reference, containing an admirable and clearly-arranged list of

prices for inventories, and a very practical guide to determine the value of furniture,Ac."—Standard.

“ Contains a large quantity of varied and useful information as to the valuation for purchase,

sale, or renewal of leases, annuities and reversions, and of property generally, with prices for
inventories, and a guide to determine the value of interior fittings and other effects."—Builder.

Auctioneering.
AUCTIONEERS: THEIR DUTIES AND LIABILITIES.

A Manual of Instruction and Counsel for the Young Auctioneer. By Robert
Squibbs, Auctioneer. Second Edition, Revised and partly Re-written. Demy
8vo, izs. &d. cloth.

"The position and duties of auctioneers treated compendiously and clearly."—Builder.

"Every auctioneer ought to possess a copy of this excellent work."—ronmonger.

" Of great value to the profession. . . . We readily welcome this book from the fact that It
treats tho'subject in @ manner somewlut new to the profession."—Estates Gazette.

Legal Guide for Pawnbrokers.

THE PAWNBROKERS', FACTORS' AND MERCHANTS'
GUIDE TO THE LAW OF LOANS AND PLEDGES. With the
Statutes and a Digest of Cases on Rights and Liabilities, Civil and Criminal,
as to Loans and Pledges of Goods, Debentures, Mercantile and other Se-
curities. By H. C. Folkard, Esa., Barrister-at-Law, Author of “ The Law
of Slander and Libel,” &. With Additions and Corrections. Fcap. 8vo,
35. 6d. cloth.

" This work contains simply everything that requires to be known concerning the department
of thelaw of which it treats. We can safely commend the book as unique and very nearly perfect.’
—lron.

"The task undertaken by Mr. Folkard has lieen very satisfactorily performed. . . . Such ex-
planations as are needful have been supplied with great dearness ana with due regard to brevity.
city Press.
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Law of Patents.

PATENTS FOR INVENTIONS, AND HOW TO PROCURE
THEM. Compiled for the Use of Inventors, Patentees and others. By
G. gd M. Hardingham, Assoc.Mem.Inst.C.E., &. Demy 8vo, cloth, price
25. .

Metropolitan Rating Appeals.
REPORTS OF APPEALS HEARD BEFORE THE COURT
OF GENERAL ASSESSMENT SESSIONS, from lhe Year r87t to 1B&5.
By E dward Ryde and Arthur Lyon Ryde. Fourth Edition, brought down
to the Present Date, with an Introduction to the Valuation (Metropolis) Act,
i860, and an Appendix by Walter C. Ryde, of the Inner Temple, Barrister-
at-Law. 8vo, 16s. cloth.
" A useful work, occ_upé/ing a place mid-way between a handbook for a lawyer and a guide to
the surveyor. It iscompiled by a gentleman eminent in_his profession as a land agent, whose spe-
Rslttry{tslt is acknowledged, lies'i the direction of assessing property for rating purposes."—Land

" Itisan inﬂispensable wo of reference for all engaged in assessment business."—Journal
of Gas Lighting.

Mouse Property.
HANDBOOK OF HOUSE PROPERTY. A Popular and Practi-

cal Guide to the Purchase, Mortgage, Tenancy, and Compulsory Sale of
Houses and Land, including the Law of Dilapidations and Fixtures; with
Examples of all kinds of Valuations, Useful Information on Building, and
Suggestive Elucidations of Fine Art. By E. L. Tarbuck, Architect and
Surveyor. Fourth Edition, Enlarged. i2mo, 5s. cloth.

" The advice is thoroughly practical."—L_aw Journal. = . .

“ For all who have dealings with house property, this is an indispensable guide.”—Decoration.

“ Carefully brought uﬁ to date, and much unproved by the addition of a division on fine art.

" A well-written and thoughtful work."—Land Agents Record.

Inwood’s Estate Tables.

TABLES FOR THE PURCHASING OF ESTATES, Freehold,
Copyhold, or Leasehold; Annuities, Advowsons, etc., and for the Renewing of
Leases held under Cathedral Churches, Colleges, or other Corporate bodies,
for Terms ol Years certain, and for Lives j also tor Valuing Reversionary
Estates, Deferred Annuities, Next Presentations, &c.; together withSmart's
Five Tables of Compound Interest, and an Extension of the same to Lower
and Intermediate Rates. By W. Inwood. 23rd Edition, with considerable
Additions, and new and valuable Tables of Logarithms for the more Difficult
Computations of the Interest ot Money, Discount, Annuities, &c., by M. Fedor
T homan, of the Sg%iety Cred;]tﬂMsta?lbiIé?r of Pagnsdl (‘:;ggn 8vo, 8s.fcloth. i
“Thosei in e n ustient of on
cases, aswell asin ham'a%rigﬁsemu'ﬁes Ue imjmm &c., will fid the pxsentwmof
eminent service."—Engineering. X . A
" " Inwood's Tables' still maintain a most enviable reputation. The new Issue has been enriched
b){ large additional contributions by M. Fedor Thoman, whose carefully arranged Tables cannot
fall to do of the utmost utility."—Mining Journal.
Agricultural and Tenant-Right Valuation.
THE AGRICULTURAL AND TENANT-RIGHT-VALUER'S
ASSISTANT. A Practical Handbook on Measuring and Estimating the
Contents, Weights and Values of Agricultural Produce and Timber, the
Values of Estates and Agricultural Labour, Forms of Tenant-Right-Valua-
tions, Scales ot Compensation under the Agricultural Holdings Act, 1883
&c. &c. ByT om Bright, Agricultural Surveyor. Crown 8vo, 3s. 6d. cloth.
" Full of tables and exqmgles in connection with the valuation of tenant-right, estates, labour,
.-ontents, and weights of timber, and farm produce of all kinds."—Agricultural Gasrttc.
" An eminently practical handbook, full of practical tables and data of undoubted interest and
value to surveyors'and auctioneers in preparing valuations of all kinds."—Farmer.
Plantations and Underwoods.
POLE PLANTATIONS AND UNDERWOODS: A Practical
Handbook on Estimating the Cost of Forming, Renovating, Improving and
Grubbing Plantations and Underwoods, their Valuation for Purposes ot
Transfer, Rental, Sale or Assessment. By Tom Bright, F.S.Sc., Author ot
“The Agricultural and Teuaut-Right-Valuer's Assistant,” &c. Crown Svo,
3s. &d. cloth. lust published.
“ Will be found very useful to those who are actually engaged in managing wood."—Beils
Week_lly Messenger. o . . i i
“ To valuers, foresters and agents it will be a welcome aid.”—North British Agriculturist.
"Well calculated to assist the valuer in the discharge of his duties, and of undoubted interest
and use both to surveyors and auctioneers in preparing valuations of all kinds.”  Kent Herald.
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A Complete Epitome of the Laws of this Country.

EVERY MAN'S OWN LAWYER: A Handy-Book of the
Principles of Law and Equity. By ABarrister. Twenty-ninth Edition.
Revised and Enlarged. Including the Legislation of 1891, and including
careful digests of The Tithe Act, 1891; the Mortmain and Charitable Uses
Act, 1891; the Charitable Trusts (Recovery) Act, 1891; the Forged Transfers
Act, 1891; the Custody of Children Act, 1891; the Slander of Women Act,
1891; the Public Health (London) Act, 1891; the Stamp Act, 1891; the
Savings Bank Act, 1891; the Elementary Education (* Free Education ™) Act,
1891; the County Councils (Elections) Act, 1891; and the Land Registry
(Middlesex Deeds) Act, 1891; while other new Acts have been duly noted.
Crown 8vo, 633 pp., price 6s. 8. (saved at every consultation!), strongly
bound in cloth. [Just published.

\* THE BOOK WILL BE FOUND TO COMPRISE (AMONGST
OTHER MATTER)—

The rights and Wrongs of individuals—landlord and Thnant- vundoRs
and purchasers—Partners and Agents—Companies and Associations—Masteks.
SERVANT5 AND WORKMEN—LEASES AND MORTGAGES—CHURCH AND CLERGY. RITUAL
—Libel and Slander—contracts and Agreements-B onds and bills of Sale-
Cheques, bills and Notes-Railway and Shipping Law—Bankruptcy and In-
surance-Borrowers, Lenders and Sureties—Criminal Law—parliamentary
elections—County Councils—municipal Corporations—Parish Law, Church-
wardens, ETC.—PUBLIC HEALTH AND NUISANCES—FRIENDLY AND BUILDING
Societies—Copyright and Patents—trade Marks and designs-H usband and
Wife, Divorce, etc.—Trustees and Executors- intestacy. Law of—Guardian
and Ward, infants, etc.—Game Laws and sporting-H orses, horsedealing
and dogs—Innkeepers, Licensing, etc.—Pormsof Wills,agreements, etc. etc

N o te.—The object of this work is to enable those who consult it to help them-
selves to the law; and thereby to dispense, as far as possible, with professional
assistance and advice. There are many wrongs and grievances which persons sub-
mit tofrom time to time through not knowing how or whereto applyfor redress ; and
many persons have as great a dread of a lawyer's office as of a lion’'sden. With this
book at hand it is believed that many a Six-and-Eightpknce may be saved; many
a wrong redressed: many a right reclaimed; many a law suit avoided; and manv
an evil abated. The work has established itself as the standard legal adviser of all
classes, and also made a reputation for itselfas a useful book of referencefor lawyers
residing at a distance from law libraries, who are glail to have at hand a work em-
bodying recent decisions and enactments.

g‘nOplnions of the Press.

" It isa complete code of En?Iish Law, written in plain language, which all can understand.
. Should be m the hands of every business man, and all who wish to abolish lawyers' bills. —

Weekly Times.

« A useful and concise epitome of the law, compiled with considerable awe."—Lent Magazine.

“ A complete digest of the most useful facts which constitute English law."—Glebe.

“ Admirably done, admirably arranged, and admirably cheap.*—Leeds Mercury.

« A concise, cheap and complete epitome of the English law So plainly writtuu that he who
runs may read, and he who reads may understand."—Figaro.

« A dictionary of legal facts well put together. The book is a very useful one."—Spectator.

«The latest edition of this popular book ought to be in every business establishment, and ou
every library table."—Sheffield Post.

Private Bill Legislation and Provisional Orders.

HANDBOOK FOR THE USE OP SOLICITORS AND EN-
GINEERS Engaged in Promoting Private Acts of Parliament and Provi-
sional Orders, for the Authorization of Railways, Tramways, Works for the
Supply of Gas and Water, and other undertakings of a like character. By
L. Livingston Macassey, Of the Middle Temple, Barrister-at-Law.
M. Inst.C.E.; Author of¥Hints on Water Supply,*” 8vo, 950 pp., 25. cloth.

" The volume is a desideratum on .1 subject which can be only acquired by practical experi-
ence, and the order of procedure in Private Bill Legislation and Provisional Orders is followed.
The author's _sug{%estlons and notes will be found of great value to engineers and others profession-
ally engaged in this class of practice."—Building News.

" The author's double experience as an en(};)ineer and barrister has eminently qualified him for
the task, and enabled_him to approach the subject alike from an engineering and legal point of
view. The volume will be found a great help both to engineers ami lawyers engaged in promoting
Private Acts cl Parliament and Provisional Orders. '—Local Government Chronicle.

OGDEN, SMALE AND CO. LIMITED. PRINTERS, GREAT SAFFRON HILL. E.C
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“WEAES &

A NEW LIST OF

WEALE'S SERIES

RUDIMENTARY SCIENTIFIC,EDUCATIONAL,
AND CLASSICAL.

Comprising nearly Three Hundred and Fifty distinct works in almost every
department of Science, elrt, and Education, recommended to the notice of Engineers,
Arc/tec/Sjlinit~rrs™Ar/isam”~and”~/tidenhgeneral” as well as to those interested
in lyorTmerTATrTtiraries'™dTrar™tnTMenTt/t " nstitutions, Colleges, Schools,
Science (!m

IS* " WEALE'S SERIES includes Text-Books on almost every branch of
Science and Industry, comprising such subjects as Agriculture, Architecture
and Building, Civil Engineering, Fine Arts, Mechanics and Mechanical
Engineering, Physical and Chemical Science, and many miscellaneous
Treatises. The whole are constantly undergoing revision, and new editions,
brought up to the latest discoveries in scientific research, are constantly
issued. The prices at which they are sold are as low as their excellence is
assured."— American Literary Gazette.

“ Amongst the literature of technical education, Weale's Series has ever
enjoyed a high reputation, and the additions being made by Messrs. Crosby
L ockwood sc Son render the series more complete, and bring the informa-
tion upon the several subjects down to the present time."—Mining Journal.

“ ft is not too much to say that no books have ever proved more popular
with, or more useful to, young engineers and others than the excellent
treatises comprised in Weale's Series.”—Engineer.

" The excellence of Weale's Series is now so well appreciated, that it
would be wasting our space to enlarge upon their general usefulness and
value."—Builder.

“ The volumes of Weale's Series form one of the best collections of
elementary technical books in any language.”— Architect.

" WEALE'S SERIES has become a standard as well as an unrivalled
collection of treatises in all branches of art and science.”—Public Opinion.

PHILADELPHIA, 1876.
THE PRIZE MEDAL

Was awarded to the Publishers for
Books: Rudimentary, Scientific,

“ WEALE’S SERIES," ETC.
CROSBY LOCKWOOD & SON,

7, STATIONERS’ HALL COURT, LUDGATE. FULL.



2 WEALE'S rudimentary series.

WEALE'S RUDIMENTARY SCIENTIFIC SERIES.

%e The volumes of this Series are freely Illustrated with
Woodcuts, or otherwise, where requisite. Throughout the fol-
lowing List it must be understood that the books are bound in
limp cloth, unless otherwise stated; but the volumes marked
with a $may also be had strongly bound in cloth boards for 6d.
extra.

N.D,—In ordering from this List it is recommended, as a
means offacilitating business and obviating error, to quote the
numbers affixed to the volumes, as well as the titlesand prices.

CIVIL ENGINEERING, SURVEYING, ETC.

0.

31. WELLS AND WELL-SINKING. By John Geo.Swindell,
A.R.I.B.A., and G. R. Burnell, C.E. Revised Edition. With a New
Appendix on the Qualities of Water. Illustrated. 2s.

35. the BLASTING AND QUARRYING OF STONE, for
Building and other Purposes. By Gen. Sir J. Burgoynb, Bart. is. 6d.

43. TUBULAR, AND OTHER IRON GIRDER BRIDGES, par-
ticularly describing the Britannia and Conway Tubular Bridges. By G.
D rysdalk Dempsey, C Fourth Edition, as.

44. FOUNDATIONS AN D CONCRETE WORKS, with Practical
Remarks on Footings, Sand, Concrete, Beton, Pile- drlvmg, Caissons, and
Cofferdams, Ac. By E. Dobson. Seventh Edltlon is.

60. LAND AND ENGINEERING SURVEYING By T.Baker,

Fifteenth Edition, revised by Professor J. R. Y oung. 2S1

80*. EMBANKING LANDS FROM TIIE SEA. With examples
and Particulars of actual Embankments, &c. ByJ. Wiggins, F.G.S. 2s.

8l. WATER WORKS, for the Supply of Cities and Towns. With
a Description of the Principal Geological Formations of England as in-
fluencing Supplies of Water, &c. By S. Hughes, C.E. New Edition. 414

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch
of. By David Stevenson, F.R &c. Platc-s and Dlagrams

r67. IRON BRIDGES, GIRDERS ROOFS, AND OTHER
WORKS. By Francis Campin, C.E. 2s. 6d.i

197. ROADS AND S7REETS. By H. Law, C.E., revised and
enlarged by D. K. Clark C.E., including pavements of Stone, Wood,
Asphaltc, &c. as. 6

203. SANITARY WORK IN THE SMALLER TOWNSAND IN
VILLAGES. ByC. Slago, A.M.I.C.E. Revised Edition, is.|

212. GAS-WORKS, THEIR CONSTRUCTIONAND ARRANGE-
M ENT: and the Manufacture and Distribution of Coal Gas. Originally
written by Samuel Hughes, C.E. Re-written and enlarged by Wittiam
Richards, C.E. Eighth Edition, with important additions. 5s. 6d.1

213. PIONEER ENG IN EERING. A Treatise on the Engineering
Operations connected with the Settlement of Waste Lands in New Coun-
tries. By Edward Dobson, Assoc. Inst. C.E. 4s. 6d.*

216. MATERIALS AND CONSIR UCTION; A Theoretical and
Practical Treatise on the Strains, Designing, and Erection of Works of Con-
struction. By Francis Campin, C.E. Second Edition, revised. 3s.*

219. CIVIL ENGINEERING. By Henry Law, M.Inst. C.E.
Including Hydraulic Engineering by Geo. R. Burnell, M.Inst. C.E.
Seventh Edition, revised, with large additions by D. Kinnkar Clark,
M.Inst. C.E. 6s. 6d., Cloth boards, 7s. 6d.

268. THE DRAINAGE OF LANDS, TOWNS, & BUILDINGS.
By G. D. Dempsey, C.E. Revised, with large Additions on Recent Practice
in Drainage Engineering, by D. Kjnneak Clark, M.I.C.E. Second Edition,

______ Cor-rrp.fl. 4. 6(1t \rfust published.

The Jindicates that these vols% may be had strongly bound at &d. extra.

1/ONDON : CROSBY LOCKWOOD AND SON,
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MECHANICAL ENGINEERING, ETC.

CRANES, the Construction of, and other Machinery for Raising
Heavy Bodies. By Josrph Glynn, F.R.S. |lllustrated, is. 6d.

THE STEAM ENGINE. ByDr.Lardner. lllustrated, is. 6d.

STEAM BOILERS: their Construction and Management. By
R. A rmstrong, C.E. Illustrated, is. 6d.

THE POWER OF WATER, as applied to drive Flour Mills,
and to give motion to Turbines, 8cc. B Joseph Glynn, F.R.S. 2s.t

Tools. By T. Baker, C.E. With Addltlons by J. Nasmyth, C.E. 2s.6d.t

THE STEAM ENGINE, a Treatise on the Mathematical Theor
of, with Rules and Examples for Practical Men. ByT.Baker, C.E. is.

MODERN WORKSHOP PRACTICE, as applied to Steam
.Engines, Bridges, Ship-building, Cranes, 8cc. ByT. G. Winton. Fourth
Edition, much enlarged and carefully revised. 3s.oldt [Just published.

IRON AND HEAT\ exhibiting the PnnC|pIes concerned in the
Construction of Iron Beams, Pillars, and Girders. . Armour. 2s. 6d.t

POWER IN MOTION: Horse-Power, Toothed Wheel Gearing,
Long and Short Driving Bands, and Angular Forces. ByJ. A rmour, 2sX

THE WORKMAN'S MANUAL OF ENGINEERING
DRAWING. ByJ.Maxton. 7th Edn. With 7Plates and 350Cuts. 3s. 6d.$
STEAM AND THE STEAM ENGINE, Stationary and
Portable. Being an Extensmn of the Elementary Treatlse on the Steam
Engine oi Mr.John Sbwbil. By D. K. Clark, M.I.C.E. 3s 6d.$

FUEL, its Combustion and Economy. By C. W. W ittiams.
With Recent Practice in the Combustion and Economy of Fuel—Coal, Coke,
Wood, Peat, Petroleum, &.—by D. K. C1ark, M.I.C.E. 3s.6d.t i

LOCOMOTIVE ENGINES. By G. D. Dempsey, C.E.; with
large additions by D. K innkar Clark, M.I.C.E. 3st

THE BOILERMAKER'S ASSISTANT in Drawing, Tem-
plating, and Calculating Boiler and Tank Work. By John Courtnby
Practical Boiler Maker. Edited by D. K. C1ark, C.E. 100 lllustrations. 2s,

SEWING MACHINERY: Its Construction, History, &c., with
full Technical Directions for Adjusting, 8. By J. W. Urquhart, C. E 28.$

MECHANICAL ENGINEERING. Comprising Metallurgy,
Moulding, Casting, Forging, Tools, Workshop Machinery, Manufacture ol
the Steam Engine, 8tc. By Francis Campin, C.E. Second Edition. 2s. 6d.1

DETAILS OF MACHINERY. Comprising Instructions for
the Execution of various Works in Iron. By Francis Campin,C.E. 3S.

THE SMITHY AND FORGE; |nc)fud|ng the Farrier's Art and
Coach Smithing. By W. J. E. Crank. lllustrated. 2s. 6d.f

THESHEET-METAL WORKER'S GUIDE; aPractical Hand-
book for Tinsmiths, Coppersmiths, Zincworkers, 8c. With 94 Diagrams and
Working Patterns. By W.J. E. Crane. Second Edition, revised, is. sd.

STEAM AND MACHINER YMANAGEMENT: with Hints
on Construction and Selection. By M. Powis Baik, M.1.M E. 2s. 6d.$

THE BOILERMAKER'S READY-RECKONER. By 1J.
Courtnby. Edited by D. K. Crark, C.E. 4s., limp; 5s., half-bound.

LOCOMOTIVE ENGINE-DRIVING. A Practical Manual for
Engineers in charge of Locomotive Engines. By Michabl R eynolds, M.S.E.
Eighth Edition. 3s. 6d., limp; 4s. 6d. cloth boards.

STATIONARY ENGINE-DRIVING. A Practical Manual
Engineers in charge of Stationary Engines. By Michael R hynolds, M.S.E.
Third Edition. 3s. 6d. limp ; 4s. 6d. cloth boards.

IRON BRIDGES OF MODERATE SPAN: their Construe
tion and Erection. By Hamilton W. Pbndrhd, C.E. 2s.

**r The t indicates that these vols. may be had strongly bound at &d. extra.

7, stationers’ hall court, ludgate HILL, E.C.



4 WEALB S RUDIMENTARY SERIES.

MINING, METALLURGY, ETC.

4, MINERALOGY, Rudiments of; a concise View of the Genera!

Properties of Minerals. By A. Ramsay, F.G.S., F.R.G.S., Ac. Third
Edition, revised and enlarged. Illustrated. 3s. 6d.t

117. SUBTERRANEOUS SURVEYING, with and without the Mag-
netic Needle. By T. Fhnwick and T. Baker, C.E. lllustrated. 25. 6d. i
135* ELECTRO-M ETALLURGY Practically Treated. By A 1ex-

ander Watt. Ninth Edition, enlarged and revised, with additional Illus-
trations, and including the roost recent Processes. 3s. 6d.1

172. MINING TOOLS, Manual of. For the Use of Mine Managers,
Agents, Students, Ac. By William Morgans,

172*. MINING TOOLS, ATLAS of Engravmgs to IIIustrate the above,
cuntalnlng235|llustratlons drawn to Scale. 410. 45. 6d

176. METALLURGY OF IRON. Containing Hlstoryof Iron Manu-
facture, Methods of Assay, and Analyses of Iron Ores, Processes of Manu-
facture of Iron and Steel, Ac. By H. Bauekman, F.G.S. Sixth Edition,
revised and enlarged, ss.t [Justpublished.

180. COALAND COAL MINING. By the late Sir W arington W.
Smyth, M.A., F.R.S. Seventh Edition, revised. 3s.6d.t [Just published.

195. THE M INERAL SURVEYOR AND VALUER'S COM-

PLETE GUIDE. By W. Lintbrn, M.E. Third Edition, including Mag-
netic and Angular Surveying. With Four Plates. 3s. 6d.t

2i<*. SLATE AND SLATE QUARRYING, Scientific, Practical, and
Commercial. By D. C. Davies, F.G.S., Mining Engineer, Ac. 3%$
264. A FIRST BOOKOFMINING AND QUARRYING, with the
Smences connected therewith, for Primary Schools and Self Instruction. By
. H. Collins, F.G.S. Second Edition, with additions, is. 6d.

ARCHITECTURE, BUILDING, ETC.

16. ARCHITECTURE—ORDERS—The Orders and their ~Esthetic
Principles. By W. H. Leeds. lllustrated, is. 6d.

17. ARCHITECTURE—STYLES—The History and Description of
the Styles of Architecture of Various Countries, from the Earliest to tho
Present Period. By T. Talbot Bury, F.R.I.B.A., Ac. Illustrated. 2s.

%* Orders and Styles of A rchitecture, in One Vol® 3*. 6d.

18. ARCHITECTURE—DESIGN—The Principles of Design in
Architecture, as deducible from Nature and exemplified in the Works of tho
Greek and Gothic Architects. By E. I.. Garbbtt, Architect. lllustrated. 2s.6d.

The three preceding Works, in One handsome Vol., half bound, entitled
“Modern Architecture,” price 6s.

22. THE ART OFBUILDING, Rudiments ol. General Principles
of Construction, Materials used in Building, Strength and Use of Materials,
Working Drawings, Specifications, and Estimates. By E. D obson, 25.t

25. MASONRY AND STONECUTTING: Rudimentary Treatise
on the Principles of Masonic Projection and their application to Con-
struction. By E dward Dobson, M.R.I.BA., Ac. 2s.6d.$

42. COTTAGE BUILDING. By C. Bruce Allen, Architect.
Eleventh Edition, revised and enlarged. With a Chapteron EconomlcCottages
for Allotments, by Edward E. Allen, C.E. 2s.

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS,
PLASTERING, Ac. By G. R. Burnell, C.E. Thirteenth Edition, is. 6d.

57. WARMING AND VENTILATION. An Exposition of the
General Principles as applied to Domestic and Public Buildings, Mines,
Lighthouses, Ships, Ac. By C. Tomlinson, F.R.S., Ac. Illlustrated. 3s.

ill. ARCHES, PIERS, BUTTRESSES, &c.: Experimental Essays
on the Principles of Construction. By W. Biand. Illustrated, is. 6d.

N T The t indicates that these vols. may be had strongly boundat &d. extra.
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weale’s rudimentary series. 5

Arcliilecture, Building, etc., continued.

116. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The
Principles of the Science of Sound applled to the purposes of the"Archltect and
Builder. By T. Roger Smith, M.R.I.B.A., Architect. Illustrated, is. 6d.

127. ARCHITECTURAL MODELLING IN PAPER, the Art of.
By T. A. Richardson, Architect. Illustrated, is. 6d.

128. VITRUVIUS— THE ARCHITECTURE OF MARCUS
VITRUVIUS POLLO. In Ten Books. Translated from the Latin by
Joseph Gwilt, F.S.A,, F.R.A.S. With 23Plates. 5s. L

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles
of Beauty in; with an Historical View of the Rise and Progress of the Art in
Greece. Bytho Earl op Arerdebn. is

The two preceding Works in One handsome VoI half bound, entitled “A ncient
Architecture,” prlceGr.

132. THE ERECTION OF DWELLING-HOUSES. lllustrated by
a Perspective View, Plans, Elevations, and Sections of a pair of Semi-
detached Villas, with the Specification, Quantities, and Estimates, &c. By
S. H. Brooks. New Edition, with Plates. 2s.6d.i

156. QUANTITIES & MEASUREM ENTS in Bricklayers’, Masons’,
Plasterers’, Plumbers’, Painters’, Paperhangcrs’, Gilders’, Smiths’, Carpenters’
and Joiners’ Work. By A. C. BpAton, Surveyor. Ninth Edition, is. 6d.

<75. LOCKWOOH S BUILDER'S PRICE BOOK FOR 1892. A
Comprehensive Handbook of the Latest Prices and Data for Ruilders.
Architects, Engineers, and Contractors. Re-constructed, Re-written, ana
further Enlarged. By Francis T. W. Miltler, A.R.I.B.A. 700 pages.
3s. 6d.; cloth boards, 4s. \Just Published.

182. CARPENTRY AND JOINERY—The Elementary Prin-
ciples op Carpentry. Chiefly composed from tho Standard Work of
Thomas Trrdc.old, C.E- With a TREATISE ON JOINERY by E.
W yndham Tarn, M.A. Fifth Edition, Revised. 3s. 6d.J

182*, CARPENTRY AND JOINERY. ATLAS 0135 Plates to
accompany the above. With Descriptivo Letterpress. 4to. 6s.

185. THE COMPLETE MEASURER ; the Measurement of Boards,
Glass. &c.; Unequal-sided, Square-sided, Octagonal-sided, Round Timber
and Stone, and Standing Timber, &. By Richard Horton. Fifth
Edition. 4s.; strongly bound in leather, Ss.

187. HINTS TO YOUNG ARCHITECTS. By G. WiGHTWICK.
New Edition. By G. H. Guittaume. lllustrated. 3s. 6d.$

188. HOUSE PAINTING,GRAINING, MARBLING,AND SIGN
W RITING : with a Course of Elementary Drawing for House-Painters, Sign-
Writers, 8, and a Collection of Useful Receipts. By E I11is A. Davidson.
Sixth Edition. With Coloured Plates 5s. cloth limp ; 6s. cloth boards.

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING.
In Six Sections: General Principles; Arch Drawine, Cutting, and Setting:
Pointing; Paving, Tiling, Materials; Slating ana Plastering; Practical
Geometry, Mensuration, &. ByA dam Hammond. Seventh Edition, is. 6d.

191. PLUMBING. A Text-Book to the Practice of the Art or Craft ot
the Plumber. With Chapters upon House Drainage and Ventilation. Sixth
Edition. With 380 Illustrations. By W. P. Buchan. 3s. 6d.t

192. THE TIMBER IMPORTER'S, TIMBER MERCHANTS\
and BUILDER’S STANDARD GUIDE. ByR.E.Grandy. 2s.

206. A BOOK ON BUILDINGt Civil and Ecclesiastical, including
Church Restoration. With the Theory of Domes and the Great Pyramid,
&c. By Sir Edmund Bbckktt,Bart.,, LL.D., Q.C., F.R.A.S. 4s.6d.)

226. THE JOINTS MADE AND USED BY BUILDERS in the
Construction of various kinds of Engineering and Architectural Works. By
W yvilll.C hristy, Architect. With upwardsof 160 Engravingson Wood. 3s.t

228. THE CONSTRUCTION OFROOFS OF WOOD AND IRON.
By E. Wyndham Tarn, M.A., Architect. Second Edition, revised, is. 6d.

K T The t indicates that these vots. may be had strongly bound at &d. extra.

7, STATIONERS* HALL COURT, LUDGATE HILL,



6 weale's rudimentary series.

Architecture, Building, etc., continued.

229. ELEMENTARY DECORATION: as applied to the Interior
and Exterior Decoration of Dwelling-Houses, 8&c. By J. W. Facby. as.

157. PRACTICAL HOUSE DECORATION.. A Guide to the Art
of Ornamental Painting. By Jambs W. Facby. as. 6d.

V  The two preceding Works, in One handsome Vol., half-bound, entitled “ Housa
DmorarioN, E lementary and Practical,” prlc.e 5s. . 3

230. HANDRAILING. Showing New and Simple Methods for finding
the Pitch of the Plank. Drawing the Moulds, Bevelling, lointing-up, and
Squaring the Wreath. By G horgh Collings. Second Edition, Revised
including A Treatisi ON Stairbuii.ding. Plates and Diagrams, _as. 6d.

247. BUILDING ESTA TES: aRudimentary Treatise on the Develop-
ment, Sale, Purchase, and General Management of Building Land. By
Fowl br Maitland, Surveyor. Second Edition, revised. 2s.

248. PORTLAND CEMENT FOR USERS. By Henry Faija,
Assoc. M. Inst C.E. Third Edition, corrected. Illustrated. 2s.

252. BRICKW ORK: a Practical Treatise, embodying the General
and Higher Principles of Bricklaying, Cutting and Setting, &. By F.
W alkkr. Second Edition, Revised and Enlarged, is. 6d. .

23. THE PRACTICAL BRICK AND TILE BOOK. Comprising:

189. Brick and Tile Making, by E. Dodson, A.lI.C.E.; Practical Bricklay-

*65. ing, by A. Hammond ; Brickcuttino and Setting, by A. Hammond. 53*
pp. with 270 Illustrations. 6s. Strongly half-bound.

253. THE TIMBER MERCHANT'S, SAW-MILLER'S, AND
IMPORTER’S FREIGHT-BOOK AND ASSISTANT. By Wm. Rich-
ardson. With a Chapter on Speeds of Saw-Mill Machinery, &. By
M. Powis Balk, A.M.Inst.C.E. 3S.J

258. CIRCULAR WORK IN CARPENTRY AND JOINERY.

. A Practical Treatise on Circular Work of Single and Double Curvature.
By G borgk Coi.mngs. Second Edition, as. &d. i

259. GAS FITTING: A Practical Handbook treating of every

Description of Gas Laying and Fitting. By J ohn Black. With 122 Illus-
trations. 2s. 6d.t

26l. SHORING AND ITS APPLICATION: A Handbook for the
Use of Students. By G borgb H. Blagrovr. is.6d. [Just published.

265. THE ARTOFPRACTICAL BRICKCUTTING & SETTING.
By Adam Hammond. With 00 Engravings, is. 6d. [fust published.

267. THE SCIENCE OF BUILDING: An Elementary Treatise on
the Principles of Construction. Adapted to the Requirements of Architec-
tural Students. By E. Wynduam Tarn{ M.A. Lond Thlrd Edition, Revised
and Enlarged. With 59 Wood Engravings. 3s. 6d. [Justpubllshed

271, VENTILATION: a Text-book to the Practlce of the Art of
Ventilating Buildings, with a Supplementary Chapter upon Air Testing. By
W illiam Paton Buchan, R.P., Sanitary and Ventilating Engineer, Author
of " Plumbing,” &c. 3s. 6d.t [Ifustpublished.

SHIPBUILDING, NAVIGATION, MARINE
ENGINEERING, ETC.

51. NAVAL ARCHITECTURE. An Exposition of the Elementary
Principles of the Science, and their Practical Application to Naval Construc-
tion. BylJ. Pbakb. Fifth Edition, with Plates and Diagrams. 3s. 6d4

S3*. SHIPS FOR OCEAN d*RIVER SERVICE, Elementary and

Practical Principles of the Construction of. By H. A. Sommbrpkidt. is. 6d.

S3##. AN ATLAS OFENGRA VINGS to lllustrate the above. Twelve
large folding plates. Royal 4to, cloth. 7s. &d.

54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS>
Also Tables of Spars, Rigging, Blocks Chain, Wire, and Hemp Ropes,
&c., relative to every class of vessels. By Robhkt Kipping, N.A.

B~T The t indicates that these vols. may be had strongly bound at &d. extra
LONDON * CRCBIVWY LOCKWOOD AND SON



WEALE'S RUDIMENTARY SERIES. 7

Shipbuilding, Navigation, Marine Engineering, etc., cont.

54* IRON SHIP-BUILDING. With Practical Examples and Details.
By Johh Grantham, C.E. Fifth Edition. 4*. .

55. THE SAILOR'S SEA BOOK: a Rudimentary Treatise on
Navigation. By Jambs G rbrnwood, B.A. With numerous Woodcuts and
Coloured Plates. New and enlarged edition. Hy W. H. Rosser. 2s. 6d.$

80. MARINE ENGINES AND STEAM VESSELS. By Robert
Murray, C.E. Eighth Edition, thoroughly Revised, with Additions by the
Author and bv G koror Carlisle, C.E. 4s. 6d. limp; 5s. cloth boards.

8ibis. THE FORMS OF SHIPS AND BOATS. By W. Bland.
Seventh Edition, Revised, with numerous Illustrations and Models, is. 6d.

99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory
and Practice. By Prof. J. R. Y oung. New Edition. 2s. 6d.

106. SHIPS'ANCHORS, aTreatise on. By G.Cotset1, N.A. is.6d.

149. SAILS AND SAIL-MAKING. With Draughting, and the Centre
of Effort of the Sails; Weights and Sizes of Ropes: Masting, Rigging,
and Sails of Steam Vessels, ficc xath Edition. By R. K ipping, N.A., 25 6d.t

155. ENGINEER'S GUIDE TO THE ROYAL & MERCANTILE
NAVIES. By aPractical Enginbkk. Revised by D. F. M'Carthy. 3s.

5¢ PRACTICAL NAVIGATION. Consisting of The Sailor's

& Sea-Book. By Jambs G reenwood and W. H. Rossbr. Together with
the requisite Mathematical and Nautical Tables for the Working of the

2 Problems. By H. Law, C.E., and Prof. J. R. Y oung. 7s. Half-bound.

AGRICULTURE, GARDENING, ETC.

bi*. A COMPLETE READY RECKONER FOR THE ADMEA-
SUREMENT OF LAND, &. By A. Arman. Third Edition, revised
and extended by C. Norris, Surveyor, Valuer, &c. 2s.

131. MILLER'S, CORN MERCHANT'S, AND FARMER'S
READY RECKONER. Second Edition, with a Price List of Modern
Flour-Mill Machinery, by W. S. Hutton, C.E. 2s.

140. SOILS, MANURES, AND CROPS. (Vol. 1. Outlines of
Modbrn Farming.) By R. Scott Rurn. Woodcuts. 2s.

141. FARMING 6* FARMING ECONOMY, Notes, Historical and
Practical, on. (Vol. 2.0utlines opM odern Farming.) By R. ScottBurn. 3s.

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3.
Outlines of Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 6d.

145. DAIRY, PIGS, AND POULTRY, Management of the. By
R. Scott Burn. (Vol. 4. Outlines op Modern Farming.) 2s.

146. UTILIZATION OF SEWAGE, IRRIGATION, AND
RECLAMATION OF WASTE LAND. (Vol. 5. Outlines op Modern
Farming) By R. Scott Burn. Woodcuts. 2s.6d.

m* Nos. 140-1-2-5-6, tn One Vol., handsomely half-bound, entitled “ Outlines OP
Modern Farming.” By Robert Scott Burn. Price .

177, FRUIT TREES, The Scientific and Profitable Culture of. From
the French of Du B kkuil. Revised by G eo. G i.bnny. 187 Woodcuts. 3s. 6d.t

198. SHEEP; THE HISTORY, STRUCTURE, ECONOMY, AND
DISEASES OF. By W. C. Spooner, M.R.V.C., 8c Fifth Edition,
enlarged, including Specimens 0L New and Improved Breeds. 3s. 6d.t

201. KIILHEN GARDENING MADE EASY. By George M. F.

Girnnv. |Illustrated, is.
207. OUTLINES OF FARM MANAGEMENT and the Organi-
zation of Farm Labour. ott Burn.

208. OUTLINES OF LANDED ESTATES MANAGEM EN1
By K. Scott Burn. 2s.6d.
% « Nos. 207 208 in One Vol., handsomely halt-bound, entitled " Outlines op
Landed Estates and Farm Management.” By R. Scott Burn. Pricedr.

I T The t indicates that these vols. may be had strongly bound at bd. extra.

7, stationers’ hall court, ludgate hill, e.c.



s WEALS S RUDIMENTARY SERIES.

Agriculture, Gardening, etc., axtinued.
209. 7THE TREE PLANTER AND PL4ALNT PROPAGATOR.

A Practical Manual cm the Propagation Forest Tree*, Fruit Trees,
Flowering Shrubs, Flowering Plants, fcc. By Samuel Wood. as.

210. THE TREE PRUNER. A Practical Manual on the Pruning of
Fruit Trees, including also their Training and Renovation; also the Prunlng
of Shrubs, Climbers, and Flowering Plants. By Samuel Wood. XS.

Not. 209 6- 2to m PW., handsomely half-bound, entitled “ The Tree
Plants*, Propagator, akd Peunek.”" By Samuel Wood. Price ys. 6d.

218. THE HAY AND STRA W MEASURER : Being New Tables
for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, itc.
By John Steele. Fourth Edition, as.

222. SUBURBAN FARMING. The Laying-out and Cultivation of
Farms, adapted to the Produce of Milk, Butter, and Cheese, Eggs, Poultry,
and Pigs. By Pro! John Dowaizwox and R. Scott Buev. 3s. 6d.t

231l. THE ART OF GRAFTING AND BUDDING. By Charles
Baltet. With Illustrations. 2J. 6dT

232. COTTAGE GARDENING; or, Flowers, Fruits, and Vegetables
for Small Gardens. By E. Hobday, is. 6d.

233. GARDEN RECEIPTS. Edited byCharles W. Quin. is.e6d.

*34. MARKETAND KITCHEN GARDENING. By C. W. Shaw,
‘late Editor of “ Gardening Illustrated.” ys.X [fust published.

239. DRAINING AND EMBANKING. A Practical Treatise, em-
bodying the most recent experience in the Application of Improved Methods.
By ) ohm Scott, late Professor of Agriculture and Rural Economy at the
Royal Agricultural College, Cirencester. With 68 Illustration®, is. 6d.

240. IRRIGATIONAND WATER SUPPLY. A Treatise on Water
Meadows, Sewage Irrigation, and Warping; the Construction of Well*,
Ponds, and Reservoirs, 8tc. By Prof.J ohn Scott. With34 Ulus. is. 6d.

241, FARM ROADS, FENCES, AND GATES. A Practical
Treatise on the Roads, Tramways, and Waterways of the Farm; the
Principles of Enclosures; and the different kinds of Fences, Gates, and
Stiles. By Professor)ohn Scott. With 75 Illustrations, is. 6d.

242. FARM BUILDINGS. A Practical Treatise on the Buildings
necessary for various kinds of Farms, their Arrangement and Construction,
with Plans and Estimates. By Prof. ] ohn Scott. With 105 Ulus. as.

243. BARN IMPLEMENTS AND MACHINES. A Practical
Treatise on the Application of Power to the Operations of Agriculture; and
on various Machines used inthe Threshing-barn, in the Stock-yard, and in the
Dairy, Sec. By Prof. J. Scott. With 123 Illustrations, as.

244, FIELD IMPLEMENTS AND MACHINES. A Practical
Treatise on the Varieties now in use, with Principles and Details of Con-
struction, their Points of Excellence, and Management. By ProfessorJohn
Scott. With 138 Illustrations. 2s.

245. AGRICULTURAL SURVEYING. A Practical Treatise on
Land Surveying, Levelling, and Setting-out; and on Measuring and Esti-
mating Quantities, Weights, and Values of Materials, Produce, Stock, tec.
By Prof.J ohn Scott. With 62 Illustrations, is. 6d

*,* Nos. 239to 245 in One Vol., handsomely half-bound, entitled " T he Complete
Text-Book of Farm Engineering." By Professor) ohn Scott. Price 12s.

*20. MEAT PRODUCTION. A Manual for Producers, Distributors,
&c. ByJohn Ewart. 2s.6d.t

266. BOOK-KEEPING FOR FARMERS& ESTATE OW NERS.
By J. M. W oodman, Chartered Accountant. 2s. 6d. cloth limp; 3s. 6d.
cloth boards. published.

The 2 indicates that these vols. may be had strongly bound at &d. extra.
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WEALES RUDIMENTARY SERIES, 9

MATHEMATICS, ARITHMETIC, ETC.

32. MATHEMATICAL INSTRUMENTS, a Treatise on; Their
Construction, Adjustment, Testing, and Use concisely Explained. By J. F.
Heather, M.A. Fourteenth Edition, revised, with additions' by A. T.
W aimisiey, M.l.C.E., Fellow of the Sun/eyors Institution. Original Edi-
tion, in i vol., IIIustrated ss.t [Justpublished,

fn ordering the above, becareful tosay, “ Original Edition (No. 32), todistin-
guish itfrom the Enlarged Edition in 3vols. (Nos. 168-9-70.)

76. DESCRIPTIVE GEOMETRY, an Elementary Treatise on;
with a Theory of Shadows and of Perspective, extracted from the French of
G. Mokgk. To which is added, a description of the Principles and Practice
of Isometrical Projection. BylJ. F. Heather, M.A. With 14 Plates. 2s.

€78. PRACTICAL PLANE GEOMETRY: giving the Simplest
Modes of Constructing Figures contained in one Plane and Geometrical Con-
struction of the Ground. By J. F. Heather, M.A. With 215 Woodcuts. 2s.

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases
and Forms in English, French, Italian, and German. By J ames Haddon,
M.A., Arithmetical Master of King’s College School, London, is. 6d.

84. ARITHMETIC, a Rudimentary Treatise on: with full Explana-
tions of its Theoretical Principles, and numerous Examples for Practice. By
Professor J. R. Y oung. Eleventh Edition, is. 6d.

84*. A Key to the above, containing Solutions in full to the Exercises, together
with Comments, Explanations, and Improved Processes, for the Use of
Teachers and Unassisted Learners. By J. R. Young, is.6d.

85. EQUA TIONAL ARITHMETIC, applied to Questions of Interest,
Annuities, Life Assurance, and General Commerce ; with various Tables by
which all Calculations may be greatly facilitated. By W. Hipsiby. 3

86. ALGEBRA, the Elements of. By James Haddon, M.A.
With Anpcudix, containing miscellaneous Investigations, and a Collection
of Problems in various parts of Algebra.

66*. A Key and Companion to the above Book, forming an extensive repository of
Solved Examples and Problems in Illustration of the various Expedients
necessary in Algebraical Operations. By J. R. Y oung, is. 6d

88. EUCLID, The Elements of : with many additional Propositions

=30. and Explanatory Notes: to which is prefixed, an Introductory Essay on
Logic. By Hhnry Law, C.E. 2s. 6d.t

*** Sold also separately, vtz. :—
88. Euclid, The First Three Books. By Henry Law, C.E. is.6d.
89. E uclid,Books 4, 5,6, 11, 12. By Henry Law, C.E. is. 6d.

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS,
By James Hann. A New Edition, by Professor J. R. Y oung. 2s.t

91. PLANE TRIGONOMETRY, the Elements of. By James
H ann, formerly Mathematical Master of King’s College, London, is. 6d.

92. SPHERICAL TRIGONOMETRY, the Elements of. By James

Hann. Revised by Charles H. Dowung, C.E. is.
*«e Orwith *The Elements of Plane Trigonometry,” in One Volume, 2s. &d.

93. MENSURATION AND MEASURING. With the Mensuration
and Levelling of Land for the Purposes of Modem Engineering. By T.
Baker, C.E. New Edition by E. Nugent, C.E. |Illustrated, is. 6d.

toi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B.
W oolhousr, F.R.A.S., &c. 1S. 6d.

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By
Homersham Cox, B.A. lllustrated, is.
136. ARITHMETIC, Rudimentary, for the Use of Schools and Self-

Instruction. ByJames Haddon, M.A. Revised by A. Arman, is.6d.
137. A Key to Haddon's Rudimentary Arithmetic. By A. Arman, is. 6d.

The t indicates that these vols. may be had strongly bound at 6d. extra.

7, stationers’ hall court, ludgate hill, e.c.



10 weale's rudimentary series.

Mathematics, Arithmetic, etc., continued.

168. DRAWING AND MEASURING INSTRUMENTS. Includ-
ing—I. Instruments employed in Geometrical and Mechanical Drawing,
and in the Construction, Copying, and Measurement of Maps and Plans.
Il. Instruments used for tho purposes of Accurate Measurement, and for
Arithmetical Computations. By J. F. Hbathbr, M.A. lllustrated, is. 6d

169. OPTICAL INSTRUMENTS. Including (more especially) Tele-
scopes, Microscopes, and Apparatus for producing copies of Maps and Plans
by Photography. By J. F. Hbathbr, M.A. Illustrated, is. od.

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS.
Including—I. Instruments Used for Determining the Geometrical Features
of a portion of Ground. Il. Instruments Employed in Astronomical Observa-
tions. ByJ. F. Hbathbr, M.A. |lllustrated, is. 6d.

The above three volumes form an enlargement of the Author’s original work
“*Mathematical Instruments.” {See No. 32 in the Series.)

168. IMATHEMATICAL INSTRUMENTS. By J. F. Heather,

169.r M.A. Enlarged Edition, for the most part entirely re-wntten. The 3 Parts as

VfO.j above, inOne thick Volume. With numerous Illustrations. 4s. 6d.t

158." THE SLIDE RULE, AND HOIV TO USE IT; containing
full, easy, and simple Instructlons to perform all Business Calculatlons with
unexampled rapidity and accuracy. By Chartles Hoarb, C.E. Fifth
Edition. With a Slide Rule in tuck of cover. 2s. 6d.i

196. THEORY OF COMPOUND INTEREST AND ANNUI-
TIES; with Tables of Logarithms for the more Difficult Computations of
Interest Discount, Annuities, &. By FAdor T homan. Fourth Edition. 4s.t

199. THE COMPENDIOUS CALCULATOR ; or, Easy and Concise
Methods of Performing the various Arithmetical Operations required in
Commercial and Business Transactions; together with Useful Tables. By
D. O'Gorman. Twenty-seventh Edition, carefully revised by C. Norris.
2s 6d., cloth limn; 35. 6d., strongly half- bound in leather.

204. MATHEMATICAL TABLES, lor Trigonometrical, Astronomical,
and Nautical Calculations; to whlch is prefixed a Treatise on Logarithms.
By Hknry Law, C.E. Together with a Scries of Tables for Navigation
and Nautical Astronoinv. By Prof. J. R. Vouno. New Edition. 4s.

204*. LOGARITHMS. With Mathematical Tables for Trigonometrical,
Astronomical, and Nautical Calculations. ByHRNRY L aw, M.Inst.C.E. New
and Revised Edition. (Forming part of the above Work). 3.

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA-
TIONS, and an Analysis of the Christian, Hebrew, and Mahometan Calen-
dars. By W.S. B. Wooi.housr, K.R.A.S., F.S.S. Seventh Edition, 2s.6d.fc

227. MATHEMATICS AS APPLIED TO THE CONSTRUC-
TIVE ARTS. Illustrating the various processes of Mathematical Investi-
.ration, by means of Arithmetical and Simple Algebraical Equations and

radical Examples. BV Francis Campin. C.E. Second Edition. 3s.*

PHYSICAL SCIENCE, NATURAL PHILO-

SOPHY, ETC.
1. CHEMISTRY. By Professor Gkorge Fownes, F.R.S. With
an Appendix on the Application of Chemistry to Agriculture, is.
2. N A 7URAL PHILOSO PH Y Introduction to the Study of. By
Tomiinson. \NoOOCULS,
6. MECHANICS Rudlmentary Treatise on. By Charles Tom-
linson. IIIustrated is. 6d. . A
7. ELECTRICITY; showing the General Principles of Electrical
Science, and the purposes to which it has been applied. By Sir W. Snow
Harris, F.R.S., 8  With Additions by R. Sabins, C.E., F.S.A. is. 6d
7*. GALVANISM. By Sir W. Snow Harris. New Edition by
Roubrt Sabins, C.E., F.S.A. is. 6d. . )
8. MAGNETISM; belng a concise Exposition of the General Prin-
ciples of Magnctical Science. By Sir W. Snow Harris. New Edition,
revised by H. M. Noad, Ph.D. With 165 Woodcuts. 3s. &dfc
Air The t indicates that these vo/s. may be had strongly bound at &d. extra.
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WEALE'S RUDIMENTARY SERIES. (1

Physical Science, Natural Philosophy, etc., continued.

Xl. THE ELECTRIC TELEGRAPH; its History and Progress;
with Descriptions of some of the Apparatus. By R. Sabine, C.K., F.S.A. 3s.

12. PNEUMATICS, including Acoustics and the Phenomena of Wind
Currents, for the Use of Beginners By Charles Tomlinson, F.R.S.
Fourth Edition, enlarged. Illustrated, is. 6d. [Just published.

12, MANUAL OF THE MOLLUSCA ; a Treatise on Recent and
Fossil Shells. By Dr. S. P. Woodward, A.L.S. Fourth Edition. With
Plates and 300 Woodcuts. 7s. 6d.f cloth.

96. ASTRONOMY. By the late Rev. R obert Main, M.A. Third
Edition, by Wiltiam T hynnb Lynn, B.A., F.R.A.S. 2*

97. STATICS AND DYNAMICS, the Principles and Practice of;
embracing also a clear development of Hydrostatics, Hydrodynamics, and
Central Forces. By T. Bakbr. C.E. Fourth Edition, is. 6d.

173, PHYSICAL GEOLOGY, partly based on Major-General Port-
lock's "Rudiments of Geology.” By R alph Tatb, A.L.S., & . Woodcuts. .

174, HISTORICAL GEOLOGY\ partly based on Major-General
Portlock’s “ Rudiments.” By Ralph Tatb, A.L.S., 8tc. Woodcuts. 2s.6d.

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and

& Historical. Partly based on Major-General Portlock’'s " Rudiments of

174. Geology.” By Ralph Tatb, A.L.S., F.G.S., 8tc. In One Volume. 4s. 6d.t

183 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L.,

& formerly Professor of Natural Philosophy and Astronomy in University

_g. College, Lend. With 520 Illustrations. In One Vol. 7s. 6d., cloth boards.
##* Sold also in Two Parts, as follows :(—
183. Animal Physics. By Dr.Lardnrr. Partl., Chapters I.—VI1I. 4s.
184. Animal Physics. By Dr. Lardnbr. Partll., Chapters VIII.—XVIII. 3*
269. L1G H T: an Introduction to the Science of Optic-, for the Use of
Students of Architecture, Engineering, and other Applied Sciences. By E.
W yndham Tarn, M.A. is. 6d. I TI**I published.

FINE ARTS.

20. PERSPECTIVE FOR BEGINNERS. Adapted to Young
Students and Amateurs in Architecture, Painting, 8tc. By G korgk Pynb. as.
40 GLASS STAINING, AND THE ART OF PAINTING ON
GLASS. From the German of Dr. Gbsshrt and Kmanubl Otto From-
hkkg. With an Appendix on Thh Art op Enamelling. 2s. 6d.
69. MUSIC, A Rudimentary and Practical Treatise on. With
numerous Examples. By Charles C hild Spbncbr. 2s. 6d.
71. PIANOFORTE, The Art of Playing the. With numerous Exer-
cises & Lessons from the Best Masters. By Charles Child Spbncbr. is.0d.
69-71. MUSIC & THE PIANOFORTE. In onevol. Halfbound, 5s.
181. PAINTING POPULARLY EXPLAINED, including Fresco,
Qil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature.
Painting on lvory, Vellum. Pottery, Enamel, Glass. 8cc. With Historical
Sketches of the Progress of the Art by T homasJ ohn G ullick, assisted by
John Timbs, F.S.A. Fifth Edition, revised and enlarged. 5s.* 3
186. A GRAMMAR OF COLOURING, applied tc Decorative
Painting and the Arts. By G korgb Kibld. New Edition, enlarged and
adapted to the Use of the Ornamental Painter and Designer. By E 11is A.
D avidson. With two new Coloured Diagrams, 8x. 3s%
246. A DICTIONARY OFPAINTERS, AND HANDBOOK FOR
PICTURE AMATEURS; including Methods of Painting, Cleaning, Re-

lining and Restoring, Schools of Painting, 8c. With Notes on the Copyists
and Imitators of each Master. By P hilippk Daryl. 2s.6d.t

fcgp The t indicates that these vols. may be had strongly bound at 6d. extra.
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23.
67.

162.

205.
215.
225.

wealk's rudimentary series.

INDUSTRIAL AND USEFUL ARTS.

BRICKS AND TILES, Rudimentary Treatise on the Manufac-
ture of. By E. Dodson, M.R.I.B.A. lllustrated, js
CLOCKS, WATCHES, AND BELLS, a Rudlmentary Treatise
on. By SirEdmund Bbckbtt,LL.D., Q.C. Seventh Edition, revised and en-
larged. 4s. td Jimp; 5*. 6d. cloth boards. )
CONSTRUCTION OF DOOR LOCKS. Compiled from the
Papers of A. C. Hobbs, and Edited by Charibs Tomlinson. F.R.S. 2L 6d.
THE BRASS FOUNDER'S MANUAL; Instructions for
Modelling, Pattern-Making. Moulding, Turning, Filing, Burnishing,
Bronzing, Sec. With copious Receipts. 4c. By Walter Graham. 2s.t
THE ART OF LETTER PAINTING MADE EASY. By
J.G. Badenoch. Ulustratedwith 12full-page Engravings of Examples, is. 6d-
THE GOLDSMITH'S HANDBOOK, containing full Instruc-
tions for the Alloying and Workmg of Gold. By Gborgb E. Ghb, 3.$
THE SILVERSMITH'S HANDBOOK, containing full In-
structions for the Alloying and Working of Silver. By Gborgb K. Grb. t*2

The two preceding Weeks, in One handsome Vo*., half-bound, entitled " T hh

249.
224.
235.
262.
263.

270.

16.

50.
in.

il*.

150.

153.

114,

157.

193.

194.

194.

Goldsmith's & Silversmith’s Compi.btb H andbook,'l 7S.

THE HALL-MARKING OFJEW ELLERYPRACTICALLY
CONSIDERED. By Gborgb E. Gbb. ) . .
COACH BUILDING, A Practical Treatise, Historical and
Descriptive. By J. W. Bckobss. 2s.6d.t

PRACTICAL ORGAN BUILDING. By W. E. Dickson,
M.A., Precentor of Ely Cathedral. Illustrated, as. 6d.t

THE ART OF BOOT AND SHOEMAKING. BylJohn
Bedford Lhno. Numerous lllustrations. Third Edition. 2.
MECHANICAL DENTISTRY: A Practical Treatise on the
Construction of the Various Kinds of Artificial Dentures, with Formulas,
Tables. Receipts, 4c. By Charles Huntbr. Third Edition. 3s*
WOOD ENGRAVING: A Practical and Easy Introduction to
the Study of the Art. By W. N. Browx. xs. 6d.

MISCELLANEOUS VOLUMES.

A DICTIONARY OF TERMS used in ARCHITECTURE,
BUILDING,ENGINEERING, MINING. METALLURGY, ARCHAE-
OLOGY, the FINE ARTS, HyJohn W eatb. Fifth Edition. Revised
by Robert Hunt, F.R.S. |lllustrated. 5s. limp; 6s. cloth boards.

THE LAW OF CONTRACTS FOR WORKS AND SER-
VICES. By David Giuhons. Third Edition, enlarged. 3s.t

MANUAL OF DOMESTIC MEDICINE. By R. Gooding,
ItA., M.D. A Family Guide in all Cases of Accident and Emergency as.
MANAGEMENT OF HEALTH. A Manual ot Home and
Personal Hygiene. By the Rev.James Baird, B.A. is.

LOGIC, Pure and Applied. By S. H. Kmmens. is. 6d.

SELECTIONS FROM LOCKE'S ESSAYS ON THE
HUMAN UNDERSTANDING. With Notes by S. H. Emmens. is.
GENERAL HINTS TOEMIGRANTS, Is.

THE EMIGRANTS GUIDE TO NATAL. By Robert
Jamrs Mann, F.R.A.S., F.M.S. Second Edition. Map. as. )
HANDBOOK OF FIELD FORTIFICATION By Major
W. W. K noillys, F.R.G.S. With 163 Woodcuts. 3s.t )
THE HOUSE MANAGER: Being a Guide to Housekeeping.
Practical Cookery, Pickling and Preserving, Household Work, Dairy
Management, Ac. By An Old Housekbepre. 3L 6d.t
HOUSE BOOK (The). Comprisingl. The House Manager.

111 & ByanOld Housekeeper. Il. Domestic Medicine. By R. GooDtNtj, M.D.

rl

I1l. Management Or Health. By J. Baird. In One Vol., hall-bound, 6s.

B4T" The !l indicates that these vols. may be had strongly bound atéd. extra.
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EDUCATIONAL AND CLASSICAL SERIES.

HISTORY.

1. England, Outlines of the History of; more especially with
reference to the Origin and Progress of the English Constitution. By
W illiam Douglas Hamilton, F.S.A., of Her Majesty’s Public Record
Office. 4th Edition, revised. 5s.; cloth boards. 6s.

5. Greece, Outlines of the History of; in connection with the
Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton.
of University College, London, and Edward Lbvihn, M.A., of Balliol
College, Oxtord. 2s. 6d.; cloth boards, 3s. 6d.

7. Rome, Outlines of the History of: from the Earliest Period
to the Christian Era and the Commencement of the Decline of the Empire.
By E dward Lbvibn, of Balliol College, Oxford. Map, as. 6d.; cl. bds. 3s.6d.

9. Chronology of History, Art, Literature, and Progress,
from the Creation of the World to the Present Time. The Continuation by
W. D. Hamilton, F.S.A. 3s.; cloth boards, 3s. 6d.

$0. Dates and Events in English History, for the use of
Candidates in Public and Private Examinations. By the Rev. E. Rand. is.

ENGLISH LANGUAGE AND MISCELLANEOUS.

11. Grammar of the English Tongue, Spoken and Written.
With an Introduction to the Study of Comparative Philology. By Hydb
Cilahku, D.C.L. Fourth Edition, is. 6d.

12. Dictionary of the English Language, as Spoken and
Written. Containing above 100,000 Words. By Hydh Cilarks, D.C.L.
3s. 6d.; cloth boards, 4s.6d.; completewith the G rammar, cloth bos., 5s.6d.

48. Composition and Punctuation, familiarly Explained for
those who have neglected the Study of Grammar. By J ustin Bkbnan
18th Edition, is. 6d.

49. Derivative Spelling-Book: Giving the Origin of Every Word
from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Spanish,
and other Languages; with their present Acceptation and Pronunciation.
By J. R owootiiam, F.R.A.S. Improved Edition, is. 6d.

51. The Art of Extempore Speaking: Hints for the Pulpit, the
Senate, and the Bar. By M. Bautajn, Vicar-General and Professor at the
Sorbonne. Translatedfrom the French. 8thEdition, carefully corrected. 2s.6d«

54. Analytical Chemistry, Qualitative and Quantitative, a Course
of. To which is prefixed, a Brief Treatise upon Modern Chemical Nomencla-
ture and Notation. By W1l. W. Pink and G horgb E. W kustbr. 2s.

THE SCHOOL MANAGERS' SERIES OF READING
BO OKS,
Edited by the Rev. A. R. G rant, Rector of Hitcham, and Honorary Canon of Ely;

formerly H.M. Inspector of Schools.
Introductory Primhr, id.

1. d. I. d
First Standard o 6 Fourth Stand/ rd
Second " . o 10 Fifth * " . . . ez 6
Third Sixth " . . . L1 6
LBSSONS5 from tub Bibik. Partl. Old Testament, is.
Lbssons prom thb Bible. Part Il. New Testament, to which is added
Thb Geography of the Bible, for very young Children. By Rev. C.
Thornton Forstbr. is.2d. Or the Two Parts in One Volume. as.

7, stationers’ hall court, ludgate hill, e.c.
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FRENCH.

24. French Grammar. With Complete and Concise Rules on the
Genderi of French Nouni. By G. L. Strauss. Ph.D. is 6d

25. French-English Dictionary. Comprising a large number of
New Terms used in Engineering Mining, &. By A 1frbii Elwks. is. 6d.

26. Englir*i-French Dictionary. By Alfred Elwks. is.

*5,26. French Dictionary (as above). Complete, in One Vol., 3s

cloth boards, 35. 6d. Or with the G rammar, cloth boards, 4s. 6d.

47. French and English Phrase Book : containing Intro-
ductory Lessons, with Translations, several Vocabulanes of Words, a Col-
lection of suitable Phrases, and Easy Familiar Dialogues, zs. 6d.

GERMAN.
39. German Grammar. Adapted for English Students from
Heyse’s Theoretical and Practical Grammar, by Dr. aus

40. German Reader: A Series of Extracts, carefully culled from the
most approved Authors of Germany; W|th Notes, Philological and Ei
planatory. By G. L. Strauss, Pb.D.

41-43. German Trlglot chtlonary. By N.E. S. A. Hamilton.
In Three Parts. Part I. German-French-English. Part Il. English-Ger-
man-French. Part I1l1. Frcnch-German-English. 3s., or cloth boards, 4s.

41-43 German Triglot Dictionary (esabove), together with German

Sc 39. Grammar (No. 39), in One Volume, cloth hoards, Ss.

ITALIAN.
27. Italian Grammar, arranged in Twenty Lessons, with a Course
of Exercises. By Alfred Elwbs. is. 6d.
28. Italian Triglot Dictionary, wherein the Genders of all the
Italian and French Nouns are carefully noted down. By Alprrd Elwks.
Vol. 1 Italian-English-French. 6d
30. Italian Triglot chtlonary. By A. Etwes. Vol. L
English-French-Italian. 2s. 6d.
32. Italian Triglot Dictionary. By Aifred Etwes. VoI. 3
French-ltalian-English. 2s. 6d.
28,30, Italian Triglot Dictionary (as above). In One Vol., 7s. 6d.
32. Cloth hoards.

SPANISH AND PORTUGUESE.

34. Spanish Grammar, in a Simple and Practical Form. With
a Course of Exercises. By Alfred Elwbs. is.6d. o

35. Spanish-English and En”lish-Spanish Dictionary.
Including a large numberofTechnical Terms used in Mining, Engineering, 8tc.
with the proper Accents and the Gender of every Noun. By Alfred Elwbs
4s. ; cloth boards, 5s. Or with the G rammar, cloth boards, 6s.

55. Portuguese Grammar, in a Simple and Practical Form.
With a Course of Exercises. By Alfred Elwks. is. 6d. 3

56. Portuguese-English and English-Portuguese Dic-
tionary*. Including a large number of Technical Terms used in Mining,
Engineering, &c., with the proper Accents and the Gender of every Noun.
By Alfred E lwbs. Second Edition, Revised, 5s.; cloth boards, 6s. Oor
with the G rammar, cloth boards, 7s.

HEBREW.
46*. Hebrew Grammar. By Dr. Bresstau. is.

44. Hebrew and English Dictionary, Biblical and Rabbinical,
containing the Hebrew and Chaldee Roots of the Old testament Post-
Rabbinical Writings. By Dr. Rrhsslau. 6s.

46. English and Hebrew Dictionary. By Dr. Bresslau. 3s.

4446. Hebrew Dictionary (as above), in Two Vols., complete, -with

46, the G rammar, cloth boards, 12s.
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LATIN.

19. Latin Grammar. Containing the Inflections and Elementary
Principles of Translation and Construction. By the Rev. Thomas G oodwin,
M.A., Head Master of the Greenwich Proprietary School, is. 6d

20. LMagin-ZISEnglish Dictionary. By the Rev. Thomas Goodwin,

22. English-Latin Dictionary; together with an Appendix of
French and Italian Words which have their origin from the Latin. By the
ev. T homas Goodwin, M.A. is. 6d. i
20,22. Latln Dictionary (as above). Complete in One Vol., 3s. 6d.
cloth boards, 4s. 6d. Or with the G rammar, cloth boards, 5s. 6d.
LATIN CLASSICS. With Explanatory Notes in English.
1. Latin Delectus. Containing Extracts from Classical Authors,
with Genealogical Vocabularies ana Explanatory Notes, by H. Y oung, is.6d:
2. Caesaris Commentarii de Bello Gallico. Notes, and a Geographical
Register for the Use of Schools, by H. Y oung. 2s.
3. Cornelius Nepos. With Notes. By H. Young, is.
4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco-
lics by W. Rushton, MA., and on the Georgies by H. Y oung, is.6d.
$. Virgilii Maronis ~“Eneis. With Notes, Critical and Explanatory,
by H. Young. New Edition, revised and improved With copious Addi-
tional Notesby Rev. T. H. L. Lsary, D.C.L., formerly Scholar of Brasenose
College, Oxford. 3s.
5% - --Part 1L Books i.—vi., is. 6d.
5*F e - Part 2. Books vii.—xii., 2s.
6. Horace; Odes Epode, and Carmen Saeculare. Notes by H.
Y oung, is. .
7. Horace j Satlres Epistles, and Ars Poetica. Notes by W. B rown-
rigg Smith, M.A., F.R.G.S. is. 6d.
8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical
and Explanatory, by W. M. Donnb, B.A., Trin. Coll., Cam. is. 6d.
9. Terentii Andria et Heautontimorumenos. With Notes, Critical
and Explanatory, by the Rev. ) ambs Davies, M.A. is. 6d.
10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical
and Explanatory, by the Rev.James Davies, M.A. 2s.
11. Terentii Eunuchus, Comoedia. Notes, by Rev. J. Davies, M.A.

is. 6d.

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an
Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev
James Davies, M.A. is.

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia.
With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev.
T. H. L. Leary, D.C.L. formerly Scholar of Brasenose Collcgo, Oxford,

is. 6d.

14. Ciceronis Cato Major, Laelius, Brutus, sive de Senectute, de Ami-
citia, de Claris Oratoribas Dialogi. With Notes by W. B rownkigg Smith
M.A., F.R.G.S. 2.

16. Livy : History ofRome. Notes by H. Y oung and W. B. Smith,
M.A. Part 1 Books i., ii

-Part 2. Books i

Part 3. Books xxi., xxii., is. 6d.

19. Latin Verse Selections, from Catullus, Tibullus, Propertius,
and Ovid. Notes by W. B. Donne, M.A., Trinity College, Cambridge. 2s.

20. Latin Prose Selections, from Varro, Columella, Vitruvius,
Seneca, Quintilian, Florus, Velleius Paterculus, Valerius Maximus Sueto-
nius, Apuleiui, 8cc. Notes by W. B. Donne, M.A. 2.

21. Juvenalis Satirae. With Prolegomena and Notes by T. H. S.
Escott, B.A-, Lecturer on Logic at King’s College, London. 2s.
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GREEK.

14. Greek Grammar, in accordance with the Principles and Philo-
logical Researches of the most eminent Scholars of our own day. By Hans
Clauds Hamilton, is.6d.

15,17. Greek Lexicon. Containing all the Words m General Use, with
their Significations, Inflections, and Doubtful Quantities. By Henry R.
Hamilton. Vol.i. Greek- Engllsb as. 6d.; Vol. 2 Englisb-Greek, 2s. Or
the Two Vols. in One, 4s. 6d.: cloth boards, 5s.

14,1$. Greek Lexicon (as above). Complete, with the Gkammax, ii>

17. One Vol., cloth boards, 6s.

GREEK CLASSICS. With Explanatory Notes in English.

1. Greek Delectus. Containing Extracts from Classical Authors,
with Genealogical Vocabularies and Explanatory Notes, byH. Y oung. New
Edition, with an improved and enlarged Supplementary Vocabulary, by J ohn
H utchison, M.A., of the High School, Glasgow, is. 6d.

2, 3. Xenophon s Anabasis; or, The Retreat of the Ten Thousand.
Notes and a Geographical Register, by H. Young. Part 1. Books i. toiii.,
is. Part 2 Books iv. to vii., is.

4. Lucian's Select Dialogues. The Text carefully revised, with
Grammatical and Explanatory Notes, by H. Y oung, is. 6d

5-12. Homer, The Works of. According to the Text of Bakumlein.
With Notes, Critical and Explanatory, drawn from the best and latest
Authorities, with Preliminary Observations and Appendices, by T. H. L»
Lbary, M.A., D.C.L.

The lliad : Part :L Books i. tovi., xs.6d. Part 3. Books xiii. to xviii., is. 6d
Part 2. Books vii.toxii., is.6d. Part4. Booksxix. toxxiv., is. 6d.
The Odyssey: Parti. Booksi. to vi., is. 6d Part 3. Books xiii. to xviii., is. 6d.

Part 2. Booksvii.toxii., is. 6d. Part 4. Books xix. to xxiv., and

) Hymns, 2s. i

13. Plato's Dialogues: The Apology of Socrates, the Crito, and
the Pbncdo. From the Text of C. F. Hermann. Edited with Notes, Critical
and Explanatory, by the Rev. James Davies, M.A. 2s.

14.17. Herodotus, The History of, chiefly alter the Text of Gaisford.
With Prellmmary Observations and Appendices, and Notes, Critical and
Explanatory, by T. H. L. Leary, M.A., B-C:L.

Part 1L Books i., ii. (The Clio and’ Euteroe),

Part 2. Biooks iv. (The Thalia and Melpamene). 2s.

Part 3. Books v.-vii. (The Terpsichore, Erato, and Polymnia), as.
Part 4. Books viii., ix. (The Urania and Calliope) and Index, is. 6d.

18. Sophocles: (Edipus Tyrannus. Notes by H. Y oung, is.

20. Sophocles: Antigone. From the Text of |)indork Notes,
Critical and Explanatory by the Rev. John Milner, B.

23. Euripides : Hecuba and Medea. Chiefly from the Text of Din-
dore. With Notes Critical and Explanatory, by W. Brownrigo Smith,
M.A., F.K.G.S. . .

26. Euripides: Alcestls Chiefly from the Text of Dindore. With
Notes, Critical and Explanatory, by J ohn Milner, B.A. is.

30. aEschyIus Prometheus Vinctus : The Prometheus Bound. From
the Text of Dindore. Edited, with English Notes, Critical and Explanatory,
by the Rev. J ames Davies, M.A. is.

3« aEschylus: Septem Contra Thebes: The Seven against Thebes.
From the Text of D indorv. Edited, with English Notes, Critical and Ex-
planatory, by tho Rev. ] ames Davies, M.A. is.

40. Aristophanes: Achamians. Chiefly from the Text of C. H.
W kisk. With Notes, by C. S. T. Townshbnd, M.A. is. 6d

41. Thucydides: History of the Peloponnesian War. Notes by H.
Y ouno. HOOk 1. is. 6d.

42. Xenophon s Panegyric on Age5|laus Notes ‘and Intro-
duction b F. W Jewitt. js
Demos henes. The Oratlon on the Crown and the Philippics.
With English Notes. By Rev. T. H. L. Leary, D.C.L., formerly Scholar Ol

Brasenose College, Oxford, is. 6d-
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