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INTRODUCTION.

In the SHOT-FIRER'S GUIDE an attempt is made to place

at the service of explosives users in mines and quarries

simple, practical explanations concerning the most approved

types and methods of handling blasting apparatus and the

precautions that are necessary in order to secure safety.

Every stage of a blasting operation is described in detail ;

instances are given of the varieties of accident which most

frequently occur j and the very important question of shot-

firing in fiery and dusty mines is considered in the light of

the most recent inquiries.

It is hoped that by thus seeking to familiarise mine offi-

cials, shot-lighters and others with the risks involved in

underground shot-firing, and with the skilful use of modern

methods of ignition, something will be done to lessen the

annual toll of lives which Nature exacts as the price of

failure to comprehend her laws.

In Great Britain alone 106 mine explosions have been

caused by shot-firing during the past 10 years. In the same

period more than 3,000 persons have been injured and over

500 killed by accidents arising out of the use of explosives.

On the average, one person is injured every day and one

dies as the result of his injuries each week throughout the

year.

Few of these casualties partake of the nature of un-

foreseeable occurrences. For the most part they are the

result of inexperience or of thoughtlessness, and form a

S.F.G A



IV. INTRODUCTION.

powerful argument in favour of the employment of men

who are known to possess sufficient knowledge of the duties

upon which they are engaged.

The definition of
"

sufficient knowledge
" must neces-

sarily be provisional, and dependent on the current at-

tainable standard of proficiency in the class of workmen

concerned.

At least one qualification upon which stress has not

hitherto been laid is likely soon to become an essential con-

dition of appointment to the position of deputy or shot-firer

this is the ability to accurately detect minute percentages

of ''gas."* If, in addition to this acquirement, a candidate can

show that he knows the Official Regulations, and is able to

explain their raison d'etre, he is probably a competent person

to fire shots in a mine. If the shot-firer is also a deputy, it

is desirable that he should hold an under-manager's certi-

ficate, or, at least, be able to answer satisfactorily some

such series of questions as that which appears on p. 154 of

this book.

At the present time mine officials, miners and quarrymen

possess, as a rule, singularly little knowledge of the mate-

rials they use, when one considers the enormous development

during recent years of educational facilities. Generally,

they have only a vague and inarticulate idea of the risks

they run during the operations of priming, stemming and

firing a charge.

In coal mines, where the normal risks of blasting are liable

to be accentuated by special conditions, it is exceptionally

important that every individual should be fully cognisant

of the probable and possible consequences of his every act.

* See Appendices I. and II.



INTRODUCTION. V.

When regard is had to these extra dangers associated

with the use of explosives in mines, namely, those which are

to be apprehended from fire damp and coal dust ; when it is

seen that some of the greatest mine explosions on record,

and no inconsiderable proportion of the lesser disasters of

the same kind, have been traced or held to have been caused

by the reckless, or at any rate inexperienced, use of explosives;

and when to these is added the long tale of minor accidents,

which are of almost daily occurrence, the wonder is, not

that there are so many official rules to be observed, but

that untrained persons should be allowed to fire shots at all.

It has been stated in evidence before the Coal Mines Com-

mission now sitting that
"
90 per cent., if not the whole, of

those who are
'

competent shot-firers
'

(under the Mines

Acts) have no theoretical knowledge at all as to explosives."

There is little room for doubt as to the general accuracy

of this statement, and it is greatly to be desired that those

to whom it refers should rise to their responsibilities and

emerge from the ranks of that immense army of semi-

competents who do so much to block the path of industrial

progress.

This Manual is published at a low price in order that it

may be within the reach of every workman.

It is set in Question and Answer form because this

arrangement has been found to be especially adapted to the

needs of those for whom it has been prepared. It is to some

extent a re-set abridgment of the Author's book on " ELEC-

TRIC BLASTING APPARATUS AND EXPLOSIVES," but advan-

tage has been taken of the opportunity to revise the data

on explosives in conformance with the classification adopted

in the Report of the Committee on Bobbinite,



VI. IN TROD UCT10N.

A considerable amount of new matter has also been added,

including references to such recent work bearing on the

safety of shot-firing in fiery and dusty mines as Dr. Henry H.

Payne's Paper before the Coal Mining Institute of America,

Dr. Snell's Presidential Address to the British Medical

Association at Sheffield, and the valuable experiments that

are being carried out by the Mining Association of Great

Britain at Altofts.

The Report of the Departmental Committee on Bobbinite

and those of H.M. Inspectors of Explosives have been freely

laid under contribution, partly because they form an

admirable up-to-date exposition of current expert views on

the use of explosives and partly from the Author's desire

to bring before a public that does not read Blue Books a

knowledge of the valuable inquiries which H.M. Home Office

Departments of Mines and of Explosives are constantly

placing at the disposal of all who care to seek.

For permission to make use of these Official Publications

acknowledgments are due to the Controller of His Majesty's

Stationery Office. The Author also records with pleasure his

indebtedness to the works of Dr. Von Schwartz and M.

Bichel, and to the Nobel Company and other makers of

explosives and shot-firing apparatus who have kindly

supplied him with particulars relative to their specialities

and electros for purposes of illustration.

WM. MAURICE.

Hucknall Torkard, Notts.
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PART I.

EXPLOSIVES.

Explosion the Result of Temperature and Pressure, p. 1. Combustion of

Coal-Gas, p. 1. Energy of Combination, p. 1. Oxidation of Iron,

p. 1. Explosion of Mixture of Coal-Gas and Air, p. 2. Expansion
of Gases, p. 2. An Explosive consists of a Combustible Element and

an Oxidising Body, p. 3. Explosives as Classified by the Bobbinite

Committee, p. 3. Characteristics of Nitro- Glycerine Explosives,

pp. 4-7. Characteristics of Ammonium-Nitrate Explosives, p. 7.

Characteristics of Ammonium-Nitrate and Nitro- Glycerine Mixtures,

p. 8. Characteristics of Non-detonating Mechanical Mixtures, p. 8.

Gunpowder, p. 9. List of Permitted Explosives classified according

to their Ingredients, p. 9. Consumption of Explosives in British

Mines and Quarries, p. 10. Identification of Permitted Explosives, p. 10.

1 . Explain, by way of introduction to the subject
of Explosives, how an Explosion is produced.

All explosives owe their explosive properties to two causes

namely, the result of temperature and pressure. There is an

important axiom in every elementary manual on chemistry

namely, that when chemical action takes place heat and light

are generally evolved, and this is most forcibly seen when

ordinary combustion takes place. Wood and coal and coal-gas

burn readily in air, because there are elements present in these

substances which have a great affinity for the oxygen of the

air. The carbon combines with the oxygen to form a gas

called carbon dioxide (C02)
and the hydrogen combines to

form water (H20). In both these reactions the energy of

combination is so great that an enormous amount of heat is

given out, sufficient to raise the burning bodies to a white

heat. A piece of iron if exposed to the atmosphere slowly

S.P.G. B
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rusts, the oxygen of the air combining with it to form oxide

of iron, or rust. In doing this a certain quantity of heat is

formed
;
but the rusting goes on so slowly that the amount of

heat is inappreciable to the senses. If we expedite this action

by heating the iron and plunging it into oxygen gas, rusting
or combination takes place so rapidly that the iron actually

catches fire and burns.

In the latter case the heat given out is intense, and is easily

recognised, because the combination takes place so rapidly.

It is a proved law that when combination takes place between

bodies, exactly the same amount of heat is given out if the

process takes a few seconds or takes years to accomplish the

same result.

The combination of the oxygen and the iron produces a solid

substance called oxide of iron. We can, however, cause cer-

tain elements to combine, the products being gaseous. For

instance, we turn on a jet of coal-gas in a room
;

the gas

escapes and mixes with the air, no combination taking place.

If we warm up the mixture of gas and air by applying a light,

the gas immediately catches fire and burns. On removing the

source of heat the match, for instance the gas does not go

out, but continues to burn, because the coal-gas in burning,

combining with the oxygen of the air, gives out so much heat

that each successive portion of gas issuing from the jet is raised

to the point of ignition. In this case the gas burns steadily,

owing to the gradual mixing of the gas and air.

If, however, the tap be turned on and the gas allowed to mix

with the air of a room, even to so small an extent as 10 per

cent, (of the coal-gas), and a light be then introduced, a violent

explosion will take place, owing to the whole of the combustible

mixture combining, not slowly, but almost instantaneously.

As a result, the room may be wrecked and the doors and

windows blown out. This increase of pressure is due to the

effect of temperature, for it is well known that when substances

are heated they expand, gases expanding more than any other

form of matter.

Explosion may be, therefore, caused by intensely rapid

combustion, and, as a general rule, it may be stated that all
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explosives owe their explosive force to the generation of pres-

sure, caused by rapid decomposition, or combination of certain

elements, the products formed being largely expanded by the

heat evolved, the destructive effect being regulated by the time

taken in producing the change of state.

All ordinary explosives consist of two parts the combus-

tible elements and the oxidising body. Carbon and hydrogen,
either free or combined in certain compounds, generally form

the combustible part, and oxygen, loosely combined with other

elements, as in the nitrates and chlorates, is added to burn

up the carbon and hydrogen to form carbon dioxide and steam

at a high temperature. (W. J. Orsman, F.I.C., in a lecture

before the National Association of Colliery Managers, England.)

2. How would you explain the difference be-
tween Combustion and Detonation?

If an explosive is ignited simply by a spark or flame, a

small portion of the explosive mixture is kindled in the first

instance, and for a period it is called simply progressive com-

bustion
;
this produces a slight pressure in the neighbouring

layers of gases, and of course naturally heats them
; and, by

the time the progressive combustion reaches these more highly-

compressed gases, and at a higher temperature, the rate of

combustion is accelerated until at last it ends in a true ex-

plosion being formed. But in the case of a detonating

explosive, or a detonating source, the initiation of this explo-
sive wave is set up more rapidly, and the series of operations
take place in au infinitely shorter time.

3. How are Explosives classified?

In the valuable Report of the Departmental Committee on

Bobbinite (Cd, 3,423, 1907) explosives are divided into five

principal groups, which are as under :

1 . Nitro-glycerine explosives :

(a) Low per cent, nitro-glycerine

(b) Medium per cent, nitro-glycerine.

(c) High per cent, nitro-glycerine.

(d) Gelatines.

B2
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2. Ammonium nitrate explosives.

3. Nitro-glycerine and ammonium-nitrate explosives.

4. Non-detonating mechanical mixtures.

5. Gunpowder.

Of these groups 1, 2 and 3 are detonants, or high explosives.

(See Q. 12, p. 11.)

4. What are the Chief Characteristics of the First

or Nitro-Glycerine Group?
The chief characteristics of this group depend on the presence

of nitro-glycerine. This ingredient being a liquid necessitates

the employment of some substance which will retain it in the

cartridge as a sponge retains water, or else the presence of an

ingredient which will gelatinise it so that it ceases to be a liquid.

A prominent characteristic of this group is that they are

relatively easy to detonate under normal conditions, since

nitro-glycerine is relatively sensitive. Unfortunately it becomes

solid at temperatures well above that of the freezing point of

water, and when in this state the cartridges are, generally

speaking, more sensitive to rough treatment, but less easy to

explode with a detonator.

Hence, after a spell of cold weather the number of accidents

due to explosions during the charging of a shot- hole or due to

striking unexploded cartridges when removing debris is largely

increased. In the past a considerable number of fatalities have

arisen from the employment of improper means for warming
the cartridges to restore them to a plastic condition (see pp.

111-113).

All explosives of this group are readily inflammable, and

generally, when burnt, instead of being detonated, they give off

large quantities of highly poisonous gases.

Sub-group (a), Lowper cent. Nitro-Glycerincs.

Low per cent. This sub-group may be termed the Carbonite

Nitro- group. The nitro-glycerine, which forms about

Glycerines. 25 per cent, of the total weight, is generally

absorbed by wood-meal, and to this mixture is

added a nitrate, or oxygen carrier (generally nitrate of potas-

sium or barium), thus forming, as it were, a mixture of nitro-
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glycerine with a wood-meal gunpowder. The carbonites were

introduced as a compromise between a highly shattering

explosive, such as dynamite, and the non-detonating gunpowder,
and were intended for use in coal mines where danger was to

be apprehended from fire-damp.

The nitre-glycerine having been, so to speak, diluted or

tamed down by a very slow and cool gunpowder, these explo-

sives possess a comparatively low speed of detonation and are

alleged, therefore, to be more suitable for coal-getting than any
other detonating explosive.

They have successfully passed both the Woolwich and

Belgian tests (see pp. 70 and 71) and are considered on the

Continent to be among the safest of all explosives used in

gassy mines. The charge limite (see p. 133) of carbonite at

Frameries is over 900 grammes. They have certain disadvan-

tages, in addition to those inherent in the group, the chief of

which is that they are bulky and thus entail the use of rela-

tively large charges and a relatively large diameter of bore-hole.

This sub-group is also generally regarded as being more

liable even than the other explosives of the nitro-glycerine

group to cause noxious fumes, consisting largely of the

inflammable gas carbon-monoxide.

Sub-group (b), Medium per cent. Nitro-

Medium per Glycerines. This sub-group consists of explo-

cent. Nitro- sives which may be termed strong carbonites,

Glycerines, in which the percentage of nitro-glycerine is

from 35 to 48 of the total weight. Up to the

present they have not been much used in this country. On
the Continent, however, they have been employed for some

little time, and have successfully passed the Belgian tests at

Frameries. Grisoutirie 11. may be taken as a type. It consists

of 44 per cent, of nitro-glycerine, 44 per cent, of sodium sul-

phate, and 12 per cent, of wood -meal. Its charge Limite at

Frameries is 650 grammes.

Occasionally a small percentage of nitro-cotton is added, and

explosives with this ingredient present appear on the Permitted

List (see pp. 9 and 10) under the names of Dragonite and

Normanite, but their use is restricted.
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Sub-group (c), High per cent. Nitro- Glycerines,

High per cent. This sub-group is represented by dynamite,

Nitro- which consists of 75 per cent, of nitro-glycerine

Glycerines, absorbed by 25 per cent, of kieselguhr.

It was practically the first nitro-glycerine

explosive used on a large scale and its chief characteristic is it&

great shattering power, arising from its high velocity of detona-

tion, which is nearly three times as great as that of carbonite.

It will not pass either the Woolwich or the Continental tests.

Sub group (d), Gelatines. In this sub-group the nitro-glycerine

is gelatinised by nitro-cotton, and all the explosives in it can

be recognised by their somewhat jelly-like appearances. In-

cluded in sub-group (d) are such explosives as blasting

gelatine, Gelignite, &c. The Bobbinite Committee place them

in this order to show the process of evolution. Blasting gela-

tine, the most powerful explosive used commercially, consists

of nitro-glycerine and nitro-cotton only. This composition
for various reasons required to be tamed down, and hence it

was diluted with carbonaceous materials and oxygen-bearing

salts, such as wood-meal and nitrate of potassium, and with

these additions it is well known as Gelignite. To pass the

Woolwich test it required to be further tamed, and for this

purpose not less than 10 per cent, of oxalate of ammonium,
which contains a large amount of water of crystallisation, wa&

added, and in this form and under the names of Storvite,

Arkite, &c., it passed the Woolwich test. It will not, how-

ever, pass the Continental test, charges of 50 grammes almost

invariably causing ignitions.

From a blasting point of view the chief feature in the

Gelatines is their great local shattering effect, though, as we

shall subsequently show, this can be successfully modified by
skilful use, and also the fact that they can be used in wet

shot holes without great risk of a miss-fire.

To sum up the characteristics of the nitro-glycerine group,

the advantages may be said generally to be :

1. Ready detonation under normal conditions.

2. Plasticity, which enables them to be squeezed into a

bore-hole, completely filling it up.

3. In the case of the gelatines, can be used in wet holes.
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The disadvantages being :

1. Liability to become frozen (non-plastic), and then in-

increase of sensitiveness to rough usage and deci ease

of sensitiveness to explosion by detonator.

2. Inflammability.

3. Generation of noxious gases when ignited.

5. What are the Chief Characteristics of the
Second or Ammonium-Nitrate Group ?

The chief characteristics of this group
Ammonium- depend on the nitrate of ammonium. This

Nitrate salt is very insensitive in the pure state : it

Group. can, however, be exploded with great difficulty ;

it is also hygroscopic and therefore explosives

of this group have to be enclosed in waterproof wrappers.
These explosives generally consist of from 80 per cent, to

90 per cent, of nitrate of ammonium, to which is added a

combustible which is sometimes a nitro-compound, such as tri-

nitro-toluol, and sometimes a hydro-carbon, such as naphtha-

lene, or even carbon in the form of charcoal. Their velocity

of detonation is considerably less than that of dynamite or

the gelatine explosives, but above that of the carbonites, and

hence, so far as shattering effect is concerned, they occupy an

intermediate position.

A large number have been successfully tested at Woolwich,

but relatively few appear able to pass the Continental test.

In this group is to be found " Favier poudre," which is said

to have originated the explosion at the Courrieres mine ;
it is

very similar to Ammonite, which has passed the Woolwich but

which fails to pass the Belgian test.

The chief advantages of this group may be said to be :

1 . Their comparative safety in handling.

2. The ease with which they can be rendered non-

explosive. Whilst their disadvantages are :

1. The difficulty of keeping the cartridges waterproof.
2. Bulkiness.

3. The liability of failure to explode.
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6. Describe the Third or Ammonium-Nitrate and

Nitro-Glycerine Group.

The explosives in this group have been

Ammonium- introduced with the view of getting over the

Nitrate and difficulty in detonating ammonium-nitrate ex-

Nitro-Glycer- plosives. Generally speaking, about 8 per

ine Group. cent, of nitro-glycerine absorbed in 8 per cent,

of wood-meal is mixed with about 84 per cent,

of nitrate of ammonium. These explosives will detonate fairly

freely even when the nitro-glycerine is frozen, but they have

to be made up in waterproof cartridges. Great difficulty has

been experienced in providing a suitable method of water-

proofing the cartridges.

These explosives have only come into use comparatively

recently in this country, but they have been manufactured in

Germany for some years.

Those which are on the Permitted List would probably fail

to pass the Continental test, but as somewhat similar explosives

have charge Unities of 500 grammes assigned to them in

Germany, it is probable that, with slight modifications, the

British-made explosive could be manufactured to pass the

Continental test.

7. What are the Characteristics of the Fourth

Group Non-detonating Mechanical Mix-
tures ?

The only explosives of this class are Amasite,

Non Aphosite, Bobbinite, and Virite.

detonants. The first is a new explosive : the second is

used in two or three collieries and the last is

not now manufactured. It remains, therefore, only to deal very

shortly with Bobbinite. This explosive m its action resembles

gunpowder, and is consequently popular with miners who have

been accustomed to blast with gunpowder. Like that explosive,

it requires to be efficiently temped to obtain good results.

Bobbinite consists of a high-grade gunpowder containing but

little sulphur, mixed with starch and paraffin wax and pressed

into a pellet which is coated with paraffin wax.
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The method of its manufacture is very similar to that

employed for the production of gunpowder. It will not pass
the Continental tests, as when unstemmed it does not explode

properly.

8 Describe the Gunpowder Class of Explosives ?

The characteristic of gunpowder and the

Gunpowder, explosives of Group 4 is their low velocity of

explosion, which renders them very suitable

for work where a slow heaving action is required.

A further advantage in use for coal-getting accrues from the

fact that an overcharged hole is not penalised by the produc-
tion of slack to the same extent as with a detonant

; this, how-

ever, turns to a disadvantage when there is a risk of igniting fire-

damp, as an overcharged hole is a distinct source of danger.

Gunpowder will not pass either the Continental or Woolwich

tests.

9. Give the List (July 3, 1909) of Permitted

Explosives classified according to their In-

gredients.

GROUP I. NITROGLYCERINES.

Sub-group (a), Carbonites :

Britonite. Kynite. Phoenix Powder.
Catnbrite. Kynite Condensed. Pit-ite.

Carbonite. Nobel Carbonite. Tutol.

Clydite. Oaklite No. 1. Victorite.

Kolax. Oaklite No. 2.

Sub-group (5), Strong Carbonites :

Dragonite. Extra-carbonite. Normanite.

Sub-group (c), Gelatines ,

Albionite. Cornish Powder. Bippite.
Arkite. Dominite. Eusselite.

Celtite. Fracturite. Samsonite
Ciiffite. Haylite No. 1. Stow-ite.

GROUP II. AMMONIUM-CITRATES.
Ammonal. Odite. St. Helen's Powder.
Ammonal B. Permonite. Koburite No. 3.

Ammonite. Permonite II. Thunderite.
Amvis. Kipping Ammonal. Titanite.

Bellite No. 1. Bellite No. 3. Titanite No. 1.

Colliery Steelite. Curtisite. Westfalite No. 1.

Good Luck. Dahmenite A. Westfalite No. 2.

Minite. Electronite. Withnell Powder.

Negro Powder. Faveraham Powder.
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GROUP III AMMONIUM-NITRATE AND NITROGLYCERINE.
Abbcite. Monobel Powder. Eexite.

Excellite. Permitite. Nobel Ammonia Powder

GROUP IV. NON-DETONATING MECHANICAL MIXTURES.

Aphosite. Bobbinite. Virite.

Amasite.

10. Give a Table showing the Consumption of

Explosives in British Mines and Quarries
during the Year 1908.

Table I.

Name of Explosive.
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DETONATORS AND FUSES.

Detonants and Non-detonants, p. 11. Combustion, Explosion and Detona-

tion, p. 11. Bickford Fuse, p. 12. Ignition of Non-detonants by

Fuse, p. 12. Ignition of Detonants by Fuse, p. 13. Fulminates, p. 13.

Detonators, p. 14. Standard Composition of Charge for Detonators,

p. 14. Preparation of Primer Cartridge, p. 15. Bickford Safety

Igniter, p. 16. Permitted Igniter Fuse for Firing Mines, p. 17. Elec-

trical Resistance, p. 19. Electric Fuse, p. 19. Fuse Head, p. 19.

High-Tension and Low-Tension Electric Fuses, p. 20. Priming, p. 21.

Electric Fuse Detonators, p. 21. Fuse Wires, p. 25. Selection of

Fuses, p. 26. Delayed Action Fuses, p. 27. Detonator Cases, p. 28.

12. What is the difference between a Detonant
and a Non-detonant ?

The difference between a detonant and a non-detonant will be

understood when it is recognised that explosives vary very
much in their rapidity of combustion that is, in the time

which it takes for a given weight to explode.
In some materials the accumulated chemical energy is released

slowly, producing a change which is called CQmbustion.

In other materials the transformation of energy takes place

with greater rapidity and is then called explosion.

In yet other materials the change occurs with such extra-

ordinary rapidity that the conversion of the solid matter into

gases and vapours is practically instantaneous. This pheno-
menon is called detonation. The force produced by an explosive

depends on the rapidity with which it is converted into gases,

and, since there is no sharp dividing-line between one explosive

and another, the different classes form series passing from a

stage bordering on simple combustion to a stage of true

detonation.

In practice, however, blasting agents can be divided into

(a) those which are exploded by simple ignition and (b) those
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which require to be exploded by detonation. The former are

called non-detonants and the latter detonants.

13. What is Safety Fuse, and how is it applied
to the Firing of Non-detonants ?

Non-detonants, of which class gunpowder and Bobbinite are

the principal representatives, ignite on the simple application

of sufficient heat, usually through the medium of a fuse, con-

sisting of a cord, taped or otherwise covered, containing a core

of fine gunpowder.

Safety fuse, the invention of William Bickford, of Tucking-

mill, Cornwall, was designed by the inventor to obviate the

various dangers inseparable from the use of
" Germans " and

other still used but happily obsolescent methods of conveying
fire to a blasting charge.

Numerous and important improvements have been effected

by the inventor's successors since 1831, the year of the original

patent, which have resulted in the introduction of different

qualities of fuse, adapted to all the various requirements of

modern blasting.

The following Table illustrates some of the principal descrip-

tions of safety fuse now used.

Table II. Bickford'* Safety Fuse.

Maker's
Number.

1

4
8
9

13
15

23

25

Description. Purpose.

Small fuse For immediate use in dry ground
Ked fuse For use in damp and close places

Tape sump fuse .... For use in wet ground
Double tape sump fuse For use in very wet ground
Gutta-percha fuse . . For use in water
Double gutta-percha For use in 300 ft. water

fuse

White tape fuse . . . .
' For use in wet and close places, and for

exportation into warm climates

White double tape For very wet and close places, and for

fuse use in hot climates

Patent colliery fuse . . To convey fire without emitting sparks
or fire laterally during combustion

To fire a charge by means of fuse, a suitable length is cut off

obliquely and inserted through a hole in the centre of the
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primer cartridge, as shown in Fig. 2. When the required

weight of charge has been placed in the bore-hole the primer
is added, the whole carefully tamped, and a light applied to the

free extremity of the fuse.

The combustible core thus ignited burns along the inside of

the cord and ultimately sends out a spurt of flame from the

end which is shown reversed in the cartridge, Fig. 2. (The

object of reversing the end of the fuse is to form a wedge, as

it were, and so prevent its accidental withdrawal during the

operation of stemming.)
As a guide to safety, it may be stated that ordinary Bickford

fuse burns at the approximate speed of 1 ft. in 30 seconds,

but some margin of time should be allowed for variations from

atmospheric or other causes.

FIG. 2.

14. How are Detonants Fired by Fuse Ignition ?

The detonants cannot ordinarily be exploded by simple

ignition, but must receive an extremely violent shock such as

can only be produced by another explosion of the most rapid

kind, namely, detonation.

This initial detonation is obtained by the use of certain

extremely explosive salts called Fulminates, which are derived

from fulminic acid or nitro-acetonitrite, the chemical formula

for which is CH2(N03)CK The best known and the one

which is used for blasting purposes is mercuric fulminate. It

is obtained by the action of alcohol and nitric acid on mercury
nitrate and has the chemical formula HgoCsNoOo.

This compound is extraordinarily unstable. It explodes
when heated to about 360F., when scratched by a pin, and

when brought into contact with an electric spark, or with con-

centrated sulphuric and nitric acids. When thoroughly wet

it is inexplosive.
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In the practical application a small quantity of fulminate

(mixed with chlorate of potash) is put into a solid-drawn

copper tube, closed at one end, in such a manner as to form in

effect a solid piece of fulminate which would appear in section

as shown in Fig. 3. This is called a detonator.

FIG. 3.

The standard composition of charge for Nobel detonators is

shown in Table III.

Table III. Standard Mixture for Detonators.
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The safety fuse is then inserted in a detonator and fixed by
means of the nippers, as shown in Fig. 6.

For use in water, or in a wet bore-hole, it is necessary to

make the junction of the fuse and detonator watertight, either

by means of grease or by the use of adhesive insulating tape

of the kind used for electrical joint making.

FIG. 5.

The manner of preparing the primer cartridge, as recom-

mended by Nobels, Ltd., is as follows : Take the cartridge,

open at one end, and by means of a small pointed stick, or the

handle of the nippers, make a small hole in it, and then insert

the detonator in the hole so that about one-third of the copper

FIG. 6.

tube is left exposed outside of the explosive. The safety fuse,

just above the detonator, should be securely tied in position in

the cartridge, as shown in Fig. 7. If the detonator is pushed
too far into the cartridge, the safety fuse may set fire to the

cartridge before the detonator can act. This circumstance and
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the use of defective, inferior, or damp detonators are fruitful

causes of unpleasant fumes and frequently lead to only partial
detonation of the explosive.

The primer so prepared is stemmed and fired as explained
in the chapter on PRACTICAL APPLICATIONS, p. 80.

FIG. 7.

15. How can Safety Fuse be used in Fiery
Mines ?

In all coal mines in which inflammable gas has been found

within the previous three months in such quantity as to be

indicative of danger, only "permitted explosives
"
may be used,

and if required to be exploded by safety fuse, the only permis-

sible means of ignition (other than electrical) is by a "permitted

igniter fuse" of the kind manufactured by the firm of Bickford,

Smith & Co. Bickford's igniter fuse consists of a tube of tinned

iron or steel, closed at one end, and containing a mixture of

Potassium Chlorate
and

Wool Sugar Fuse

Glass bulb containing

Sulphuric Acid

FIG. s. SECTION THROUGH BICKFORD'S IGNITKB FUSE.

chlorate of potassium and sugar pressed into a pellet, in close

contact with a hermetically sealed glass capsule containing con-

centrated sulphuric acid. A section through such an igniter

fuse is shown in Fig. 8, and a perspective view of the same in

Fig. 9.
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The ignition of the fuse is effected by breaking the glass

capsule and so allowing the sulphuric acid to come into contact

with the chlorate of potash.
A very powerful oxidising agent known as chlorine peroxide

(C102 )
is thus produced, and when generated in the presence

FUSE LIGHTER

. PRESS HERE

FIG. 9. PERSPECTIVE VIEW BICKFORD'S IGNITER FUSE.

of such a substance as sugar the oxidation is so vigorous that

the sugar takes fire. An igniter fuse of this description may
be used as a substitute for open flame ignition anywhere except

in places to which the Explosives in Coal Mines Order applies.

Only a permitted igniter fuse may be used in those places

where the Coal Mines Order applies. The essential difference

between an igniter fuse and a permitted igniter fuse is in the

requirement that the latter class must be of special quality and

must be supplied permanently attached to its igniter.

Specifically, the fuse (No. 25, Table II., p. 12) must consist

of a core of gunpowder in weight not exceeding 6 grammes per
metre (0*21 oz. (avoir.) per 1'09 yards), traversed by two

threads and enclosed by :

(1) a layer of jute yarn ;

(2) a layer of jute yarn laid in the contrary direction;

(3) a layer of tape ;

(4) a layer of tape laid in the contrary direction ;

(5) a layer of jute yarn secured by a suitable varnish
;

BICKFORD'S PERMITTED

IGNITER FUSE
FIG. 10.

the three outer layers being specially treated with a fire-

proofing composition.

This fuse must be fitted into the open end of the igniter,

securely attached thereto, and the joint cemented by a tape

S.F.G. C
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bearing the "Crown" and the letter "P." The permitted

igniter fuse presents the appearance seen in Fig. 10.

It is further provided that the permitted igniter fuse shall

be fired only with the implement supplied by the manufacturer

and according to the instructions enclosed in each package.

The implement referred to, namely, Bickford's patent nippers,

is shown in Figs. 11 and 12. They are so constructed that,

FIG. 11. BICKFORD'S PATENT NIPPERS.

when the lighter has been inserted longitudinally, the nippers

will close exactly on the right spot to be pressed for firing. The

lighter could be fired with any nippers, but the inexperienced

operator might not always squeeze at the exact point with the

accuracy ensured lay the use of Bickford's patent nippers, which

serve also as a gauge and cannot fail.

FIG. 12. BICKFORD'S PATENT NIPPERS.

The chamber of the nippers entirely surrounds and encloses

that portion of the lighter in which the ignition takes place,

thus effectually preventing the possibility of a spark reaching

the outer atmosphere. The slots in the handles are for use

with ordinary igniters and serve the purpose of closing the open
end of the lighter tube around the fuse before firing.
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16. By virtue of what .electrical property can
Fuses be ignited ?

For the purpose of securing greater safety to workers in

mines and in the conduct of blasting operations generally elec-

trical methods of exploding charges have been developed and

are very extensively used. In these methods advantage is

taken of the fact that a wire of a given diameter will only carry

safely a definite quantity of electric current. If this quantity

is exceeded the wire becomes hot, by virtue of the property

known as resistance, and may even be melted if sufficient current

be supplied to it. If, therefore, two pieces of wire are taken

which will safely carry a given current, and the extremities at

one end be joined by a short length of wire very much thinner

and which is consequently unable to carry the same current,

this short length will become incandescent and set fire to any

ignitible mixture with which it may be in contact when the

free ends of the wires are connected with a suitable source of

electrical energy.

17. What is an Electric Fuse ?

An electric fuse consists essentially of a pair of conduct-

ing wires which are joined at one end by a thinner wire or

a chemical composition which is capable of becoming incan-

FIG. 13.

descent on the passage through it of a suitable electric current,

the said wire or composition being either inflammable itself or

in contact with an inflammable mixture.

This inflammable mixture, together with the part called the

fuse-head, which is to produce ignition, is generally contained

in a paper tube about 1^ in. long and Jin. in diameter which

in contact with a cartridge appears as shown in Fig. 13.

C2
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18. There are two systems of Electric Fuse
ignition. How are they denned ?

There are two distinct classes of electric fuses, and many
varieties of each class.

The classes are commonly known as HIGH-TENSION and LOW-
TENSION fuses respectively, and are perhaps best defined by
reference to the igniting medium, which connects the wire

terminals within the fuse tube or casing.

A HIGH-TENSION fuse is one having its terminal wiresbridged

by a combustible and conductive composition of relatively high
electrical resistance, as indicated diagrammatically in Fig. 14.

A LOW-TENSION fuse is one having its terminals metallically

connected, as in Fig. 15, the connection being surrounded by
and in contact with a combustible mixture.

Priming

FIG. 14. HIGH-TENSION FUSE.

Priming

FIG. 15. LOW-TBNSION FUSE.

19 - How does Ignition occur in (a) High-tension
Fuse, (b) Low-tension Fuse ?

In the case of high-tension fuses, ignition occurs in the fol-

lowing manner : Electrical energy at the fuse terminals (tech-

nically, the fusehead) is, owing to the insufficient conductivity
of the bridging composition, converted into heat energy. The
heat cannot dissipate with sufficient rapidity, therefore the

temperature rises to the point of ignition of the bridge (which
may also be the priming) ; the latter then bursts into flame
and initiates the required explosion.
With low tension fuses the wire bridge is similarly heated,

and so ignites the priming with which it is in contact.
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20. What is an Electric Detonator?

An electric detonator consists of the combination of an electric

fuse (which may be either HIGH or LOW-TENSION) with a

detonator as above described, and presents the general appear-

ance of Fig. 16.

FIG. 16. ELECTRIC DETONATOR FUSE.

(Figs. 14 and 15, though only intended to show diagrammati-

cally the difference between High-Tension and Low-Tension

fuses, may also be taken as sectional diagrams of electric deto-

nators.)

21. Describe some of the Electric Fuses and
E.D. (Electric Detonator) Fuses generally
used in British mines.

A well-known make of high-tension E.D.

fuse is shown sectionally in Fig. 17.

To prepare this type of fuse the connecting
wires W, consisting of two No. 24 S.W.G.

tinned copper wires, separately insulated and

then braided together, are bared for a length
of about 1 in., the bared wires being then laid

in grooves at each side of a small cylindrical

wooden plug, PL. A paper strip is rolled

around this plug to form a cylinder, T, rather

longer than its support, and of an outside

diameter approximating to that of the deto-

nator tube. A charge of priming, P, is put
in contact with the wire ends, and held in

place by a thin membrane or other suitable

means. The completed fuse is then placed in

a detonator containing the required weight of

fulminate F, the outer tube is indented to

prevent withdrawal of the fuse, and finally

the end is sealed with waterproof cement as

shown at C.

In the special low-tension detonator made

FIG. 17.

HIGH-TENSION
DETONATOR

FUSE.
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by the Cotton Powder Co. (Ltd.) two No. 22 S.W.G. tinned

copper wires are threaded through a wooden plug, as shown in

Fig. 18, which has been drilled to gauge and soaked in varnish.

The ends project slightly, as shown in the illustration, and

are joined by a platino-iridium bridge two mils (0-002 in.)

diameter. This bridge is enclosed in nitrated cotton, no other

priming being used.

The fuse is put into the detonator until the priming just

touches the fulminate, and is then fixed in position with a

suitable waterproof cement.

The Lancashire Explosives Co. (Ltd.) produce a compound
detonator fuse in the design of which great care is taken to

preclude the possibility of miss-fires, which are a constant source

of danger and expense. The fusehead in this construction is

of wood, through which two separate passages Z are bored

(Fig. 19), and through which the wires are drawn in such a

Indie-Platinum
Cement Wire 0-002" dia.

Wood Gun Cotton Copper
Plug Priming Shell

FIG. 18. No. 7 L.T. DETONATOR.

manner that they cannot come into contact. The ends of the

wires terminating in the internal powder-chamber C are

passed through a perforated disc of non-conducting material, G,

and securely riveted, forming two copper heads, as shown at F,

The fusehead is formed as shown in elevation (Fig. 20), so that

when inserted into the detonator the distance between the

priming composition and the fulminate is constant, being pre-

cisely four millimetres. This tends to ensure the projection

of the flash from the priming composition direct on to the

fulminate B. The priming E in these fuseheads is moulded

under pressure into the shape of a nipple, the apex of which,

offering the least resistance, ensures a central fire.

A coat of varnish, D, protects the priming composition, and

the insulated wires Y are twisted (as shown in Figs. 19 and 20)
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n order to prevent any movement in the fusehead. A deto-

nator, A, is finally added and swaged into the recess H of the

fusehead so that it cannot be withdrawn.

z-

FIG. 19. SECTION OF FUSEHEAD
AND DETONATOR. (Full size.)

FIG. 20. ELEVATION OF

FOSEHEAD. (Full size.)

In the Tirmann patent fuse of Messrs. Bickford, Smith & Co.

there are some radical departures from the general methods of

fuse construction. The casing consists of a lead alloy capsule

Fuse Head

Part Section showing Fuse Chamber and Metal Wall

Complete Fuss with Detonator attached

FIG. 21.



24 THE SHOT-FIREliS GUIDE.

in two divisions, or, in other words, of a tube, the way through
which is blocked in the middle by a metallic wall, homogeneous
with the tube itself.

One end of the tube (Fig. 2 IB) contains a charge of priming

composition in which are embedded the ends of the conductors

bridged by a very thin platinum wire, as shown in Fig. 21 A.

FIG. 22. SECTION THROUGH TIRMANN FUSE.

The fuse-head is made fast in the casing by sulphur cement.

These fuses are machine-made and are tested three times in

course of manufacture. Great care is taken to make the fuse

bridges of perfectly equal electrical resistance, so as to facili-

tate their application to simultaneous firing in great numbers.

They are sometimes made with iron and sometimes with copper

FIG. 23. EXPLOSION OF A TIRMANN FUSE.

conductors, either pattern being insulated, of course, suitably

to the nature of the work for which it is intended. With iron

wires 1 metre (3ft. 3^ in. approx.) long, the total resistance of a

Tirmann fuse is 1 ohm. Using a copper conductor of the

same length the resistance is reduced by half. The free end is

slightly coned inside (see Fig. 22) to hold a detonator tightly
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without further 'manipulation. The fuse being put over the

detonator instead of within it, as in other patterns, eliminates

the risk of exploding the cap by friction. When the platinum
wire bridge in this patent fuse becomes incandescent through
the passage of an electric current the explosion of the priming
so caused, bursts the metal wall which divides the cap into two

parts and projects a fire stream through the tube with the

action of a shot from a pistol. Fig. 23 illustrates the manner

of firing.

An interesting development of the paste form of priming is

that employed by the Koburite Explosives Co. (Ltd.). This firm,

instead of using a granulated priming, dips the fuse-head

(which may be either high or low tension) into a conductive

and inflammable composition which adheres and dries on the

terminal wires like the tip of a lucifer match. By the adop-

Card Strip with Metal Foil Solid Fuse
Connections on each side Priming

Cement \Solder connecting Detonator

Wires with Metal Foil

FIG. 24.

tion of this method of construction the spacing of the broken

circuit is automatically adjusted by the thickness of the card-

board on to which the metal foil is pasted. Fig. 24 shows this

type of fuse in section.

22. What are Fuse or Detonator Wires ?

The conducting wires or leads which serve

Fuse Wires, the purpose of completing electrical commu-

nication between the firing cable and the fuse-

head are sometimes made of tinned iron, but more frequently

of copper or brass wire. The size is usually No. 22 I.W.G.

(Imperial wire gauge), and the length varies from 8 in. to 45 ft.,

according to requirements.

The most commonly used lengths for mining purposes range

from 36 in., increasing b}' additions of 6 in. to 5 ft.
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Fuse wires should always be a few inches longer than the

bore-hole in which they are to be used, otherwise it may be

necessary to make joints, and this introduces risk of miss-fires

(see p. 96).

On the other hand, the use of 48 in. fuse wires instead of

42 in. that is to say, of wires 6 in. longer than is necessary

would mean, to a colliery company using say 5,000 shots per

month, an annual waste of about 18, taking the cost of an

extra 6 in. of wire at 6s. per 1,000 fuses.

23. Is there any choice between High-tension
and Low-tension systems of ignition ?

Fuse wires are covered with insulating material to pre-

vent leakage of current from one wire to the other, or from

either wire to earth (see Part III., p. 77). When intended for

use in dry ground, a simple wrapping, consisting of two layers

of cotton yarn saturated with an insulating compound, is amply
sufficient. For blasting in damp ground or under water india-

rubber or gutta-percha covered wires are necessary.

At the present time custom is, perhaps,

Selection fairly equally divided between the use of high

of Fuses. and low-tension fuses.

In Great Britain, and generally where ex-

treme climatic changes are not to be looked for, high-tension

fuses give most satisfactory results. For group firing "in

parallel" they are to be preferred. Low-tension fuses are

better for firing "in series" (see p. 107), because it is easier to

obtain a more exactly uniform electrical resistance in fuses of

this type. They are in almost universal use throughout

Canada and the United States, and this system is to be recom-

mended wherever long storage or long transport is necessary,

and specially for use in tropical countries.

Low-tension fuses remain in good condition for an in-

definite period, if stored in a dry place, and their efficiency

can be verified at any time by testing with a galvanometer.

This is a great advantage, and one not generally applicable

to high-tension fuses. (For METHODS OF TESTING, see p. 71.)
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24. What are Delayed-action Fuses, and
what Purpose are they used?

In cross measure headings, shaft sinkings

and similar work, great economy of time

and of explosives is gained

Delayed Action by simultaneously igniting

Fuses. a number of shots the ex-

plosions of which occur in

successive stages. Many methods of attain-

ing various combina-

tions of instantaneous

ignition and delayed

action have been de-

vised, and some are

touched upon in subse-

quent chapters.

The simplest and yet

most practical methods

appear to be those in

which the Bickford fuse,

graduated in length ac-

cording to the desired

rotation of firing, is used

in conjunction with elec-

trical igniters. Messrs.

Bickford, Smith supply

for this purpose a Tir-

mann time fuse con-

structed substantially as

above described (p. 24,

Fig. 22).

It also is made from a

strong metal capsule

divided into two parts,

but the partition (Fig.

25) which divides them

is much stronger. In

the middle of this wall

for
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is a very fine hole which connects the priming with the powder
core of a Bickford fuse attached to the other end of the fuse.

On firing an electric fuse of this type the wall of the metal

capsule bursts, and allows free development of gas from the

Bickford fuse. Bickford gutta-percha fuse burns at the rate

of one centimetre (0-4 in. approx.) per second. From this

data the time interval between successive shots can be adjusted
as desired.

Mr. Bigg-Wither, of the Koburite Co., has designed an

igniter of similar character, which is illustrated in Fig. 26.

In this pattern "Venus" low-tension fuses are made up in extra

long brass tubes, into which are fitted varying lengths of Bick-

iord fuse to make up delay-action fuses. For wet work each

fuse is taped over the space between the arrows (see Fig. 26)
with adhesive waterproof tape of the kind used for joint-making

by electricians.

25. Describe some Safety Methods of Packing
and Carrying Detonators.

Many accidents of a more or less serious nature having
occurred owing to want of system or other defect in the method

of conveying electric detonator fuses from one place to another,

attention has been directed towards the provision of safe

arrangements for packing and carrying.

The Lancashire Explosives Co. have registered a system of

packing electric detonators which is both simple and practical.

The detonators are packed in tens, each one separate from its

neighbour, in a cardboard box, details of which are indicated

in Fig. 27.

The interior of the box is partitioned as shown in the sec-

tional view. When the ten detonator fuses are inserted, a

continuation of the external paper covering, which has been

previously slotted and punched to admit the connecting wires,

is fitted over them and gummed on to the side of the box. The

cover is suitably labelled for registration by the storekeeper,

and the complete package when ready for delivery appears

as shown in the sketch (Fig. 28).
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With detonators packed in this style no further precaution,

beyond the provision of a suitable locked case to comply
with Eules (see p. 174), would appear to be necessary.

Ordinarily detonators are carried (in mines) in small tin

canisters, the covers of which are firmly secured by means of

HIGH TENSION E.D. FUZES.
No. T Detonator*.

\Virfi

Datco/Iuue ,

Shot Firer'i .Vouiw

No. of Pay .'

Empty Box rttd

No. of Shall find

ThU 8yt*m o( P.ckloi is RpMre<l.

-B

Section at A.B.

FIG. 27. FIG. 28.

a padlock. Such a canister may hold from 5 to 10 detonators

having wires of say 36 in. in length. The wires are frequently

doubled and intertwined so as to fit into the limited space

available. Consequently, when one is required, the entire

eontents of the case must be withdrawn in order to separate it
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FIG. 29. THE XL DETONATOR CASE

FIGS. 30 and 31. LEATHBR DETONATOR CASE, BY THEEDAM, UNFOLDED

AND FOLDED RESPECTIVELY.
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from the others, and the obviously serious risk of dropping a

detonator unawares is thus incurred.

The XL detonator case (Fig. 29) is designed for the carriage

of detonators in such a manner that they cannot be acci-

dentally dropped and can yet be easily removed for use.

In the inside of this case, which is made of strong leather,

there is fitted a spring wire made in the shape of a double

loop, much wider from B to C than it is lower down at D.

The wires attached to the detonator should be wound round

the hand and then threaded on the wire from B to C, and

dropped down on to the wire D. It will at once be seen that

a detonator cannot be removed without manipulating it in the

reverse way. The case is made 5f in. by 5 in. by 2 in.
;

it is

fitted with a spring lock and loops at the back for carrying it

on a strap or belt.

Another type of leather detonator case, made by Messrs.

Theedam, of Dudley, is constructed in the manner indicated

in Figs. 30 and 31, the former of which shows the wallet

unfolded for the reception of caps, and the latter folded, to

carry in the pocket.
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PART I.

EXPLODERS.

dlassification of Exploders, p. 34. MAGNETO EXPLODERS, p. 34. Differ-

ence between a Dynamo and a Magneto Exploder, p. 34. Helsby
Magneto Exploder, p. 35. Sterling Magneto Exploder, pp. 35-36.

DYNAMO EXPLODERS, p. 37. Back-Bar Machines, pp. 37-41. Induced

Current, p. 37. Superimposed E.M.F., p. 41. Nobel's Three-Post

Back-Bar Exploder, p. 41. Sterling Dynamo Exploders, pp. 42-47.

Dynamo Exploder with Laminated Field Magnets and Armature,

p. 43. DRY BATTERIES, pp. 47-53. Production of Current by Chemical

Be action, p. 47. Elementary Primary Cell, p. 48. Nomenclature of

Cells, p. 48. Polarisation p. 49. Dry Cell, p. 50. Exciting and

Depolarising Mixtures, p. 50. Obach Cell, p. 50. Casings for Dry
Cells, pp. 51-52. Wood's Patent Safety Disc, p. 51. Davis Pocket

Shot Firer, with Safety Key, p. 52. Facts for Guidance in Selection

of Cells, p. 53. Accumulators, pp. 54-58. Formation Process and

Beactions in a Secondary Cell, p. 55. Conditions for Successful

Working, p. 56. Polarity of Electrical Mains, p. 56. Charging

Accumulators, p. 57. Pole-finding Papers, p. 58.

26. What Electrical Appliances and Methods are

available for the purpose of Exploding Fuses ?

In the early days of the electrical industry almost every
machine or device capable of producing an electric current was

tried for the purpose of exploding mines or blasting rock.

Frictional machines, induction coils, all kinds of primary and

secondary cells and magneto-induction machines have at one

time or another done practical service. Modern practice, how-

ever, confines itself to the use of (1) Magneto and dynamo

exploders, (2) "Dry" or accumulator cells, and (3) Current

from power mains. Safety methods of employing the latter

source of energy are described in the author's Electric Blasting

S.F.G. D
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Apparatus and Explosives, although the application of it in

mines is not encouraged, on account of the ever-present possi-

bility of causing premature explosion by leakage current.

27. How many Types of Current Induction Ex-
ploder are there?

Current induction exploders may be divided
Current into three types :

Induction (a) In which current is induced in coils of

Exploders. wire surrounding the poles of a permanent
magnet by suddenly detaching therefrom a

soft iron armature .

(&) In which a coil-wound armature is rotated between the

poles of a permanent magnet 1

(c) In which a coil-wound armature is rotated between the

poles of an electromagnet as in an ordinary dynamo.
Type (a), although examples are still used abroad, may be

dismissed as lying outside modern practice.

Types (6) and (c) include all mechanically operated exploders
now in general use.

28. Describe the Construction and Method of

Operating Magneto Exploders.

Magneto Exploders. Type (b) embraces the class of magneto

exploders, examples of which are to be found in probably every
British colliery where electric shot-firing is practised.

A magneto exploder consists essentially of an armature

revolving between the poles of a set of permanent magnets.
The main difference between a dynamo and a magneto exploder
lies in the fact that the former has electromagnets, i.e., soft

iron or mild steel wound with insulated wire, through which

an electric current passes and magnetises the iron ;
whilst the

latter has hardened steel permanent magnets, without field coils.

Fig. 32 illustrates the type of magneto exploder which has

been in general use for many years. It is built up of a series of

horseshoe magnets joined together by soft-iron polar extensions,

in the magnetic field of whichashuttle-woundarmatureisrotated.

A high armature speed is attained by suitably arranged toothed

wheels. Current is produced by rapidly revolving the handle
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attached to the main driving wheel and is transmitted to the

internal or firing circuit by pressing a button. The latter is

FIG. 32.

placed conveniently near the terminals of the firing line, aa

shown in the external view of the apparatus.

The pattern from which the illustration (Fig. 32) is taken is

made by the British Insulated & Helsby Cables (Ltd.).

FIG. 33.

In the recently developed and now extensively used Sterling

patent magneto exploder (Fig. 33) mechanical energy is trans-

D2
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mitted to the armature, through suitable speed-increasing gear,

by a single twist, or, more correctly, half-twist, of a detachable

T-shaped handle. By a cleverly contrived trip device the

wheels are thrown out of gear at the end of the twisting

movement, and the armature continues to rotate by its own

FIG. 34.

momentum. The firing circuit is open until the handle strikes

the stop ;
contact is then made automatically, and, with the

armature still revolving freely, the current passes through the

firing line and explodes the charge.

FIG. 35.

The mechanism of the Sterling machine is encased either in

an oak box, as in Fig. 34, or a metal case, as in Fig. 35. The
metal-cased pattern has the advantage of being lighter, in the

smaller patterns, and is more suitable for use in tropical

countries, since it is not liable to shrink and split. The two-
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shot size (high-tension or low-tension) measures, in oak,

4f in. x 2| in. X 4f in. and weighs 3f Ib. In nickel-plated brass

case it measures 3f in. x 2J in. x 3f in., and weighs 8 Ib.

The Explosives in Coal Mines Order of December 17, 1906,

Rule 2 (/) requires that every electrical firing apparatus shall

be provided with a removable handle or safety plug, or push

button, which shall not be placed in position or operated until

the shot is required to be fired, and which shall be removed or

released as soon as a shot has been fired. The removable

handle or safety plug shall at all times remain in the personal

custody of the shot-firer whilst on duty.

29. -Describe the Principles and Method of Con-
struction of Rack Bar Type Dynamo Ex-

ploders.

These are practically dynamos in miniature,

Dynamo the armatures of which can be revolved by

Exploders, a rotary crank, a pull-over lever, or a vertical

rack bar, geared direct, or into a train of

wheels in contact with the armature spindle. They are the

most efficient and reliable exploders extant and, the weight

having been immensely reduced by recently improved

methods of design, the smaller sizes are comparable for porta-

bility with exploders of any other type.

Figs. 36 and 37 illustrate sectionally the construction of the

well-known rack-bar machine. It will be noted by reference to

these figures that the circuit-breaking key is placed in the top

of the wooden containing case ;
this modification of an older

pattern has been made in order that it may be always kept

dry and easily accessible for cleaning. A rod, H, is also

provided for guiding and steadying the rack bar I, as shown

in the end view (Fig. 37). It is a well-known fact that the

field magnet and armature of a small dynamo may be quickly

brought to the point of saturation, and that, when the current

is at its maximum, the breaking of the circuit causes the entire

induced current generated in the coils to be discharged, either

through the air at the point of rupture of the current, or

through a derived circuit connected with the terminals of the
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field-magnet. In the exploder under consideration, advantage
is taken of this knowledge, and also of the fact that an acce-

lerated is more effective than a uniform rotation of the arma-

ture in bringing about magnetic saturation. The mechanism

of a rack-bar exploder is as follows : A field magnet, J (Figs.

36 and 37), is formed with soft-iron pole-pieces, P, secured to

a yoke, in the usual way, and wound with a predetermined

quantity of insulated copper wire. The polar extremities

are bored out to receive a Siemens H-type armature. Upon
the end of the armature shaft b is placed a commutator, h,

FIGS. 36 AND 37. "RACK BAR" DYNAMO EXPLODER.

which is touched on diametrically opposite surfaces by a

pair of commutator springs (not shown in the illustration),

secured to, but insulated from, the yoke. Upon the oppo-

site end of the armature shaft, between the armature and the

yoke, is placed a pinion, d, provided with a series of ratchet

teeth, w, on its inner face. These are adapted to engage similar

but oppositely arranged teeth, formed on the end of the

armature. Between the pinion and the yoke there is placed

a spiral spring that tends to press the former forward into

engagement with the ratchet teeth n of the armature. A
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rack bar, I, passes through the top of the casing A (which

supports the dynamo) and extends downward towards the

bottom of the box. At the lower extremity of the rack there

is a right-angled arm, *, extending from the side of the rack

opposite the teeth, which is drilled to slide on a guide rod, H,

the latter being secured to the top and bottom of the casing,

parallel with the path of the rack bar I. The latter passes

between the yoke and the end of the armature, and is held

in gear with pinion e by a roller journaled in the yoke

behind the rack bar. the upper end of the bar, projecting

Above tne top of casing A, is provided with a handle,

G1
, by which it is moved ;

and a pin, p, is inserted between

the handle and the top of the casing and allowed to project a

short distance from each side of the bar. A spring key, s,

forked at its free end, and embracing the rack bar below the

pin p, is secured to the top of the case. A bridge, L, extends

over the spring key, and is fitted with a contact screw, c,

which normally touches the back of the key. The armature

is wound in the usual way, and the two ends of the winding
are connected respectively to each half of the commutating

cylinder h. The springs (that is, the brushes) which make

contact with the surface of the split cylinder are joined in

series with the field magnet winding, and the free ends of the

latter lead to the binding screws T 1 T2
, upon the top of the

containing case. The terminal T 1
is connected electrically

with the key, and the terminal T2 with the bridge. By means

of this arrangement of the circuit the field magnet arm

armature are normally short-circuited. The terminals, handle

and key are enclosed by a cover, M, hinged to one side of the

box, and shutting down over them. The cover, in turn, is

secured in a closed position by a lock, N, and provided with

a handle, G, wherewith to carry the machine.

In the operation of firing, the handle is raised, thereby

rotating the pinion e on the armature shaft without turning

the armature, a clutch connection being arranged for this pur-

pose. On pushing down the rack bar, a quickly accelerated

rotary motion is imparted to the pinion, thereby rotating the

armature and generating a current which passes through the
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field winding, screws, plates, key, contact screw and yoke.

Very little current passes along the external circuit owing to

the comparatively low electrical pressure and the high resist-

ance of the firing line. The current produced in this manner

increases rapidly as the rack bar descends, and excites the

field magnets and armature to saturation or approximately
so just before the bar reaches the extreme limit of its down-

ward travel. At the point referred to, the pin p strikes the

spring key s and breaks the electrical connection between the

screw c at the instant the maximum current is reached, so

that the extra induced current from the field magnet and

armature windings is forced to pass through the external

circuit, thus igniting the fuse included therein, and bringing

about the explosion of the charge.

As is well known, the superimposed E.M.F. obtained when

the circuit of an electromagnet is broken is very much higher

than that generated in normal working; and, whereas the

direct current from the dynamo could not pass through the

external circuit owing to the great resistance of the latter,

the superimposed E.M.F. readily enables it to do so as soon as

the short-circuit is broken.

In Nobel's three-post rack-bar exploder (Fig. 38) the method

of connecting cables when a considerable number of fuses have

to be fired is shown. For firing a moderate number of fuses

in series, two leading wires need only be used, one of which

must be connected with the middle terminal, and the other with

either of the side terminals. For firing a large number of fuses

and for submarine work, three leading wires should be used ;

that connected with the middle terminal should be connected

at its outer end with a bared portion of the wire joining the

fuses together, the joint being afterwards covered with insu-

lating tape.

In firing with the rack-bar exploder, the

Firing with handle must be pulled up as far as it will

Rack-bar come, and then forced down as quickly as

Exploder. possible. These operations are best performed
when both hands are used together.
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30. Describe the Sterling Type of Dynamo
Exploder.

The dynamo type of exploder, which may be briefly de-

scribed as a complete series-wound dynamo in miniature,

lends itself by its construction to the production of a fairly

large current at a comparatively low pressure, and is, there-

fore, specially adapted for firing low-tension fuses. In dynamo
machines the magnets are freshly excited every time a shot is

fired, because the whole of the current generated in the arma-

ture passes through the field magnet windings. Thus, the

field magnets always retain their strength, and are not affected

by vibration, as is the case with the magnets of magneto ex-

ploders.

In shot-firing with magneto exploders the circuit is open
until the handle strikes the stop, and is then closed. With

dynamo exploders it is necessary, by reason of the windings

being in series, to close or short-circuit the coils, otherwise the

machine will not generate sufficient current. The automatic

firing device in the dynamo type, therefore, operates by opening

the circuit when the "handle strikes the stop. The current is

then free to flow out on to the line and explode the charge. A
greatly increased current is obtained by this method as already

explained in connection with the mechanism of a rack-bar ex-

ploder.

An exploder of any kind must be simple in operation, light

and convenient to carry, capable of withstanding neglect and

rough usage, and be unaffected by damp or variation of tem-

perature. These essentials have been met in the Sterling

electric blasting machines to a degree hitherto unapproached

by any exploder either of English or Continental manufacture.

The armature field wires in these machines are insulated with

a special enamel covering by an entirely new process, which

renders the wire quite impervious to moisture. The field

magnets and armature are of the laminated type, built up of

thin stampings of iron securely bolted together. This method

prevents the formation of eddy currents and ensures instant

excitation of the field magnets, and consequently a greatly in-

creased output at the terminals of the machine.
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The apparatus is self-contained in its own framing and no

parts are held in position by the case. The machine is, there-

fore, not liable to be put out of operation by warping or injury

to the case. The smallest Sterling machine is known as the
" BD "

type, and is indicated, as to construction, in Fig. 39.

It is assembled in the cases as the small magnets shown in

Figs. 34 and 35. It will, however, fire three shots through

150yds. of copper cable, as against two shots for the magneto

exploder of the same dimensions.

Another series, of which the general construction is shown

in Fig. 40, differ from one another only in their size and capa-

FIG. 39. STEELING DYNAMO EXPLODER " BD " TYPE.

city. They are made to fire from 6 to 50 shots and range in

weight from 6 Ib. to 14lb.

A novel feature about this type, which is not found in the

smaller machines, is the ingenious method adopted for fixing

the handle when not in use. This consists of a small curved

block into which the stem of the handle is passed. At the

base of the block a small knob is recessed, pressed upwards by
a spring. The action of this knob is to hold the handle

securely in place, and so efficiently does it perform this func-

tion that when the handle is placed in the block no amount of

shaking will cause it to fall out. The shot-firer will doubtless

remember to detach the handle and put it into his pocket when
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he is preparing to fire a charge. The spring catch described

above is shown in Fig. 41, which, however, represents another

*^fc

FIG. 40. ANOTHER FORM OF STERLING DYNAMO EXPLODER.

FlG. 41. AXOTHEB FORM OF STEEL' NG DYNAMO EXPLODER.

type, with automatic spring-controlled gearing. The small

and medium-sized machines are operated by a simple half-
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twist of the handle, but as the size of the machine increases,

difficulty is found in operating the handle owing to the appre-
ciable amount of strength necessary to give it the sharp twist

essential to fire the shots successfully. In the larger size,

therefore, the method of operation is slightly different. In-

stead of a sharp twist, the handle is slowly revolved in the

direction of the arrow until brought to a stop after half a turn

has been made. The hand is then slipped from the handle,

and the armature (acting under the pressure of a powerful
internal spring) is caused to revolve rapidly until it comes to

FIG. 42. THE "GF" TYPE OF STERLING DYNAMO EXPLODER.

the position of rest of its own accord. This operation ensures

the most perfect results, even with unskilled manipulation, as

the act of firing is rendered quite automatic by the action of

the spring. The 15-shot size weighs 81b.

The Sterling "GF" type (Fig. 42) is designed for the

heaviest blasting operations and will fire from 70 to 80 shots

in series simultaneously. It is fitted with a safety firing

attachment for the prevention of premature explosions. This

comprises the powerful internal spring mechanism used in the
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15-shot type, but instead of its being set free at the end of

the stroke, it is wound up until it will go no further, and is

then held in position automatically by a pawl. When all is

ready for firing, the key is changed into another hole, at the

right of the winding hole, and given a slight turn in the direc-

tion of the arrow. This releases the pawl, and allows the

spring to actuate the mechanism in the most efficient manner.

This machine, in cast aluminium alloy case, measures

6| in. x 5 in. x 6f in., and weighs 16| Ib.

FIG. 43. POCKET TYPE. FIG. 44. WOOD-CASED TYPE.

31. Describe the Methods of Firing with Sterling

Exploders.

To fire 'with the pocket type hold the machine

Firing ^ith in the left hand as shown in Fig. 43. With

Sterling the right hand insert the firing key into the

Exploders, socket, and give it a sharp twist to the right.

At about a half-turn the contact will strike

the stop, when the shots should instantly explode. Consider-

able force may be used without injuring the mechanism.

With the smaller wood-cased type place the machine on the

ground and tilt it to a convenient angle, as shown in Fig. 44.
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Place the firing key in the socket and give it a sharp twist, as

explained above. A half-turn is all that is necessary.

In the spring controlled type "NF" place the machine on the

ground, hold it with the left hand, and insert the firing key

into the socket. Turn the handle slowly in the direction of

the arrow until it is brought to a stop. Slip the hand quickly

from the handle, and allow the latter to return to its normal

position, This causes the armature to revolve rapidly, and at

the end of the movement the contact is made automatically,

firing the shots.

In machines fitted with the safety firing attachment insert the

firing key into the left-hand socket and wind up the spring in

the direction of the arrow as far as it will go. Kemove the

key, put it into the right-hand socket, and turn it slightly in

the direction of the arrow. This will release the spring and

cause the armature to revolve rapidly, and at the end of the move-

ment the contact is made automatically, thus firing the shots.

32. To what extent are Chemical Exploders avail-

able for Shot-firing ?

A low-tension fuse consists, as has been

Chemical seen, of a pair of wires short-circuited through

Exploders, a metallic connection having about 1 mil

(O'OOl in.) diameter and ^in. length. It will

be self-evident that such fuses can be ignited by a single

primary or secondary cell, providing, of course, that the resist-

ance of the firing line is not excessive (see Chap. III., p. 95).

High-tension fuses cannot usually be fired by similar means.

The resistance of a high-tension fuse may, however, accidentally

coincide with that of a low-tension fuse, in which case it could

be fired in the same way. Incaution, arising, no doubt, from the

supposition that a high-tension fuse was harmless in the circuit of

a low-tension battery, has on several occasions caused accidents..

33. Explain the Principles involved in the Pro-

duction of an Electric Current by Chemical
Reaction.

Fig. 45 represents an elementary primary cell, comprising a

containing vessel, a strip of zinc, a strip of copper and dilute^ y
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sulphuric acid. The liquid in which the couple is immersed is

called the electrolyte. It is absolutely essential to the produc-

tion of a current that the electrolyte shall be capable of (1) acting

chemically on one of the metals of the couple, (2) conducting the

current, and (3) being decomposed during the action of the cell.

When the two metallic strips are connected outside the liquid

*by a piece of copper wire, chemical action takes place, and cur-

rent is said to flow from the strip at which the chemical action

is most energetic to that at which activity is least displayed.

If a single cell, such as here described, is set up, it will be

observed that many bubbles of gas appear on the zinc, and few

on the copper strip ;
hence it is conventional to say that the

FIG. 45.

-current flow is in the direction of zinc to copper, or from the

positive (+ )
to the negative (-) strip. Adhering, for the

sake of simplicity, to this convention, let it be supposed that

current continues to flow in the same direction, up the copper

strip to its terminal, thence through the connecting wire to zinc,

and so to the point where it is assumed to start. As the binding

screw on the copper strip is +> and that on the zinc strip ,
this

leads to the apparent anomaly that the positive terminal is on

the negative strip, and the negative terminal on the positive

strip. If, however, it is noted that inside the cell current

flows from the positive plate (zinc) to the negative plate

.(copper), whilst outside the cell current flows from the positive
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terminal (copper) to the negative terminal (zinc), this little pecu-

liarity in the nomenclature of batteries at once becomes clear.

Referring again to the rudimentary cell, it is found that

the bubbles of gas (which, if collected and tested, would prove

to be pure hydrogen) passing from the zinc to the copper have

a tendency to stick to the latter plate. This tendency is, for

two reasons, detrimental to the working of the cell. In the

first place, the bubbles of hydrogen form a film of insulation,

which acts as a counter force, increasing the internal resistance

of the cell, and thus reducing the available electromotive

force. Secondly, a further counter electromotive force is set

up owing to the fact that hydrogen has an opposite electrical

polarity, in other words, is electropositive, to zinc, and there-

fore tends to send a current from itself against the working
current of the cell. This gaseous action on the plates of voltaic

cells is called polarisation. The thousand-and-one modifications

in primary-battery construction have, for the most part, been

devised with the particular object of overcoming this inherent

defect in the transformation of chemical into electrical energy.

Chemical reaction must take place before current can be pro-

duced in a primary battery, and as this is impossible in the

absence of moisture an absolutely dry cell is unattainable. The

expression, dry cell, should not, therefore, be taken in its literal

sense, but rather as a generic title for all those cells in which

the exciting mixture is pasty instead of being fluid, and which

are sealed at the top with bitumen, or other convenient pre-

paration. In general, the composition of the exciting and

depolarising mixtures are, so far as the mere production of

current is concerned, similar to those employed in a common
Leclanche cell, but by varying either (or both) the mechanical

construction and proportions of ingredients different makers

claim special merits for their particular form of cell. Some
makes are further improved by the addition of novel depo-

larising agents.

34. Describe the Construction of a Dry Cell.

Fig. 46 represents a vertical section through an Obach cell

and consists of a zinc cylinder, A, fixed on an insulating base,

S.F.G. E
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B, and containing a central carbon rod, (7, surrounded by con-

centric depolarising and exciting mixtures, covered with granu-

lated cork or equivalent material for preventing escape of

moisture ;
the cork being sealed in with a layer of bituminous

cement. In the illustration, A, is a zinc cylinder cemented to

a prepared-asphalt base, B. Surrounding a carbon rod, 6', is a

depolarising mixture, D, consisting of about 50 or 60 per cent,

of manganese peroxide and about 40 or 50 per cent, of plum-

bago. This is mixed with a gum-tragacanth to the condition of

FIG. 46.

a thick paste, which latter is squeezed out of an annular die in

the form of a hollow cylindrical column.

A suitable length cut from this column is placed in the cell

and centred within the upwardly projecting ring b of the base

B the carbon C being previously placed within it. The annular

space between the depolariser and the zinc is filled in with an

exciting mixture. E, consisting of about 80 to 90 per cent, of

calcium sulphate and 10 to 20 per cent, of vegetable meal, made
into a thin paste with a solution of ammonium chloride. The

layer Gr consists of cork, sawdust, or other moisture absorbent,

K being the black sealing-compound through which is fixed a

small glass tube, -L, to allow the escape of gases.
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It is desirable, where dry cells are used, that they should be

enclosed in some kind of casing in order to minimise liability to

make accidental contact with the firing line. When used in an

unprotected condition the negative ( ) connection is also liable

to touch the positive (
+

) terminal, as shown in the figure by
dotted lines. This, of course, destroys the cell. In the absence

of special means of protection the negative wire should be cut

off short and bent down, as illustrated at aj, Fig. 46.

35. Describe some Safety Attachments for use
with Dry Cells.

One of the best known safety arrangements is that shown in

Fig. 47. It consists of a leather case, 0, containing dry cells, to

the terminals of which there is an attachment known as

Wood's patent safety disc. The latter is designed to ensure

FIG. 47. DRY BATTERY EXPLODER IN CASK, WITH WOOD'S PATENT
SAFETY Disc.

that the shot-firing cable shall be totally disconnected from

the batteries immediately after the shot has been fired. In

the figure referred to, the safely disc A has a brass terminal

plate on one side in electrical connection with one pole of the

battery through one of the wires in the flexible twin-conductor

B. On the other side of the safety disc is a brass terminal

plate, slightly convex. Underneath the centre of that plate is

a brass pin in electrical connection with the other pole of the

battery through one of the wires in the flexible twin-conductor,

B. To complete the circuit the convex plate is pressed inwards

until it touches the brass pin.

E2
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This device was adopted owing to a fatal accident having
occurred through a man placing the wires of a twin cable

against both sides of the disc of the pattern originally issued,

in which each plate was in direct contact. He was showing a

man standing beside him (who was holding a primed Roburite

cartridge in his hand, and all connections completed) how to

fire the shot, and thoughtlessly placed the wires against each

side of the disc.

Messrs. Wood then adopted this device, which necessitates

pressure on one side of the disc to complete the circuit.

FIG. 48. DAVIS POCKET SHOT-FIRBB, WITH SAFETY KEY.

It will be seen that a predetermined and deliberate

action on the part of the operator is necessary to bring
the free end of the cable into electrical connection with

the safety disc. The apparatus has a shot-firing capacity of

about 2,500 shots, and weighs less than 21b.

Messrs. Davis and Son have recently designed a dry battery
shot-firer to meet the demand for a specially portable form of

apparatus. This battery is contained in an aluminium case of
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the form shown in Fig. 48. To comply with the rule

regulating the use of dry battery exploders in mines an

ingeniously arranged detachable press-button or firing-key is

provided, which is calculated to render impossible an acci-

dental or too hasty ignition of the fuse.

At many collieries one, two or three dry cells are grouped

together in a pinewood box with screw-down lid. The out-

side + and wires are respectively joined to two terminals

bolted through one side of the case, and the exploder com-

pleted by the addition of a firing key and a handle or sling strap.

Messrs. Nobel supply a belt battery for use with their low-

tension fuses which consists of a military-pattern belt carrying

a leather pouch with two small dry cells.

In order to comply with the Explosives in Coal Mines Order,

dry-cell sets must be fitted with a firing-key.

Particulars of a number of dry cells are given for conve-

nience of reference in Table IV.

36. Give Data for Guidance in the Selection of

Cells.

The following facts may serve for guidance in the selection

of cells to work under any given conditions : The E.M.F. is

the same for all cells of the same type, irrespective of size.

The E.M.F. of any number of cells joined in parallel is

equal to that of one cell only. The E.M.F. of any number of

cells joined in series is equal to that of one cell multiplied by
the number of cells so joined. The larger the cell the greater

the number of shots that it will fire before exhaustion ensues.

The smaller the cell the greater its internal resistance, and

therefore the less energy available for overcoming the resis-

tance of line and fuse. Joining cells in parallel is practically

equivalent to increasing the size of a cell. Joining cells in series

permits of a greater number of shots being fired simultaneously,

or of firing a lesser number over a longer or lighter line.

37. What is an Accumulator, or Secondary
Battery, and how does it produce Current ?

In the early part of the nineteenth century, the French

physicist Prof. Gautherot, whilst engaged in decomposing acidu-
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lated water by passing an electric current into it through the

usual medium of two platinum plates, observed

Secondary an hitherto unnoticed phenomenon. He dis-

Battery covered, in fact, that the platinum plates, if

Exploders. tested immediately after disconnecting from the

original source of electrical energy, themselves

gave out a feeble current, but in a direction the reverse of the

initial current. It was at first supposed (as it is,
!

popularly,
at this moment) that the plates absorbed current during the

preliminary or charging operation and gave it up again during

discharge. But Prof. Becquerel, at a later date, disposed of

this hypothesis by demonstrating that the returned current was

due not to storage of electricity but to the presence of substances

having chemical affinities for each other, derived from decom-

position going on during the charge. This returned current is

now called the secondary current, and the phenomenon thus

briefly set forth constitutes the fundamental principle of

secondary cells, also known, in popular language, as accumu-

lators or storage batteries, or reversible cells.

The following simple experiment conveys a tolerably accurate

idea of the formation process and the reactions that take place
in a secondary cell : If two sheets of ordinary lead be placed

slightly apart in diluted sulphuric acid, and a current be sent

through them, a dark brown deposit will form upon the plate

connected to the positive pole of the charging battery, due to

the formation of peroxide of lead on the surface of that plate,

whilst the other will be reduced slightly to spongy or porous
lead. Upon disconnecting these plates from the charging

source, and joining through a galvanometer circuit, a current

will be shown to flow from the brown or peroxidised to the

other reduced plate. The result of discharging is the reduction

of peroxide of lead on the one plate to oxide, and then to sul-

phate of lead (from the presence of the sulphuric acid in solu-

tion), and of the spongy lead on the other to sulphate of lead.

Upon recharging, the anode or brown plate, attached to the

positive pole of the charging source, will again become peroxi-

dised, and the cathode or other plate reduced to spongy lead
;

the sulphate of lead will thus disappear from both plates. The
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plates are in this manner continually oxidised and deoxidised

as they are charged and discharged.

38. Are Accumulators much used for Shot-firing ?

Accumulator cells have not so far been used for shot- firing

to any great extent. A shot-firing
"
battery

" must withstand

rough treatment and perhaps an occasional fall. Portable accu-

mulator cells are more or less of necessity enclosed in easily-

damaged cases. Leakage of acid, corrosion of terminals and cost

of upkeep add to the difficulties in the way of their adoption.
Size for size an accumulator will fire a considerably greater

number of shots than a dry battery, and if suitably designed for

the purpose in view such exploders should prove very serviceable.

39. What attention is necessary to ensure the

satisfactory working of Accumulator Cells ?

Every secondary shot-firing cell should be tested daily, by
means of an accurately-calibrated low-reading voltmeter. If

the P.D. at its terminals is shown to be 1'85 volts

or lower, the cell should be set aside for charging. To this

end the ebonite-plugs are removed and each compartment of

the battery is filled with sulphuric acid, diluted with water to

a specific gravity of 1-175 to 1180. The proper strength is

ascertained by means of a hydrometer : that of Beaume, for

example, would read 22 degs. to correspond with the above-

named specific gravity.

It is important that the polarity of the mains be ascertained

before placing a cell in circuit, for a charge in the wrong direction

will ruin the plates if not discovered and remedied very quickly.*

* There are several methods of ascertaining the polarity of electrical

mains. A direct-reading indicator may be obtained, in which a pointer

indicates "
positive

" or '

negative
" on a dial when simply joined across

the mail 8.

Another pole tester consists of a small glass tube, capped and fitted with

a terminal at each end. Within are two small knobs, immersed in a

liquid. Before using both knobs are bright, and after using the negative

end becomes purple. After a test, the normal conditions are restored, so

that the apparatus is always ready for use.

A third method involves the use of chemically-prepared strips, known

as pole-finding papers, which are sent out in the form of small books

similar to the litmus and turmeric books used in chemical laboratories.

To make a test, a strip is torn from the book, damped slightly on the

tongue, and the wire extremities applied to it, about 1 in. distant from

ach other. Some papers show a bright red mark at the negative contact.
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Charging is continued until the electrolyte appears in a state

of vigorous effervescence. If the cell is of a design that will

admit a small hydrometer, the state of charge may be best

ascertained with that instrument. A discharged cell may have

an acid density of 1*150 (it should not be allowed to fall below

this), while during charging the density will gradually rise,

until when fully charged it reaches a maximum limit of 1 '200,

If, as is usually the case with accumulator shot-firers, it is

impracticable to make a hydrometer test, the voltage should

be ascertained, remembering that a newly-charged cell (of any

type except lithanode) gives a voltage O5 higher than the

normal. This, however, gradually falls off, leaving the normal

voltage of 2 to 2-1 after the first discharge.

It is desirable that all secondary cells should receive a good

charge at least once in a fortnight, even though they may
have remained idle in the interim. Cells are injured by being

partially charged and then exhausted, but overcharging does

no harm. Indeed an occasional charge prolonged for several

hours after the electrolyte appears to boil is advantageous,

provided, of course, that the proper current- density is not

exceeded. If on applying the back of the hand to a cell case

there is any perceptible warmth, this may be taken as an

indication that the charging current is too heavy.

40. Describe an Apparatus suitable for charging
Accumulators.

Messrs. Everett, Edgcumbe & Co. have designed the

charging set shown in Fig. 49 to charge motor-ignition cells

from direct-current mains of any voltage. It is, of course,

others a brown mark where touched by the positive wire. Confusion and

consequent mistakes will be avoided, however, if polarity be ascertained

in the following manner : To one wire leading from a main attach a strip

of lead, previously scraped bright all over. Next attach two short wires

to an incandescent lamp (of the kind used on the installation) and join

the free extremities to another cleaned leaden strip and the opposite main

respectively, If now the two lead strips are held in dilute sulphuric acid

for a few moments a current will pass through the lamp and the liquid,

and that strip attached to the positive main will be observed to turn

brown. (Vide experiment described on next page .)
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equally applicable to secondary-cell exploders, there being no

difference between one and the other except in the matter of

protecting cases and contact keys.

The apparatus consists of two lamp holders, current direction

indicator, adaptor for making connection with any electric

light fitting, ammeter reading to 2J or 5 amperes as preferred,

flexible connections, &c., in a closed walnut box with carrying

handle for travelling.

FIG. 49.

41. How are Pole-finding Papers (for testing the

Polarity of Electric Wires) prepared ?

The two following methods were recently given in the

Scientific American :

First method : Dissolve sodium sulphate, a teaspoonful, in

pint of water, in which also dissolve about the same

quantity of potassium iodide and of starch. To dissolve the

starch the water must be heated. Soak white blotting paper
in this solution and dry it. Cut it into strips of any con-

venient size
; | in. by 2 in. is suitable. Keep the paper

in a dry place such as a tin box or a glass bottle. To use,

moisten a strip and place the two poles upon it, nearer

together or farther apart according to the voltage of the

current. A dark spot will appear at the positive pole.

Second method : Dissolve 15 grains of phenol-phthalein in oz.

of common alcohol. Dissolve also 20 grains of sodium sulphate
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in 4 oz. of water. Soak blotting paper in the first solution

and drain off the superfluous liquid. Then soak it in the

second solution and dry it. Afterwards treat it in the same

manner as in the first method. A red spot appears at the

negative pole.

It is useful to note that on a high-voltage supply, say, from

200 to 240 volts, an 8 c.p. lamp will pass about ^ ampere,
a 16 c.p. lamp about ~

ampere, and a 32 c.p. lamp about

| ampere. On a low-voltage circuit that is to say, from 100

to 120 volts the currents passed will be approximately double

those given.

It should be remembered that a current of 1 ampere flowing
for one hour is equivalent to a current of J ampere for two

hours, or to 2 amperes for half an hour, and so on.
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42. Explain the meaning of the terms Conductor,

Insulator, Resistance, and show the Resistance

of Different Substances as compared with

Copper.

In order to place a safe distance between a blasting charge
and the operator it is necessary to establish a means of elec-

trical communication across the intervening space. Formerly
iron wires were used for this purpose, while in those parts of

Europe where frictional exploders continue to be used brass

wire is frequently" employed. In all modern blasting equip-

ments copper wire is the most suitable and is the only kind

readily obtainable with an insulated covering. The reason for

this will be apparent when it is remembered that metals vary

widely in their relative powers of conducting electricity, or, as

it is usually expressed, they have different conductivities. The

difference, in fact, between a conductor (which is a substance

capable of conveying an electric current) and an insulator

(which is a substance incapable under ordinary conditions

of conveying an electric current) is only one of degree.

Table Y. indicates a few substances in descending order of

conductivity, commencing with the best known conductor of
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electricity silver and ending with the worst known conductor

(that is, the best known insulator) dry air :

Table V.

Good Conductors.

Silver.

Copper.
Aluminium.
Gold.
Other metals.

Gas-coke.
Charcoal.

Graphite.
Strong acids.

Metallic ores.

Moist earth.

Partial Conductors.

Water.
Bodies of animals.
Linen.
Cotton

Hemp.
Mahogany.
Pine.

Rosewood.

Lignum vitae.

Teak.
Marble.

Insulators.

Oils.

Porcelain.
Wool.
Silk.

Resin.

Gutta-percha.
Shellac.

Ebonite.
Paraffin.

Glass.

Dry air.

The quality of a conductor, in virtue of which it opposes the

passage of an electric current, is called its resistance, and in

any given wire of uniform cross-section is directly proportional to

the length, and inversely proportional to the sectional area of the

conductor.'>From this it is seen that resistance may be increased

either by increasing the length or by decreasing the diameter

of a conductor. It is also increased if any other metal (except

silver) be substituted for copper : the relative resistances~"of

different substances being approximately shown in Table VI.

Table VI. Showing the Approximate Resistance of Different
Substances compared with Copper.

Copper 1

Aluminium 2
Zinc (pressed) 3

' Platinum 5

Phosphor-bronze 5}
Iron 6
German silver (Cu4, Ni2, Znl) 13J
Platinum silver (Pt33, Ag66) 16}
Platinum iridium (Pt80, Ir20) 18

Manganin (Cu70, Mnl2, Ni4) 26
Platinoid (German silver + 1 or 2 per cent, of tungsten) 27J
Mercury 59

Arc-light carbon 4,400
Pure water at 18C 2-3billions.

Bohemian glass 40 trillions.

Ebonite 187
ftutta-percha 300

The lower part of Table VI. serves to show the vast difference

in resistance between any of the metals and the substances

termed insulators. A piese of gutta-percha, for example, offers
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300 trillion times as much opposition to the passage of a current

as a piece of copper of equal length and cross-section.

The practical outcome of the fact that a good conductor has a re-

latively small resistance and a good insulator a relatively great
resistance is found in the facility with which an easy path may
thereby be provided for the electric current, and be surrounded

with insulation to prevent or minimise loss by leakage to earth.

43. Describe some "Cables "or Conductors suit-

able for Shot-firing.
Conductors for shot-firing circuits are composed of single

wires, or of a number of wires twisted together to form a

small cable. The latter type have the advantage of greater

flexibility and consequent lessened liability to rupture in the

necessarily frequent coiling and uncoiling of the firing line.

A stranded cable will also withstand blows from pieces of coal

or rock and other rough treatment much better than a solid

wire, and is in every respect decidedly preferable for all

blasting circuits.

These wires, whether solid or stranded, are variously insu-

lated, cotton, jute, paraffin, ozokerite, indiarubber and gutta-

percha being the materials chiefly employed for the purpose.

For convenience of manipulation the two wires necessary to

complete a circuit are frequently insulated and then enclosed

side by side in a strong braiding, the double wire being known

as a twin Jiable.

In other patterns, insulated wires are twisted spirally and

braided over all in such a manner as to form a circular twin cable.

If one set of strands are laid spirally around the insulation

covering an inner conductor, and then braided or otherwise

covered over all, a concentric cable is formed.

Details of 10 varieties of cable specially suitable for blasting

circuits are given in Table VII., to which the following

explanations refer :

Column I. indicates the size of wire according to the legal

standard wire gauge. No. 1 specimen, e.y. t
is marked 3/22

(sometimes written 3*22), meaning a three-stranded cable of

which each wire is No. 22 standard wire gauge (S.W.G. or

L.S.G., Legal Standard Gauge, or I.S.G., Imperial Standard
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Gauge). Similarly, 4/25 implies four No. 25 S.W.G. wires

stranded together.

Column II. contains details of insulations suited to various

classes of work. Nos. 1 to 6 have gutta-percha or vulcanised

rubber coatings, and are most suitable for use in wet places, or

FIG. 50. CONDUCTORS FOR BLASTING CIRCUITS.

wherever a highly insulated cable is necessary. No. 5 is a

high-class cable, suitable for high-tension blasting, but is not

so well adapted for heavy work as the others with similar

insulation. It is, however, sometimes strengthened mechanic-

.ally by the addition of an outer galvanised wire armouring.
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No. 7 gives particulars of a low-tension firing cable which has

proved most satisfactory and economical for all underground
work. A cable of this kind, though heavier than those more

commonly used, possesses greater wearing capabilities, and it

is not so liable to short-circuit as a twin wire enclosed in a

single outer covering. No. 8 specification has the same con-

ductivity per unit of length, and is the pattern commonly

employed with low-tension exploders. No. 9 is a concentric

cable the conductors in which are composed of very fine wires.

This makes it exceptionally flexible and well adapted for

working off a small reel or drum. No. 10 has two No. 22

standard wire gauge wires separately insulated and then

braided over all. It is suitable for use with any magneto on

dynamo exploder, but is obviously not so durable as the others

enumerated in the table.

Column III. in the table gives diameters from which the

dimensions of a drum necessary to hold a given length of wire

may be ascertained.

Column IV. indicates the resistance per double yard that is,

the resistance per yard out and return, or the resistance per
2 yds. of single cable.

Columns V. and VI. show the weight per double yard and

the number of yards per pound of cable respectively.

Column VII. gives the metrical equivalent of the figures in

Column VI.

Illustrations of the wires referred to in the preceding table

are shown in Fig. 50, the uppermost cable corresponding with

No. 1 in the list.

44. Explain the Proper Method of Paying Out
and Taking Up a Shot-firing

" Cable."

Unless a shot firer has received special

Uncoiling and instructions, he is scarcely ever seen to handle

Coiling Shot- a coil of wire in a workmanlike manner. He

filing Wires, will commonly be observed to take up his 40

or 50 yard length of twin cable in one hand,

separate two or three coils at a time with the other, and drop

them on the ground.

P.F.O. F
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When the line is pulled the rings may spiral out straight,

but, more often than not, the line closes on itself and forms a

kink. If the kink is noticed by the shot firer, he will give the

line a vigorous pull to straighten it out, regardless of the fact

that his method is precisely that which a man would adopt if

he were required to break a wire with his hands.

The damage caused to a shot-firing wire by this thoughtless

treatment is certain to result in breaks sooner or later, and

these breaks are all the more troublesome because they may
occur without apparent injury to the insulation, and can then

only be found by testing or carefully feeling along the line.

To pay out a cable in the proper way the end is made fast (to

the fuse wires), the coil gripped by one hand and rotated

clockwise (as though it were a wheel on a spindle) as far

forward as the hand will take it. At the end of the forward

movement the coil is seized at the point nearest the body by

the other hand, which continues the motion, each hand alter-

nately taking the other's position.

As the cable falls to the ground the operator walks away
from it backwards, if he can conveniently do so and leaves

the line lying straight out before him.

To coil a line one end is first turned into a ring of about 18 in.

or 2 ft. diameter, and tied. The tying is important, for if the

first circle is not made secure the end will work loose and make

the proper coiling of the line impossible. When the first ring

has been formed it is rotated as already described, but towards

the body instead of from it, the operator meanwhile advancing

in the direction of the shot hole.

45. Show How and Why Joints in Wires should

be Properly Made.

When a shot-firer who has not acquired

Joining and any elementary electrical information is

Insulating requested to join two pieces of -wire together
Wires. he almost invariably does it as illustrated in

Fig. 51 (A). Wires so joined can probably be.

relied upon not to pull apart, but the question of electrical

conductivity is entirely overlooked. It would be possible for
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two wires thus looped together to lie on the ground without

touching one another, and even if tightly strained the area of

contact would obviously be very small.

Every joint increases the resistance of a line and conse-

quently reduces the amount of current available at the battery
ior firing the charge.

A joint on a current-carrying wire must be sound both

mechanically and electrically. On all sizes generally used for

shot-firing a joint is made by laying the bare ends across one

.another in the position of a widely opened pair of scissors.

Each wire is then turned not less than six times over the other

one, as seen partly done in Fig. 51(B) and completed in Fig. 52.

It is important to remember that the wire ends must be

-cleaned and rubbed bright with emery cloth before being
twisted together, and that they should not be " nicked

"
by

the knife when paring off insulation.

FIG. 51.

46. Describe How a Joint should be Soldered
and Insulated.

When a joint is intended to be permanent, as, for example,

in making up a new line from short but undamaged pieces of

an old cable, the junction must be made as above, soldered,

and then insulated. In soldering, soft solder should be used

and the joint thoroughly permeated with it and made homo-

geneous. It should be cleanly finished and free from sharp

points either of wire ends or solder. It is contrary to all fire

insurance and other electrical rules to use any flux for joint-

making except resin, or resin dissolved in methylated spirit.

Joints are very easily soldered, providing care is taken to

rub all the wires with glass or emery paper until they are as

F2
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bright as they can be made. The splice must then be made

by using two pairs of pliers. The use of the fingers is fatal

to easy soldering.

To insulate a joint cut away the coverings, as in Fig. 52

braiding, tape, vulcanised and pure rubber one by one with

a sharp knife for the distance required for making the joint

and leave the insulation clean and tapered and free from fibres.

Take a lenght of prepared indiarubber splice, and, com-

mencing from one side of the joint, wrap the strip spirally

round the wire with an overlap until the rubber is reached

and covered; then, after slight warming (with a spirit lamp or

match), return, wrapping in the opposite direction, thus ending
off at the same side of the joint from which it started.

Copper Strands

f Twisted and Soldered

After the splice or strip is wound on, two independent

layers of adhesive tape should be laid on over all, the lower

layer covering all the exposed rubber strip, and the upper

layer covering, in addition, 1 in. at each end of the braiding.
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47. Admitting that it is Dangerous to use Ex-

plosives in Fiery or Dusty Places in Mines, and
that some Explosives are Safer than others
in Explosive Atmospheres, what means are

provided for separating the more from the

less safe Blasting Agents ?

Stations have been established in various countries for the

purpose of testing explosives and such as pass certain pre-

scribed tests are classed as "safety" or "permitted" explosives.

48. Is there any Absolute Test of Safety for Ex-

plosives ?

No. It is at present impossible to get an explosive which

will be absolutely safe under all conditions. H.M. Inspectors

have frequently reported that "
it cannot be too strongly im-

pressed on the users of these (permitted) explosives that all that

can be really claimed for them is that they are less dangerous
than gunpowder so far as the ignition of firedamp and coal dust

is concerned. The misnomer ('safety,' as applied to permitted

explosives) seems to have caused some users to imagine that

these explosives are safer under all conditions, in total opposi-

tion to the true facts of the case, that they are absolutely

dangerous unless used with certain definite precautions." There
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is not a single explosive on the "
permitted list

"
which has not

at some time or other caused an explosion of the gas at the

testing station when fired without stemming.

49. What Method of Testing Explosives for

Safety is practised in England ?

The English, more generally known as the Woolwich, test

consists in reproducing, so far as is practicable, the conditions

which obtain in actual work. The shots are fired from a steel

cannon into an explosive mixture of coal-gas and air.

Each charge is stemmed with dry clay, this selection having
been made in order to secure uniformity in the conditions of

the test. If 20 charges of any sample are fired into the ex-

plosive mixture, under certain specified conditions as to weight
and stemming, without causing ignition, the explosive is then

entitled to be placed on the "
permitted list."

50. Is it a Fair Test of Safety to "Fire" an
Explosive in a Gas Mixture formed of Coal-

Gas from a Town Supply ?

Yes. Whatever error there may be is on the side of safety

because coal gas mixtures are more sensitive to ignition, and

therefore the test is made in a more dangerous gas than is-

found in mines.

51. What is the French Method of testing Ex-

plosives for Safety ?

The French method consists in calculating the temperature

produced by the explosion of each explosive which is sub-

mitted for testing and passing it for use in mines if the

temperature does not exceed a certain point.

52. Explain the Austrian Method of testing Ex-

plosives for Safety.

In Austria the cartridge to be tested is placed on the top of

a lead block and surrounded by an atmosphere of between

7 and 8 per cent, of pit gas which is drawn from a working:

colliery and purified, the remainder of the mixture being air.

The cartridge is then detonated, and if there is an ignition

of the inflammable mixture the weight of the charge is reduced
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and the experiment repeated until a certain charge is found

that will not fire the inflammable mixture.

53. How are the Belgian and German Tests for

Safety conducted?

In Belgium and Germany the explosive to be tested is fired

from a steel gun into a wooden gallery (which is 6ft. high and

4 ft. 6 in. wide) containing an 8 per cent, explosive mixture of

pit gas and air. No stemming is used, therein differing from

the English test.

54. How would you Test the Practical Efficiency
of a Batch of Detonators ?

A simple method is to fire a few detonators on separate

sheets of lead, in the open air. The quality of the detonator

is revealed by examination of the sheets.

55. What Advantages are there in Testing Puses,

and How should Tests be Made ?

The facility with which the condition of the several parts of

an electric blasting circuit can be ascertained at any time up to

the moment of firing constitutes one of the special advantages
of this method of blasting, as compared with ignition by tape

fuse or friction igniters. The several parts which make up a

blasting circuit have, however, now reached such a high state

of practical efficiency that it is only during the development of

important and large scale blasting operations that preliminary

testing becomes either necessary or desirable. In the routine

practice of shot firing in a coal mine more time would be

wasted in testing fuses and circuits than is required to fire

several shots. In mines where exceptional precautions for the

prevention of explosions are considered to be necessary, special

arrangements are made to secure that fuses and shot-firing

apparatus shall be tested before going down the mine.

It is generally considered that the principal

Testing Fuses, advantage possessed by low-tension over high-

tension fuses is that the former may be tested

for continuity before firing. It is doubtful, however, whether
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the supposed advantage is of so much importance as is fre-

quently assumed. On the average there is probably not more
than one defective fuse per thousand issued, and it may well be
that the defect in that one cannot be ascertained by testing.
That a continuity test is not necessarily evidence that a fuse

answering to it will fire may be seen by reference to Fig. 53,
which has been drawn from an actual sample.
The appliances required for the purpose of testing fuses

comprise : (1) A suitable source of current, (2) some means of

indicating current flow, and (3) adequate

protection of the operator from injury
caused by untoward explosion of the

detonator fuse under test.

The apparatus must be so constituted

as to be incapable of sending sufficient

current through a fuse to cause its igni-

tion. This end can be readily attained,

while allowing considerable latitude in

choice of means. Thus, a very weak cell,
FIG. 53. SHOWING

itseif incapable of firing a fuse, may be

BY SHORT-CIRCUITING detector galvanometer which interposes
OF CONNECTINGWIRES but trifling additional resistance in the
IN FUSE HEAD. circuit ; or, on the other hand, any form

.of shot-firing cell may be employed
in connection with a high-resistance galvanometer or

voltmeter offering opposition sufficient to reduce the bat-

tery current below an intensity at which a fuse might

ignite.

It should be remembered that any primary eel! in good order

will explode a fuse. Consequently, the battery used for testing

must either be run down, or a resistance must be inserted in

the testing circuit. A simple method of testing fuses without

a galvanometer is to join each one (or a group if preferred) in

series with a single Leclanche cell and a long-distance electric

bell, or a telephone receiver. Vibration of the bell hammer
or buzzing in the telephone indicates electrical continuity.

Conversely, absence of sound is an indication of rupture some-
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where in the circuit, and may be taken to imply a defective fuse

bridge, provided that all other parts of the circuit are known

to be intact.

A magneto telephone (bell circuit) is often used as a sub-

stitute for a high-tension exploder, and it is, therefore, scarcely

necessary to observe that such an instrument should not be

used for testing.

Some high-tension fuses may be tested with comparative ease

by circuiting a current through them from a low-tension mag-

neto exploder in series with a suitable galvanometer. The

exploder firing-key should be temporarily fastened down, and

the handle turned slowly when making a test.

Other high-tension fuses are not so readily tested, and may,

in some cases, require apparatus not usually available at a

colliery. As a rule, although the conductivity of the bridging

composition may often be ascertained by means of a long,

distance magneto-telephone, the testing of high-tension fuses

is not considered practical.

In all fuse-testing operations personal protection against

the possible explosion of a detonator is imperatively neces-

.sary.
|

It is sometimes claimed that if a testing circuit is arranged

.so as to pass only a minute current there is no danger of igni-

tion, but although careful choice of apparatus may do much to

prevent, it cannot absolutely assure immunity from accidental

explosion.

A slight flaw in a fuse bridge, which, it should be remembered,

is usually only TiyV o in - iQ diameter, might easily cause a rise of

temperature to ignition point with considerably less current

than is normally required to fire the fuse.

Every detonator under test should be suspended freely in an

iron pipe about 3 in. in diameter, or in a special iron box

.arranged for the purpose.

The further precaution of placing other detonators where

they cannot possibly be struck by fragments from a fuse acci-

dentally exploded should also be observed.

The Author has exploded disconnected detonators at a

-distance of 4J in. from the one purposely fired.
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Testing

Mechanical

Exploders.

56. Explain the Faults to which Mechanical

Exploders are Liable, and Show how they
may be Remedied?

The troubles that may from time to time

occur with mechanically- operated exploders
are usually trivial and such as can be seen on

casual examination. Displaced or worn-out

brushes in the case of dynamo exploders,

loosened terminals, oxidised contacts and similar ruptures,

complete or partial, in the electrical circuit are the principal

causes of failure. Magneto-exploders may fail through loss of

magnetism or breakdown of insulation in the armature coils.

The latter may arise through imperfect design, or it may result

from the storage of the exploder in a damp place.

Messrs. John Davis & Son have

introduced a simple form of exploder

tester, which fulfils all the requirements
of an instrument intended to be used

by shot-firers. Fig. 54 almost conveys
in itself sufficient information to indi-

cate the manner of its application. It

consists of a special incandescent lamp,
carried in a suitable lamp-holder, and

enclosed in a small case which has o

one side a stout glass disc about 2 in.

diameter, mounted in a bezil. Wires

from the lamp are connected respec-

tively with two brass-plate terminals arranged to make wedge-
contact with a pair of wires from the exploder that is to be

tested. To make a test, the exploder wires are wedged on

the indicator terminals, the firing-key is pressed and the handle

rotated at normal speed. Satisfactory working condition is-

shown by incandescence of the lamp, as seen through the disc

in front of the instrument. These testers may be used to

ascertain the strength of either continuous or alternating cur-

rent, high-tension or low-tension generators; but, it need

scarcely be observed, the same instrument is not applicable to

every machine. To ensure reliability, the makers should be

FIG. 54. EXPLODER
TESTER.
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advised as to the kind of exploder with which it is intended to-

be used.

The tester supplied by the Eoburite Company consists of a

small polished board fitted with terminals and a resistance coil

in the style shown in Fig. 55.

The machine to be tested is connected to the terminals at

one end of the board, a fuse (not a detonator fuse) is joined to

the terminals at the opposite end and the exploder operated

as for firing a charge. If it is in good order the fuse bursts.

The resistance coil should have a resistance equal to that of

the usual firing line and fuse plus a margin to allow for bad

joints and similar possible sources of loss of power.

FIG. 55. BESISTANCE COIL FOB TESTING CONDITION OF L.T. EXPLODEKS.

57. How is the Condition of a Dry Battery or

Accumulator Shot-firing Set Ascertained ?

Dry-cell exploders, and, it might be added, all other chemical

generators, are best tested by means oi an accurately-calibrated

low-reading voltmeter. Knowing that bhe normal E.M.F. of a

single secondary cell is 2 volts and that of a dry cell 1'5 volts,

the simple application of a pair of wires from the terminals

of the cell to those of the instrument gives visible indication,

by movement of the voltmeter needle over a scale, as to the

exact pressure available.

An accumulator cell showing less than 1'85 volts requires

re-charging. A dry cell giving a voltmeter deflection below

1 volt should be discarded.
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When testing a number of cells coupled together in series,

the pointer should indicate a pressure equal to that of a

single cell multiplied by the number of cells in the group.

A very compact form of cell tester for accumulators or dry
cells is represented in Fig. 56. This instrument measures

5f in. by 5 in. by 3 in. It has a perfectly even scale and is

provided with a knife-edged pointer and mirror. The usual

range is 3 volts on either side of a central zero. If required

it can be fitted with a simple attachment showing the actual

internal resistance of the cell under working conditions.

FIG. 56.

58. Describe Methods of Testing Shot -firing
''Cables" for (a) Continuity of Circuit,

(b) Leakage between Wires, (c) Leakage
between Wire and Earth.

The cables used for the purpose of placing

Testing Firing a safe distance between the operator and the

Lines. explosive charge are liable to be injured by

falling debris, rough handling, lying in water

and in other ways. Sometimes a wire may break inside the
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insulation, either as the result of a blow or more probably by
the frequent straightening out of kinks.

Again, the insulation may be abraded, in which case there

would be leakage to earth, supposing the faulty spot to lie on

moist ground.
A test would be made :

(a) To ascertain the continuity of the circuit.

(b) To determine the amount of leakage either between the

two wires or from each wire to earth.

Continuity of circuit can be tested by joining

Continuity two ends of the firing line together and touch-

of Circuit, ing the other extremities on the terminals of

a combined galvanometer and dry battery, as-

shown in Fig. 57. If the circuit is good the fact is indicated

by deflection of the galvanometer needle. Absence of move-

ment, or a very irregular one, shows that the wire is

broken, or partly so.

Leakage
between

Wires.

FIG. 57.

If two ends of a firing line are joined to the

terminals of a testing set as above and the

opposite ends are left free from contact with

each other and with the ground, deflection of

the galvanometer needle indicates leakage

between the wires. The leakage would, however, need to be

considerable for it to be proved by the use of a dry-battery

tester.

It is advisable wherever proper insulation testing sets are

obtainable to make use of them for determining the condition

of firing lines. A galvanometer does not measure either pressure
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or current, it merely serves to indicate the presence or

absence of current flow.

To detect leakage between a main and earth

Leakage join one end of each cable to the tester leaving

between Wire the opposite extremity of one free and con-

and Earth, necting the other to "
earth." Deflection of

the pointer indicates leakage on the wire tvhich

has not been purposely "earthed" (for explanation see p. 76).

By repeating the test with the positions of free and " earthed
"

wires reversed the condition of the other one can be similarly

ascertained.
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59. What Points require to be Specially Noted
in the Execution of the following Series
of Operations:

(1) Drilling the Shot-Hole; (2) Charging and
Stemming; (3) Connecting the Firing Line; (4)

Exploding the Charge ?

The depth and direction of shot holes, as also the weight
of the charge, are governed by the nature of the material to be

dislodged, the position of bedding and jointing

Drilling the planes, faults, fast and loose ends, &c., and are

Shot-Hole. best determined by practical experience. The

diameter of holes should be uniform and in

general not larger than will pass the explosive without applying

undue force. In sets of drills there is often a difference of

diameter between the several "
bits

"
after they have been

much used. This variation, if unobserved, may be the means

of causing a cartridge to stick fast at the place where the ridge

occurs ;
in which event the operator will more often than not

use force to drive it to the end of the hole. In the case of
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explosives containing nitro-glycerine (v. p. 4) this action is very
liable to cause disaster, owing to the explosion of particles of

exuded nitro-glycerine by friction against the sides of the hole.

And even where gunpowder (v. p. 8) is used sufficient heat

may be developed by the contact of particles of grit or stone

to produce ignition.

It is, therefore, important that drills should not be used

when they become so worn as to fail of giving easy clearance

to the charge.

A test gauge might be carried and applied to the points of

each "bit" before drilling a hole, as a means of guarding

against the danger referred to. Holes should be well scraped
out and, if damp, dried as far as may be practicable. The maxi -

mum rending effect, apart from the influence of other conditions,

is obtained when the charge exactly fits the shot hole.

The maximum effect is, however, not always desirable, since

it is often necessary to make use of an explosive which is more
violent in its action than the nature of the material to be

blasted in itself requires. Gunpowder, it is well known, exerts

a force comparable with that of a wedge, while dynamite

explosions to follow out the analogy are more closely allied

to powerful hammer blows. Permitted explosives (v. p. 9)

as a whole may be said to lie in a graduated range of effect

between gunpowder and dynamite.
And as the Permitted class tends to be used almost exclu-

sively for coal mining, it is often found advantageous to reduce

in some way the tendency towards local pulverisation.

Many practical pitmen claim that less damage is done to coal

by using cartridges of considerably smaller diameter than the

shot hole, thus allowing a portion of the initial explosive energy
to be lost by expansion. Fig. 58 shows the application of a

Monobel cartridge fin. diameter in a IJin. hole.

The manner of attaching a fuse or detonator

Preparing and to a charge varies in different localities. It is

Stemming the probable that many instances of defective

Charge. ignition occur through neglect to bring a fuse

or detonator into sufficiently effective contact

with the primer cartridge. Many explosives are in appearance
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not unlike sawdust, and a detonator, if carelessly inserted, may

only touch a few loose particles of the mixture, or may, indeed,

hecome entirely detached during the operation of stemming.
To ensure complete

detonation of the

whole charge the de-

tonator should not be

smaller than the size

specified by the

makers of the explo-

sive, and it should be

entirely buried in and

brought into the closest

possible contact with the

explosive.

The Lancashire Ex-

plosives Co. recognise

the importance of this

point by sending out

a special peg (Fig. 59)

to be used for boring

detonator holes in

cartridges, It will be

observed that the peg
is chisel-shaped in-

stead of being pointed.
This enables the shot-

firer to bore a hole the

exact size of a deto-

nator, and with a

square end
;
whereas

a pointed stick may
leave an air space in

the charge beyond
the detonator.

The foregoing re-

maiks will have made
it evident that a

S.F.Q, Q
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detonator must be securely attached to its cartridge, and not

inserted in such a manner that there can be the slightest pos-

sible risk of its withdrawal during the subsequent operation of

stemming. In some explosives special provision is made for

the prevention of mishaps of this kind. Tonite, being a solid

compressed explosive, has a suitable opening for the insertion

of a detonator left during the moulding process.

FIG. 59.

The outer waterproofed covering is fitted round its neck

with a brass binding wire, the free ends of which can be

twisted round the conductors for the security of the detonator,

after the man her shown in Fig. 60 (A).

Fia. 60.

Where devices of this kind are not provided, a detonator

may be put in at the rear end of a cartridge, the wires turned

back, and secured by a half hitch as indicated in Fig. 60(B).

An alternative method is provided in Fig. 60(c), which

illustrates a detonator pushed into a cartridge and secured

round the neck by string.
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Explosives of the metallic-cased variety, such as Ammonite,
are primed by cutting off the neck end of the casing and boring
a hole sufficiently deep to ensure the whole of the detonator

being buried in the explosive, as shown in Fig. 61.

In wet holes extra care must be taken to ensure a tight joint

by using a little tar or grease round the neck of the cartridge.

FIG. 61.

When ready for charging, cartridges to the required weight
are gently pressed, one at a time, to the back of a borehole with

a wooden rammer. In ramming charges into a shot-hole there

must always be some danger, and it cannot be too strongly

urged that this operation should be carried out with the least

possible exercise of force.
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Great care should be taken to avoid jamming or "bunching,"

i.e., tying two or more cartridges together, or

Danger of otherwise inserting several at the same time.

"Bunching" H.M. Inspectors of Explosives drew attention

Cartridges, some years ago to the desirability of using

cartridge of a suitable diameter for the bore-

hole, and the necessity for inserting only one cartridge therein

at a time. "It is reasonable to conjecture," says a report

relative to certain accidents due to the neglect of these precau-

tions, "that either the rammer got jammed between the

cartridges and the sides of the hole, or that one or both of the

cartridges stuck aci oss the borehole, and that force had to be

used either to withdraw the wooden rammer or to press down

the cartridges, and this force, acting on (probably) a thin

smearing of the explosive on the hard rock, caused the

explosion.
41 The obvious remedy (in addition to the rigorous avoidance

of anything like forcible handling of the rammer) is to use car-

tridges which are a reasonably and moderately easy fit for the

borehole, and only to push home one cartridge at a time."

The primer cartridge, viz., that containing the detonator, is

inserted last of all, and the charge is then stemmed, lightly at

first with about 6 in. of loose stemming, and afterwards harder

(see Figs. 58 and 61).

This consists in filling up a shot-hole above

Stemming or the charge of explosives, in order to oppose a

Tamping. resistance to the gaseous products of explosion

in the direction of the borehole. Failure to

carry this out properly results in the ejection of the stemming.
In other words, it produces that wasteful and, in fiery or

dusty mines, most dangerous effect a blown out shot.

It will be noticed in the section on Safety Regulations that

certain materials are conditionally prohibited for stemming.
Certain specified tools, moreover, are required, particulars of

which will be found in the same section
(v. p. 169).

The most generally used stemming consists of plastic clay,

which is first rolled into short plugs and rammed gently after

insertion in the hole, When firing
in stone the borings made
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by the drill are frequently employed. The French Committee

on Explosives, after conducting experiments with sand and

clay stemmings, leaned towards the conclusion that sand

gave better results in practice. The sand stemming was con-

sidered to oppose greater resistance than plastic substances to

blowing out, which, of course, is a factor of considerable im-

portance in the case of fiery and dusty mines.

Capt. Desborough, of the Home Office Testing Station,

has carried out experiments to show the economic gain of

thoroughly tamping charges, and presented the results of his

experience in the Annual Report of H M. Inspectors of Explo-
sives for the year 1907. Equal charges, according to this

report, were fired at the ballistic pendulum, both stemmed and

unstemmed, with the same weight of charge viz., 100 grammes
and the following average results were obtained :

Explosive.
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the explosion, and that consequently any added stemming
would not increase the muzzle energy.

As, however, the requisite minimum length of stemming
must vary according to the nature of the material employed
for the purpose, and probably also according to the nature of

the explosive, the only safe rule to follow in practice is to use as

much stemming as possible and to make sure that it is well rammed.

Having regard to the probability, now recognised, that an

explosive forms different decomposition products, and there-

fore different explosion phenomena, when fired under varying

conditions of pressure, the operations of shot firers in mines,

with regard to the quantity of explosive used in a charge and

the sufficiency of stemming, should receive more attention than

has hitherto been considered necessary.

60. What Precautions are Necessary when Ram-
ming or Stemming a Charge ?

H.M. Inspectors of Explosives have frequently observed in

their Reports that in ramming charges into a borehole there

must always be some danger, and it cannot be too strongly

urged that the operation should be carried out with the least

possible exercise of force. The best method of preventing

this class of accident is to ensure that the men are not

allowed to use drills which have become much worn, and also

that the diameter of the cartridge is such as to give good

clearance even with a slightly worn drill. The important

thing to ensure is that the cartridge shall not stick in the

borehole, as if it does the miner is quite certain to use suffi-

cient force to get it to the bottom of the hole.

After the care which should be devoted to the drills, the

other points which require attention are (i.) to avoid bunch-

ing the cartridges (i.e., tying two or three together or other-

wise inserting several at the same time), (ii.)
the use of

wooden rammers, (iii.)
the thorough softening of all nitro-

glycerine explosives before use.

Even with all the above precautions, however, the use of

undue force may always cause an accident. A general impres-

sion seems to exist that, at any rate in the case of gunpowder,
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no amount of ill-treatment with wooden, or even copper tools,

can possibly lead to danger ; whereas, as a matter of fact,

sufficient heat to ignite gunpowder may without much diffi-

culty be produced by the contact of two particles of flint or

other hard substances without the intervention of iron or

steel the absence of which, therefore, merely reduces the

risk.

It should be known also that there is for every explosive a

certain density which is most favourable to its complete detona-

tion. A charge should therefore be stemmed as nearly as pos-

sible in the condition in which it is

sent out by the makers.

After stemming,

Connecting

the Firing

Line.

one fuse wire should

be made shorter by
two or three inches

than the other one,

so that the two joints made with the

firing line may not be accidentally

pulled together and thus cause a

miss-fire.

AH wire ends should be scraped

bright before splicing or connecting
to terminals. Omission to adopt this

recommendation may result in so

great an increase in the external re-

sistance of the circuit as to materi-

ally reduce the firing capacity of the

exploder, especially if the latter is

of dry cell type.

Joints should be made in wires by laying the cleaned ex-

tremities across each other, scissor fashion, and

Making Joints, twisting the free ends over right and left four

or five times. The manner of twisting and

arranging the position of joints relative to each other are

shown in Fig. 62.

Another joint, partly twisted in the correct way, is seen in

Fig. 51(B) ; the example A in the same sketch serves to illus-

FIG. 62. SHOWING JOINTS.
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trate a looped joint, which is incorrect and ineffective as a

means of conducting electric current (v. also p. 91). When
the joints have been satisfactorily made the cable or firing line

must be paid out to a place of safety (v.
Rules in Chapter V.).

The proper method of coiling and uncoiling cables has been

already described.*

The firing line must ahcays be paid out FROM the shot-hole

TO the place of safety, where the exploder (unless it is a belt

or pocket battery) has been previously deposited.

Having reached the desired shelter, the shot-firer carries

into effect such inspections and precautions as the special rules

under which he may be working (v. Chapter V.) and his

own judgment demand
;
then he connects the free extremities

of the firing line to the exploder, and fires the charge.

NOTE. If the shot-firer has occasion to leave the firing

line, even momentarily, after having paid it out, he must take

the exploder with him.

After a shot has been fired, the shot-firer should immediately
disconnect both ends of the cable from the exploder, free it

from any chance debris which may have fallen upon it, and coil

it up.

This instruction should be followed even when a miss-fire

has occurred.

61. -How may a Charge Miss Fire?

Where the practice of electric shot-firing is

Miss-Fire well established, failures of any kind only

Shots. happen at rare intervals, and even then they

are more likely to have been brought about by
some lapse on the part of a man new to the duties than to any

defect in materials. Difficulties often arise where electric

shot- firing is introduced for the first time owing to the use of

ill-assorted apparatus. The low-tension system may, for

example, be adopted. A dry cell is obtained, along with 30yds.

or 40 yds. of shot-firing wire. Perhaps a thin single strand

wire, say No. 22 S W.G., is used. After firing comparatively

*
Chap. II, Part II., p. 35.
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few shots further ignition becomes impossible, and the fact is

frequently lost sight of that the greater part of the energy of

the cell has baen used up in overcoming the resistance of the

line. (This point is further developed in the following pages.)

It is often noticed too, that, under the conditions already

referred to, there are frequent complaints as to the number of

bad "
caps," that is to oay, electric fuses or detonators. Elec-

tric fuses are, however, now so well made that as a general

rule the fault may be safely assumed to be elsewhere. . .

In the report for 1905, of the Chief Inspector of

Mines for the Midland district (comprising the counties of

Bedford, Berks, Buckingham, Cambridge, Derby, Hertford,

Huntingdon, Leicester, Middlesex, Northampton, Nottingham,

Oxford, Rutland and Warwick), Mr. A. H. Stokes gives the

total number of shots fired (in his district) as 2,305,591, or

162,904 more than in the year 1902. The percentage of miss-

fire shots are : High tension 0'42 per cent., low tension 0'23 per

cent., and gunpowder 0*25 per cent.

The averge percentage of miss-fired elec-

trical shots is thus 0-3 per cent., it being

assumed that the gunpowder shots are fired

by means of tape fuse.

And only a small fraction of even this

small percentage of failures will, as a rule, be

traceable to defects in fuses or explosives.

In all but a very few the failure may be

traced to one or other of the following
FIG. 63.

causes :

DIAGRAM OF ~. - . , . .
,

. .

LOW-TENSION FUSE
In the exPloder>

the electrical pressure

WITH SEVERED may nave fallen below that intensity neces-

BRIDGE. sary to overcome the resistance of the circuit.

The firing cable may offer too great resis-

tance, owing to (a) badly-made joints or (6) defective insulation,

arising either from mechanical injury, absorption of moisture

or use of too fine gauge wires.

In a low-tension fuse, (a) the bridge may be severed, as

in Fig. 63
; (6) the bridge may be shunted, as in Fig. 53

(p. 72); (c) there may be insufficient priming, or the latter
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may be damp, in which case the bridge would incandesce

without causing ignition ;
and (d) if fuses are tested before

firing a defective bridge may then give way without firing.

In high-tension fuses, the wires in the fuse heads (a) may
make contact with each other, thus passing a current without

decomposing the priming ; (b) they may not make sufficiently

good contact with the priming, in which case the electrical

resistance is too high for an ordinary high-tension ex-

ploder.

In either variety, if a charge be left overnight in a wet hole,

the insulation of the fuse wires may be destroyed. Conse-

quently, none but guttapercha covered wires should be placed
in wet holes, unless the shot is to be fired immediately after

having been stemmed.

Accidents of manipulation, in tamping and connecting up,

may result in missed shots, thus :

Whilst tamping, (a) the insulation of the fuse wires may be

abraded and short-circuited. This is especially liable to occur

in anthracite mines, where the particles of coal are sharp edged
and hard, and may easily cut the wires during the operation of

stemming. On testing such a circuit in situ, by means of, say,

a Holden firing apparatus or rack-bar or Manet exploder, the

indicator would show continuity and lead one to suppose that

the fuse was in good order.

(b) A wire may have been inserted in the shot-hole kinked
;

then, upon tamping, the strain put upon the wires by an inex-

perienced operator causes the weakened point to straighten out

and give way inside the insulation.

(c) The wires may be partly carried into the hole by an

advance stroke of the tamping rod
; they are pulled out again

forcibly, thus bringing about result (a) or (6).

(d) Manipulative accident (c) may result in the detonator

being withdrawn from the cartridge, or the fuse from the

detonator. (This may be entirely obviated by inserting the

detonator in the cartridge, then doubling back the wires

alongside the primer aad making a half hitch with them

round the same. The detonator end of the primer leads into

the shot hole. (Set B, Fig. 60, p. 82).
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(e) Splicing fuse wires in a shut-hole. (A miner will have

caps with, say, 36 in. wires. He has occasion to bore a 48 in.

hole, and so he twists pieces of old fuse wire on to the new,

lays the joints side by side, and proceeds with his stemming.
The fireman comes along, applies his exploder, and " wonders

why it won't go off"
!)

In connecting the fuse and the exploder, (a) the joints be-

tween the fuse and the firing line may be dirty or covered with

tallow grease. (They should be rubbed bright between thumb

and finger, with a pinch of coal or shale dust, before splicing.)

(b) The manner of jointing may be mechanically but not

electrically good. (See pp. 67 and 87.)

(c) The joints, though properly made, may have been

inadvertently brought into contact with each other, whilst

reeling off cable.

(d) The firing line may have been kinked and afterwards

forcibly straightened out, thus breaking a wire.

(e) The exploder ends of the firing line may require clean-

ing ;
as may also the binding terminals or contact studs on

the exploder itself.

62. What is
" Double Detonation

"
?

Double detonation may occur when a shot partly misses or

hangs fire a form, in fact, of delayed ignition. A damp
detonator or badly mixed explosive are the two principal

causes of double detonation.

The insertion of a fuse in place of a detonator, or the use of

a weak detonator may fail to detonate, but succeed in igniting

the charge. Then, according to Sarrau's theory, the pressure

developed by the gases would be sufficient to explode the

remainder of the explosive. (See also Question 63, following.)

63. Can an Electrically-Ignited Shot Hang Fire ?

In view of the fact that four pit sinkers were recently reported

to have been injured at a Simderland colliery owing to the unex-

pected explosion of a blasting charge, it cannot be too well

known that electrically ignited charges can. and do at times

hang fire. Under the Quarries Act
"

If a shot has apparently
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missed fire, no person shall be allowed to go near it until after

the lapse of half an hour, except where electricity has been

used," and in coal mines an electrical miss-fire is exempted
from the regulation as to the fixing of caution boards or

fences.

The North Staffordshire Special Rule provides that if a shot

misses fire, no person shall return to it
"

until after the lapse of

at least one hour
; if, however, the shots are fired by electricity,

the authorised shot-firer or competent person may return

immediately, after disconnecting the cable of the battery and

taking the battery with him." A similar rule is in force in

Shropshire and Cannock Chase. These rules rather favour the

idea that electrically ignited shots do not hang fire and may
thus in some measure prove a source of danger.

It is not unusual for one in a group of simultaneously-fired

shots to miss, and consequently there is always an element of

danger in group-firing. Probably a nearer approximation to

perfect safety would lie in the use of electrically ignited time

fuses, though it must also be admitted that the use of a suit-

able detonator would go a long way towards ensuring the

simultaneous ignition of any number of shots.

Hang-fire, or retarded ignition, may occur in the electric

detonator or it may occur in the explosive. A damp detonator

might readily hang fire.

It is well known that a shot will sometimes explode after

prolonged turning of the exploder handle, whereas in general

less than half a turn will suffice. The retardation might be

caused by increased resistance in the circuit through broken

wires, bad joints, or grease or dirt on spring contacts and ter-

minals, permitting the passage of only just sufficient electrical

energy to warm the fuse bridge. The latter has then to be

kept heated during several seconds before the temperature

rises to the point of ignition of the priming. The same effect

would be produced if the exploder were under-powered, owing,

for instance, to loss of magnetism. Or delayed ignition might

be caused by defects in the fuse, such as badly mixed, damp,
or insufficient priming, or by a wet charge.
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Capt. Desborough (Annual Report for 1905, p. 137) states

that he had electrical hang-fires when firing experimental shots

with three different ammonium nitrate explosives, that of

greatest duration involving an interval of about 50 seconds

between the explosion of the detonator and the explosion of

the charge. With all these explosives he subsequently had

several miss-fires, and in each case, when the charge was ex-

tracted, he found that the detonator had fired, but had failed

to explode the charge. The difficulty was overcome when a

stronger detonator was employed. In this connection Capt.

Desborough mentions that a cartridge of carbonite was found

to be burning in a shot-hole in a colliery in South Wales.

This was by no means the first instance of the kind, and the

caused seemed to lie in the use of a faulty or insufficiently

powerful detonator."

The Annual Report of H.M. Inspectors of Explosives for 1906

also records three cases in which a hang-fire has occurred with

electric firing. In one of these cases two attempts were made

to fire a shot electrically (high tension) ;
the cable was then

disconnected from the detonator leads and tested. It was

found to be all right. The shot then exploded. There is prac-

tically no doubt, says the report, that this was a case of hang-

fire. The time elapsing between the disconnection of the

cable and the explosion of the charge was about five minutes.

After the introduction into France of safety explosives,

several accidents happened at St. Etienne Collieries and were

made the subject of an investigation and a report by Mr. L.

Volf. The following notes from a translation of Mr. Volfs

report, which appeared in the Transactions of the Institution of

Mining Engineers, show that the accidents were attributed to

the phenomenon of double detonation, which is another phase

of retarded ignition or hang-fire.

It was assumed that in a borehole charged with cartridges,

only the first was exploded by the detonator, and that the

others became ignited after an interval of a few seconds or

minutes. The following accident proved this : Three holes,

each filled with 3J oz. (100 grammes) of qrisounitc-couche, were
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bored in the coal, and ignited by 0-052 oz. (1J grammes) deto-

nators and three fuses.

Three distinct reports were heard, and, as the workmen were

going away, a shot which was still smoking exploded and injured

one of them ;
it appeared to have exploded twice. The theory

deduced was that the decomposition of a blasting charge is not

the result of a single chemical reaction, but depends on the

pressure to which the products are exposed during such reac-

tion.

Dynamite, guncotton, nitrate of ammonia, and other blast-

ing materials containing nitrates, decompose gradually in the

air, and give out nitric oxide, but if they are ignited in a closed

space they instantly decompose, without forming a trace of

nitric oxide. The first slow process changes immediately into

the second if the free evolution of gas be hindered and the

pressure raised. The reaction produced by a detonator is the

same as that by ignition in a closed space at high pressure.

Both are so rapid that the whole of the charge is at once con-

verted into gas. But if the ignition be defective, the charge

may ignite and burn instead of exploding ; it is then said to
"
cook," and gives off nitric oxide. The explosive power of a

charge also varies with its composition, and depends, in

grisounite upon the small quantity of nitro-napthalin that it

contains.

If the charge begins to burn, the increasing pressure caused

by the gases given off may produce an explosion and ignite the

cartridges one after the other.

At the Karwin Mine (Austria) 20 holes were bored and fired

in three series. The first and second series having been fired

(by means of a Tirmann low-tension dynamo exploder) from a

distance of 260 ft., a loud report was heard, and the workman

was proceeding to fire the remaining holes when a second report

ensued, about 15 seconds after the first. It was impossible to

tell which of the shots had produced the first, and which the

second report, but all had gone off. The boreholes were about

4 ft. deep, and each contained, besides the firing cartridge, five

or six others.
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On another occasion six shots were fired at a distance of

about 130 ft., and there was an interval of a minute or more

between the two explosions.

Twenty-five experiments were then made to discover the

reason for the retarded ignitions. In two, the dynamite did

not explode at all, and in several it was only partly burnt, while

three miss-fires were caused by the machine. (From an article

by the Author in the "
Colliery Guardian.")

64. Show how the Practical Efficiency of a

Blasting Circuit is governed by its Elec-

trical Resistance.

Successful electric shot-firing can only be attained by giving
due recognition to the electrical laws governing this application.

Suppose, to illustrate a way in which an exploder may fail

to do the work expected of it, a dry cell, say 2\ in. in diameter

and 7 in. in length, with an internal resistance of 0'7 ohm, has

been selected to fire Nobel low-tension fuses through a 90 ft.

twin wire of No. 20 S.W.G-. It can be seen, almost at a

glance, that the apparatus is foredoomed to failure, for the

total resistance of the circuit (Ri + R/ + K/) exceeds 3 ohms,

and, since about 0-6 ampere current is required to fully incan-

desce a fuse-bridge, it follows, by Ohm's Law (electromotive

force = current x resistance), that the electromotive force (r5)
is barely sufficient to overcome the resistance of the circuit.

If, on the other hand, a cell of lower internal resistance, say a

C size Obach with Ei value 0'25 ohm (see Table IV., p. 54),

is selected, together with a firing-line containing more copper,

say 3/22 S.W.G., this apparently trifling modification makes

all the difference between failure and success.

The total resistance in the latter example is as follows :

Ohms.
Ki (internal resistance of cell) 0-25

El (resistance of firing-line-that is, of 180 ffe. of

3/22 S.W.G. cable) .. .. .. .. 0-79

Ef (resistance of fuse- bridge) 0-75

Total resistance 1-79

On taking the product of T79xO-6 (fusing current) it is

found that the electromotive force required to drive that
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current through the circuit is less than the electromotive

force available at the terminals of the battery ;
hence this

set may be expected to perform its work in an efficient

manner.

It need scarcely be said, however, that in order to obtain

maximum economy, allowance must be made to compensate for

various sources of increased resistance. In the first place,

there is the internal resistance of the cell to be considered.

This increases gradually so long as the cell lasts; rapidly,

indeed, if the exploder is heavily worked. And, as increased

internal resistance means less effective electromotive force at

the terminals of the cell, this alone may render the cell incapable

of firing a fuse.

(It should be remembered that all types of exploders have a

definite internal resistance, and this requires to be taken into

account when using very small machines. In the larger sizes

the margin of power is so great that in practice the internal

resistance can be ignored.)

The firing line, again, may be expected to receive frequent

cuts from flying pieces of rock or coal, thus necessitating splices

or joints that may or may not add seriously to the resistance;

according as they are proparly or improperly made.

The best method of making a joint in small wires or strands

has been explained (see p. 66). An injured cable should, of

course, be sent out of the mine for repairs as soon as possible,

but it is frequently necessary to make temporary splices in

order that the round of a district may be completed without

delay.

Another source of failure against which it has been found

needful to instruct blasters is that of making two splices oppo-

site each other. If two joints have to be made, it is better to

cut off a foot or so of one wire on each piece.

Then, on bringing the long and short wires of opposite cables

together and splicing, the joints will be separated from each

other by insulation.

It may further be noted that if the insulation of a firing-line

becomes saturated with water, the resistance between the two

wires may be so much reduced as to provide an easier path for
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the current than through the bridge of the fuse. The latter

would then, as a matter of course, fail to go off. Other analo-

gous sources of failure in the firing line will doubtless readily

suggest themselves.

Passing now to the fuses, it is found that they are of some-

what widely varying resistance ; from which it follows that a

battery and line admirably adapted for the ignition of one

make of fuse may be utterly useless with another pattern.

Low-tension fuse bridges are variously made of platinum,

platinum-silver, and iridio-platinum, and range in electrical

resistance from about 0'3 ohm to T65 ohms. Hence, when, as

is often the case, the resistance of the fuse is unknown, it is

desirable that an ample margin of power in the exploder should

always be available.

65. How do Permitted Explosives of the Gun-

powder class compare with other Permitted

Explosives as Coal Getters ?

Some recent experiments, which were carried out for the

Bobbinite Committee, go to prove the generally accepted belief

that gunpowder and its allies are still the best explosives for

producing strong coals, not only because these non-detonants

on the whole get the coal with less production of small, but

because coal so got is not shattered or cracked, and suffers the

least amount of disintegration in conveyance from the coal face

to the consumer.

Table VIII. shows the general result of the experiments,

which were made in the four seams of widely varying nature.

These were the
"
Stanley Main " seam at the Don Pedro Pit,

Whitwood Collieries, Normanton, in South Yorkshire
; the

"
Deep Hard " seam at Moorgreen Colliery, Eastwood, in

Nottinghamshire ;
the Bydelog

"
or

"
Black Vein

" seam at

the Victoria Colliery, Ebbw Vale, in Monmouthshiro ; and the
"
Nine Feet

"
or

"
Big Vein

" seam at Ystradgynlais Colliery

in the Swansea Coal Field.

S.F.Q. H
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BLASTING IN PIT SHAFTS AND STONE
HEADINGS.

66. What are the Advantages of Electric Firing
in Shaft Sinkings and Headings ?

Ignition by electric current ought to be the only permissible

means of firing blasting charges in shaft sinking and tunnelling

operations.

For rock blasting and all tunnelling work, shot-firing by

electricity is acknowledged to be the most economical be-

sides being safer than any other system. Moreover, in

such places as shafts and tunnels, where ventilation may
be defective, it is usual under the old system for work-

men to wait perhaps half an hour or more after each

blast to allow smoke and fumes to clear away, and when

several blasts are made daily much valuable time is thereby
lost.

Smaller charges will lift more rock when fired simultaneously

by electricity than would greater ones if the holes were fired

independently with tape safety fuse. It has also been proved
that the same amount of work can be accomplished with a

less number of holes where electricity is employed than

would be required if the charges were fired singly with tape

fuse.

In case of a miss-fire the advantage of electric firing is more

evident, as, if the holes are not simultaneously exploded, there

is but little possibility of a smouldering fuse lying dormant

and exploding when unexpected,* and, consequently, less

danger in approaching the charge to ascertain the cause of

miss- fire.

Given a code of rules, as a protection against thoughtlessness

and ignorance of the risks involved, it should, by the use of

electrical methods, and assuming that adequate provision is

made for the enforced observance of the rules, be almost im-

possible for any accident to occur.

* See "Hangfires," p. 91.

H2
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67. State the Advantages and Disadvantages of
Series and Parallel Firing; Show how to
calculate the Resistance of the Circuit for
each System; and give the Resistance of
High and Low-Tension Puses.

Fuses for simultaneous ignition may be joined in series, or

in parallel, as shown in Fig. 66.

In the series system, wherein line and fuse wires are all

coupled consecutively, the total external resistance of the

circuit is equal to the sum of the separate resistances (exter-

nal resistance = RZ-t-(R/xN)) ;
where R is resistance of line,

E/ resistance of one fuse, and N the number of fuses in series.

In the parallel system the circuit may be compared to a

ladder, the line forming the ladder sides and each detonator

fuse a stave.

The total external resistance in this system is El + (R/-f-N).

It is thus seen that the resistance varies inversely as the

number of fuses.

The resistance of H.T. fuses is very variable, and may be

anything from 50 ohms upwards.

The resistance of a L.T. fuse, on the other hand, is usually

about 0-7 ohm, and rarely exceeds 1'5 ohms.

As a general rule H.T. fuses are fired in parallel and L.T.

fuses in series.

When firing in parallel, as is usual in ignition from lighting

mains, a bad fuse simply misses fire while the rest explode.

In a series circuit, on the other hand, a defective fuse usually

causes the entire blast to miss fire, though the system has the

advantage that a fault can be easily located.

If a great number of fuses have to be fired, say, more than

50, the best way is to arrange them in groups of about 20 in

series, and join the groups in parallel. In this way the number

that can be fired is limited only by the current available and

the carrying capacity of the mains.

68. How are Shot-Holes arranged in a modern
Shaft Sinking ?

In the Sherwood Colliery sinking (Mansfield, England), all

the shot-holes were set out systematically from a centre line :
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Six inner sumper holes, 6 ft. deep and 2 in. in diameter, were

drilled in a circle of 4ft. radius; and 16 outer sumper holes,

6 ft. deep and 2 in. in diameter, were drilled in a circle of about

9 ft. radius.

Tne whole of these inner and outer sumper holes were fired

together by electricity, and the debris cleared away.
Then 24 side holes, 6ft. deep and l^in. in diameter, were

drilled at a radius of 11 ft. These side holes were all fired

together, and left the shaft-side quite clean, and practically no

dressing was done by the pick.

The average rate of sinking only through this (magnesian

limestone) was 22^ ft. per week.

In the softer coal-measures, five sumper holes, 7 ft. deep and

2 in. in diameter, were drilled in a circle of 4J ft. radius ;
and

10 outer sumper holes, 7ft. deep and 2 in. in diameter, were

drilled in a circle of 10 ft. radius.

The remaining 16 inches of rock were dressed off by hand

when the ground was soft
;
and where hard rocks were en-

countered, side holes 6Jfb. deep and l^in. in diameter were

drilled as in the limestone. The finished diameter of the shaft

was 20ft. (J. W. Fryar, Trans. I.M.E., Vol. XXVI., 1903-4.)

69. What Shot-firing Precautions should be
taken when Sinking through Frozen Ground ?

In sinking by the freezing process at Dawdon Colliery ex-

plosives were used to blast through the limestone, the natural

hardness of which was intensified by the frost. Great care

was required, in placing tha shot-holes and regulating the quan-

tity of explosive used, to prevent any breakage of the freezing

tubes surrounding the shaft and so cause a leakage of brine,

which might damage the ice-wall.

The following shot-firing regulations were adopted :

(a) Black compressed powder must be used for all shots.

(6) Sumping holes must not be more than 50 in. deep
Not more than 12 in. of powder, including tht,

primer, may be used in any hole. The shots must

be fired by electricity, and not more than three

holes may be fired at one time.
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(c) Connect or side holes must not be placed nearer than

1 2 in. to the side of the shaft, and not more than

40 in. deep. Not more than 6 in. of powder, in-

cluding the primer, may be used in any hole. The

holes must be drilled at an angle of 1 7 to 20 degrees
towards the centre of the shaft. Not more than one

shot may be fired at one time.

The preceding regulations necessitated the drilling of a large

number of shot-holes, and also entailed a great amount of

shearing-back of rock to dress the shaft-sides straight down.

The shot-holes were kept from freezing either by using a

solution of 6 per cent, of caustic soda or 10 percent, of washing
soda. (E, Seymour Wood, Trans. I.M.E., Vol. XXXIL, p. 566.)

FIG. 64.

70. How is Electrical Connection made between
the Charges at the Bottom of a Shaft and
the Exploder at the Surface ?

Electrical connection between the bottom of a shaft and

the surface may be made by suspending bare wires on insu-

lators from the shaft mouthing to a point a few yards above

the sump or shaft bottom. The lower end of the cable being

specially liable to injury by flying debris, a separate length of

twin flexible cable is used to make connection between the shaft

wires and the charges to be fired. This method necessitates

joint making as the sinking of the shaft progresses. It is>

therefore, often considered preferable to carry a length of twin

insulated wire upon a drum situated at the surface of the



PRACTICAL APPLICATIONS. 103

mine. The cable, of which there should be sufficient to allow

of damaged ends being frequently cut off, is lowered down the

shaft whenever shots are required to be fired, and wound up
after having served its purpose.

A useful type of drum, as made for this purpose by Messrs.

John Davis & Son, is shown in Fig. 64. It consists of a

wooden cylinder, having galvanised iron or zinc flanges, the

whole being carried between two cast-iron uprights rigidly

connected by tie bars. On one flange there are two brass

terminals insulated therefrom by ebonite bushes. The inside

ends of the firing line are securely attached to the terminal

nuts inside the flange and the cable is then reeled on to the

drum. In operation, the cable is lowered down the shaft by
means of the cranked handle, a weight being hung on the

end to facilitate its descent. The shots are connected together

in series, the free ends joined to the firing line and the men
withdrawn from the shaft. A flexible cable is then joined

from the exploder terminals to those on the drum flange and

the charges are fired. This loose surface connection provides
an additional safeguard against accidents.

71. Give an Example from Recent Practice of the

Methods employed in driving a Stone Drift.

The following data are useful as showing the actual methods

employed in driving a cross measure drift from the low main

to the Maudlin seam, at Houghton Colliery, and are quoted
from a Paper on the subject by Mr. Norman Nisbet in the

Proceedings of the National Association of Colliery Managers
for 1907 :

" The thickness of the strata between the two seams was

10 fathoms, consisting, in ascending order, of 1 fathom of blue

metal, 6 fathoms of strong seamy post, and 3 fathoms of a strong

blue metal intermixed with ironstone nodules varying in dia-

meter from 2 in. to 2 ft.

" The drift was let to contractors, the conditions of contract

being as follows : (1) Drift shall be driven 8ft. wide by 7ft.

in height throughout ; (2) and shall be driven at a uniform

rising gradient of 2| in. to the yard; (3) Drift shall be driven
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by mark, and shall be straight, the centre line to be in the

same relative position throughout the whole length of the

drift
; (4) No shot shall be fired within 1 ft. of the roof or sides,

and all loose stone affected by shots shall be dressed back by
hand

; (5) Price to include cost of explosives, which will be

supplied at the rate of tUd. per Ib. ; (6) Contractors shall fire

all shots in drift and shall set sufficient timber to keep them-

selves safe
; (7) All stones to be filled into tubs

; (8) The

appearance of anything except solid stone in the face of the

drift shall immediately terminate the contract ; (9) The drift

shall be driven continuously from 10 p.m. Sunday till 12 noon

on the succeeding Saturday ; (10) Contractors will be supplied
with power drill and gear all drills and picks being sharpened

by the company; (1 1) A price per yard for driving the drift in

accordance with all the above conditions, the drift to be driven

in a proper and workmanlike manner, &c.
" The drift was let to five men at the price of 35s. per yard

plus the then existing percentage, which was 27^ per cent.

Refuge holes, 5 ft. by 5 ft. by 3 ft., were made every 20 yds.

and were let complete at 32s. 6d. each. The drift was driven

the full distance of 158 yds. in 19 weeks, or 4f months, the

average yardage driven per week being 8*3, or 16-6 yds. per

fortnight. The maximum yardage in any one fortnight was

20 yds. of drift and one refuge hole. The average number

of shifts worked per fortnight per contractor was 16, and the

average wage over the whole time of driving was not includ-

ing fillers, who were paid a fixed wage 12s. 6d. per shift of

eight hours. Out of the five men in the drift, three worked

the drill and prepared and fired the holes, while the two fillers

filled the stones made in the night shift, and were, as mentioned

above, paid a fixed wage at the rate of 5s. per shift.

" The method of working the drift was similar to that usually

employed with hand drilling, with the exception that all holes

were drilled by machine, the face being sometimes fired right

across and sometimes worked sump and back-end, according as

the conditions suggested. Sumping, covering and flanking

holes were employed and placed according to the judgment of

the contractors, who took advantage of the bedding and
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cleavage planes of the stone in placing their holes. As a rule,

13 to 16 holes, of from 5 ft. to 6 ft. each in length, were drilled

for each round. This work was sometimes accomplished in four

hours under favourable conditions, or at the rate of 24 lineal ft.

of hole per hour, including all time spent in setting up and

taking down drill, while as many as two complete rounds of

holes were occasionally drilled, fired and the stones filled away
in the 24 hours, clearing 10 ft. of drift. In two actual instances

the times occupied in drilling two holes under different con-

ditions were as follows :

1st hole in blue metal with ironstone nodules 6 ft., drilled in 16'5 min.
2nd hole in mild blue metal was drilled 6 ft.

h. m.
Started drilling 11 57 \, _.
1st drill up ..? 11 58 j

lmin -

Started 2nd drill 11 58'5

2nd drill up 12

Started 3rd drill 12 0'75

3rd drill up 12 2

Started 4th drill 12 3'o

4th drill up 12 5

Total time ... 8 min.

"The drill used was an Ingersoll-Sergeant auxiliary valve

rock-drill of the D 24 type, diameter of drills 2J in. to 2 in.

Drills used in soft ground were of chisel section, while in hard

ground, where ironstone nodules were encountered, drills with

a rose or star bit were used. The drills, of best tool steel

were tempered in water from a peacock blue at the cutting

edge through to a dull red in the body. Three drills were

necessary to drill a 6 ft. hole. Air pipes of 3 in. diameter

were laid up the drift from a 12 in. air main at the bottom,

the flexible hose for connection with the drill being 1 in. in

diameter. The drill, running 430 strokes per minute, is

supposed to consume 100 to 110 cubic ft. of free air per

minute. The explosive used was Saxonite, with high-tension

detonators. The quantity used was 2,271 lb., which cost

96. 10s. 4d., equal to 12s. 2'6d. per yard of drift; 2,076

detonators, costing 10 15s. 9d., were used, making the total

cost for explosive and detonators 107. 6s. Id., equal to

13s. 7d. per yard. The average quantity of explosive per
hole was 1 '09 lb. The greatest quantity of explosive used in
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one fortnight was 350 Ib. with 260 detonators, for 14 yds.

of drift, equal to 25 Ib. per yard, or 1*35 Ib. per shot, at a

cost of 21s. 3d. per yard for explosive, or a cost of 23s. 2d.

for both explosive and detonators."

Wires for shot-firing in headings, c., should either be paid
out from a coil each time they are wanted or, if the heading is

FIG. 65. EXAMPLE OF SIMULTANEOUS BLASTING IN SKRIKS.

a long one, bare iron wires may be carried on insulators

attached to the timbering or side of the road. In the latter

case a twin flexible insulated wire is used in the head-end to

make connection between the fuse wires and the permanent
mains.
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72. Give an Illustration of Simultaneous Series

Blasting in a Quarry and indicate the Ad-

vantages of this Method.
In Quarry ivork it is generally agreed that a substantial

saving of explosives is to be obtained by simultaneous firing,

since each shot helps its neighbour and there is no binding /

except at the extreme end of the line of holes. This advantage
is further increased in certain kinds of work by using explosives

of different strengths in different parts of the same hole. By
the exercise of individual judgment and experience in this

and similar ways the quality and quantity of stone obtained

may be considerably increased.

A method of quarrying by simultaneous blasting in series

is shown in Fig. 65.

_ . _ 4 in Parallel"
2 in Series

FIG. 66. METHOD OF CONNECTING FUSES FOR GROUP FIRING.

73. Give an Illustration showing Series and
Parallel Methods of Connecting Fuses for

Simultaneous Firing.

Various methods of connecting fuses for group firing in

series and parallel are shown in Fig. 66 above.
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BLASTING ACCIDENTS.
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RISKS IMMEDIATELY CAUSED BY THE EXPLOSIVE.

Accidents Classified, p. 110. Accidents in Handling Explosives, p. 110.

Directions for the use of Explosives in Cold Weather, p. 111. Peri-

odical Recurrence of Accidents with Nitro-glycerine Explosives,

p. 112. Thawing Frozen Explosives, p. 112. The Russbach Pot for

Thawing Dynamite, p. 112. Detonator Accidents, p. 114-115. Risk

of Working with Naked Lights, p. 116. Accidents in Stemming
and Preparing to Fire, p. 116. Accidents through "Bunching"
Cartridges, p. 117. Accidents through boring into Unexploded Charges,

p. 117. Accidents when firing, p. 119. Accidents through Use of

Electric Signalling Wires, p. 121. Accidents through Allowing
Portions of Unexploded Charges to leave the Mine, p. 123.

The risks following the use of explosives in mines may be

broadly divided into :

(1) Those immediately caused by the explosive, and

(2) Those resulting from the ignition by the explosive of

an inflammable atmosphere.

The former arise, for the most part, owing to want of know-

ledge and skill on the part of those engaged in blasting opera-

tions, as will appear in the subsequent development of their

causes. It might be said, too, that the latter, the risks classed

under (2), are often caused in the same way, though as perhaps
a higher order of knowledge is requisite for the prevention of

these risks there may be a little more excuse for the person by
whom they are brought about.
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It has been asserted in evidence given before the Coal Mines

Commission, now sitting, that 90 per cent., if not the whole, of

those who are acting as
"
competent shot-firers

"
have no

theoretical knowledge at all as to explosives. Those who know
most of the type of men who are generally employed as shot-

firers will be the first to agree that the statement is one of fact

rather than a mere personal expression of opinion, and it is

greatly to be desired that men so occupied should be legally

compelled to acquire that competence for which they either do

not understand the necessity or have not sufficient sense of

responsibility to voluntarily obtain.

The questions and answers in this chapter contain accounts

of many blasting accidents of commonly recurring type and,

indicating as they do the principal causes and means of preven-

tion, will, it is hoped, help to lessen the frequency of these

unfortunate occurrences.

74. How may the various Accidents caused by
Explosives be broadly Classified?

Accidents The accidents caused by explosives may
caused by for convenience be grouped under the follow-

Explosives. mg sub-heads :

(a) Accidents in Handling Explosives.

(6) Accidents whilst Stemming and Preparing to Fire.

(c) Accidents when Firing.

(d) Accidents after Firing or attempting to Fire.

75. Describe the Main Sources of Accidents

which occur in handling Explosives.

(a) Accidents in Handling Explosives. A fruitful cause of

accidents in countries subject to low atmospheric temperature

is the neglect on the part of users to soften nitro-glycerine

explosives so as to render them plastic and fit for use. All

nitro-glycerine explosives, as pointed out in Messrs. Nobel's

handsomely prepared
" Book of High Explosives," become
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congealed during cold weather, and this may occur even at a

temperature as high as 45F., and this congealing may exist

without any apparent alteration in the soft and plastic outward

appearance of the cartridges.

The following circular, issued by the Nobel's Company, to

which H.M. Inspectors of Explosives have drawn public atten-

tion, will be of interest in this connection :

IMPORTANT NOTICE.

DIRECTIONS FOR THE USE or EXPLOSIVES IN COLD WEATHER.

All cartridges before blasting should be heated in warming pans.

Specially designed warming pans should alone be used for this purpose

(Messrs. Nobel's warming pan is shown in Fig. 67), and in them the cart-

ridges can be kept in a proper usable condition for several hours in the

coldest weather.

FIG. 67. NOBEL'S WARMING PAN.

On no account expose cartridges to the direct heat of fire, or place them
on a hot stove or warm piece of metal, or on a steampipe.
Do not attempt to heat them by these or any other irregular means, or

accidents thereby will inevitably occur.

There should be no fire, &c., in the hut or apartment in which the thaw-

ing is conducted.

One cartridge at a time should be gently pressed, not forced, to the back

of the borehole, and great care should be taken to avoid jamming or
"
bunching:'
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It may be added that explosives which have never been

allowed to become hard by solidification of the nitro-glycerine

do not show so much tendency to freeze as those which have

been frozen once and subsequently thawed.

Knowledge of the fact that since 1871 80 persons have been

killed and 123 wounded while attempting to thaw explosives in

ovens, on hot plates, over fires and in other similar ways should

induce those in authority to see that their workpeople are pro-

perly and frequently informed as to the most approved methods

of handling dangerous material, and the shot-firers themselves

to beware of that familiarity which breeds contempt.

76. Has it been observed that Accidents with

Nitroglycerine Explosives occur more fre-

quently at one time of the year than at

another ?

Yes. These accidents almost entirely occur during the cold

months of the year. The number of accidents has been found

to steadily increase from November till February and then

decrease again in May.

77. What do you consider the safest method of

thawing Frozen Explosives?

To thaw them in a warming pan of the kind supplied by the

explosives manufacturers. A proper warming pan consists

essentially of a double vessel similar to that used for the pur-

pose of cooking oatmeal porridge. The explosive is put into

the inner compartment and hot water poured into the outer.

The pan must not be heated in any other way. An illustra-

tion of one of these pans is shown in Fig. 67, on previous page.

78. Describe the Russbach Pot for softening or

thawing Dynamite.

The Russbach pot consists of two cylindrical vessels, fitting

one into the other, with double walls, lined with non-conducting

material, and provided with a double-lined cover. To main-

tain an average temperature in the pots of, say, 122F. for 10
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hours, the inner vessel is plunged for 15 or 20 minutes into

water kept on the boil, dried, placed inside the other vessel,

and the cover replaced. A number of experiments were made

about five years ago to measure the temperature of the walls

of the empty vessel, and of its interior. After placing it for

15 minutes in boiling water, the temperature of the walls when

withdrawn was 107-6F., and of the interior 105-8F. At the

end of five hours they were respectively 102F. and 87-8F.
;

and at the end of 10 hours, 62-6F. and 53-6F. The tempera-
ture of the outer air was very cold. The vessel tested was of

305 cubic in. capacity, and if previously heated as described,

8 to 9 Ib. of dynamite at a time could be softened in three or

four hours, and 5J Ib. during the next four hours.

79. What other Accidents than those caused by
Frozen Material may occur in handling
Explosives.

Another kind of accident in handling is reported in the 1905

Heport of H.M. Inspectors of Explosives, from which many of

the examples following are also taken. A contractor, having

prepared the charge and fixed the detonator, is said to have

attempted to make a water-tight joint with the fuse by cutting

off a piece of the explosive (Blasting Gelatine) and applying a

lighted match to melt it. When the cartridge caught fire the

deceased attempted to extinguish it by grasping it in his hand,

whereupon it exploded.

Fifty-seven accidents are reported to have been caused

during 1905 by explosives being ignited by a naked flame or

spark in the course of blasting operations, and in every case

but two gunpowder was the explosive involved.

Three persons were killed and 63 injured by these accidents,

which were, in many cases, due to nonconformity with the

usual regulation enjoining the removal of the candle or lamp
irom the cap before preparing a charge.

Numerous accidents also occur in connection with the inser-

tion of a detonator in a charge, and also in the practice of

S.F.G. I
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"
socketing," which consists in the use of small charges for

enlarging the end of a borehole, to enable a powder charge to

be concentrated at the back of the hole.

Others have arisen owing to want of knowledge as to the

extremely sensitive nature and violent properties of fulminate

of mercury, which is the essential component of a detonator.

There is an instance recorded of an official shot-firer in a

mine who withdrew the electric fuse from a detonator cap and

then proceeded to extract "the stuff in the end of the tube"

by the aid of a pin. The "
stuff

"
of course exploded, and the

official lost one eye and three fingers.

Another accident occurred in the following manner at a col-

liery where electric shot-firing had recently been introduced :

A number of underground officials were together in their
"
cabin," engaged in writing their reports. One of them wa&

testing electric detonators through a dry cell and galvanometer
circuit. The latter instrument had three terminals, one com-

mon, the other two attached respectively to low and high-

resistance coils. A certain
"
cap," just tested, gave no deflec-

tion on the galvanometer needle, and was therefore inferred to

be a bad one. An onlooker essayed to repeat the test, and,

assuming that the detonator really was faulty, applied, as he

thought, the same test as before. Unfortunately for him he

completed the circuit through the low instead of the high-

resistance galvanometer coils and the detonator
"
went off."

The man lost two fingers. Another operator tested a detonator

through a low-resistance galvanometer, and, cautious in his

way, used a dry cell supposed to be almost exhausted.

He, too, neglected the important precaution of placing the

detonator in an iron tube or otherwise out of harm's way before

testing, and, as its
"
bridge

"
chanced to be somewhat weaker

than usual, it exploded, and a piece of the copper capsule

became embedded in his eye.

Eleven accidents of this character occurred in 1905. In

three of these cases it seems probable that the injured persons

were fully aware of the dangerous nature of the article, and

had only their own folly to blame for their injuries.
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In two cases there is no reason to suppose that the injured

persons had any idea of the danger they incurred, while in six

cases it may be assumed, from the fact that a light was applied,

that the injured person was aware that they are explosive, but

was probably unaware that they were dangerously so.

80. Detail some further Detonator Accidents.

There were 22 detonator accidents in 1906. The following

examples will, it is hoped, serve to indicate the extreme sensi-

tiveness of detonators and the great risk involved in unskilful

handling.

1. A boy received from a schoolfellow a detonator which,

with others, had been stolen from a box at a pit in the neigh-

bourhood of Linlithgow. He put it on the fire and it exploded ,

causing him to lose several fingers of his right hand.

At Glasgow a boy was picking at a detonator with a pin when
it exploded and blew off two fingers. At Hett, Durham, a man
found a loose electric detonator in a box and was, he said, in

the act of replacing it, at the same time folding up the wire,

when it exploded, seriously injuring his right hand. He was

probably pulling at the wires.

At a clay pit in Flint a detonator exploded, from some unex-

plained cause, in a man's hand, and at a quarry in Derbyshire

a man was cutting off the end of a detonator to make a ferrule

for his pipe when it exploded.

At a colliery in Lanarkshire a man was extracting the deto-

nator from the primer of a missed shot, when it exploded, and

at Easter Jaw Colliery, Stirling, a detonator exploded when a

piece of fuse was being inserted in it.

A boy picked up a detonator in Glasgow and was merely

scraping at the composition with the butt end of a match when

it exploded, and so injured his hand that it had to be amputated.

At a Warwickshire colliery a man was picking dirt out of a

detonator when it exploded, and at a quarry in Gloucestershire

a detonator exploded in a man's pocket while he was drilling a

hole.

12
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81. Is it not specially risky to work with Naked
Lights in proximity to Explosives?

Yes, such procedure argues the possession of a defective

intelligence. No less than 70 accidents were caused in 1906

by explosives being ignited by a naked flame or spark in the

course of blasting operations, gunpowder being the explosive

involved in every case but two.

Seventy-six persons were injured by these accidents, which

were, in many cases, due to nonconformity with the usual

regulations enjoining the removal of the candle or lamp from

the cap before preparing a charge.

82. State how Accidents have occurred during
recent years whilst stemming and prepar-

ing to Fire.

That any considerable number of accidents are liable to occur

whilst tamping charges is a fact which might easily escape

observation were it not for the evidence annually assembled in

official publications. Yet in 1905 39 such accidents caused

seven deaths and injury to 43 persons (see Chap. III., p. 86, for

precautionary measures). Another type of accident is that

resulting from the use of electrical means of ignition. It is

generally caused either by thoughtlessness or want of know-

ledge regarding the exploding apparatus and the effects liable

to be produced by it.

Several cases of premature ignition have been caused by the

use of a defectively insulated shot-firing cable. The latter is

necessarily damaged in daily use by falling fragments of stone

or coal. Both wires of a twin cable may lose their insulation

at the same point and come in contact, thus short-circuiting

the line. A charge having failed to explode, the line, if sus-

pected, is examined, the exploder, say of the dry battery type,

being meanwhile left in circuit. The "
short

"
is found and

removed, and the shot exploded in doing so.

Instances of this kind might be related to an almost indefinite

extent. Eight accidents in electric firing occurred in 1905,

resulting in three deaths and injury to five persons.
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No less than five of these accidents might have been avoided

by a more systematic method of carrying out the operation.

It should be an invariable rule that the wires are never to be con-

nected to the exploder when anyone is at the shot-hole, and that

the man who last leaves the working place is the only one to be

allowed to connect the wires to the exploder.

Accidents which have occurred through the practice of
" bunch-

ing
"

Cartridges :

1. At a Durham quarry. One person killed and three injured.

The deceased was ramming a final charge of three cartridges

into a shot-hole with a wooden rammer. The hole had been

chambered by a previous shot, and had been recharged with

23 Ib. of gelatine dynamite. A proper warming pan was pro-

vided, but had not been used. The cause of the accident was

probably the jamming of the three
"
bunched "

cartridges^

which may have been frozen.

2. At a quarry in Fife. Three persons injured.

The three injured men were charging a 14 ft. hole, using a

wooden rammer. The charge exploded, injuring one of them

severely. The men were
"
bunching

"
the cartridges by lying

them in bundles of three or four, a practice which is likely to

cause them to stick in the hole and so create undue friction in

charging.

3. At a colliery in Kinross. One person killed and one in-

jured.

Three cartridges had been bunched together, and whilst

being rammed home they stuck in the bore-hole. The men
endeavoured to force them home with a wooden rammer. The

gelignite was probably frozen.

Accidents through Boring into Unexploded Charges :

Figs. 68 and 69 illustrate two fatal accidents which occurred

in 1900 in Lancashire collieries.

In the first (Fig. 68), a collier drilled a hole in the roof for

a ripping shot ;
a fireman charged the hole with 8 oz. of amvis,

and made several attempts to fire by electric battery, without
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success. He then told the two stallmen of the failure to fire the

shot and that they must drill another hole, taking care to have

it 8 or 9 in. from the old one, and not to drill into the old hole.

As the second hole was being drilled the charge exploded,

killing one man and seriously injuring another. Examination

SECTION AT A.B.

PLAN

FIG. 69. FATAL ACCIDENT BY EXPLOSIVES AT LIXNYSHAW COLLIERY,
MAY 31, 1900.

proved that the second hole was only 5J in. from the first hole,

that the hole was so directed that it entered the old hole
;
the

drill had removed some of the clay stemming, two or three

inches of explosive, and then struck the detonator.
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Mr. Gerrard, H.M.I.M., from whose Home Office Keport these

particulars are obtained, suggested to the fireman that he might
chalk on the roof the direction of the old hole, chalk mark the

position of the new hole, and also its direction. This valuable

precaution is now included in the Lancashire Special Rules.

In the second accident (illustrated in Fig. 69), a chargeman
had failed to fire a shot it missed fire at 5 a.m., he then left

the mine. At the top of the pit he told the ongoing chargeman
to try again to fire the shot. Again there was a failure, and a hole

was then stamped out for a new shot, 5J in. from the old one.

The new shot was fired at 8:30 a.m. and brought down a quan-

tity of stone. At 10 a.m. a third hole was started ;
whilst

being drilled there was an explosion, and two men received

serious injury. Examination proved that the third hole had

been started by the side of the socket left of the first hole,

which contained the detonator and the unexploded charge. It

was obvious that the men had, without careful examination,

concluded that the second shot had exploded the charge of the

first shot
;

the third hole had been started after very slight

examination of the face.

(c) Accidents when Firing. Accidents have frequently hap-

pened, where men, either from ignorance of the fact that a shot

was being fired or from want of judgment, exposed themselves

to the flying debris. Rigid adherence to a suitable code of

rules should be the means adopted for the prevention of this

class of casualty.

Following are records of a number of accidents belonging to

this class :

1. Through not taking Proper Cover. At a mine in Durham
deceased fired a shot by electricity when standing 23 yards

from the shot-hole in the direct line of fire. He was struck by
a stone. A small refuge hole was available close by.

A shot-firer was struck by debris from a shot in a Derbyshire

mine through using so short a cable that he could not take

proper cover. A minimum length of cable is now specified

in the Explosives in Coal Mines Order (see 2 (e), p. 173).
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Some eight years ago an accident of an almost incredible

nature happened in a north country colliery, and is instanced

as evidence of the necessity for extreme caution in those

engaged in shot-firing. In Fig. 70 will be seen a plan and

sections through a heading or tunnel driven in the rock. Two-

men, father and son, having connected the line wire with a

charge, in the head end, placed themselves for safety behind the

second ventilation door as shown. The young man, standing

with his back to the door, fired the shot and, according to the

father's statement, the door opened at the moment he heard

the sound of the explosion and his son rolled over dead.

VENTILATION DOORS

FIG. 70.

2. Through neglect or omission to see that all Persons are in

safe positions before completing the Firing Circuit. Two men
were recently killed at different Durham collieries. Each

was connecting the cable to the detonator leads, when the shot-

firer, thinking the man had taken cover, exploded the charge.

At a colliery in Northumberland a shot missed fire, and on

testing the cable it was found to be defective. The shot-firer

cut off a portion of the cable and sent the hewer to short-circuit

the further end of the cable (for the purpose of a re-test).

Through some misunderstanding, the latter connected it up
with the detonator leads, and on the shot-firer attempting to

make the test the charge exploded, killing the hewer.
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At a Durham colliery, whilst the shot-firer was connecting

up the leads, the hewer by mistake turned on the current,

causing the shot to explode.

At a Staffordshire mine a shot was fired while the cable was

being attached, through the use of the battery for testing cable

at the same time. One man was killed and another injured.

A shot-firer left the cable from a missed shot attached to his

low-tension battery. On coupling the shot wires to the cable

the charge exploded and he was killed.

Another accident, the cause of which will strike the reader

as being particularly stupid, occurred in a midland colliery.

A shot-firer, having made the connection between the wires

connected to the charge and his line, requested another work-

man to hold the wires apart at the joints, so that in paying off

cable no short-circuit would be produced through an inadver-

tent pull. Having paid out sufficient length to place himself

in a safe position, he immediately fired the shot, forgetful of

the fact that his comrade was holding the wires at the shot-hole.

It is difficult to say which of the two men most deserved the

inevitable punishment.
3. Through contact with Electric Signal Wires. An unex-

pected fatality occurred some years ago in a stone drift branch-

ing at right angles off a main haulage road. In the head end,

distant, perhaps, 80 or 100 ft., a shot-firer joined the fuse wires

to his firing line, and proceeded to pay out the latter towards

the main road at the same time that the workmen were en-

gaged in removing their tools from the working face. On the

arrival of the official at the junction of the roads the portion of

firing line remaining uncoiled was passed over a set of bare

iron electric signal wires. In this act either the two free ends

of the cable or possibly a bare end of one and an uninsulated

place in the other in some way completed the circuit through
the signalling battery, and as a consequence the charge ex-

ploded, causing the death of one of the workmen remaining in

the vicinity of the shot.

Another accident, the cause of which was traced to the use

of signalling wires, occurred at the Worsley Mesnes Colliery,
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with fatal results to two workmen. The circumstances (vide

Eeport of the Inspector of Mines for the Liverpool District,

1904) were extraordinary.

It appeared that three drill holes were prepared at the face

of a steep tunnel, and one of the deceased, who was the ap-

pointed shot-firer, came there, bringing his firing battery with

him. This he left at the top of the tunnel, and going down,

proceeded to charge and stem the three holes, and having com-

pleted this work he was heard to say" Which shall I fire first?"

Immediately afterwards there was a violent explosion. The

evidence given at the inquest made it clear that the shot-

lighter used the signalling wires to fire the shot, forgetting, or

not appreciating the fact that the wires were attached to or

in circuit with an eight-cell battery.

An eight-cell battery (say, 8 or 9 volts) is not normally strong

enough to fire a detonator such as was used here, but when a

bell is in the circuit and this is rung, there is an induced, or, as

it is called in the Report, an "
extra breaking

"
current for an

instant giving a spark, as is the case in switching off a motor.

By experimenting with dummy detonators (i.e., electric

fuses) ,
Mr. Hall found that it was quite easy to fire the shot by

this means
;

all that was necessary was that the wires should

touch each other after being attached to the shot, then instantly

the bell rang and the shot went off. In this accident there

was a breach of Special Rules in that the deceased shot-lighter

did not have his firing battery with him whilst coupling up to

the charge.

A third fatality arising out of the use of signal wires for shot-

firing occurred at a colliery near Wakefield so recently as April,

1908. Experience cannot teach if men wont learn.

4. Through misunderstandings between Workmen. At least

20 serious accidents have arisen through misunderstanding

between a shot-firer and a fellow workmen. A charge for

some reason misses fire. One man goes to seek the cause of

failure whilst the other waits by the machine. Some signals

will be exchanged and misunderstood and the operator starts

to work his machine. The shot unexpectedly goes off and an

accident is the result. (See also 2, p. 120.)
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5. Through the use of defectively Insulated Shot-firing Cable.

(See p. 116.)

6. Through Delayed Ignition or
"
Hang Fire." (See pp. 91-5.)

83. State how Accidents have occurred after

Firing or attempting to Fire.

The majority of the accidents classed under this heading

appear to be the result of hang-fires, or cases where miners have

returned to the shot-hole believing that the shot had missed

fire, or had not been ignited, or that it had fired.

A curious and, it is believed, unexplained accident occurred

in the Midland mines inspection district some years ago.

A charge in rock roof failed to fire, and somehow or other

passed unnoticed until about a fortnight afterwards, when it is

said to have exploded spontaneously and brought down the

rock.

A similar occurrence is recorded at a colliery in Glamorgan.

A charge which had been much shaken by a neighbouring shot

exploded while a workman was attaching the wires. Pressure

of the ground was supposed to have caused the explosion.

84. Has a Charge ever blown through and
caused injury in another part of the Mine ?

Yes, a charge fired in a vertical hole (in a Cumberland mine)

blew through into an upper level and inj ured a youth standing

there.

At a colliery in Northumberland a headways had been

deflected from its proper direction, and a hewer was driving a

road to connect with it
; owing to the deflection he was closer

to the headways than he thought, and on firing a shot it blew

through, injuring a deputy on the other side.

85. What special and serious Danger is there in

neglecting to look for traces of Explosive
in blown-down Coal?

The unexploded charge may find its way into a private house,

and cause injury to the occupants and damage to the property.
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Two such cases occurred in 1906. In one, a woman put a

shovelful of small coals and dross on the fire of her kitchen. A
few minutes later a violent explosion occurred in the fireplace,

which was destroyed ;
some damage was done to the house

and the woman and her husband were slightly burnt by the

coals and hot water. There was evidently some explosive in

the coal but it was impossible to ascertain whether this was

delivered with the coal or whether it had been dropped by the

husband who in his work as a pit brusher would use explosive.

In the other, a violent explosion occurred in the kitchen

grate, preceded by a hissing noise. The burning coals were

thrown out slightly injuring the four children of the occupier,

Undoubtedly the cause was the presence of a blasting explosive

in the coal. The manager of the colliery from which the coal

had been issued was warned that allowing explosives to be

present in coal sent out from a colliery is a punishable offence.
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86. How do Gases and Vapours become
Explosive ?

Gases and vapours in general are not actually explosive

except when mixed with air or oxygen, and then only when
the mixture is in definite proportions.

Combustible gases and vapours cannot furnish an explosion
on ignition unless the air with which they are mixed contains

just sufficient oxygen neither less nor more for the com-

plete combustion of the vapour present, and this quantity
differs for each gas or vapour.

87. How does the Explosion of a Gas or Vapour
proceed ?

In the presence of sufficient oxygen the explosion of a gas
or vapour proceeds in the following manner :

Every chemical reaction, even to the smallest, is accompanied

by the liberation of heat
;

as the chemical reaction progresses

it is followed by an increase in the amount of heat, which

in turn helps to accelerate the reaction
;
and thus the two

advance together, both in highly intimate connection and

mutually helpful, until the entire mass of the substance has

been heated and chemically converted.

When a burning substance a match for instance is placed

in contact with the extreme outer limit of an explosive mixture

of gas and air, the flame of that substance produces ignition at

the point of contact, i.e., incites chemical reaction.

This reaction combustion proceeds superficially from the

outside of the mixture towards the centre, and thereby forms

a plane of combustion which divides the gaseous mixture into

two parts ;
on the one side are the highly heated products of

combustion, and on the other is the still imconsumed gas.

The dimensions of the two parts vary in proportion as the

plane of combustion moves from the consumed to the imcon-

sumed portion.

The velocity at which this plane advances is different for

each gaseous mixture, and depends both on the composition of

the mixture and on the pressure to which it is subjected, the
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higher the velocity the greater the rise in temperature, and
this latter in turn directly influences the expansion of the gas
and the products of combustion, which thereby exert such a

strong pressure on their environment (air, walls, &c.) that the

opposing medium (the containing vessel, &c.) is ruptured,

overturned or burst.

This velocity of propagation of the plane of combustion

through explosive mixtures of gas is often extremely rapid,

and is comparable to an instantaneous vibration should it occur

in a space surrounded by walls but open at the top or on one

side
;

the phenomenon may produce a vacuum there, in con-

sequence of which, and of the action of the external atmospheric

pressure on the walls, the latter collapse inwards towards the

site of the explosion instead of being thrown down in an

outward direction.

88. Can Gases and Vapours be ignited other-

wise than by Flame?
Gases and vapours may be ignited or exploded by heat a&

well as by flame ;
in such event, however, the temperature

must be comparatively high to produce the effect in question.

Methane explodes, by heat at 656-678C.
Coal Gas 647-649C.
Ethane 605-622C.

Hydrogen 555C.

Acetylene 509-515C.

At these temperatures even pure gases and vapours will

explode without air.

89. Give the Temperatures at which Blasting:
Materials explode,

The temperatures at which blasting materials explode differ

considerably, but are in general lower than for the explosive

In order to explode Must be heated to

Kieselguhr, with 50 per cent, of nitro-glycerine . . . 180-230C.

Guncotton, compressed 186-201C.

Guncotton, air-dry 137-189C.

Nitro-glycerine 257C.

Dynamite 197-200C.

Blasting gelatine 203-200C.

Mercury fulminate 175-187C.

Gunpowder 270-300a
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90. Discuss the range of Explosibility 01
different Gases and Vapours.

A certain minimum quantity of oxygen (air) is necessary to

produce an explosion of any gas or vapour by simple contact

with flame. This amount differs in every case, and, moreover,

the minimum can be exceeded within certain limits up to a

maximum, beyond which the mixture again becomes inex-

plosive.

The range between the minimum and maximum limits differs

for each gas and vapour ;
if small, the explosive range is

narrow, and vice versa.

Gases and vapours exhibiting a narrow range of explosibility

are far less dangerous than such as have a wide range, owing
to the increased margin of possibilities of explosion existing in

the latter case.

A particularly antithetical behaviour in this respect is ex-

hibited by acetylene and coal gas respectively. Mixtures of

these gases and air become explosive and inexplosive when the

percentages of gas in the mixture attain the following limits :

Explosive at Inexplosive at

Coal gas 8 per cent 23 per cent, and over.

Acetylene 3 82

It may be well for colliery managers to bear this in mind when

considering the desirability of using acetylene safety lamps.

91. What is a Dust Explosion?

It has already been explained that in the

Dust case of gas explosions an essential condition

Explosions, is the presence of air or oxygen in a certain

proportion.

A gas or vapour may, nevertheless, become explosive with-

out the presence of sufficient (or, indeed, any) air or oxygen
should it contain any powdered substance in a state of suspen-

sion as fine dust, which latter then partly or wholly takes

the place of air or oxygen. The explosion of such a mixture

of gas or vapour with air and dust is termed a dust explosion.
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92. What is the chief reason for Dust becom-

ing Inflammable?

The chief reason for this ready inflammability of dust is the

occlusion of atmospheric oxygen, or other gases or vapours

present, by the minute particles of dust which act like an

absorbent sponge. Laden with gas or vapour, these dust

particles form a highly inflammable material, which ignites

with great rapidity, forming an atmosphere of hydrocarbons

and carbon monoxide that furnishes with the remaining air an

explosive mixture, which is ignited and exploded by the flame

of the burning dust.

93. What is Occlusion?

Occlusion is the power possessed by solids of absorbing gases.

It depends largely on the area of the surface exposed, and varies

with the kind of solid and gas.

Thus, one volume of freshly-ignited boxwood charcoal will

absorb 90 volumes of ammonia, 10 of oxygen and 1J of hydro-

gen. Gases thus occluded are brought into very intimate con-

tact, so that chemical actions will go on which would not take

place on mere admixture.

Freshly raised coal is charged with
"
fire-damp

"
the com-

position of which varies in different pits, but in all cases con-

sists for the most part of methane and ethane. The fresh coal,

and especially lump coal, continues to give off this gas for some

time. During or after the liberation of the methane coal

occludes oxygen in quantities which may attain up to 5 per

cent, of the weight of the coal in the case of anthracite, and up
to 10 per cent, in lignite.

94. How do Dust Explosions occur ?

Dust explosions occur in two stages : The ignition of the

dust particles, and the explosion of the resulting and ready-

formed gaseous products.

These two phases follow in such rapid succession as to

practically form one operation.

S.F.G. K
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Any kind of dust floating in the air can be ignited by the

simplest flame, or by electric or other sparks.

The explosion of dust is considerably facilitated by a pre-

liminary warming, or the introduction of a warm gas. Violent

motion of the dust particles will also contribute to their

explosion ; but, on the other hand, shock, percussion or friction

unaccompanied by the production of sparks can never cause

dust explosions.

95. What constitutes a dangerous amount of

Dust in a Mine?

Experiment has shown that as little as | oz. of coal dust per
35 cubic ft. of air will suffice for the production of an explosion,

and that it is more a question of fineness of division of the

dust than the weight. In addition to fineness of subdivision the

per centage of volatile matter in the coal dust has an important
influence on its inflammability, and the same also applies to

the ease with which these volatile matters are disengaged under

the influence of heat.

The Commission appointed by the Societe de 1'Industrie

Minerale to investigate the causes of coal-dust explosions have

pointed out that the great danger of explosion presented by

floating coal-dust is evident from the fact that a mixture con-

taining 111 grammes of dust per cubic metre of air (i.e., in the

proportion furnishing carbon dioxide on combustion) develops

a pressure of 15-5 atmospheres on ignition, as compared with

the pressure of 8-9 atmospheres produced by the combustion

of an explosive mixture of firedamp and air. Even when the

amount of coal-dust is double the above figure, so that carbon

monoxide is produced, the pressure generated amounts to 6-7

atmospheres.

96. What Degree of fineness suffices to render
a Coal-dust Explosive?

Dr. Henry H. Payne in a valuable paper on the subject of

mine dust as a factor in coal mine explosions, read at the June

(1908) meeting of the Coal Mining Institute of America, states

that only coal dust which will pass through a No. 100 screen is
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capable of initial or primary explosion, although secondary

explosions may be propagated indefinitely by the larger sizes.

Such fine dust, after having been subjected to ordinary atmos-

pheric air for only a few hours, becomes largely decomposed and

exists as a bubble of constituent gases whose film is composed
of undisintegrated carbon and impurities, which, after com-

bustion are known as ash. Such dust, when suspended in a

homogeneous cloud with a moderate air velocity, is susceptible
of ignition either through shock, compression, or sufficient heat

to inaugurate combustion, and the result will be classified

as combustion or explosion, depending upon the volume of dust

ignited, its supply of oxygen and the space within which com-

bustion takes place.

97. At what Temperature does Coal-dust

ignite ?

Prof. Henri Fayol showed that the temperature of ignition of

coal-dust was 356F. (180C.) in his work on the spontaneous
inflammation of coal.

Dr. Phillips Bedson has described experiments in which he

has ignited coal dust heated in an air-bath at a temperature of

284F. (140C.)

98. What quantity of Firedamp will suffice

to produce an Inflammable Atmosphere
in the presence of Coal-dust ?

Prof. Galloway proved experimentally, so long ago as 1876

that
"
a mixture of firedamp and air in the proportion of one

volume of the former to 112 of the latter, becomes inflammable

at ordinary pressure and temperature, when charged with fine

dry coal-dust, such as that which is to be found on the road-

ways in dry coalmines."

99. Is it possible to ignite Coal-dust (without
Gas) with a permitted Explosive ?

Yes. The explosion which occurred at Wingate Grange

Colliery, Wingate on October 14, 1906, originated from flame

due to a charge of geloxite being fired on a projecting ledge of

K2
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rock, probably covered by a mixture of grease and coal-dust.

The explosion occurred in a main intake airway, where gas had

never been found, and it is generally agreed to have been

caused by an ignition of coal-dust and air.

100. What danger is to be apprehended from
failure to clean out Shot-holes bored in

Coal?

There is nearly always a certain amount of coal-dust left in

holes bored in coal, the amount depending on the hardness of

the coal, the inclination of the hole, and the care bestowed

on cleaning it out.

According to some tests carried out by the French Commis-

sion the conclusions were drawn that the contents of blasting

cartridges may become mixed with coal-dust in shot-holes bored

in coal and that miss-fires under these conditions may cause the

deflagration of the mixture, in which case any firedamp present

is certain to be ignited. This danger is also present to a

smaller extent in the case of complete detonation, the carbon

present increasing the temperature of detonation and pro-

ducing carbon monoxide, thereby facilitating the ignition of

fire damp.
In view of the probability of accidents arising from this cause,

the Commission recommend that shot- holes bored in the stand-

ing coal should be carefully cleared of dust
;
that the practice

of ramming the cartridges so hard as to break the envelopes

and mix the contents with coal dust should be abandoned, and

that the size of the detonators should be increased.

101. How is it that some Explosives are more
dangerous to use in the presence of Gas
or Dust than others?

It has been conclusively proved that all known explosives,

provided they are used in sufficiently large quantities, ignite

and explode both pit-gas and coal-dust. It is solely in regard

to the limit of the dangerous quantity that they differ from one

another. This difference, as M. Bichel points out in "New
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Methods of Testing Explosives" (a work which all mining
students ought to possess), is, however, considerable. For ex-

ample, whilst 5 grammes of black powder, blasting gelatine,

gelatine dynamite or No. 1 dynamite are sufficient to fire a given

mixture of firedamp and coal-dust, the explosion, for example, of

1 ,000 grammes of carbonite fails to ignite it. The relative safety

of different explosives depends on their rate of detonation,

length and duration of flame, afterflame ratio (viz., ratio

between detonation time and duration of flame beyond it), and

temperature.

M. Bichel compares the safest explosives with the least safe

as follows :

Detonation
time.
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that there is for each explosive a certain maximum ivcight which

will ordinarily fail to ignite an explosive atmosphere.

M. Victor Watteyn, in a valuable Paper read in Berlin in

1903, termed this maximum weight the charge limite.

103. What is the average annual Loss of Life

by Explosions of Firedamp and Coal-
dust?

Taking the three decades beginning 1875 and ending 1904 a

period during which much deeper mines have been opened, and

the number of persons employed underground (in the United

Kingdom) increased from 427,017 to 681,683, and the output
of coal also increased from 133,306,485 to 232,411,784 statute

tons the average annual loss of life from explosions in the

first decade was 256, in the second decade 174, and in the third

ending with 1904, 60 lives.

104. To what is this Improvement attributed ?

It is said, on the one hand, that the diminution in loss of life

is due mainly to the fact that gunpowder has been prohibited

in the majority of coal mines by the Explosives in Coal Mines

Orders.

On the other hand the opinion is strongly held that explosives

legislation has had little or no effect : the improvement being

due to the increased use of safety lamps, more effective ventila-

tion and the more rigid enforcement of the general and special

rules relating to the detailed use of explosives.

105. Would you assume from a period of inac-

tivity that Explosion risks had ceased?

No. From September 3, 1902 until the beginning of 1905

the South Wales coalfield, for example, was remarkably free

from explosions, and since May 25, 1901, when seventy-eight

men lost their lives at Senghenydd, the loss of life from this

cause has been small. Yet in the first half of 1905 there were

explosions at Gowerton and Clydach Vale and Wattstown,
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the latter being the most serious, as measured by loss of life,

since the terrible disaster at the Albion Colliery at Cilfynnydd
in 1894.

It has been pointed out in an editorial article in the Colliery

Guardian that these periods of comparative safety are to be

taken as having little bearing on the future.

At several intervals in history the South Wales coal trade

has enjoyed a similar immunity from accident, the last to be

recalled being from 1881 to 1885, and from 1885 to 1890, yet in

the latter year, by explosions at Llanerch and Morfa 263 men
were killed, and these were followed by explosions at Park Slip,

the Great Western Colliery and Cilfynnydd.

106. Summarise the Result of Investigations
to date* on the Influence of Coal Dust as a
Factor in Mine Explosions.

The following valuable and comprehensive summary of the

conclusions of different authorities on the influence of coal dust

as a factor in mine explosions was recently presented to the

Coal Mining Institute of America by Dr. Henry M. Payne,
Professor of Mining Engineering at the West Virginia Uni-

versity :

1. Granting that secondary explosions may be propagated

indefinitely by the larger sizes, only coal dust which will pass

through a No. 100 screen is capable of initial, or primary,

explosion.

2. Such dust, after having been subjected to ordinary atmos-

pheric air for only a few hours, becomes largely decomposed,
and exists as a bubble of constituent gases, whose film is com-

posed of undisintegrated carbon and impurities, which after

combustion are known as ash.

3. Such dust, when suspended in a homogeneous cloud, with

a moderate air velocity, is susceptible of ignition either through

shock, compression or sufficient heat to inaugurate combustion-

*
June, 1908.
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4. Such results will be classified as combustion or explosion,

depending upon the volume of dust ignited, its supply of

oxygen, and the space within which combustion takes place.

5. Where gas alone is ignited, and the mine is free from dust,

a
"
high explosive

"
effect is obtained, and the explosion may

be strictly local, due to the cooling effects of the walls.

6. The chief product of a dust explosion is carbon monoxide,

whose expansion under combustion is greater than that of

methane, and which receives its continuous supply of oxygen

by feeding toward the intake.

7. A dust explosion, while assisted by the intake air, must

nevertheless follow those entries or airways furnishing the most

material upon which to feed, and when this course follows the

return airways, the conversion of the carbon monoxide to carbon

dioxide renders the air extinctive, and prohibits further propa-

gation. Evidence of such a condition will be found in the coke

splashing, or crusts, formed by the deposit of red hot cinders,

carried by the air wave, and testifying to the incomplete com-

bustion.

8. The initial explosion may, and generally does, distil so

large an amount of gas that complete combustion is impossible

at the site of distillation, and this mass of gas and dust, in vary-

ing stages of ignition and combustion, at a temperature greatly

in excess of the point of ignition were sufficient oxygen present,

will develop into local explosions at irregular intervals, where-

ever adequate atmospheric oxygen is available, such as at

junctions of airways, widened passages for side tracks or

cavities where falls of roof rock have occurred, and are fre-

quently called
"
flame areas."

9. When such an explosion, either primary or secondary,

travels toward a dead end of an entry or passage, the com-

pression generated by its expansion and momentum causes an

almost incredible rise in temperature, sufficient to distil the

various hydrocarbons from even the ribs of the coal itself, and

supplementing it with a heat potential far in excess of its losses

through radiation and expansion.
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10. The liability of any coal dust to explosion increases

almost directly with its percentage of volatile matter that is

combustible, i.e., the quotient of its percentage of volatile

matter divided by the sum of the percentages of volatile

matter and fixed carbon.

11. While coal dust alone, under the conditions enumerated,

is distinctively explosive, the presence of even the smallest

amount of methane augments materially the susceptibility to

ignition.

12. On account of the great elasticity of air, it is highly prob-

able that no proper conception has yet been attained of the

almost incredible speed with which a dust explosion, through

its gaseous products, may be extended to far distant portions of

a mine, under the force of initial expansion, properly called the
"
percussive theory."

13. Changes in barometric pressure only affect the liability

to explosion in so far as they allow, when the barometer is fall-

ing, a settling of any possible accumulation of methane from a

dome in the roof rock into the ventilating current
;
but such

small quantities of gas are infinitely safer when diffused in the

current of air than when concentrated in one place.

Moreover, even if it is granted that a low barometer allows

greater occlusion, it also allows easier ventilation for the diffu-

sion of such occlusion.

14. A mine may be over-ventilated until the air current has

such a velocity that it stirs up dust, and would feed any slight

ignition which might take place and otherwise die out. (See'

Q. 1U.)

15. The difference in the amount of real dust made by either

air punchers or electric chain machines is so slight and so vari-

able, depending on the nature of the coal and the skill of the

machine man, that it cannot be said that either machine, as a

class, creates more dust than the other.

16. The results of experiments with electric ignition of dust

show that the danger from electric wiring is no greater than

that of stirring up a cloud of dust from a broken air pipe or a

loose connection.
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17. Coal dust cannot be made wet, in the usual sense. The

method used by Superintendent Butler is indicative of the best

results, but even then it is hypothetical if the most careful

system of watering is not merely an infinitesimal portion of the
"
ounce of prevention," and it is an open question whether it

is not positively detrimental. (See Q, 107.)

18. While th abolition of all explosives, as recommended by
the Belgian authorities, appears unnecessary and impractic-

able in this country,* yet the greatest field of investigation

now lies along that line, and only those explosives carefully

tested, and known to be uniformly prepared, by well-known

and responsible manufacturers should be used.

107. Explain the Objects of the Coal Dust
Experiments at Altofts.

The British Royal Commission on Mines now sitting took

evidence on the subject of coal dust during the early part of

this year,! their inquiries being directed towards (1) the part

played by coal dust in engendering and fostering explosions

in mines
; (2) the means to prevent such explosions ;

and (3)

the means to prevent the extension of such explosions. In

consequence of the failure of the Commission to obtain unani-

mous expression of opinion from witnesses as to the efficacy

of the numerous methods suggested for allaying explosions,

it was decided to institute experiments in order to definitely

settle if possible such differences of opinion as exist in regard

to this important problem.

Mr. W. G. Garforth, chairman of Messrs. Pope & Pearson's

Colliery Co., Ltd., Prof. Wm. Galloway, Mr. W. H.

Atkinson (H.M. Superintending Inspector of Mines for South

Wales) and Mr. Henry Hall (H.M. Inspector of Mines for the

Liverpool District) were selected to advise the Royal Commission.

This advisory committee concluded that an installation of

the dimensions and character necessary for carrying out

experiments on a large scale, and over an extended period,

could be erected and maintained at an inclusive cost of 10.000,

* U.S. America. t 1908.
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and the Commission accordingly recommended that this sum
should be raised by the Government and the coal owners in

equal proportions.

For various reasons, however, the Government were unable

to allocate the sum required for this purpose, and eventually

the Mining Association of Great Britain decided to raise the

whole of the necessary funds by means of a levy on a tonnage

basis, to which all the collieries have subscribed.

It was ultimately decided to erect a gallery at Altofts, full

particulars of which, and of the first series of experiments,

may be found in the ''Colliery Guardian" of August 28 and

September 4, 1908, and the " Iron and Coal Trades Eeview "
of

September 4, 1908.

In view of the immense amount of information on the coal

dust theory which has been accumulated during the past 25

years, "it is difficult," says the Colliery Guardian*
"
to under-

stand how there could exist two opinions as to the ability of

coal dust to setting up a dangerous explosion in a mine in the

absence of fire-damp. Yet there is a considerable body of

expert opinion still opposed to this view, even in spite of the

large quantity of experimental evidence in its favour and the

reports of the Royal Commissions in England, Germany and

Austria, all of which endorse the theory of coal-dust explosions.

It will be interesting, therefore, to examine the reasons why
these results have not been unanimously accepted. The

opponents of this theory have offered the following criticisms

of the experimental evidence. In the first place, they state that

none of the experiments have been made under the same condi-

tions as exist in an ordinary working coal-mine. The quantity
of dust used in the experiments is usually far in excess of what

would be normally present even in the most dusty mine. The

obvious answer to this latter objection is that we do not know

to what extent a blown-out shot may stir up the dust in a mine

at the moment preceding an explosion. A further objection

was that the experiments hitherto performed were on too small

a scale. The experimental gallery, they say, should be as

*
September 4, 108, pp. 454-5.
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large as an ordinary mine gallery, and should be from 200 yds.

to 400 yds. in length or even longer. Then, again, with regard to

the absence of fire-damp. It has been urged that there has

been no certainty that fire-damp was absent in many of the

previous tests. Of course, it is difficult to prove the complete

absence of fire-damp, especially when Prof. Bedson's experi-

ments on the gases occluded by coal dust, are recalled. But it is

comparatively easy to prove the presence of any appreciable

quantity of fire-damp by the simple process of testing the

gallery air before each experiment. Quantities of occluded gas

too minute for chemical detection would scarcely be of practical

significance in connection with colliery workings.
"
Although many of the previous experiments, and notably

those of Mr. H. Hall, had come very near to the observance of

these conditions, objections were still raised against the legiti-

macy of the deductions drawn from them. A common form

taken by these objections was the unlikelihood of coal dust being
a source of danger, seeing that some 20,000,000 shots are fired

every year in this country, a large proportion of them being in

dry and dusty mines, and yet explosions are comparatively rare.

" The Royal Commission of 1894 made the obvious reply to

this objection. In order to set up an explosion there must be a

combination of circumstances which probably rarely occurs in

the practical working of a mine.
" When we consider what these factors are, the difficulties of

controlling them in practical experiments becomes obvious.

The main factors, so far as our knowledge at present goes, are

probably the following :

"1. The chemical character of the dust.
"

2. The physical character of the dust.
"

3. The quantity of dust present and its suspension in the air,

"
4. The distribution of dust zones in the gallery.

"
5. The nature of the flame causing ignition.

"
6. The position of the shot.

"
7. The dimensions of the gallery.

"
8. The condition of the atmosphere as regards temperature,

pressure and humidity.
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"9. The velocity of the ventilation current.
"

10. The volume of air and its relation to the volume of dust.

"11. Heat conductivity of the material forming the walls of

the gallery.
"
It is, however, quite possible that there are other factors not

yet appreciated, amongst which some would be inclined to place

the heating effect due to compression waves caused by the initial

concussion, to which we have already alluded above. The

time factor is also by no means a negligible quantity, especially

in connection with the heat conductivity.
" The primary object of the Altofts tests, therefore must be

considered to be, in the first place, of a confirmatory character.

They have been designed with the special obj ect of overcoming

the objections that have been made to the experiments pre-

viously carried out, and the results already achieved cannot

fail to carry conviction with regard to the important part

which coal dust may play, even in the absence of any appreci-

able quantity of gas, in intensifying and even originating an

explosion."

Having established the fact that coal dust is in itself explo-

sive, the committee conducting the experiments next proceeded,

according to the report in the " Iron and Coal Trades Eeview "

above mentioned, to investigate preventive measures, particu-

lars of which are quoted in the next answer.

108. What Principal Remedies have been sug-

gested for allaying the Dust Danger in

Mines ?

The three principal remedies suggested for allaying the dust

danger in mines are :

1. Watering.

2. Dustless zones.

3. Stone dust zones.

The first method is generally disliked, for, while it has many

good points, its effect on the roof of the mine is a great draw-

back
;
and not only does watering involve the danger of falls

of roof, but it is almost impossible to effectually treat every

crevice and dust-laden comer of the mine.
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In regard to the second suggested remedy, even were it

possible to maintain perfectly dustless zones (which is doubt-

ful), it has still to be proved that these are an effectual preven-
tive in cases of explosion. Experiments have shown that a

very small quantity of dust will serve to propagate an explosion,

so to be efficacious these zones would, in any case, require to

be practically perfectly dustless.

There remains, then, the stone dust zone, and it is the effect

of the stone dust zone that is now receiving particular attention

at Altofts.

The presence of a certain amount of stone dust, Mr. Garforth

claims, exerts a cooling influence on the blast, and on being

stirred up also serves to dilute the coal dust in the atmosphere.

Being heavy it also offers a decided resistance to the passage

of an explosive blast. It will be remembered that Prof.

Galloway originated the idea many years ago that stone dust

might afford a means of safety. It has yet to be determined

to what extent it is necessary to dilute the coal dust with stone

dust in order to render it harmless
;
at the recent Courrieres

disaster it was ascertained that under certain conditions 46 per

cent, of stone dust proved effective. This point, however, will be

dealt with in the further experiments which are to take place.*

109. Does water-spraying, in so far as it may
make the air of a Mine damp, serve to

prevent the spread of an Explosion ?

It may be doubted whether moist air is a means of stopping

explosions. Mr. Ashworth has pointed out (Transactions

I.M.E., Vol. XXXIII., p. 193) that no form of water, except-

ing steam, could saturate an air-current sufficiently to place a

barrier in front of a gas or dust explosion. Koughly estimated,

air would have to contain over 5 per cent, of water vapour, or,

say, 26 grains per cubic ft., before it could exercise any con-

trolling influence. Mr. Ashworth further deduced from the

hygrometrical observations taken at Wingate Grange that air

saturated with moisture was no protection against the exten-

sion of an explosion. On the other hand, it assisted in the

oxidation process ;
and moreover, in addition, the explosion

* See Appendix III. for particulars of later experiments.
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(Wingate Grange) was reported to have passed over two wet

places of considerable length.

In the same connection reference may be made to the explo-

sion which took place at the Count Schwerin Pit, Dortmund,
on Sept. 26, 1900. Two dynamite cartridges were fired (with-

out certain prescribed safety cartridges, and contrary to regu-

lations) all but simultaneously, and the dust created by the

first, together with that whirled up from floor and sides, was

ignited by the second shot. Firedamp was not found in the

workings either before or after the explosion. The report

states that
"
although it seems clear that the water-spraying

apparatus was at work up to the moment when the shots were

fired, this evidently did not suffice to lay properly all the coal-

dust in the immediately neighbouring workings." (Transac-

tions I.M.E., Vol. XXVI., 1903-4.)

Dr. Henry H. Payne has recently stated before the Coal

Mining Institute of America (June, 1908) that
"
Coal-dust can-

not be made wet, in the usual sense. The method of fine spray-

ing is indicative of the best results ; but even then, it is hypo-
thetical if the most careful system of watering is not merely an

infinitesimal portion of the
' ounce of prevention,' and it is an

open question whether it is not positively detrimental."

A similar trend of expert opinion is evidenced in the Report
of the Commission appointed by the Societe de 1'Industrie

Minerale to investigate the causes of coal dust explosions,

which approves of local, but not of general watering, and

recommends that shot-firing be allowed in coal up to charges
of 13J oz. without previously laying or removing the dust.

110. To what extent has watering served
to prevent Explosions in the Midland
District (England) ?

As regards the Midland Mines Inspection District there does

not appear to be any evidence that watering would have

prevented any explosion which has ever occurred. Table IX.,

showing the number and cause of all the explosion fatalities

from 1872 to 1905 indicates that of the 36 fatal explosions

which have occurred during this period 35 are directly traceable
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to either the use of naked lights or defective lamps. Mr.

Stokes, H.M. Inspector of Mines, in his report for the year 1900

attributes the decrease in the number of explosions not to

watering or to the use of permitted explosives, but to the

increased use of safety lamps, these comprising 67 per cent.

of the total number of lights.

Referring to the period 1888-1892, during which no death

occurred from explosion of fire damp, Mr. Stokes says :

"
This

good result cannot be due to the scarcity of fire-damp in the

mines, for many mines in the district would be classed as fiery,

.and occasionally enormous outbursts of gas occur." (1900

Report, p. 30.)

Only one explosion has been caused by gunpowder during

the 34 years referred to in the table, and this notwithstanding

the fact that so recently as 1905 the number of shots fired was

162,904 more than in 1902 and 63 per cent, of the total number

were gunpowder and bobbinite (44 per cent, gunpowder, 19 per

cent, bobbinite).

TABLE IX. Showing the Number and Cause of the Explosion Fatalities

in the Midland Inspection District from 1872 to 1905.

YEAR.
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111. Does the use of a Permitted Explosive
provide exemption from watering on
the assumption that it "is of such a nature
that it cannot inflame Gas or Dust "

? (Gen.

Rule 12 (h) (2)).

Mr. J. B. Atkinson, H.M. Inspector of Mines, in his Report
on the circumstances attending the explosion which occurred

at Washington Glebe Colliery, Durham, on Feb. 20, 1908

(Cd. 4,183), comments on the general interpretation of the

Coal Mines Regulation Acts and Explosives in Coal Mines

Orders, and states that a claim of exemption from watering

cannot be upheld.
"

It may well be, however, that shot-

firers look upon permitted explosives in this light, and do not

take precautions such as they would take if using gunpowder.
This would be a veritable playing with fire. I do not alto-

gether share the view held by some of my colleagues, that the

decline in explosions in recent years is principally due to the

employment of permitted explosives. I think it is more pro-

bably due to the increased knowledge of the causes of explo-

sions generally, and unless it is insisted on that no explosive

that gives off flame or heat should ever be used unless where it

would be perfectly safe to fire a gunpowder shot, the use of

permitted explosives may become a source of danger rather

than of safety. Safety should be sought outside the shot-hole

and the use of permitted explosives should only be looked upon,

as an additional safeguard. In the north of England within

16 months four explosions due to permitted explosives have

occured, viz., at Wingate Grange Colliery on Oct. 14, 1906,

due to geloxite, and causing the death of 24 persons ;
at

Urpeth Colliery on Dec. 17, 1906, due to westfalite No. 2,

causing the loss of four lives
;
at Whitehaven Colliery on Nov.

26, 1907, due to saxonite, causing the loss of five lives, and the

present case. This is a worse record so far as the North of

England is concerned than ever occurred when the use of gun-

powder was universal. The use of explosives that give off

heat or flame must always be attended with some risk in gaseous
and dusty mines, but believes that with a thorough apprecia-

S.P.G. L
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tion of the conditions under which danger may arise and a rigid

adherence to the statutory regulations the risk may be made

very small. If the main roads of mines were kept free from

coal-dust this risk would usually be confined to one district,

and then, having regard to the fact that the danger from coal

dust at the working face is so much less than when it is present

in a state of very fine division (accompanied by swift air-

currents capable of maintaining and carrying forward a cloud) ,

blasting might be permitted at the face in some dry mines in

the first working of the board-and-pillar system and in long

wall workings, with some provision as to watering or removing

dust somewhat different to those contained in General Rule 12

(Ti) (2), and with some provision as to the planting of shots so

as to obviate the possibility of a cloud of dust being raised from

the floor."

1 12. At what rate is Dust deposited on Under-

ground Roadways ?

Mr. Henry Hall, I.S.O., H.M. Inspector of Mines, has recently*

pointed out that before any useful suggestions could be made

as to the treatment of coal dust, so as to render it innocuous, it

was absolutely necessary to obtain some idea as to the rate at

which dust is deposited on underground roadways. As a result

of some experiments carried out in furtherance of the above

inquiry, it has been shown that something like 11J Ib. of coal

dust were carried in eight hours past the point where the

measurement was taken. The velocity of the current of air

carrying this dust was 95 cubic ft. per minute. The measure-

ments for dust in the air were made with a bellows aspirator,

and it was found that in 3 cubic ft. of air the amount was 0-002,

0-001, 0-002 and 0-0005 gramme, depending on the point of

measurement. These results show that there was a gradual

diminution of the dust as it travelled outbye.

A third method of measurement was adopted, with the object

of arriving at the quantity of dust deposited on the floor, sides,

* Annual general meeting of the Institution of Mining Engineers at

Edinburgh, September, 1908.
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-&c., as it was being carried along by the ventilating current.

'Flat porcelain dishes, of an area of 1-12 sq. ft., were used, two of

which were placed at points on the main intake and two on the

main return. These were in operation for periods varying

from 8 to 10 hours on two separate days. The dust passing the

two points on the main intake must have come partly from the

screens and partly from the tubs passing up and down the

shaft (about 600 tons of coal passed up the shaft each day).

The results show that at the shaft bottom, where the area of

the road is 150 sq. ft., something like 1147 grammes of dust

were passing in the air each minute when the velocity was

225 ft. that is, 18 Ib. in six hours. So that at least this quan-

tity is being deposited each working day on to the floor and

ledges of the main road between the bottom of the shaft and

the bottom of the tunnels 3,000 ft. inbye. If it be assumed

that this road averages 12 ft. in width and that J Ib. of dust per

lineal foot of such a road is required to make an explosive mix-

ture of dust and air, starting with a clean sheet it would

require 83 ordinary working days to render this 3,000 ft. of

road absolutely dangerous. (Note. The deposit, of course,

will be thicker near the shaft than further in.)

An interesting experiment was made at Garswood Hall Col-

liery. The screens at this colliery are near the downcast shaft,

and a considerable quantity of dust is made in the process of

screening, some of which finds its way back into the mine along

with the ventilation. To obviate this, water-sprays have been

fitted up at the bottom of the shaft, and also a frame has been

put in the main airway a little distance from the shaft
;

ar-

ranged around this frame are several sprays, the object of

which is to wash the dust from the air as it passes through the

frame. Quite a considerable amount of dust is thus washed

out. With 40,000 cubic ft. of air passing through, 7J Ib.

(weight after drying) of dry dust was recovered by means of a

settling tank in 14 hours, and probably as much more escaped

collection, which means that the sprays washed down 14 Ib. or

15 Ib. in the 14 hours. The dust would originate partly at the

.screens and partly be blown from the trams in the pit shaft.

L2
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The total quantity of dust finding its way back on to the road-

ways must be very large, when with one frame only so much
can be recovered.

These experiments, made with the view of getting an idea of

the rate of accumulation of dust in mines under ordinary work-

ing conditions, should be carried much further
; but, so far as

they go, it seems clear that the common estimate of the quan-

tity of dust deposited day by day far exceeds the actual facts
;.

and it follows that when once the roads have been made

thoroughly clean, to keep them so ought not to present any

insuperable difficulty. Allowing dust to get back into the

workings from the shafts and screens amounts to poisoning the

ventilation before it starts on its duty.

113. Describe a method of preparing a Dust-
less Zone.

Mr. A. M. Hedley recently described an effective combina-

tion of brushing and watering which had been employed by
Mr. R. Crombie.

He would assume that a length of 300 ft. was required to be

cleared of dust on a main haulage road, which at the same time

served as an intake airway. On the inbye side (or the autbye

side, if a return airway) of this area to be treated, a piece of

brattice cloth, thoroughly soaked in water, was attached

along its upper edge to the roof timber, across the full width of

the road. It was hung at such a distance from the roof as was-

deemed necessary, without offering too great an obstruction

to the ventilating current
; and, in the case of a strong current

of air, the canvas should be weighted by attaching pieces of

timber to its lower edge. When the brattice cloth was fixed,

the dust zone was treated by water-sprays to such an extent as-

the nature of the seams roof or thill would allow, and it was

then found that the operation of brushing the dust from the

roof and sides could be carried out with impunity. The light

dust raised, if carried forward by the air current, would, on

meeting the wet canvas obstruction, be moistened and fall in

layers on to the floor, whence, with the bottom dirt it could be
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removed and filled into a tub when the operation was completed.
Possibly a succession of wet sheets might even give better

results, and wet canvas stretched along the roof and sides

would further improve matters. It was possible that one

sheet, treated with a continuous spray of water throughout
the brushing operation, would answer the required purpose.
It appeared to him (Mr. Hedley) that the efficacy of this treat-

ment depended on the fact that the dust was driven against a

wet surface, instead of the water being thrown on to the dust and

so acting as an agitating and disturbing agent.

114. Is it possible, in connection with the
Dust Danger, for a Mine to be too well

ventilated ?

Mr. Donald M. D. Stuart in discussing the Wingate Grange

Explosion (Trans. Inst, M.E., Vol. XXXIII., pp. 183-4) noted

that this colliery had been worked for over 40 years without

.any explosion or ignition of coal-dust and yet an explosion had

Originated in coal-dust in the main intake-airway where over

26,000 cubic ft. of air was passing per minute, and where gas

could have no existence. The inquiry arose, whether the coal-

dust possessed explosive properties during the 40 years of

immunity from explosion, or whether they were of recent

development.
The effect of air currents sweeping through haulage roads

had been often observed, and here the moisture must have

been largely absorbed in a period of 40 years ;
but in some

mines both deposition of coal-dust and withdrawal of moisture

were gradual, and might extend over many years before the

danger stage was reached.

It also appeared that up to a recent year the mine was ade-

quately ventilated by a fan producing 102,000 cubic ft. of air

per minute
;
but subsequently the new fan had yielded nearly

twice the quantity, namely, 193,478 cubic ft. If this increased

quantity of air was taken through the original intake-airways,

the velocity of the currents must have been considerably raised,



150 THE SHOT-FIRERS GUIDE.

accelerating the absorption of moisture, increasing leakage

from the tubs, and adding to the coal-dust deposits in the

haulage roads. One effect of the increased ventilation would

therefore be dry intake airways and a more abundant supply

of coal dust ; another, the increased sensitiveness of coal dust

after exposure to air currents, which had been observed by
Prof. P. P. Bedson. These circumstances suggested that the

explosive properties of the coal-dust might have been of recent

development, and this was consistent with the fact that the

explosion occurred after the changes in the ventilation.

He (Mr. Stuart) had found similar circumstances in his

investigations at the Camerton and Timsbury Collieries. Both

mines had been worked with immunity from explosion for

from 70 to 100 years ;
but the ventilation was largely increased

with no alteration in the dimensions of the intake airways,

whereupon explosive properties developed in the coal dust

distributed in the haulage roads, and extensive explosions

occurred.

The ventilation of mines had claimed principal attention in

past legislation, with limitation of view to dilution and removal

of gas ;
but the time had now come when another factor of

even more disastrous energy had to be considered, since it was

evident that while large quantities of air, necessarily travelling

at a high velocity, would dilute and render harmless noxious

gases with a large margin of safety, they at the same time

developed a more serious danger in creating explosive condi-

tions throughout the main arteries of the mine, that needed

only kindling at one point, to traverse the whole.

Considerable labour had been spent for many years in the

almost hopeless mission of obtaining explosives that would not

ignite gas or coal-dust in mines ;
the subjects of dust-tight tubs

and watering haulage roads were now receiving much atten-

tion, but the potent relations of air-currents to the coal-dust

question appeared to have been overlooked.

With air-currents at velocities of 400 to 800 ft. per minute,

and loaded tubs travelling in the opposite direction at equal

speeds, depositions of coal-dust along the arteries of the mine,
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and development of explosive properties in the dust, appeared
to be almost unavoidable

;
and he (Mr. Stuart) suggested that

regulation of the ventilation to remove noxious gases with

least effect in creating dangerous coal-dust claimed serious

attention.

115. Do you think that under any conditions it

would be possible for the Blast in an Ex-

plosion to separate the Dust and to take

along with it that which was Coal-Dust

pure and simple and to leave the other

Dust which was mechanically mixed with
it ? (Q. 17,820, Mines Commission.)

I think if the force of the initial explosion were great enough,
and the difference of the specific gravity of the coal and the

foreign material were great enough too, the fine coal-dust might
be raised especially the fine-coal-dust near the top might be

raised by itself and therefore, you would have a very pure
coal-dust. (J. T. Forgie, before Royal Commission on Mines.)

116. To what extent may the Disease known as

Nystagmus affect the Eisks of Shot-firing ?

Nystagmus is a disease of the eyes which is peculiarly

associated with collieries although not confined to coal miners.

The symptoms of the disease are horizontal oscillations of

both eyes, vertigo and night blindness, .Apart from the diffi-

culty caused by the constant movement, clearness of vision

is not affected and there are no organic changes in the eye.

The late Dr. Simeon Snell, the well-known authority on

nystagmus, raised a point* in connection with this disease

which may prove to have an important bearing on the cause

of mine explosions. Fire-damp is ordinarily detected in coal

mines by reducing the size of the oil flame of the safety lamp
until the luminosity almost disappears ;

the fire-damp then,

if present, appears as a pale blue flame or
"
cap

"
above it,

* Presidential Address to the British Medical Association for 1908-9 at
Sheffield.
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this
"
cap

"
being due to the presence of gas in the air. Dr.

Snell has from time to time particularly mentioned in his

writings the presence of nystagmus among deputies and

others who are chiefly responsible for seeing that the pit is

free from dangerous quantities of gas. For long he proceeds

to state in his address it was his opinion that the apparent

dancing of the safety lamps which forms such a prominent

sympton of miners' nystagmus would, in especially well-

marked instances, be a hindrance to the delicate detection of a
<c

cap." These observations led Dr. Snell to test practically

a number of those suffering from nystagmus as to their capacity

to recognise the
"
gas cap

"
over the flame of a safety lamp.

Forty-eight miners, from 13 different collieries, were

examined, and their incapacity to detect a "gas cap" unless

a dangerous amount of gas was present, was very marked in

all. One did not see a big
"
gas cap

"
as he said the lamp was

"
spinning too much," another did not see a small cap at all,

but when he had steadied his eyes he recognised a 1 in. cap.

Another could not see a cap because the lamp appeared to be

all jerking about, but when the eyes became steadied, and the

lamp ceased to spin round, he could recognise a gas cap.

Another, in whom the nystagmus was slight, could only see a

large cap. Another, in whom the nystagmus was very marked,

reeled like a drunken man when rising from the position on the

floor he had assumed as for work. The lamp was full before

he detected a cap. In another the whole lamp appeared to be
*'

swinging round," and he could see no cap until the lamp
was full of blue flame. There were several who saw either only

a large cap or a moderate sized cap when they had steadied

themselves.

The method of steadying the eyes referred to consisted of

resting the eyes by turning them directly downwards, when the

oscillations ceased* or became much less marked. Thus,

another man could not see a small cap when the lamp was
"
moving," but could do so after the eyes were steadied, and he

* All the miners tested were under treatment for nystagmus at the
Sheffield Royal Infirmary.
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Fig. 73 is, of course, only intended to give an idea as to the

indistinctness occasioned to the miner by the apparent move-

ments of the lamp, and is .not designed to convey an exact

representation of what is actually observed by him.

The point raised by Dr. Snell may prove of considerable im-

portance, especially as no exact data is available as to the pre-

valence of nystagmus in British mines. If, as Dr. Snell esti-

mates, the proportion of miners affected is only about 4 per cent.,

then the percentage of shot-firers so affected becomes so low a&

to eliminate all risks. On the other hand, it is difficult for one

individual to obtain sufficient data in cases of this kind to

form a reliable estimate, and it is possible that the proportion is

far higher than has hitherto been supposed.

117. What are the most important Safeguards
against Explosions from Shot-firing?

1. Selection of the most suitable explosive (seeQ. 101. p. 132).

2. Selection of intelligent and conscientious shot-firers, who
are known by the Manager of the mine to possess sufficient

technical knowledge, and have proved to him their ability to

find the smallest percentage of gas that can be discovered with

the type of lamp they use.

*3. The use by shot-firers of a safety-lamp that will indicate

0'5 per cent, of gas.

*4. Absolute prohibition of shot-firing where gas is present in

excess of 1 per cent, of the mine air.

5. Absolute prohibition of shot-firing on main haulage roads,

without a written authority from the Manager.
6. Rigid adherence to shot-firing regulations.

118. What Qualifications and Information ought
a Fireman or Shot-firer to possess ?

A competent shot-firer or fireman should be conscientious

and trustworthy and self-reliant, and should be a good pitman.

He should know well the Coal Mines Regulation Acts and

Explosives in Coal Mines Orders, and be physically and other-

wise capable of testing for minute quantities of gas.
* Sec Appendices I. and II.
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He should know at least as much electricity as will enable

him to understand the meaning of Ohm's Law and as much

chemistry as will enable him to understand what is meant by
such expressions as, for instance,

"
chemical combination,'*

"
combustion," and "

detonation."

He should also know why it is dangerous to fire shots in.

unstemmed holes, in the presence of coal-dust, fire-damp, or

mixtures of the two, and generally otherwise than in strict

accordance with the regulations for the time being in force.

Prof. Galloway has expressed the opinion* that every
official who is appointed to fire a shot in a fiery, dry and

dusty mine, should, before being authorised to do so, have

gone through a course of practical training in examining for

gas, and obtained a certificate that he has passed through that

training ;
and in the event of anything happening in a place

in which he has fired a shot, such as a small explosion of fire-

damp, that certificate ought to be withdrawn and the man

punished, because it is absolutely impossible for an explosion

to take place where a shot is fired unless there is gas present

in the place before the shot is fired.

Mr. R. S. Williamson, general manager of the Cannock and

Rugeley Collieries, Staffordshire, has stated in evidence before

the Royal Commission on Mines now sitting that before appoint-

ing a fireman he puts a series of questions unless he has sufficient

personal knowledge of the candidate.

Mr. Williamson's series of questions, which follow, is con-

sidered to embrace the duties of fireman or deputy and is one

which may well be commended to officials not only in Stafford-

shire but in other mining districts :

"
(1) Name ? (2) Age ? (3) In what capacity has the appli-

cant been ? (4) How long ? (5) Are you sober, and are you

regular at work ? (6) Have you lost much time by absenting

yourself ? (7) For what purpose was the 1887 Coal Mine Act

made ? (8) What are the duties of a competent man ? (9)

What is ventilation, and how is it arranged ? What does
'

coursing the air
' mean ? (10) Give the names of the

* Minutes of Evidence of the Bobbinite Committee, p. 29.
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different appliances in connection with ventilation. (11)

How much air per minute is necessary to ventilate a long wall

work 500 yds. long ? (12) How would you carry the air so

as to comply with the requirements of the Act of Parliament ?

(13) What gases are met with in mines when a blue cap or halo

is seen in the flame : what does this mean, and would you allow

blasting where such is the case ? (14) What gas is found in

wastes and about the roof of mines ? (15) Does the coal, roof or

the bottom of the mine you have been employed in yield gas ?

(16) How would you deal with bodies of inflammable gas in the

mine whilst the workmen are engaged with their work, and

how far would you allow naked lights to go back in the wastes ?

What is used to ventilate wastes ? (17) When ought safety

lamps to be used ? (18) Whose duty is it to examine safety

lamps according to the Coal Mines Act ? (19) How would you
examine a safety lamp, and when should you consider it dan-

gerous ? (20) How many apertures are there in a square inch

of gauge, and if one of these apertures was broken what would

you do ? (21) Give the name and describe the lamp you con-

sider the best and safest for use in mines. (22) At what velocity

do the above lamps explode, supposing they are in an explosive

atmosphere ? (23) Under what conditions ought blasting to

be allowed in a mine yielding inflammable gas ? (24) Who

ought to give the order for blasting in mines where it is allowed ?

(25) What precautions are necessary for the men to take in

preparing to blast ? (26) What are the duties of the com-

petent man in connection with blasting ? (27) What parts of

the mine ought to be examined before blasting is allowed ?

(28) Supposing a body of gas to be existing in the part of the

mine where you sanction blasting, at what distance from the

gas would you consider it safe to blast ? (29) What ought to

be done after a shot has been fired ? (30) What do you know

about timbering roads and working faces ? (31) How would

you timber a face of work with a bad roof ? (32) Supposing

the roof of a stall begins to weight heavily, what should you do ?

(33) What precautions are necessary in drawing timber ? (34)

At what distance, when and where ought sprags to be set or
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used on the face of work ? (35) How do you examine the roof

and sides of the mine ? (36) What do you do after finding

the roof and sides of working places and travelling roads

dangerous ? (37) Supposing you found a workman breaking

the rules, and endangering his own and other people's lives, what

would you do ? (38) In a mine yielding gas, how does a fall-

ing barometer and a rising thermometer affect it ? (39) What
is a barometer ? (40) What is a thermometer ? (41) Sup-

posing you had a body of gas in a waste or gob, how would such

a body of gas be affected by a rise of temperature in the mine ?

(42) Supposing the fan ceased to act and the ventilation of the

mine ceased, what would you do ? (43) Whose duty is it to

see every workman in the mine frequently during work hours,

and also to see the mine cleared of workmen ? (44) Supposing

you have eight or ten stalls under your charge, how often during

a working shift of eight hours would you visit each stall ? (45)

Just describe to me what sort of an examination you would

make in each stall and gob road ? (46) What is the Coal Mines

Act of 1887 ? (47) What are the General Rules and where are

they taken from ? (48) What are the Special Kules and for

what purpose were they made ? (49) Supposing a workman

to violate any of the Special Eules, how could he be punished ?

(50) Now describe to me the General Rules relating to your
duties ? (51) Describe the Special Rules relating to your

duties. (52) How long previous to workmen commencing
work has his working place to be examined by the competent

man ? (53) How many doors should be placed in the main

roads between the upcast and downcast shafts ? (54) What is

a water gauge used for ? (55) What does an inch on it repre-

sent as regards pressure ? (56) What would you expect with

a sudden rise in the water gauge ? (57) Where should regu-

lators be placed; what are they used for? (58) Which

should be the largest, intake or return ? (59) Why ?
"
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In this chapter the various Laws and Regulations now opera-

tive for the prevention of accidents arising out of the storage

and use of explosives are brought together in order to facilitate

the study of them and to provide a convenient source of refer-

ence.

! There can be no doubt that the Regulations constitute a

valuable'guide and means Of protection to all who, by reason
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of their occupation or in other ways, may become liable to

explosive risks. To those who come within the authority of

these edicts compliance with them is, of course, compulsory,

but apart from this it is clear to anyone who knows of the

strange and unexpected ways in which blasting accidents often

occur that not a single rule has been drafted without excellent

cause. Consequently they demand the most careful attention.

Elementary almost absurdly elementary some of the

instructions will appear to be, and, perhaps, having regard to

the extension of scientific knowledge, and the tardy but still

notable and definite development of general intelligence

amongst working miners, it may soon be found possible to

re-cast and materially reduce the number without any diminu-

tion of safety.

119. What Enactments regulate the use of

Explosives and Blasting Apparatus in
Mines and Quarries (in England) ?

The use of explosives and blasting apparatus in mines and

quarries is regulated by

1. THE EXPLOSIVES ACT, 1875.

2. THE QUARRIES ACT, 1894 (comprising certain provisions of

the Metalliferous Mines Act, 1872 and 1875).

3. THE COAL MINES EEGULATION ACTS, 1887 TO 1896.

4. THE SPECIAL RULES FOR THE INSTALLATION AND USE OF

ELECTRICITY IN MINES, and

5. EXPLOSIVES IN COAL MINES ORDERS made from time to

time by the Secretary of State in pursuance of sec. 6 of the

Coal Mines Regulation Act, 1896.

120. What is the Object of the Explosives Act,
1876?

The object of the Explosives Act, 1875, is

The to control the manufacture, keeping, sale, con-

Explosives veyance and importation of explosives for

Act, 1875. legitimate purposes.
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For the purposes of the said Act explosives are divided into

seven classes as follows :

Class I. ...Gunpowder
,, II. ...Nitrate mixture

,,
III. ...Nitro-compound

Class V Fulminate

,, VI Ammunition
VII Firework

,, IV. ...Chlorate mixture

121. Define the Seven Classes into which

Explosives are divided under the Ex-

plosives Act, 1875.

CLASS L GUNPOWDER CLASS

The term "gunpowder" means exclusively gunpowder

ordinarily so called.

CLASS II. NITRATE MIXTURE CLASS.

The term " nitrate mixture
" means any preparation, other

than gunpowder ordinarily so called, formed by the mecha-

nical mixture of a nitrate with any form of carbon, or with

any carbonaceous substance not possessed of explosive pro-

perties, whether sulphur be or be not added to such prepara-

tion, and whether such preparation be or be not mechanically

mixed with any other non-explosive substance.

CLASS III, NITRO-COMPOUND CLASS.

The term " nitro-compound
" means any chemical com-

pound possessed of explosive properties or capable of com-

bining with metals to form an explosive compound, which is

produced by the chemical action of nitric acid (whether mixed

or not with sulphuric acid) or of a nitrate mixed with sulphuric

acid upon any carbonaceous substance, whether such compound

is mechanically mixed with other substances or not.

The nitro-compound class has two divisions :

Division I. comprises such explosives as nitre-glycerine,

dynamite and any chemical compound or mechanically mixed

preparation which consists either wholly or partly of nitro-

glycerine or of some other liquid nitro-compound.
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Division II. comprises such explosives as gun-cotton, ordi-

narily so called, nitrated gun-cotton, cotton gunpowder, Schultz's

powder, and any nitro-compound as before defined which is

not comprised in the first division.

CLASS IV. CHLORATE MIXTURE CLASS,

The term * ' chlorate-mixture
" means any explosive contain-

ing a chlorate.

The chlorate-mixture class has two divisions :

Division I. comprises any chlorate preparation which consists

partly of nitro-glycerine or of some other liquid nitro-com-

pound.
Division II. comprises any chlorate mixture as before defined

which is not comprised in the first division.

CLASS V. FULMINATE CLASS.

The term " fulminate
" means any chemical compound or

mechanical mixture, whether included in the foregoing classes

or not, which, from its great susceptibility to detonation, is

suitable for employment in percussion caps or any other

appliances for developing detonation, or which, from its ex-

treme sensibility to explosion, and from its great instability

(that is to say, readiness to undergo decomposition from very

slight exciting causes), is especially dangerous.

This class consists of two divisions :

Division I. comprises such compounds as the fulminates of

silver and of mercury, and preparations of these substances,

such as are used in percussion cap* ;
and any preparation

consisting of a mixture of a chlorate with phosphorus, or

certain descriptions of phosphorus compounds, with or without

the addition of carbonaceous matter, and any preparation con-

sisting ot a mixture of a chlorate with sulphur, or with a

sulphuret, with or without carbonaceous matter.

Division II. comprises such substances as the chloride and

the iodide of nitrogen, fulminating gold and silver, diazo

benzol, and the nitrate of diazo benzol.
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CLASS VI. AMMUNITION CLASS.

The term " ammunition "
means an explosive of any of the

foregoing classes when enclosed in any case or contrivance, or

otherwise adapted or prepared so as to form a cartridge or

charge for small arms, cannon, or any other weapon, or for

blasting, or to form any safety or other fuse for blasting or for

shells, or to form any tube for firing explosives, or to form a

percussion cap, a detonator, a fog signal, a shell, a torpedo, a

war rocket, or other contrivance other than a firework.

The term "
percussion cap

"
does not include a detonator.

The term " detonator
"
means a capsule or case which is of

such strength and construction, and contains an explosive

of the fulminate explosive class in such quantity that the

explosion of one capsule or case will communicate the ex-

plosion to other like capsules or cases.

The term "
safety fuse

"
means a fuse for blasting which

burns and does not explode, and which does not contain its

own means of ignition, and which is of such strength and con-

struction and contains an explosive in such quantity that the

burning of such fuse will not communicate laterally with other

like fuses.

The ammunition class has three divisions :

Division I. comprises exclusively : safety cartridges, safety

fuses for blasting, railway fog signals, percussion caps.

Division II. comprises any ammunition as before defined

which does not contain its own means of ignition, and is not

included in Division I., such as cartridges for small arms,

which are not safety cartridges ; cartridges and charges for

blasting or other like purposes ;
fuses for blasting which are

not safety fuses
;
tubes for firing explosives which do not

cor tain their own means of ignition.

Division III. comprises any ammunition as before defined

which contains its own means of ignition, and is not included in

Division I., such as detonators and fuses for blasting, which are

not safety fuses, which do contain their own means of ignition.

By ammunition containing its own means of ignition is

meant ammunition having an arrangement, whether attached

to it or forming part of it, which is adapted to explode or fire

the same by friction or percussion.

M2
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CLASS VII. FIREWORK CLASS, COMPRISING FIREWORK

COMPOSITION AND MANUFACTURED FIREWORKS.

122. What are the principal Regulations as

to storage of Gunpowder and Mixed
Explosives ?

The principal Regulations as to Storage of Gunpowder and

Mixed Explosives are as follows :

1. The store must be licensed by the local authority in the

name of the occupier either for gunpowder or mixed explosives.

2. The licence must be renewed annually.

3. The store must not be situatecl below ground in any mine

or quarry, or in any tunnel or other underground place, in

which mine, quarry, tunnel or underground place any work is

being carried on, or in which any persons are employed, or in

any place opening into, from, or out of such mine, quarry,

tunnel, or underground place, or in communication therewith.

4. The store may not be used for keeping explosives if at any
time it is disqualified for the division under which it is licensed

by failure to comply with certain regulations as to distance

from protected works.

The latter are divided into four classes, and the distance

ranges according to class, between 25 yds. and 2 miles.

The quantity of explosive that may be kept in the store shall

not exceed :

Store belonging to
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ture, safety fuse and such of the various explosives of the

second division of the sixth (ammunition) class as do not con-

tain any exposed iron or steel, may be kept with each other

without any intervening partition. (For a few hundred deto-

nators a cupboard in the porch of the store, so arranged that it

cannot be opened unless the inner door of the store is closed,

may be allowed. Detonators are weighed with their cases as

part of the allowed quantity of explosive. No. 6 detonators

that is, No. 6 size copper shells with fulminate weigh

approximately 5 Ib. per 1,000. No. 8 detonators weigh 8-66 Ib.

per 1,000.)

2. Explosives of the first division of the sixth (ammunition)
class may be kept with each other without any intervening

partition.

3. Explosives of the second division of the sixth (ammuni-

tion) class which contain any exposed iron or steel may be kept
with each other without any intervening partition.

4. Explosives of the third division of the sixth (ammunition)
class may be kept with each other without any intervening

partition.

Electric fuses may be kept with detonators.

The store must be well and substantially built of brick, stone
,

or concrete, or excavated in solid rock, earth or mine refuse not

liable to ignition, and so made and closed as to prevent un-

authorised persons having access thereto, and to secure it from

danger from without.

Particulars of other detailed regulations may be found in

Capt. Thomson's official
"
Guide to the Explosives Act, 1875."

123. What is the Quarries Act?
The Quarries Act (1894, 57 & 58 Viet., Chap.

The Quarries 42) applies certain provisions of the Metalli-

Act, 1894. ferous Mines Acts, 1872 and 1875, to all

quarries more than 20 ft. deep.

124. What is a "Quarry" under the Quarries
Act?

A "quarry" under the Quarries Act, 1894, is any place (not

being a mine) in which persons work getting minerals, any

part of which is more than 20 ft. deep.
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125. Give the Special Rules under the Quarries
Act relating to Blasting.

Following are the Special rules under the Quarries Act

relating to blasting :

1. All explosives shall be conveyed from the magazine to the quarry,
and kept till used in secure packages so made and closed as to prevent

any escape of the explosives and any danger from sparks.

Every workman or gang of workmen possessing explosives shall keep

them, when not in actual use, in his or their own locked box provided for

that purpose exclusively. The interior of the box shall be kept clean and

free from grit.

Detonators shall be kept in separate and secure boxes. No person shall

smoke while carrying, handling or using explosives, or when near any

person so doing.

When explosives require to be thawed, safe and proper warming pans
shall be provided by the owner for that purpose, and no explosives shall

be thawed by any other means or otherwise than in such warming pans.

2. No iron or steel tool shall be used for charging or stemming a hole

with any explosive. Wooden rammers only shall be used for pushing in

explosives.

No straw fuses shall be ussd. After firing a charge of any explosive

no further charge shall be introduced into the hole nor into any rent

made until after the lapse of 30 mm.

3. Due warning shall be given by an efficient system of signals before

blasting may be commenced, and when it is finished. In quarries where

blasting occurs daily it shall as far as possible take place only at fixed

stated intervals.

Where danger from blasting may arise to the public, efficient means
shall be taken to give them due warning

1

.

4. A sufficient number of proper shelters shall be provided (which
must be used by the persons employed) , except where all leave the quarry

daring blasting.

5. If a shot has apparently missed fire, no person shall be allowed to

go near it until after the lapse of half an hour, except whre electricity

has been used.

The person or persons whose shot has apparently missed fire shall

immediately give warning of the same. A shot that has missed fire shall

not be unrammed, bored, or picked out. If it is necessary to bore a hole

near a charge which has missed fire, care shall be taken to bore it in

such a manner as not to affect or ignite the unexploded charge.

6. The quarry owner shall frame regulations as to intervals and signals

for blasting, copies of which shall be kept constantly affixed in the quarry

office, and in a sufficient number of places in and adjacent to the quarry.
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126. What Special Rules relating to Blasting
are in force in the Ore Mines of North Wales ?

SPECIAL RULES FOR ORE MINES IN NORTH WALES.

EXPLOSIVES AND BLASTING.

1. No explosive shall be issued except to a person

Metalliferous authorised by the Owner or Agent to receive it. A
,,,. book shall be kept showing the date of delivery of the

explosive, the amount delivered, and the name of the

Regulation person or set to whom it was supplied. This book

Act, 1872. shall be produced to the Inspector on demand.

2. (a) The case or canister fjr holding explosives

shall be of wood, horn, copper, zinc, or other substantial or solid material,

so made and closed as to prevent any escape of the explosive, or any

danger from sparks, and shall not be made of, or fitted with, iron or steel

unless the same is effectually covered with tin. zinc, or other material.

(o) A bag or a paper or cardboard cover, box, or wrapper shall not be

regarded as a substantial and sufficient receptacle or case, and such a cac e

shall not be used alone.

3. When it is necessary that explosives sLall be thawed artificially, safe

and proper warming-pans shall be provided and used for that purpose, and

the whole charge about to be used shall be evenly tempered.

4. Every workman or gang of workmen possessing explosives shall

keep them in a secure chest. The chest shall be used solely for the

keeping of explosives. No workmen or gang of workmen shall have

more than one chest for keeping explosives other than detonators. The

chest and its fittings shall be so constructed or so lined or covered as to

prevent the leakage of any explosive and the exposure of any grit, iron, or

steel, or similar substance, in such a manner as to come in contact with

the explosives. The chest, when containing explosives, thall be kept

locked, except during the operation of putting in or t iking out explosives.

All metal work in the locks, bolts, hinges, &c., shall be of brass, copper,

or similar material. On the outside of the chest there shall be affixed

the word "
Explosives

" in conspicuous characters by means of a securely

attached label or otherwise.

5. No workmen or gang of workmen shall keep in his or their chest

more cases or canisters of explosives than it is estimated will be required

during the working day of one or more shifts.

6. When any explosive, such as dynamite, which is likely to be dan-

gerously affected by water is kept in the chest due precaution shall be

taken to exclude water from it.

7. The interior of the chest and all its fittings shall be kept clean and

free from grit.

8. The chest shall be placed where it is not liable to be struck by stones

from falls or blasts, or by tram-waggons, sleds, or their contents.
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y. Explosives chests belonging to dillerent parties or gangs of work-

men shall be kept as far apart as possible.

10. Detonators shall be kept in a substantial locked box and placed
where they are not liable to be struck by blows of any kind. Detonators

or boxes containing detonators shall not be placed inside the explosives
chests.

11. No unauthorised person shall have access to any chest or receptacle

containing explosives.

12. No person shall smoke white carrying, handling or using explosives.

13. No tool made of iron or steel or partly of iron or steel s^aall be used

for charging or stemming a hole with any explosive. Wooden rammers

only shall be used for charging or stemming nitre-glycerine explosives

No explosive shall be rammed with violence, or forcibly pressed into a hole,

14. Before firing shots under-ground due warning must be given to

persons in the neighbourhood, and the persons firing the shots shall

station themselves out of the way of danger, and so as most effectively to

warn and protect other persons.

15. If a shot goes off but fails to do its work, a person shall not re-

charge the hole or put powder into any crack made, until after the lapse
of 30 minutes.

16. If a hole has apparently missed fire, a danger signal shall at once

be put up and no person shall be allowed to go near, except in case of

emergency, until after the lapse of 30 minutes.

17. No part of the tamping or stemming of any hole charged with

explosive shall be unrammed, bortd, or picked out. In cases where it is

practicable without removing any of the tamping, a charge that has

missed fire shall not be left in the hole, but shall be exploded by firing a

fresh charge on the top of it. Care shall be taken to bore new holes a*

far as possible from a missed charge of any explosive.

18. High explosives which require to be exploded by a detonator shall

invariably be exploded by a detonator of sufficient strength.

19. When it is not necessary that shots should be fired simultaneously,

care shall be taken to arrange the fuses so that the shots may go off in

succession, so as to prevent the chance of a mistake about the number cf

reports.

20. All holes shall be examined after blasting to see whether any
remnants of the explosives have been left behind ; any such remnants of

dynamite, blasting gelatine, gelignite, tonite, or any other explosive con-

taining nitro-glycerine or gun-cotton shall be exploded by firing a detona-

tor upon them.

21. No boring shall be done in or metal tool introduced into the bottom

or socket of a hole which has been blasted with dynamite, blasting gelatine,

gelignite, tonite, or any explosive containing nitro-glycerine or gun-cotton.
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127. Give the Requirements under General
Rule 12 relating to Shot-firing.

The Coal Mines Eegulation Acts provide a

The Coal Mines comprehensive set of rules designed to put

Regulation an end to a number of common causes of

Acts accident. These rules are collected under

1887 to 1896. General Kule 12, which enacts that any ex-

plosive substance shall only be used in the

mine below ground as follows :

(a) It shall not be stored in the mine.

(&) It shall not be taken into the mine, except in cartridges in a secure

case or canister containing not more than 5 Ib.

Provided that on the application of the owner, agent or manager
of any mine, the Secretary of State may by order exempt such mine

from so much of this rule as forbids taking an explosive substance

into the mine, except in cartridges.

(c) A workman shall not have in use at one time in any one place more
than one of such cases or canisters.

(d) In the process of charging or stemming for blasting, a person
shall not use or have in his possession any iron or steel pricker, scraper,

charger, tamping rod or stemmer, and only clay or other non-inflammable

substances shall be used for stemming, and shall be provided by the

owner of the mine.

(e) No explosive shall be forcibly pressed into a hole of insufficient size,

and, when a hole has been charged, the explosive shall not be un-

rammecl, and no hole shall be bored for a charge at a distance of less

than 6 in. from any hole where the charge has missed fire.

(f) In anyplace in which the use of a locked safety lamp is for the time

being required by or in pursuance of this Act, or which is dry and dusty f

no shot shall be fired except by or under the direction of a competent

person appointed by the owner, agent or manager of the mine, and

such person shall not fire the shot or allow it to be fired until he has

examined both the place itself where the shot is to be fired, and all con-

tiguous accessible places of the same seam within a radius of 20 yds., and

has found such place safe for firing:.

(g) If in any mine, at either of the four inspections under Rule 4 re-

corded last before a shot is to be fired, inflammable gas has been reported
to be present in the ventilating district in which the shot is to be fired, the

shot shall not be fired

1. Unless a competent person, appointed ae aforesaid, has examined

the place where gas has been so repoited to be present, and has found

that such gas has been cleared away, and that there is not at or near

such place sufficient gas issuing or accumulated to render it unsafe to

fire the shot
;
or
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2. Unless the explosive employed in firing the shot is so used with

water or other contrivance as to prevent it from inflaming gas, or is of

such a nature that it cannot inflame gas :

(h) If the place where a shot is to be fired is dry and dusty, then the

shot shall not be fired unless one of the following conditions is observed,
that is to say

1. Unless the place of firing, and all contiguous accessible places
within a radius bi 20yds. therefrom are at the time of firing in a wet

state from thorough watering or other treatment equivalent to water-

ing, in all parts where dust is lodged, whether roof, floor, or sides ; or

2. In the case of places in which watering would injure the roof or

floor, unless the explosive is so used with water or other contrivance as

to prevent it from inflaming gas or dust, or is of such a nature that it

cannot inflame gas or dust :

(i) If such dry and dusty place is part of a main haulage road, or is a

place contiguous thereto, and showing dust adhering to the roof and sides,

no shot shall be fired there unless

1. Both the conditions mentioned in sub-head (h) (1)( 2) have been

observed; or

2. Unless such one of the conditions mentioned in sub-head (h) as

may be applicable to the particular place has been observed, and more-

over all workmen have been removed from the seam in which the shot

is to be fired, and from all seams communicating with the shaft on the

same level except the men engaged in firing the shot, and such other

persons, not exceeding 10, as are necessarily employed in attending to

the ventilating furnaces, steam boilers, engines, machinery, winding
apparatus, signals, or horses, or in inspecting the mine.

(k) In this act "
ventilating district

" means such part of a seam as has

an independent intake commencing from a main intake air course, and an

independent return airway terminating at a main return air course
;
and

" main haulage road " means a road which has been, or for the time being

is, in use for moving trams by steam or other mechanical power.

(I) Where a seam of a mine is not divided into separate ventilating dis-

tricts, the provisions in this act relating to ventilating districts shall be

read as though the word " seam " were substituted for the words " venti-

lating district."

(m) So much of this rule as requires the explosive substance taken into

the mine to be in cartridges, and so much of the provisions of sub-head

(/) as relates to a dry and dusty place, and the provisions (g\ (h), (i),

(k), and (1) shall not apply to seaois of clay or stratified ironstone which

are not worked in connection with any coal seam, and which contain no

coal in the working.

128. What is the object of Special Rules,
under the Coal Mines Regulation Act ?

The object of Special Rules is to provide regulations beyond
those contained in the general rules "for the conduct and
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guidance of the persons acting in the management of a mine or

employed in or about a mine as, under the particular state and

circumstances of such mine, may appear best calculated to

prevent dangerous accidents and to provide for the safety,

convenience and proper discipline of those employed in or

about the mine."'*

The establishment of special rules is compulsory in every

mine under the Coal Mines Act, but not so in mines under the

Metalliferous Mines Act.

129. Give a set of Special Rules for Shot-firing
in Mines.

Special Rules vary in different mining

Special Rules, districts but generally include the following

provisions :

The Under-Manager and Deputies shall enforce the provisions of the

Act and Special Bulea relating to the use of gunpowder or other explosive
substances in the mine.

No person shall, without authority, have in his possession in the mine

any explosive. No person shall break any cartridge in the mine.

Explosives shall be kept in a box or case, which shall be securely

locked, and no unauthorised person shall have access to the same.

No person shall fire shots without authority from the manager or under

manager.
No person shall have in his possession any iron or steel pricker, scraper,

charger, tamping rod or stemmer, nor shall he use coal or coal dust for

tamping.

Every person about to fire a shot shall, before firing, see that all other

persons are out of reach of danger from the probable effects of such shot;

and shall take means to prevent any person inadvertently approaching
the place until such shot has gone, and immediately before firing shout

"Fire."

Each deputy having charge of a district in which shots are to be fired

shall, before commencing his shift, read the reports of the last four

inspections of the ventilating district in which his district is situated, and

note if any inflammable gas has been reported ; and if inflammable gas
has been reported to be present in any part of the ventilating district, he

must observe the requirements of General Bule 12.

After a sbot has been fired, the person who has fired the shot, or some
other competent person, shall, as soon as practicable examine the place,

and, if necessary, take steps for its security.

Every case of a shot missing fire shall be reported to the under-mana-

ger or a deputy, by the person in charge of the shot at the time of the

miss-fire.

*
Sec. 51, C.M.B. Act, 1887.
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130. State the Shot-firing clauses in the Elec-

tricity in Mines Rules relating to Shot-

firing from Power Cables in Sinkings and
Stone Drifts.

The Special Rules for the Installation ana

Special Rules
ŝe f Elwtridty l Mines only contain three

for the Installa- clauses relating to shot firing. They are as

tion and Use of follows :

Electricity in
Electricity from lighting or power cables shall not

Mines. be use(j for firing shots, except in sinking shafts on

stone drifts, and then only when a special firing plug,
button or switch is provided, which ping, button, or switch shall be

placed in a fixed locked box, and shall only be accessible to the authorised

shot firer.

The firing cables or wires shall not be connected to this box until im-

mediately before it is required for the firing of shots, and shall be dis-

connected immediately after the shots are fired.

When shot-firing cables or wires are used in the vicinity of power or

lighting cables, sufficient precautions shall be taken to prevent the shot-

firing cables or wires from coming in contact with the lighting or power
cables.

131. State the Provisions of the Explosives in
Coal Mines Order now in force (September,
1908).

EXPLOSIVES IN COAL MINES ORDERS.

Explosives in Coal Mines Orders are issued under Sec. 6 of the

Coal Mines Regulation Act, 1896, which enacts that a Secretary
of State, on being satisfied that any explosive is, or is likely

to become, dangerous, may by Order prohibit the use thereof

in any mine or in any class of mines either absolutely or subject

to conditions.

In pursuance of the power conferred by the above Section, a

new Order was issued on December 17, 1906. This Order,

which revokes and consolidates all previous Orders, came into

force on March 1, 1907, and contains the following provisions :

1. (a) In all coal mines in which inflammable gas

Absolute Pro- has been found within the previous three months in

hibition Of ecr- such quantity as to be indicative of danger, no explo-

tain Explosives sive, other than a permitted explosive as hereinafter

iu Unsafe Mines- defined, shall be used in or taken for the purpose of
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use into the seam or seams in which the gas has been found, or any
ehaft or drift communicating therewith which is in process of being

deepened or sunk or being driven, a3 the case may be.

(6) In afl. coal mines which are not naturally wet throughout, no ex-

plosive, other than a permitted explosive as hereinafter defined, shall

be used in or taken for the purpose of use into any road or any

dry and dusty part of the mine, or any shaft or drift communicating,
therewith which is in process of being deepened or sunk or being driven

as the case may be.

2. In all such coal mines or parts thereof as afore-

Conditional said, the use of permitted explosives is prohibited

Prohibition of unless the following conditions are observed :

Other Explo- () Every charge shall be fired by a competent

sives in Unsafe person (hereinafter called the shot firer) appointed in

Mines. writing for this duty by the owner, agent or manager
of the mine, and not being a person whose wages

depend on the amount of mineral to be gotten.

(&) Every charge of the explosive shall be placed in a properly drilled

shot hole and shall have sufficient stemming, and each such charge shall

consist of a cartridge or cartridges of not more than one description of

explosive.

(c) No cartridge shall be used unless it is marked in the manner set

forth in the Third Schedule hereto, in addition to any marking

required by the First Schedule hereto.

(d) No charge shall be fired except by means of an efficient electrical

apparatus so enclosed as to afford reasonable security against the ignition

of inflammable gas, or by a permitted igniter fuse, as hereinafter defined.

(e) Where the charge is fired by an electrical apparatus the shot-firer

shall not use a cable for the purpose which is less than 20yds. in length.

He shall himself couple up the cable to the charge and shall do so before

coupling the cable to the firing apparatus. He shall also himself couple

the cable to the firing apparatus. Before doing so, he shall see that all

persons in the vicinity have taken proper shelter. Should the charge miss

fire, he shall immediately disconnect the cable from the firing apparatus.

(/) Every electrical firing apparatus shall be provided with a re-

movable handle or safety plug or push button, which shall not be placed
in position or operated until the shot is required to be fired and which

shall be removed or released as soon as a shot has been fired. The re-

movable handle or safety plug shall at all times remain in the personal

custody of the shot-firer whilst on duty.

(g) Each explosive shall be used in the manner and subject to the con-

ditions prescribed in the Schedules hereto.

(7t) Where two or more shots are being fired in the same place and such

shots are not fired simultaneously, the shot-firer shall make an examina-

tion for gas immediately before the firing of each shot and shall not firo

the shot unless he finds the place where the shot is to ba fired an^. all

contiguous accessible places within 20 yds. free from gas and safe for firing
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Provided that nothing in this order shall prohibit the use of a safety

fuse iu any mine in which inflammable gas has not been found within

the previous three months in such quantity as to be indicative of danger.

3. In every coal mine the use of any explosive is

Conditional prohibited iu the main haulage roads and in the

Prohibition of intakes unless all workmen have been removed from

all Explosives the seam in which the shot is to be fired, and from all

in Main Roads, seams communicating with the shaft on the same

level, except the men engaged in firing the shot,

and in addition such other persons not exceeding 10 in number as

are necessarily employed in attending to the ventilating furnaces, steam

boilers, engines, machinery, winding apparatus, signals, or horses, or in

inspecting the mine
;

or unlesi a permitted explosive is used under the

conditions prescribed in Sec. 2 of this Order, and every part of the roof,

floor, and sides of the main haulage road or intake, within a distance of

20 yds. from the place where it is used, is, at the time of firing, thoroughly

wet, either naturally or from the application of water thereto.

This section shall not apply to such portions of the main haulage roads

and intakes as are within 100 yds. of the coal face.

This section shall not authorise the use of any explosive in any case

where the use of such explosive is prohibited by Sees. 1 or 2 of this Order.

4. Detonators shall not be used in or taken for the

Conditional purpose of use into any mine unless the following

Prohibition of conditions are observed :

Detonators. (a) Detonators shall be under the control of the

owner, agent or manager of the mine, or some person
or persons specially appointed in writing by the owner, agent, or manager
for the purpose, and shall be issued only to shot-firers or other persons

specially authorised by the owner, agent or manager in writing.

(b) Shot-firers and other authorised persons shaU keep all detonators

issued to them until about to be used in a securely locked case or box,

separate from any other explosive.

In the case of a shaft being sunk from the surface, it shall not be

deemed a contravention of this section if the primers for charges are fitted

with detonators on the surface before being taken into the shaft, provided
the primers are so fitted in a workshop established under Sec. 47 of the

Explosives Act, 1875, and are only taken into the shaft immediately
before use by the shot-firer or other authorised person and in a thick felt

bag or other receptacle sufficient to protect them from shock.

5. Sees. 1, 2 and 3 of this Order shall not apply to

Application of mines of clay or stratified or nodular ironstone, nor

Order. shall they apply to shafts in course of being sunk from
the surface, or deepened, or to drifts and other outlets

being driven from the surface, except as provided by Sec. 1 of the Order.

Where a mine contains several separate seams this Order shall apply to

each seam as if it were a separate mine.
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6. In this order the term "
permitted explosives

"

Definitions. means such explosives as are named and defined

in the first schedule hereto, and the term
'

permitted igniter-fuse
" means such igniter-fuses as are named

and defined in the second schedule hereto : provided that where the

composition, quality or character of any explosive or any igniter-fuse

is defined in such schedules, any article alleged to be such explosive or

such igniter-fuse which differs therefrom in composition, quality, or

character, whether by reason of deterioration or otherwise, shall not be

deemed to be the explosive or igniter-fuse so defined
; provided further

that an owner, agent, or manager shall not be responsible for the com-

position, qualitity, or character of an explosive or igniter-fuse, if he shows

that he has in good faith obtained a written certificate from the maker of

the explosive or igniter-fuse that it complies with the terms of the

schedule, and that he has taken all reasonable means to prevent deteriora-

tion of the explosive or igniter-fuse while stored.

The term " road " includes all roads of any description extending from
the shaft or outlet to within 10 yards of the coal face.

The term " main haulage road " means a road which has been, or for

the time being is, in use for moving trams by gravity or by steam or other

mechanical power.
When a shot has missed fire, and electricity has not been used in

attempting to fire it, a caution board or fence shall be fixed at least

10 yds. from the place on all sides, and no person shall then pass such

board or fence without the permission of the Manager, Under-Manager
or Deputy.

132. What Regulations are desirable

(a) For the Protection of Shot-firers ;

(b) To Prevent Accidents from Electrical

Hang Fires ;

(c) To Prevent Accidents through boring
into or striking old Charges ;

(d) For recovery of miss-fire Charges ; and

(e) To Prevent Blown-out Shots.

The following Instructions are issued by the Author to the

officials and workmen under his control :

INSTRUCTIONS TO SHOT-FIRERS.

1. Shot-firers are required, under the C.M.B.A., to make themselves
familiar and to act in accordance with the G.M.E.A., 1887 and 1896, and
the Explosives in Coal Mines Order of 1897.
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2. The shot-tiring cable shall not be less than 30 yds. in length (or as

much longer as may be necessary to place the operator beyond reach of

danger) and shall be effectively insulated.

3. The shot-firer shall examine his place of refuge and assure himself

that he is adequately protected from danger before firing a charge.

4. A missed shot shall not be drawn or otherwise interfered with, nor

shall it be approached until after the expiration of five minutes from the

time of disconnecting the exploder. If the charge cannot be wedged down

safely, a fresh hole shall be drilled parallel with the missed-fire charge at

a distance not less than 12 in.

5. Holes for blowing down missed-fire shots shall be put in by the same
men who bored the previous holes, and shall be fired by the same shot firer.

6. The shot firer shall, before firing a new charge, attach the missed-

shot wires also to the firing cable by means of wire or cord, to aid in re-

covering the missed shot. Immediately after firing he shall search for

the missed fire charge, and until he finds it, or is satisfied that it has been

exploded by the second shot, he shall allow no person to interfere with

the material.

7. When searching for an unexploded charge in material blown down,

great care shall be taken that the detonator be not struck with pick or

other tools.

8. Shot firers shall see that mineral containing or supposed to contain

any portion of an unexploded charge shall, if the explosive is not recover-

able, be securely packed in the goaf. Whenever possible miss-fire deto-

nators and explosives shall be recovered and returned to the under-

manager.

9. Explosives shall not, without special permission, be used for break-

ing: in fast ends.

10. Shot holes shall be of just sufficient diameter to pass the cartridges

in use, and they shall be drilled at such an angle that they do not directly

face the air current.

11. Detonators without a charge shall not be fired in the mine.

12. Shot firers shall make a daily report in the book provided for that

purpose, and shall also specially report in writing to the Under-Manager

every case of missed-fire shot or other unusual occurrence.
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NOTE TO APPENDICES I. AND II.

The Second Report of the Royal Commission on Mines having
been published during the printing of

" The Shot-Firer's Guide,"
an abstract has been made from the Summary of Main Con-

clusions relating to Shot-firing in Appendix I., and a description
of the

"
Garforth

"
gas detector therein referred to is repro-

duced in Appendix II.

APPENDIX I.

SUMMARY OF MAIN CONCLUSIONS RELATING TO
SHOT-FIRING.

(From the Second Report of the Royal Commission on Mines.*)

1. The various regulations in force in regard to shot-firing are

very complicated and require consolidation. So far as prac-

ticable, all the regulations as to shot-firing should be issued as

one code, and copies should be supplied to shot-firers. (Page 113.)

2. Main Haulage Roads and Intakes. Owing to the serious

accidents which have been caused by shot-firing on main

haulage roads, the firing of such shots should be confined

within as narrow limits as possible, and subjected to the

strictest precautions. We make a number of recommenda-

tions on this point. (Page 116.)

3. Shot-firing at or near the Working Face - "
Ripping

"

shots should be fired when as few men as possible are in the

mine, and, if practicable, between the shifts. (Page 119.)

* Cd. 4,820, 1909.

S.F.G. N
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4. As a substitute for watering before firing a shot, it is

suggested that further experiments should be made as to the

effectiveness of soda and wood pulp tamping. (Page 120.)

5. The rules as to testing for gas before shot-firing should be

more stringent, and some appliance similar to the
"
Gar-

forth
"

gas detector should be brought into general use.

(Page 120.)

6. General Precautions as to Shot- firing. Persons appointed
as shot-firers should be examined as to their abilities to test for

gas in the same way as firemen and deputies. (Page 121.)

7. Permitted explosives should be fired only by electricity.

Other explosives should be fired either by electricity or proper

safety fuse, and the use of straws or squibs should be pro-

hibited. (Page 122.)

8. Where permitted explosives are required to be used, the

shot hole should be charged and stemmed by or under the

personal supervision of the shot-firer. (Page 124.)

9. Firing shots in the
"

fast
"

should be prohibited. The

Explosives Order should require the hole to be properly placed
as well as properly drilled. The standardisation of the size

of the cartridge of explosives would be a great advantage.

(Pages 124, 125.)

10. The question of defining more clearly the amount of

stemming required and of fixing some proportion between the

amount of the explosive and the length of stemming should be

considered. (Pages 125, 126.)

11. There should be a uniform rule dealing with miss-fired

shots which should provide, inter alia, that no one should

approach such shot except after a sufficient interval. The use

of proper "warming pans" for explosives containing nitro-

glycerine should be made compulsory. (Pages 126, 127.)

12. Testing of Explosives. The revision of the Government

test on the lines recommended by the Bobbinite Committee

should be taken in hand. (Page 128.)

13. Storage of Explosives. Explosives should be provided

by the owners and stored at the colliery. (Pages 128, 129.)
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(c) TESTING FOE GAS.*

The greatest risk in shot-firing at or near the working face

lies in the possibility of gas being present. We think it should

be made clear in the rules that no shot must be fired in any
circumstances where any indication of a

"
cap

"
can be seen

on the reduced flame of a safety lamp, and that the place of

firing should be carefully tested within a radius of 20 yds.
before the shot is fired. Having regard to the fact that gas

may lurk in fissures in the roof or sides which it is impossible
to detect with any form of safety lamp, we think that some

appliance similar to the
"
gas detector

"
designed by Mr.

W. E. Garforth should be brought into general use.

For the information of managers who are not already familiar

with the use of this
"
gas detector," we are able to reproduce

the attached illustrations (Figs. 74, 75, 76, pp. 181-2), with which

Mr. Garforth has kindly furnished us, not only of the
"
gas de-

tector," but also of a safety lamp specially designed by him for

the purpose of detecting firedamp. Mr. Garforth describes

the arrangement as follows :

" The detachable indiarubber ball is inserted into a break

in the roof and, after the air contained in it has been expelled

by pressure of the hand, it is allowed to expand, whereupon it

becomes filled with a sample of the suspected atmosphere. The

contents of the ball are then introduced on to the flame of the

lamp through a safety gauze-protected pipe, which the brass

nozzle of the ball exactly fits. If firedamp be present it is

shown by an elongation of the lamp flame, and by a blue cap

burning at the top of the gauze pipe, which latter is fitted with

a small spring valve raised when desired by the serrated brass

nozzle of the ball.
" To indicate a low percentage of firedamp when found in

the main return airways, working places or other parts of a

mine, the lamp is fitted with an extinguisher which is made
to surround the wick tube, consequently, when the extinguisher

* From the Second Report of the Royal Commission on Mines, p. 121-

Cd. 4.820, 1009.

N2
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is raised or lowered by a screw actuated by the hand of the

official from the bottom of the lamp, the flame of the lamp can

be altered from a large to a small or non-luminous one. By this

method, and the addition of a regulating nut, a more delicate

adjustment of a non-luminous flame is obtained with less

liability to extinguish the light, and much quicker than by the

ordinary
'

pricker
'

arrangement. Attached to the extinguisher
and movod with it is a white enamelled graduated standard

which is placed immediately behind the flame, whereby the

height of the cap or halo of a non-luminous firedamp flame may
be measured. The lamp is also fitted with a magnifying glass,

so arranged that it can be used or not as desired without

obstructing the light of the lamp. It also enables a non-

luminous flame to be more easily seen, and, when required,
throws a brighter light on the roof or obscure places.

" The improvements herein described do not interfere with

the tin shield of the lamp, which 20 years' experience has

proved to be the safest arrangement in resisting an explosive
current travelling at a high velocity.

" As the method of detecting firedamp by means of the

indiarubber ball has been in daily use for the past 24 years, it

is interesting to know that the opinion of more than 100 col-

liery officials is :

"
(a) That the ball enables a deputy, or fire-trier, to discover

firedamp which cannot be found by the ordinary tin shield

lamp, which for reasons well known is not as sensitive to detect

gas as the
'

Davy.'
"

(6) That it is safer to bring a suspected atmosphere to the

lamp by means of the ball than to introduce a lamp into gas.
"

(c) That firedamp when discovered can be safely and

promptly dealt with by fixing the necessary sheets to render

it harmless, which precautions are not taken when the tin shield

lamp has failed to indicate gas.
"

(d) That there is not the same risk of the lamp being ex-

tinguished when using the ball as when testing in the ordinary

way, which is important, especially if the official is 1J miles

from the shaft where workmen may be awaiting his instruc-

tions before they can proceed to work.
"

(e) More tests can be made in a given time with the ball,

consequently an official is assisted in his work by knowing the

precise conditions of the coal face, return airways, &c."
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FIG. 74. INSERTING THE INDIARUBBER BAG INTO A BREAK IN THE
ROOF TO COLLECT A SAMPLE OF THE SUSPECTED ATMOSPHERE.

FIG. 75. FORCING THE COLLECTED ATMOSPHERE OR FIREDAMP ON TO
THE FLAME OF THE LAMP LEVEL WITH THE EYE.
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HALF SECTION THROUGH C.D HALF OUTSIDE ELEVATION

SECTIONAL ELEVATION THROUGH A B
FIG. 76. THE GAKFORTH FIREDAMP

DETECTOR LAMP.

With detachable iudiarubber bag, movable
tinguisher witli screw adjustment to produce a :

luminous flame, graduated standard and magnif;
glass.
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BRITISH COAL DUST EXPERIMENTS AT ALTOFTS.

The account of the British coal dust experiments which

was given in Questions 107-8 in the text, recorded the results

which had been obtained to August, 1908. The Mining
Association of Great Britain have issued a report (July 30th,

1909) during the printing of
" The Shot Firer's Guide," which

records the important work which has been carried out during

the year. They state that their main object was to demon-

strate to as many as possible of officials and others connected

with the practical working of coal mines the fact that coal

dust, without the presence of any inflammable gas, formed an

explosive mixture with air, and that if this mixture were

ignited by any means, such as a blown-out shot, the destructive

effects were equal to, if not greater than, those produced in a

firedamp explosion.

In addition, trial was made on a practical scale of the

various remedies or preventives that have been suggested.

Upwards of 600 people witnessed the explosions, which were

successfully demonstrated in 38 cases out of 41.

Many of those who came to witness were sceptical as to the

inflammability and explosive force of coal dust when mixed

with air, without the presence of firedamp, but in no single

instance was any room left for doubt after the length of flame

and the destructive effects had been demonstrated to them.

The gallery in which the experiments are made is con-

structed of boiler shells 7 ft. 6 in. and 6 ft. in diameter, and in

a few of the experiments of 1908 attained a length of 1,083 ft.

For the 1909 experiments, the total length is 895 ft. It is

divided into two parts a main intake, in which the actual

experimental explosion is produced, 7 ft. 6 in. in diameter and

600 ft. long, and a return airway 6 ft. in diameter and 295^ft.

long.

This return airway leads to a fan which produces a venti-

lating current such as is commonly met with in a mine, pro-
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vided with safety valves to relieve the pressure set up by the

explosion.

In order to render the conditions as nearly alike as possible

in each experiment, the requisite amount of dust is ground
from nut coal previous to each explosion. The size of the

particles is based upon samples taken from the highest parts of

roadways in the mine. After being ground it is spread on

narrow shelves running on both sides of the gallery in imita-

tion of the ledges and crevices presented by the packs. &c., of

an underground roadway (see view of interior).

FK;. 77. VIEW OF INTERIOR OF GALLERY.

The amount of coal dust agreed upon having been spread,

it is raised in suspension in the air-current either by the firing

of a small cannon, or by the merely mechanical action of the

air-current, and whilst in suspension it is ignited by the flame

from a large cannon which is charged with blasting powder,
and represents in its effect a blown-out shot, such as was the

cause of the majority of the. great colliery disasters, including

the explosion at the Altofts Collieries in 1886.

The experiments involving the use of remedial measures are

similar in nature. The explosion of the coal dust is obtained
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in precisely the same way, but the disposition of the lengths
strewn by coal dust is so arranged that the flame of the explo-
sion encounters in its passage zones of watering, stone dust,

carbonate dust, or lengths of gallery clear of dust, called dust-

less zones.

The effects of such measures in checking the velocity and

reducing the pressure of the explosion are recorded automa-

tically by means of instruments, many of which have been

specially designed for the purpose.
The Altofts gallery is on a natural scale and is the largest,

both in sectional area and in length, that has ever been used

either in this country or abroad for such work.

The experiments carried out during the present year (1909)

have been of a scientific character, and form part of a series

undertaken with the idea of investigating the whole nature of

the explosions. The experience gained during this period has

served to reinforce the hope that in stone dust an effective

remedy has been secured.

The following experiments indicate clearly the effect of

exploding coal dust (1) alone, (2) adjoining a dustless zone,

and (3) adjoining a stone dust zone.

In the first (experiment No. 61, July 17th, 1909), a length
of 367 ft. of the main intake was spread with coal dust, 1 Ib.

being used per running foot of the gallery, or per 41 cubic ft.

of gallery space.

On exploding the coal dust a flame about 1 70 ft. long shot

out of the open end of the tube, and there were manifest signs

of the setting up of great internal pressure.
In the second (experiment No. 55, July 2, 1909), a similar

weight of coal dust was exploded, but this time the explosive

force was caused to pass through a dustless zone 150 ft. in

length. By means of recording instruments, which are

attached to the gallery, it was found that the pressure rapidly

attained a maximum of 1131b. per square inch, greater by
over 68 Ib. than that which obtained at the end of the coal

dust zone. This is explained by the fact that, in the initial

stage of the explosion, dust is driven in front of the actual

explosion wave, so that the
"
dustless

"
zone is in reality non-

existent.

Turning now to experiment No. 57 (July 8th, 1909), in

which a stone dust area takes the place of that which in the
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previously described experiment was "
dustless," it was found

that the pressure, instead of rising, decreased, and died away
as soon as it could be wholly released at the mouth of the

gallery.

The plans given in Fig. 78 illustrate diagrammaticaily the

results of this set of experiments.

Mouth of
Downcast

Mouth of
Downcast

Point

Paint of ignition

JVe evidence
of flame for
95 feet

Flame ffS ffcf
in Stone Oust
Zone

Point at ignition

EXPERIMENT No. 61.

(JULY 17, 1909).

EXPERIMENT No. 55.

(JULY 2, 1909).

EXPERIMENT No. 57.

(JULY 8, 1909;.

Length of main intake, 600 ft. ; sectional area, 41 sq. ft. Length of return, 295 ft. ; sectional area, 28 sq. ft.

Numbers indicate position of safety valves.

FIG. 78.

Later experiments have tended to confirm the tests pre-

viously made, and it appears to have been satisfactorily proved
that a certain class of stone dust suitably applied does arrest

the flame of an explosion.



APPENDIX IV.

EXAMINATION QUESTIONS RELATING TO
SHOT-FIRING.

(i.) Describe the safety-fuse commonly employed and

state how it is used.

(ii.) What is blasting gelatine, and how is it fired ?

(iii.) Explain the construction of some electric fuses and

their advantages as compared with ordinary

safety fuse.

(iv.) Give some rules for ensuring safety in blasting or
"
shot-firing," as far as possible.

(v.) Draw a set of hand tools for boring holes for

blasting and for charging them. Explain how
the drills are sharpened.

(vi.) Describe the nature and composition of some of

the explosives placed upon the
"
Permitted

List." What is the test which has to be

passed before an explosive is placed upon this

list?

(Board of Education, Principles of Mining, 1901.)

(vii.) A tunnel, which is used as a haulage road and also

for the main return airway, and which is dry
and dusty, requires to be enlarged. When
should the shots be fired ? Give in your own
words the rules applying here. What explo-

sive would you use, and why ?

(viii.) What precautions must be taken before and after

firing a shot in a sinking pit ?

(Manchester and Ireland District, 1902.)

(ix.) What is the chemical composition of

(a) Air;

(b) Fire-damp ;

(c) Black-damp ?
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{x.) What is the most explosive mixture of fire-damp
and air ? Show what gases would be formed

by an explosion of such a mixture, giving the

relative proportions of the resultant gases.

(xi.) What precautions would you take to prevent

explosions of coal dust in a mine ?

(xii.) State the most important requirements of the Coal

Mines Regulation Act as to shot-firing in a

fiery mine. What are the requirements as to

detonators ? What other precautions would

you enforce ? What do you understand by
"
permitted explosives

"
?

(Liverpool and North Wales District, 1902.)

(xiii.) When a shot misses fire, what precautions are to be

taken ? Give in your own words the General

and Special Rules applying thereto.

(Manchester and Ireland District, 1903.)

(xiv.) State shortly the requirements of the Coal Mines

Regulation Acts as to explosives in reference

to

(a) Quantity to be taken at a time ;

(6) Stemming and blasting;

(c) Missed shots;

(d) When locked safety lamps are used or

the mine is dry and dusty ;

(e) When inflammable gas has been reported
to be present.

(xv.) Why is coal dust a source of danger ? In what

part of the mine would you be most likely to

find it ? What arrangement should you adopt
for keeping down dust ?

(xvi.) What are the requirements of the Coal Mines Acts

where coal dust is existing ?

(xvii.) What is the danger arising from a blown-out shot,

and how is it caused ?

(xviii.) When are permitted explosives only to be used ?

(xix.) Name a few of these permitted explosives, and

name their constituents,

(xx.) What are the requirements of the Coal Mines

Regulation Acts as to blasting ?
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(xxi.) Name as many as you can of the various explosives

used in mining, and state the ingiedients of

which they are composed.

(xxii.) Name the circumstances under which you consider

a high explosive preferable to ordinary gun-

powder.

(xxiii.) Are you acquainted with the last Explosives Order ?

If so, state shortly what it is.

(xxiv.) What precautions would you adopt for the safety
of the men where shots are fired simultane-

ously ? How would you deal with electric

light and shot-firing cables when shot-firing

at a depth of more than 600 yards from the

surface ?
(Stafford DIstrict , 1904.)

(xxv.) What are the most important requirements of the

Coal Mines Regulation Act as to shot-firing in

a fiery mine ? And what are the special rules

(1902) that apply to shot-firing ? What other

precautions would you adopt ?

(xxvi.) In firing
"
roofing down "

shots and coal shots,

what precautions would you instruct your
shot-firer to take in respect to the use of the

battery and cable, and also as to his position

when firing ?

(Liverpool and North Wales District, 1904.)

(xxvii.) In what proportions are mixtures of pure fire-

damp and pure air explosive ; and what effect

has the presence of coal dust upon such mix-

tures ?

(Newcastle District, 1904.)

(xxviii.) State the requirement of the Acts and Special Rules

in regard to shot-firing on main haulage roads

and main returns.

(xxix.) What percentage of fire-damp when mixed with air-

is necessary

(a) To show a faint cap ;

(6) To readily explode ;

(c) To be at the most explosive point ?

(Manchester and Ireland District, 1904.).
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(xxx.) Give the names of the permitted explosives with

which you are practically acquainted. State

which you prefer for use in coal and hard rock

respectively, and why. What class of explo-
sives are liable to freeze in winter, and how
should they be dealt with ?

(xxxi.) Under what circumstances does coal dust become
a source of danger in mines ? Where do you
find it mainly ;

and what precautions would

you take in a fiery mine to minimise the

danger ?

(Manchester and Ireland District, 1905.)

(xxxii.) What do you consider the best method of firing

shots : first, in a fiery mine
; second, in a

mine where there is no gas ?

(xxxiii.) What are the provisions of the Act with reference

to the use of explosives on main haulage
roads ?

(Newcastle District, No. 3, 1905.)

(xxxiv.) Why is coal dust dangerous in a dry mine which

is worked with safety lamps ?

(xxxv.) In what circumstances is it necessary that only

explosives on the Permitted List be used

underground ? Mention the precautions you
would take before using them in order to

ensure safety.

(xxxvi.) What special precautions have to be taken in mines

worked by safety lamps when using electricity

for firing shots ? Give reasons for the need of

these precautions.

(East Scotland District, 1906.)

(xxxvii.) Describe the various gases found in coal mines.

Give their chemical composition and the means
of detecting their presence. Describe the part

played by coal dust in an explosion.

What are the various sources from which it is got,

and what means would you take to render its

presence harmless ?

(West Scotland District, No. 2, 1906.)



APPENDICES. 191

(xxxviii.) Quote General Eule 12, section (/), with reference

to shot-firing where safety lamps are used.

General Rule 12 section (d) says :

" Nor shall coal

or coal dust be used for tamping." How has

this portion of Rule 12 been amended ? Give

reasons for the amendment.

(xxxix.) In what circumstances are the use of explosives

permitted in main haulage roads ?

(Newcastle District, 1906.)

(xl.) Where are accumulations of coal dust most likely

to be found in collieries underground, and
what are the dangers arising therefrom ?

Describe how you would deal with coal dust so as

to reduce the risk of accidents.

(xli.) What are the chief differences between the nitrate

of ammonium and the nitro-glycerine classes

of explosives ? Give examples of two of each

with their respective compositions, and de-

scribe the special precautions which must be

taken with each class.

(Liverpool and North Wales District, 1906.)

(xlii.) What precautions are required by the Coal Mines

Act and Special Rules in the requirements for

shot-firing and tamping ?

(xliii.) Explain why dust in mines is understood to be a

danger, and describe the best means of laying
the dust, and the several methods you are

acquainted with for dealing with the dust.

(xliv.) Of what is fire-damp composed, and under what
conditions will it explode ? Give the chemical

equation showing the changes which take

place in an explosion of fire-damp and air, and

also give the names and nature of the resulting

mixture, with relative volumes.

(xlv.) What precautions would you adopt where gas is

given off and known to exist in a cavity above

the main haulage road ?

(Southern District, 1906.)
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(xlvi.) What are the provisions in the Electricity Eules

regulating shot-firing from a power or electric

light circuit ?

(xlvii.) Four shots in a sinking pit are ready for firing.

What are the objections to firing them

(a) By tape fuse
;

(b) By electricity ?

How can these objections be overcome ?

(xlviii.) What are the provisions of the Coal Mines Regula-
tion Acts and the Explosives in Coal Mines

Order, 1899, respecting the care of explosives

underground ;
the charging and stemming of

shots
;

and the storage, custody and use of

detonators above and below ground ?

(xlix.) Describe in detail the operation of charging, stem-

ming and firing a shot where there is no coal

dust, showing how you would deal with a miss-

fire and giving the precautions you would take

throughout.

(Manchester and Ireland District, 1906.)

(1.) Where are accumulations of coal dust most likely

to ,be found in collieries underground, and

what are the dangers arising therefrom ?

Describe how you would deal with coal dust

so as to reduce the risk of accidents.

i (li.) What are the chief differences between the nitrate

of ammonium and the nitro-glycerine classes

of explosives ? Give examples of two of each

with their respective compositions, and de-

scribe the special precautions which must be

taken with each class.

(Liverpool and North Wales District, 1906.)

(Hi.) What are the rules regulating the use of explosives

in coal mines ? Give a list of the authorised

, explosives and any details with which you

may be acquainted connected with the effi-

ciency in use of any one of them.

(Staffordshire District, 1906.)
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(liii.) Why is it a dangerous practice to test a shot-firing

cable by holding the wires to the metallic

cover of a safety lamp ?

(Newcastle District, 1907.)

(liv.) Describe any means that may be adopted to super-
sede blasting in mines.

(lv.) Why should a place be visited soon after firing a

shot ?

(Southern District, 1907.)

(Ivi.) What must you do before re-entering a place when
a shot has missed fire

(a) Where fuse is used
; and

(b) Where electricity is used ?

(Ivii.) Do you consider that the rule for miss-shots where

electricity is the firing medium requires altera-

tion ? And if so, in what way ?

(Iviii.) A mixture of air and fire-damp at the highest explo-
sive point is passing along an airway 5 ft. 8 in.

by 4 ft. 6 in. at a veloc ty of 460 ft. per minute.

What quantity of fresh air must be added so

that you cannot detect the gas on the flame

of an ordinary safety lamp ?

(Manchester and Ireland District, 1907.)

(lix.) Wliat is fire-damp, and what means have you of

testing for it to ascertain its percentage in the

air?

(Ix.) How can the safety lamp be used as a fire-damp
detector ? Describe some lamps arranged for

this use.

(Ixi.) What precautions are required by law to be taken

in the firing of shots by electricity under-

ground ? Say in what circumstances it is

permissible to use ordinary powder, and

whether you prefer it to any permitted explo-
sive you know of in the case of

(a) Coal getting ;

(b) Rock heading.

(Ixii.) Give some definition of coal dusts as between, say,

a very dangerous and a safe form. To what

S.F.G.
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extent, if any, do you consider precautions are

necessary beyond those already enforced by
law?

What precautions are necessary in firing shots in

main roads. Why should such operation be

dangerous ?

(Ixiii.) Do you consider all collieries liable to coal dust

explosions ? If not, point out why some are

exempt ;
name the rules which regulate the

firing of shots in dry and dusty mines.

(Ixiv.) What explosives have you had experience of, and
what are the regulations in force at any colliery
with which you are acquainted in addition to

those enforced by law ?

(Ixv.) Name two of the most important rules relating to

firing shots.

(Stafford District, 1907.)

(Ixvi.) Describe in detail the arrangements you would

make for firing shots by electricity in a mine

worked with safety lamps.

(Ixvii.) Describe the arrangements you would make for

storing and distributing explosives, and what

regulations you would make for the safe keep-

ing of unused explosives in the men's posses-

sion after their day's work was done.

(West Scotland District, 1908.)

(Ixviii.) Describe the operation of charging and firing a

round of shots at the bottom of a sinking shaft,

and say what special precautions you would

take as to signalling, &c. Where have the
"
primers

"
for sinking shots to be prepared ?

(Ixix.) Previous to firing a shot, what precautions would

you take to prevent having a blown-out shot ?

What are the special rules to be observed in

the case of a
"
missed shot

"
?

(Liverpool and North Wales District, 1908.)

(Ixx.) Mention some of the more important
"
permitted

explosives
"
contained in the Coal Mines Order

of December, 17 1906. What are the rules

relative to detonators contained in that Order ?
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(Ixxi.) How do explosives vary as regards

(a) Temperature of ignition;

(6) Maximum flame temperature?

and what methods have been employed to

reduce the latter temperature artificially in

safety explosives ?

(Ixxii.) Detail carefully the provisions of the Metalliferous

_

Mines Regulations Acts as to explosives and

blasting.

(Ixxiii.) Give roughly the composition of some of the more

important explosives used in mining.

(Assistant Inspectorship of Mines Examination,

February, 1908.)

PRACTICE QUESTIONS ON THE EXPLOSIVES IN

COAL MINES ORDER.

1. Name the exceptions to the application of the Order.

2. What are the rules as to the use of explosives in cart-

ridges ?

3. Give the clause relating to charging, drilling and stem-

ming.
4. Define

"
permitted explosives,"

"
permitted igniter

fuse,"
"
road

" and " main haulage road."

5. State the conditions regulating the use of detonators.

6. Give the rules regulating the use of electrical firing

apparatus .

7. What precautions are required to be taken when two

or more shots are fired in the same place ?

8. How is the use of fuse regulated ?

9. What are the rules regulating the qualifications and

appointment of shot-firers ?

10. Under what circumstances are certain explosives (a)

absolutely prohibited, and (6) conditionally

prohibited ? '

11. How are detonators permitted to be used in sinking
shafts ?

12. State the rule as to watering in the neighbourhood of

a shot.

13. State the rule as to withdrawal of men during shot-

firing in main haulage, roads and intakes
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Series and Parallel Methods of, 100



INDEX. 20-*/
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Standard Mixture for Detonators, 14

Stemming, 80-86, 17 *

Only Safe Rule to follow, 86

Sterling Magneto Exploders, 35, 36

Dynamo Exploders, 37-47
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Testing, Cables, 77

Complete Circuits, 76, 77

Testing Exploders, 74, 75
for

"
Earth," 78

Risks and Precautions, 73

Tetryl Detonators, 14

Thawing Explosives, 112
Theedam's Detonator Case, 30, 31
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S"THE ELECTRICIAN "
is the oldest electrical journal published. First series, 1860; second

series, 1878. It has always borne the same title, been the same size, and been published weekly.

3
Consequently the Volumes form a unique set of uniform appearance. In the volumes of "THE
ELECTRICIAN" will be found the most valuable collection of original Papers and at tides by
nearly every leading writer on every branch of electrical engineering, science and industry,

Q
besides all Papers read before the principal Electrical Institutions throughout the world
by men eminent in the Electrical Profession, and authenticated reports of the discussions

U thereupon. Original articles appearing in
' THE ELECTRICIAN " are written by gentlemen having

no interest whatever in particular electrical systems, and with but one object the advancement of

5
electrical knowledge and electro-technology generally. Many of these original series of articles
have since been revised and amplified, and published in book form. These form the nucleus ot
the well-known "ELECTRICIAN" SERIES.

Much space is devoted in every weekly issue to fully illustrated, technical descriptions of

tm the Electricity Supply Works and Electric Tramways owned by Local Authorities and Com-
panies, and in the very full record of Municipal Notes, the progress and development of

Municipal Electrical Enterprise is given. The Municipal Notes of " THE ELHCTRICIAN " are
more numerous, more complete, and more up-to-date than those of any other technical or trade

journal in the world.
In addition to the above,

" THE ELECTRICIAN" contains a complete record of all the legalWin aaamon to tne aoove, j. HE ELECTRICIAN contains a complete record 01 an tne legal
causes which have occupied the attention of the Courts of Justice for the past 27 years. It is

mm customary for " THE ELECTRICIAN '' to occupy a prominent position in the Courts as an

h authority upon all legal questions affecting the Electrical Profession and Industry,
^ A regular feature in

" THE ELECTRICIAN " has always been the verbatim reports of meetings

aia of Electrical Companies and Corporations, and the completest possible record of financial items
i relating to the Electrical Industry. A very complete Share List ot Electrical Investments.

Ill Q< Finally, "THE ELECTRICIAN" has been of incalculable service to technical education, and
O has done much to make the general study of electricity the reality it has undoubtedly become.

^ Ctf No aspirant to honour and renown in the electrical profession can hope to keep abreast of the

0^ never-ceasing stream of discoveries of new applications of electrical science to every-day com-

Q mercial pursuits who does not diligently peruse the colums of "THE ELECTRICIAN," which is

^ pre-eminently the leading electrical journal.

U J "The Electrician" INDUSTRIAL SUPPLEMENT.
Q a,

_ g Published monthly. Gratis with " The Electrician." Separate
> ^ copies, Price 40!., post free.

A comprehensive and independent record of electrical industrial progress. Issued in the

Qjj
interests of wider and more effective publicity for the products of electrical and allied manufac-

**' turers. A special feature is made of articles dealing with the applications ot electric power in

every branch of industrial activity.

"THE ELECTRICIAN" ELECTRICAL TRADES'

SB DIRECTORY AND HANDBOOK.

u
J Established 1882. The cheapest, largest and only reliable Directory published for

the Electrical and Kindred Trades. Published END OK JANUARY in each year.

Royal 8vo.. about 2,000 pages. SUBSCRIPTION PRICE 8s. 6d. nett, post free os. 3d. ;

^^ British Colonies, IDS. 6d.
; abroad, us. After date of publication, 155. nett, post tree

tf 155. $d. (British Colonies, ijs. post free; U.S.A., i8s. od. post free; other countries, i8s.)

This Directory and Handbook is well known throughout the Electrical, Engineering and

J Allied Professions and Trades in all parts of the World. No expense is spared to make the work

really complete and reliable. The Lists of Names and Addresses are made up from exclusive

mm sources. The Directory portion of the book is divided into six divisions, viz., a British Division,

<and Colonial, Continental, Asiatic and African, Central and South American and United States

Divisions. Each Division is sub-divided into an Alphabetical Section and a Classified Trades'

> Section. New Names and corrections to existing entries in the DIRECTORIAL portion of the book
are received up to the end of January. Extra insertions are made in the Classified Trades'

Section at low rates. In addition to more than 800 pa^es of purely Directorial matter, the HAND-
BOOK portion contains a mass (over 900 pages) of interesting electrptechnical statistics and
commercial information relating to electricity supply, electric power distribution and transmission

and electric traction in Gt. Britain, the Colonies and abroad, also Fire Risk Rules (British and

Foreign), a full Digest of the Law of Electric Lighting, Traction, Telegraphy and Telephony,
&c , the great part of which is specially compiled for the DIRECTORY, and cannot be obtained

elsewhere. There is also a very interesting BIOGRAPHICAL Division, besides manv invaluable Sheet

Tables, Maps, Statistics relating to lilectiic Lighting and Power, Traction, &c.
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OF STANDARD BOOKS

Aitken HANDBOOK OF COMMERCIAL TELEPHONY. By
W. Aitken. In two Vols. In the press.

Anderson BOILER FEED WATER : A Practical Treatise on its

guality,
Effects and Purification. By Fred. A. Anderson, B.Sc. (Lond.), F.I.C., F.C.S.

loth Bound. 6s. nett.

The great increase in the working pressure of steam boilers during the last few years, and
the wide adoption of water-tube boilers, have directed attention more generally to the subject of
the quality of the water used for boiler feed. . . . In this book an attempt has been made to-

give a concise account of the most important impurities to be met with in feed waters, especially
in land installations, together with the methods for their detection and removal.

Ayrton THE ELECTRIC ARC. By Mrs. Ayrton, M.I.E.E.
Very fullv Illustrated. Price ias. 6d.

Abstract from Author s Preface. This book owes its origin to a series of articles

published in The Electrician in 1895-6. In experimenting on the arc my aim was not so much to add
to the large number of isolated facts that had already been discovered, as to form some idea of the

bearing of these upon one another, and thus to arrive at a clear conception of what takes place in

each part of the arc and carbons at every moment. The attempt to correlate all the known
phenomena and to bind them into one consistent whole led to the deduction of new fact*,
and opened up fresh questions, to be answered in their turn by new experiments. Thus the subject
grew and developed into what may almost be termed a natural wav. The experiments of other
observers have been employed in two ways : (i) In confirmation of theory developed from my own
experiments, and (2) as the basis of theory for which further tests were devised. M. Blondel's

interesting and systematic researches, the admirable work of Mr. A. P. Trotter, and Prof.

Ayrton's Chicago Paper were all laid under contribution, and the deductions drawn from them
tested by new experiments.

Baines BEGINNER'S MANUAL OF SUBMARINE CABLE
TESTING AND WORKING, By G. M. Baines. Second Edition. Clcth Bound.
75. 6d. nett, post free 8s.

This book has been written to meat the requirements of those about to commence the study
of Submarine Telegraphy. All subjects demanding attention have been brought within the scope
of the volume and have been dealt with at sufficient length to enable an intelligible idea to be
obtained of them. With regard to the algebraical portion of the study, all the formulae have been
worked out step by step, and, where convenient, have been supplemented by arithmetical

equivalents. The book is divided into 18 chapters, and deals with : Batteries, Ohm's Law, Joint
Resistance, Wheatstone Bridge, Bridge Measurements, Insulation Test by Direct Deflection,
Inductive Capacity, Internal Resistance and E.M.F. ot a Battery, &c., Current Strength in

Wheatstone Bridge, &c., Tests of Broken or Faulty Cables, and Description of Apparatus, &c.

Beaumont THE STEAM-ENGINE INDICATOR AND INDI-
CATOR DIAGRAMS. Edited by W. W. Beaumont, M.I.C.E., M.I.M.E., &c. New
and Enlarged Edition, Noiu Ready. 6s. nett, post free.

The object of this book is to place in the hands of students and practical men a concise

guide to the objects, construction and use of the indicator, and to the interpretation of indicator

diagrams. Lengthy discussion of theoretical or hypothetical matters has been avoided. The
behaviour of steam and its expansion under different conditions have been treated in a simple
manner so far as these questions are important to the consideration of indicator diagrams in

their most usual practical applications.

Bond RATING OF ELECTRIC LIGHTING, ELECTRIC
TRAMWAY AND SIMILAR UNDERTAKINGS. By W. G. Bond. Cloth, 8vc.

price 2S. 6d. nett.

This little book is intended for the use of Directors, Secretaries, Engineers and other
Officials connected with Electric Traction, Lighting and Power Distribution Companies. The
chief object'of the Author has been to enable those who are not familiar with the principles and
practice of rating to ascertain for themselves whether the Rateable Value of their property is

reasonable or excessive, and thus avoid unnecessary expense at the outset.

Boult COMPREHENSIVE INTERNATIONAL WIRE TABLES
FOR ELECTRIC CONDUCTORS. By W. S. Boult. Price 43. post free.

Broughton ELECTRIC CRANES AND HOISTS. By H. H.
Broughton. fn Ihe Press.

THE ELECTRICIAN " PRINTING & PUBLISHING CO., I/TD.
i, 2 and 3, Salisbury Court, Fleet Street, London E.G.



( 4 )

Carter MOTIVE POWER AND GEARING FOR ELECTRICAL
MACHINERY: A Treatise on the Theory and Practice of the Mechanical Equipment
of Power Stations for Electric Supply, and for Electric Traction. By the late E. fremlett
Carter, C.E., M.l.E.E. 650 pages, 200 Illustrations, Scale Drawings and Folding
Plates, and over 80 Tables of Engineering Data. In one volume. New edition, revised

by G. THOMAS-DAVIES. Now Ready. Price i2s. 6d. nett, post free 135.
Part I. Introductory. Part II. The Steam Engine. Part III. Gas and Oil Engines.
Part IV. Water Power Plant. Part V Gearing. Part VI. Types of Power Stations.

This work presents to consulting engineers, contractors, central-station engineers and
engineering students the latest and most approved practice in the equipment and working of
mechanical plant in electric power generating stations. Every part of the work has been brought
completely up to date ; and especially in the matter of the costs of equipment and working the
latest available information has been given.

"MOTIVE POWHR AND GEARING FOR ELECTRICAL MACHINERY" is a handbook of modern
electrical engineering practice in all parts of" the world. It offers to the reader a means of

comparing the central station practice of the United Kingdom with that of America, the Colonies
or other places abroad ; and it enables him to study the scientific, economic and financial principles
upon which the relative suitability of various forms of practice is based, and to apply these

principles to the. design or working of plant for any given kind ot work, whether for electrical

supply or for electric traction.

Cooper PRIMARY BATTERIES: THEIR CONSTRUCTION
AND USE. By W. R. Cooper, M.A. Fully Illustrated. Price los. 6d. nett.

Attthoi's Preface Extract. Primary Batteries form a subject from which much has been
hoped, and but little realised. But even so, it cannot be said that the advance has been small

;

and consequently no apology is offeied for the present volume, in which the somewhat scattered
literature of the subject has been brought together. Recent years have seen important additions
to the theory of the voltaic cell, and therefore a considerable number of pages have been devoced
to this part of the subject, although it is impossible to do more than give a superficial sketch of

the theory in a volume like the present. With regard to the practical part of the subject, this

volume is not intended to be encyclopaedic in character; the object has been rather to describe
those batteries which are in general use, or of particular theoretical interest. As far as possible,
the Author has drawn on his personal experience, in giving practical results, which, it is hoped,
will add to the usefulness of the book. Owing to the importance of the subject, Standard Cells
have been dealt with at some length. Those cells, however, which are no longer in general use
are not described ; but recent work is summarised in some detail so as to give a fair idea of our
knowledge up to the present time. It has also been thought well to devote a chapter to Carbon-
Consuming Cells.

Cooper See "THE ELECTRICIAN" PRIMERS, page n.

Dawson ELECTRIC TRACTION ON RAILWAYS : By Philip
Dawson, M.Inst.C.E., M.I.E.E., author of "Electric Tramways and Railways," and
"The Engineering and Electric Traction Pocket Book." NOW READY. 1,000

pages, over 600 illustrations (nearly all original); royal 8vo. Handsomely bound.
Price 255. nett, postage 6d. U.K., is. 4d. abroad.

This book deals entirely with the application of electric traction to railways, as distinguished
from tramways. All the calculations necessary to determine the size and type of motor required
under any given circumstances are carefully gone into, and are such as are used in actual practice.
The important ques ion of the calculation of motor-driven axles is also considered in detail, and
a complete example worked out. The impedance of single-phase lines equipped with overhead
conductors is care ully gone into, and actual examples given to show how any q lantity can be
ascertained beforehand for any given system. The question of the calculation and construction
of catenary suspension tor single-phase railways is fully worked out, and examples of different

forms of construction given. An easy, simple and elementary theory of the siugle-phase motor
has been specially pre >ared tor this book, so as to explain, as clearly and simply as possible, the

principles involved in its construction and operation. Special attention is given to practical
examples in connection with the construction of trucks and car bodies. Multiple unit control.
both for continuous and alternating currents, is fully gone into, and diagrams for all the most
important constructions are given, as well as illustrations of special details. Care ul attention
is given to theoretical and practical considerations in connection with the design and construction
of third rail, and all the most important methods hitherto adopted are amply described and fully
illustrated. A chapter is devoted to electric locomotives, both continuous and alternating
current, designed for all classes of service, and this chapter is very fully illustrated with examples
of work actually carried out. A limited amount of space is devoted to the most important and
general features connected with the design and construction of power stations and sub stations,
and general details. To the subject of accumulator traction (or railways all necessary space has
been accorded. Considerable attention is given to financial details and estimates as regards
working costs, maintenance costs, and all the numerous financial details required for the
successful operation of the electrified line. The work has been prepared on the basis that the
reader is acquainted with the principle? underlying electrical engineering data as well as with
the principles of railway construction and apparatus, and the book is intended to supply that

special knowledge, both practical and theoretical, which is essential to every engineer who has
ither to equip or operate electric railways.

Dick and Per nie ELECTRIC MAINS AND DISTRIBUTING
SYSTEMS. By J. R. Dick, B.Sc., and F. Fernie. hi the press.

Down " THE ELECTRICIAN" HANDY COPPER WIRE
TABLES AND FORMULAE FOR EVERYDAY USE IN FACTORIES AND
WORKSHOPS. By P. B. Down, V/h.Ex., A.M.I.M.E Price as. 6d. nett.

" THE ELECTRICIAN " PRINTING & PUBLISHING CO., LTD.,
i, 2 and 3, Salisbury Court, Fleet Street, London, B.C.
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Ewing- MAGNETIC INDUCTION IN IRON AND OTHER
METALS. By Prof. J. A. Ewing, C.B., M.A., B.Sc., F.R.S. 382 pages, 173 Illus-

trations. Third Edition, Second Issued (
Price IDS. 6d. nett.

Synopsis of Contents. After an introductory chapter, which attempts to explain the
fundamental ideas and the terminology, an account is given of the methods which are usually
employed to measure the magnetic quality of metals. Examples are then quoted, showing the
results ot such measurements for various specimens of iron, steel, nickel and cobalt. A chapter
on Magnetic Hysteresis follows, and then the distinctive features of induction by very weak and
by very strong magnetic forces are separately described, with further description of experimental
methods, and with additional numerical results. The influences of Temperature and ot Stress are
discussed. The conception of the Magnetic Circuit is then explained, and some account is given ot

experiments which are best elucidated by making use of this essentially modern method of treatment.

Fisher and Darby STUDENTS' GUIDE TO SUBMARINE
CABLE TESTING. By H. K. C. Fisher and J. C. H. Darby. New and Enlarged
Edition. Fully Illustrated. Price 75. 6d. nett, post free; abroad, 8s.

The authors of this book have, for some years past, been engaged in the practical work ot
Submai ine Cable Testing in the Eastern Extension Telegraph Company's service, and have em-
bodied their experience in a Guide for the use of those in the Telegraph Service who desire to qualify
themselves for the examinations which the Cable Companies have recently instituted. To those
desirous of entering the Cable Service Messrs. Fisher and Darby's book is indispensable, as it

is now necessary for probationers to pass these examinations as part of the qualification for service.
A valuable set of Questions and Answers is added to the New and Enlarged Edition,

Fleming THE ALTERNATE CURRENT TRANSFORMER
IN THEORY AND PRACTICE. By Prof. J. A. Fleming, M.A., D.Sc., F.R.S., M.R.I.,
&c. Vol. I. New Edition Almost entirely Rewritten, and brought up to date. More
than 600 pages and 213 illustrations, i2s. 6d. post free; abroad, 133. Vol II. Thiidissue.
More than 600 pages and over 300 illustrations, 125. od. post free; abroad, 135.

Since the first edition of this Treatise was published, the study of the properties and appli-
cations of alternating electric currents has made enormous progress The Author has,

accordingly, rewritten the greater part of the chapters, and availed himself of various criticisms,
with the desire of removing mistakes and remedying defects of treatment. In the hope that this

will be found to render the book still useful to the increasing numbers of those who are practically
engaged in alternating-current work, he has sought, as far as possible, to avoid academic methods
and keep in touch with the necessities of the student who has to deal with the subject not as a
basis for mathematical gymnastics but with the object of acquiring practically useful knowledge.

Fleming ELECTRICALLABORATORY NOTES AND FORMS.
Arranged and prepared by Dr. J. A. Fleming, M.A., F.R.S., &c.

This important Series of Notes and Forms for the use of Students in University and other
Electro-technical Classes has a world- wide reputation, and many thousands of copies have been
snld. From time to time, as considered desirable, the Notes and Forms have been corrected or

re-written, but the original divisions of the forty Forms into "Elementary" and "Advanced"
has hitherto been observed. At the same time it is realised that the time has come for additions
to be made to the original Set, and Dr. Fleming has written Ten Additional Notes and Forms
(Nos. 41 to 50). It should be remembered that the numerical order observed in the above list has
no relation to the difficulty or class sequence of the exercise, but is simply a reference number for
convenience. The Subjects of the additional Notes and Forms are :

No. SUBJECT. i No. SUBJECT.
41. Determination ofDynamo Efficiency by

j

45. Determination or the Characteristic
Routin's Method. Curves of Dynamo Machines.

42. Separation ot Hysteresis and Eddy Cur-
j

, T-, A ,
, AT v"t"r*

rent Losses in Continuous-Current t

6 ' e Absolute Measurement of Capa-

Dynamo Armatures.

43. Efficiency Test of Two Equal Trans-
j

47. The Measurement of Inductances.
formers by the Differential (Sumpner's)
Method.

44. Measurement of the Efficiency and

48. The Test of a Rotary Converter.

49. The Parallelisation of Alternators.

Power Factor of a Polyphase Indue-
| 50. The Examination of an Alternating-

tion Motor by the Wattmeter Method. ! Current Motor.

These " Electrical Laboratory Notes and Forms " have been prepared to assist Teachers,
Demonstrators and Students in Electrical Laboratories, and to enable the Teacher to economise
time. They now consist of a series of 50 Exercises in Practical Electrical Measurements and
Testing. For each of these Exercises a four-page Report Sheet has been prepared, two and some-
times more pages of which are occupied with a condensed account of the theory and practical in-

structions for performing the particular Experiment, the other pages being ruled up in lettered

columns, to be filled in by the Student with the observed and calculated quantities. These
Exercises are perfectly general, and can be put into practice in any Laboratory.

Each Form is supplied either singly at 4d. nett, or at 33. 6d. per dozen nett (assorted or
otherwise as required) ;

in Sets of any Three at is. nett; or the Complete Set of <$o Exercises,
__ ZTJ .... : 1 1.. T> .JT~I: - ,. ... i 3 :~ - ^ *-M - A i_ ^

i. nett

Iso be
__ . . ;(i6in. by
i3in.) can be supplied, price 90. per dozen sheets nett.

A Sample Copy of any one of the Notes and Forms will be sent post free to any Teaching
Establishment, or to the Professor or Demonstrator of a Class for Electro-Technology. A complete
Prospectus will also be sent post free on application.
N.B. A limited number of the first 40 of the above NOTES AND FORMS can be supplied in a

smaller size (loj by 8), bound in strong cloth, price 75. 6d. nett, post free.

" THE ELECTRICIAN " PRINTING & PUBLISHING CO., LTD.,
i, 2 and 3, Salisbury Court, Fleet Street, London, E.G.
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Fleming A HANDBOOK FOR THE ELECTRICAL LABORA^
TORY AND TESTING ROOM By Dr. J.A.Fleming, M.A., F.R.S., M.R.I., &c.
Vol. I., price 123. 6d. nett, post free 133. Vol. II., 145. nett.

This Handbook has been written especially to meet the requirements of Electrical

Engineers in Supply Stations, Electrical Factories and Testing Rooms. The Book consists of a
series ot Chapters each describing the most approved and practical methods of conducting some
one class of Electrical Measurements, such as those of Resistance, Electromotive Force, Current,
Power, &c., &c. It does not contain merely an indiscriminate collection ot Physical Laboratory,
processes without regard to suitability for Engineering Work. The Author has brought to
its compilation a long practical experience of the methods described, and it will be found to be a
digest of the best experience in Electrical Testing. The Volumes contain a useful Chapter on>

the Equipment of Electrical Laboratories and numerous Tables of Electrical Data.

Vol. I.

SYNOPSIS OF CONTENTS.

Chapter I. Equipment of an Electrical Test-

ing Room.
II. The Measurement of Electrical

Vol. II.

Chapter I. The Measurement of Electric

Quantity and Energy.
II. The Measurement of Capacity

Resistance. and Inductance.
III. The Measurement of Electric III. Photometry.

Current. IV. Magnetic and Iron Testing.
,, IV. The Measurement ofE.M.F. V. Dynamo, Motor and Transformer

V. TheMeasurementofElectricPower. I Testing.

Fleming HERTZIAN WAVE WIRELESS TELEGRAPHY;
A Reprint of a series of articles in the "

Popular Science Monthly," based upon Dr.

Fleming's Cantor Lectures before the Society of Arts, 1903. By Dr. J. A. Fleming,
F.R.S. 108 large 8vo. pages, fully illustrated. 33. 6d. nett.

Fleming. ELECTRIC LAMPS AND ELECTRIC LIGHTING,
By Prof. J. A. Fleming, M.A., D.Sc., F.R.S., M.R.I. Second Edition. Very fully illus-

trated, handsomely bound, on good paper, price 6s. nett
The original aim of a course of four lectures by Prof. J. A. Fleming on " Electric Illumina-

tion " was to offer to a general audience such non-technical explanations of the physical effects

and problems concerned in the modern applications of electricity for illumination purposes a&

might serve to further an intelligent interest in the subject. The author has brought the second
edition into line with recent practice without departing from the elementary character of the work.

Fleming THE CENTENARY OF THE ELECTRIC CURRENT.
17991899. By Prof. J. A. Fleming, F.R.S. With Illustrations of early apparatus and
interesting Chronological Notes. In neat paper covers is. nett, post free is. 3d.

Fleming THE ELECTRONIC THEORY OF ELECTRICITY.
By Prof. J. A. Fleming, M.A., D.Sc., F.R.S. Price ts. 6d. post free.

Fynn THE CLASSIFICATION OF ALTERNATE CURRENT
MOTORS. By V. A. Fynn, M.I.E.E. Fully Illustrated. 33. nett.

Geipel and Kilgour A POCKET-BOOK OF ELECTRICAL
ENGINEERING FORMULAE, &c. By W. Geipel and H. Kilgour. Second Edition,
800 pages. 75. 6d. nett; post free at home or abroad, 75. gd.

With the extension of all branches of Electrical Engineering (and particularly the heavier

branches), the need of a publication of the Pocket-Book style dealing practically therewith
increases ; for while there are many such books referring to Mechanical Engineering, and several

dealing almost exclusively with the lighter branches of electrical work, none of these suffice for the

purposes of the numerous body of Electrical Engineers engaged in the application of electricity to

Lighting, Traction, Transmission of Power, Metallurgy, and Chemical Manufacturing.

Gerhardi ELECTRICITY METERS, THEIR CONSTRUCTION
AND MANAGEMENT. A Practical Manual for Central Station Engineers, Distri-

buting Engineers, and Students. By C. H. W. Gerhardi. 8vo. Fully illustrated. 93. nett.
Thi-s valuable Practical Manual on the Management of Electricity Meters, which will form

a volume in " THE ELECTRICIAN "
Series, will be published shortly. The Author has had many

years' exceptional experience with Electricity Meters as chief ot the Testing Department of the

largest electricity supply undertaking in the United Kingdom. Mr. Gerhardi's intimate acquain-
tance with the working of all existing meters on the market, and with the details of their construc-

tion, is a guarantee that the book will meet the requirements of those engaged in work in which the

Electricity Meter forms an essential part. In the division of the book devoted to
"
Testing," Mr.

Gerhardi's experience will prove of the greatest service to supply station engineers and managers.

Goldschmidt ALTERNATING CURRENT COMMUTATOR
MOTORS. By Dr. Ing. R. Goldschmidt. Now Ready. 6s. 6d. nett.

Gore THE ART OF ELECTROLYTIC SEPARATION OF
METALS. By Dr. George Gore. Over 300 pages, 106 illustrations. Price IDS. 6d. post free.

Dr. Gore's work is of the utmost service in connection with all classes of electrolytic work con-
nected with the refining of metals. The book contains both the science and the art of the subject
(both the theoretical principles uoon which the art is based and the practical rules and details of tech-

nical application on a commercial scale), so that it is suitable for both students and manufacturers.

"THE ELECTRICIAN " PRINTING & PUBLISHING CO., LTD.,
i, 2 and 3, Salisbury Court, Fleet Street, London, E.C.
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Gore ELECTRO-CHEMISTRY. By Dr. G. Gore. Price 23. post free.
At the time when this book first appeared no separate treatise on Electro-Chemistry

existed in the English language, and Dr. Gore, whose books on electro-metallurgy, electro-

deposition and other important branches of electro-technical work are known throughout the

world, has collected together a mass of useful information, arranged in consecutive order, and
giving brief descriptions of the laws and general principles which underlie Electro-Chemistry.

Hawkins THE THEORY OF COMMUTATION. By C. C.
Hawkins, Al.A., M.I.E.E. Paper covers. 2s. 6d. nett.

Heaviside" ELECTRICAL PAPERS." In Two Volumes. By
Oliver Heaviside. Price 3 : 33. nett.

The first twelve articles of Vol. I. deal mainly with Telegraphy, and the next eight with the

Theory of the Propagation of Variations of Current along Wires. Then follows a series of

Papers relating to Electrical Theory in general.
The contents of Vol. II. include numerous Papers on Electro-Magnetic Induction and its

Propagation, on the Self-induction of Wires, on Resistance and Conductance Operators and
their Derivatives Inductance and Permittance, on Electro-Magnetic Waves, a general solution
of Maxwell's Electro-Magnetic Equations in a Homogeneous Isotropic Medium, Notes on Nomen-
clature, on the Theory of the Telephone, on Hysteresis, Lightning Conductors, &c.

These two Volumes are scarce and are not likely to be reprinted.

Heaviside ELECTROMAGNETIC THEORY. By Oliver Heavi-
side. Vol.1. Second issue. 466 pages. Price i2s.6d., post free 133. Vol. II. 568 pages.
Price i2S. 6d. post free; abroad 133.

Extractfront Preface to Vol. I. This work is something approaching a connected treatise
on electrical theory, though without the strict formality usually associated with a treatise. The
following are some of the leading points in this volume. The first chapter is introductory. The
second consists of an outline scheme of the fundamentals of electromagnetic theory from the

Faraday-Maxwell point of view, with some small modifications and extensions upon Maxwell's
equations. The third chapter is devoted to vector algebra and analysis, in the form used by me
in former papers. The fourth chapter is devoted to the theory of plane electromagnetic waves,
and, being mainly descriptive, may perhaps be read with profit by many who are unable to tackle
the mathematical theory comprehensively. I have included in the present volume the application
of the theory (in duplex form) to straight wires, and also an account of the effects of self-

induction and leakage.
Extract from Preface to Vol. II. From one point of view this volume consists essentially

of a detailed development of the mathematical theory of the propagation of plane electro-

magnetic waves in conducting dielectrics, according to Maxwell's theory, somewhat extended.
From another point of view, it is the development of the theory of the propagation of waves along
wires. But on account of the important applications, ranging from Atlantic telegraphy, through
ordinary telegraphy and telephony, to Hertzian waves along wires, the Author has usually
preferred to express results in terms of the concrete voltage and current, rather than the specific
electric and magnetic forces belonging to a single tube of flux of energy. . . . The theory of
the latest kind of so-callffd wireless telegraphy (Lodge, Marconi, &c.) has been somewhat
anticipated, since the waves sent up the vertical wire are hemispherical, with their equatorial
bases on the ground or sea, which they run along in expanding. (See ? 60, Vol. 1. ; also 5 393 in

this volume.) The author's old predictions relating to skin conduction, and to the possibilities of

long-distance telephony have been abundantly verified in advancing practice; and his old

predictions relating to the behaviour of approximately distortionless circuits have also received
fair support in the quantitative observation of Hertzian waves along wires.

Vol. III. is in preparation, and i* nearly ready.

Hickman THE PRACTICAL WIRELESS SLIDE RULE. By
Dr. H. R. B. Hickman. Now Ready. 2s. 6d. nett.

Jehl CARBON MAKING FOR ALL ELECTRICAL PUR-
POSES. By Francis Jehl. Fully illustrated. Price IDS. 6d. post free.

This work gives a concise account of the process of making High Grade and other
<Carbon for Electric Lighting, Electrolytic, and all other electrical purposes.

CONTENTS.

Chapter I. Physical Properties of Carbon.
]
Chapter IX.- -The Estimation of JHigh Tem-

,, II. Historical Notes. peratures.
III. Facts concerning Carbon. ,, X. Gas Analysis.
IV. The Modern Process of Manu-

facturing Carbons.
XI. On the Capital necessary for

starting Carbon Works. &c.
V. Hints to Carbon Manufacturers

j
,, XII. The Manufacture of Electrodes

and Electric Light Engineers. ' on a Small Scale.

,, VI. A " New" Raw Material. XIII. Building a Carbon Factory.
VII. Gas Generators. XIV. Soot or Lamp Black.
VIII. The Furnace. XV. Soot Factories.

Kennelly and Wilkinson PRACTICAL NOTES FOR ELEC-
TRICAL STUDENTS. Laws, Units and Simple Measuring Instruments. By A. E.

Kennelly and H. D. Wilkinson. 320 pages, 155 illustrations. Price 6s. 6d. post free.

Kershaw THE ELECTRIC FURNACE IN IRON AND STEEL
PRODUCTION. ByJohnB.C.Kershaw.F.I.C. Fullyillustrated. 8vo. Price 35. 6d. nett.

A collection of a series ofwell illustrated articles descriptive of tbe various electric furnaces
.and electrical processes for refining iron and steel.

ELECTRICIAN " PRINTING & PUBLISHING CO.,
i, 2 and 3, Salisbury Court, Fleet Street, London i.C.
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Lemstrom ELECTRICITY IN AGRICULTURE AND HORTI-
CULTURE. By Prof. S. Lemstrom. With illustrations. Price 33. 6d. nett.

Livingstone THE MECHANICAL DESIGN AND CONSTRUC-
TION OF GENERATORS. By R. Livingstone. In Preparation.

Livingstone THE MECHANICAL DESIGN AND CON-
STRUCTION OF COMMUTATORS. By R. Livingstone. Very fully illustrated.
Now Ready. Price 6s. nett.

This book is intended principally for draughtsmen and engineers engaged in the design of
electrical machinery, but it will also be found useful by students. . . . The two types dealt with

represent the most general present-day practice in commutator construction, and will serve to
show the piinciples involved in design.

Lodge WIRELESS TELEGRAPHY. SIGNALLING ACROSS
SPACE WITHOUT WIRES. By Sir Oliver J. Lodge, D.Sc., F.R.S. New and
Enlarged Edition. NowReady. Very fully illustrated. Price 53. nett, post free 55. 3d.

The new edition forms a complete Illustrated Treatise on Hertzian Wave Work. The Full
Notes of the interesting Lecture delivered by the Author before the Royal Institution, London, in

June, 1894. form the first chapter of the book. The second chapter is devoted to the Application
of Hertz Waves and Coherer Signalling to Telegraphy, while Chapter III. gives Details of other

Telegraphic Developments. In Chapter IV. a history of the Coherer Principle is given, including
Professor Hughes' Early Observations before Hertz or Branly, and the work of M. Branly.
Chapters are aUo devoted to " Communications with respect to Coherer Phenomena on a Large
Scale," the "Photo- Electric Researches of Drs. Elster and Geitel," and the Photo-Electric
Researches of Prof. Righi.

Maurice ELECTRIC BLASTING APPARATUS AND EXPLO-
SIVES, WITH SPECIAL REFERENCE TO COLLIERY PRACTICE. By Wm.
Maurice, M.Nat.Assoc.of Colliery Managers, M.I.Min.E., A.M.I. E.E. Price 8s. 6d. nett.

The aim of this book is to prove itself a useful work of reference to Mine Managers,
Engineers and others engaged in administrative occupations by affording concise information

concerning the most approved kinds of apparatus, the classification and properties of explosives,,
and the best known means of preventing accidents in th~ use ot them. The work gives not only
an explanation of the ronstiuction and safe application of blasting appliances, the properties of

explosives, and the difficulties and dangers incurred in daily work, but it also serves as an easy
introduction to the study of electricity without at least a rudimentary knowledge of which no
mining official can now be considered adequately trained. Particular attention has been devoted
to the problem of safe shot firing in coal mines, and an attempt has been made to present the
saost reliable information on the subject that experience and recent research have made possible.

Maurice THE SHOT-FIRER'S GUIDE : A Practical Manual on
Blasting and the Prevention of Blasting Accidents. By W. Maurice, M.I.M.E., A.I.E.E.
Now Ready. 35. 6d. nett.

This work covers the entire field of mining work in collieries, quarries, &c., where shot

wring is an essential part of the operations. The work has been specially prepared in the

popular Question and Answer setting as a Guide Book for the use of Colliery Managers, Mining'
Students, Underground Officials, Quarry Owners and all interested in the safe application of

Explosives. "The Shotfirer's Guide "contains references to the latest researches into the Coal
Dust question, including Dr. Henry Payne's Paper before the Coal Mining Institute of America,
Dr. Snell's Presidential Address to the British Medical Association, and the Experiments that
are being carried out by the Mining Association of Great Britain at Altofts. Such a book will
be indispensable alike to busy mine managers, whose reading time is limited, and to students
and workmen who realise the necessity for making themselves thoroughly anfait with one of the
most difficult of raining problems. .^collection of Examination Questions i elating to Shot-
firing is appended.

May MAY'S BELTING TABLE. Showing the Relations between
(i)The number of revolutions and diameter of pulleys and velocity of belts

; (2) The horse-

power, velocity and square section of belts ; (3) The thickness and width of belts ; (4) The
square section of belts at different strains per square inch. For office use, printed on
cardboard, with metal edges and suspender, price 25.; post free 2s 2d. For the pocket,
mounted on linen, in strong case, 2S 6d., post free 2S. 8d.

Phillips THE BIBLIOGRAPHY OF X-RAY LITERATURE
AND RESEARCH. Being a carefully and accurately compiled Ready Reference Index
to the Literature on Rontgen or X-Rays. Edited by C. E. S. Phillips. With an Historical

Retrospect and a Chapter,
"
Practical'Hints," on X-Ray work by the Editor. Price 55.

Pritchard THE MANUFACTURE OF ELECTRIC LIGHT
CARBONS. By O. G. Pritchard. A Practical Guide to the Establishment of a Carbon
Manufactory. Fully illustrated. Price is. 6d., post free is. gd.

The object of Mr. Pritchard in preparing this work for publication was to enable British

manufacturers to compete with those of France, Austria, Germany and Bohemia in the pro-
duction of electric arc carbon candles. The book is fully illustrated and gives technical details

for the establishment and working of a complete carbon factory.

" THE ELECTRICIAN " PRINTING & PUBLISHING CO., LTD.
T 2 and /

J. Sfl.li;1-nrv f'rmrr. l^lp.fit, Strpef. Lonflon K-C.
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Raphael THE LOCALISATION OF FAULTS IN ELECTRIC
LIGHT MAINS. By F. Charles Raphael. New Edition. Price 7 s. 6d. nett.

Although the localisation of faults in telegraph cables has been dealt with fully in several
hand-books and pocket-books, the treatment of faulty electric light and power cables has never
been discussed in an equally comprehensive manner. The conditions of the problems are,
however, very different in the two cases

;
faults in telegraph cables are seldom localised before

their resistance has become low compared with the resistance ot the cable itself, while in electric

light work the contrary almost always obtains. This fact alone entirely changes the method of
treatment required in the latter case, and it has been the Author's endeavour, by dealing with the
matter systematically, and as a separate subject, to adequately fill a gap which has hitherto
existed in technical literature.

Raphael
" THE ELECTRICIAN" WIREMAN'S, LINESMAN'S

AND MAINS SUPERINTENDENT'S POCKET- HOOK. A Manual for the Mains
Superintendent, the Wiring Contractor and the Wireman. Edited by F. Charles
Raphael. New Edition. Price 53. nett, post free 53. jd.

EDITOR'S NOTE. When the preparation of this Pocket-Book was commenced, the original
intention of its Editor was to collect in a handy and useful foim such Tables, Instructions
and Memoranda as would be useful to the Electric Light Wireman in his work. This has
been carried out in Section A of the Pocket-Book. During the past few years, however,
many inquiries have been received for a good book dealing with the laying of underground
mains, and with matters connected with insulated conductors generally. It was decided, there-

fore, to extend greatly the area covered by the book, and to treat the whole subject of erecting
and laying electrical and conducting systems in such a manner that the tables, diagrams and
letterpress might be useful to engineers in charge of such work, as well as to the wireman,
jointer, and foreman. In fact, the section ,,-n Underground Work has been compiled largely
with a view to meeting the requirements ot Mains Superintendents, Central Station Engineers,
and those occupied in designing networks.

In addition to the tables, instructions and other detailed information as to cables, ducts,
iunction boxes, &c., contained in the section on Underground Mains, it has been deemed advisable
to add a chapter briefly describing the various systems employed for public distributing networks.
In this, essential practical information is alone given; two and three-phase systems are dealt

with, as well as continuous current and single phase, and the method of calculating the size of
the conductors and the fall of pressure from the number ot lamps or horse-power of motors is

made clear without the elaboration of clock-face diagrams or algebraical exercises.

Diagrams for the connections of telephones are given in Section D, including those for
subscribers' instruments on the British Post Office exchange system in London.

Sayers BRAKES FOR TRAMWAY CARS. By Henry M. Sayers,
M.I.E.E. Illustrated. 35. 6d. nett,

A series of valuable articles on the general principles which should determine the design
and choice of brakes for tramcars. Owing to the author's extensive experience in the construction
and working ot tramways. This work should prove invaluable to engineers and managers of

tramway networks and all who are interested in tramway management.

Shaw A FIRST-YEAR COURSE OK PRACTICAL MAGNET-
ISM AND ELECTRICITY. By P. E. Shaw, B.A., D.Sc., Senior Lecturer and Demon-
strator in Physics at University College, Nottingham. Price 2s. 6d. nett ;

25. gd. post free.

The many small books on Elementary Practical Physics, which are suitable for schools or
for university intermediate students, all assume in the student a knowledge of at least the rudi-

ments of algebra, geometry, trigonometry and mechanics. There is, however, a large and grow-
ing class of technical students who have not even this primitive mathematical training, and who
cannot, or will not, acquire it as a foundation for physical science. Their training as boys in a
primary school has not been supplemented or maintained until, as skilled or unskilled artisans,

they find they require some knowledge of electricity in their daily work. They enter the labora-

tory and ask for an introduction to such fundamentals of the subject as most affect the arts a^nd

crafts. On the one hand, mere qualitative experiments are of little use to these (or any other)
students; on the other hand, mathematical expressions are stumbling blocks to them. In

attempting to avoid both these evils. I have sought to make the experimental work as quantitative
as possible, yet to avoid mathematics. As novelties in such a work as this the ammeter and volt-

meter are freely introduced, also some simple applications of the subject e.g., the telephone,
telegraph, &c. There are three introductory exercises, six exercises on magnetism, twenty on

electricity and six on the applications. Nothing is done on statical electricity or alternating
currents, for the reason that in a simole course like this they are considered relatively unimportant
as well as difficult. Exitactfrom Preface.

Soddy RADIO-ACTIVITY : An Elementary Treatise from the
Standpoint of the Disintegration Theory. By Freak. Soddy, M.A. Fully Illustrated, and
with a full Table of Contents and extended Index. 6s. 6d. nett.

Extractfrom Author's Preface. In this book the Author has attempted to give a con-
nected account of the remarkable series of investigations which have followed M. Becquerel's
discovery in 1896 of a new property of the element Uranium. The discovery of this new pro-

perty of self-radiance, or "radio-activity," has proved to be the beginning ot a new science, in

the development of which physics and chemistry have played equal parts, but which, in the

course of only eight years, has achieved an independent position. . . . Radio-activity has

passed from the position of a descriptive to that of a philosophical science, and in its main

generalisations must exert a profound influence on almost every other branch of knowledge.
It has been recognised that there is a vast and hitherto almost unsuspected store of energy bound
in, and in some way associated with, the unit of elementary matter represented by the atom of

Dalton. . . . Since the relations between energy and matter constitute the ultimate ground-
work of every philosophical science, the influence of these generalisations on allied branches of

knowledge is a matter of extreme interest at the present time. It would seem that they must
effect sooner or later important changes in astronomy and cosmology, which have been long
awaited by the biologist and geologist.

The object of the book has been to give to Students and those interested in all departments
of science a connected account of the main arguments and chief experimental data by which the

results so far attained have been achieved.

"THE ELECTRICIAN" PRINTING & PUBLISHING CO., LTD.,
r. 2 and ^. Salisbury Court. Fleet Street, London, E.G.
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Telephony BRITISH POST OFFICE TELEPHONE SERVICE.
An illustrated description of the Exchanges ot the Post Office Trunk and Metropolitan
Telephone Services, giving- much interesting information concerning these Exchanges.
Now ready, 8vo, very fully illustrated. Price 35. 6d. nett.

In this work an illustrated description is given of the Trunk, Central and other Exchanges
ol the British Post Office Telephone Service in the London Metropolitan area. The descriptions
of the various exchanges are complete, and the illustrations show the disposition ot the olant and
the types of all the apparatus used. In view of the early acquisition by the Post Office of the

undertaking of the National Telephone Company this work is of considerable interest.

Thompson THE ELECTRIC PRODUCTION OF NITRATES
FROM THE ATMOSPHERE. By Prof. S. P. Thompson, D.Sc., F.R.S. Ready shortly.

Wade SECONDARY BATTERIES : THEIR MANUFACTURE
AND USE. By E. J. Wade. Nowready. seepages. 265 Illustrations. Price los. 6d. nett.

In this work the Author deals briefly with the Theory and very fully with the Chemistry,
Design, Construction and Manufacture of Secondary Batteries or Accumulators. Prospectuses,
post free, on application.

The scope of Mr. Wade's important work covers the whole class of apparatus embraced in

the theory, construction and use ot the secondary battery. The major portion of the book treats

the accumulator purely from the point of view of an appliance which fulfils an important and
definite purpose in electrical engineering practice, and whose manufacture, use and properties
must be understood just as fully as those ot a generator or a transformer. The concluding
chapter (X.) gives a complete description of all modern electrical accumulators. The book
contains 265 illustrations and a very copious index.

Weymouth DRUM ARMATURES AND COMMUTATORS
(THEORY AND PRACTICE). By F. M. Weymouth. Fully Illustrated. Price 7s.6d.

post free.

Wilkinson SUBMARINE CABLE-LAYING AND REPAIRING.
By H. D. Wilkinson, M.I.E.E., &c. Over 400 pages and 200 specially drawn illustrations.

New Edition now ready. Price 155. nett.

This work describes the procedure on board ship when removing a fault or break in a

submerged cable and the mechanical gear used in different vessels for this purpose ;
and considers

the best and most recent practice as regards the electrical tests in use for the detection and
localisation of faults, and the various difficulties that occur to the beginner. It gives a detailed
technical summary of modern practice in Manufacturing, Laying, Testing and Repairing a Sub-
marine Telegraph Cable. The testing section and details of 'boardship practice have been prepared
with the object and hope of helping men in the cable services who are looking further into these
branches.

Young ELECTRICAL TESTING FOR TELEGRAPH ENGI-
NEERS. By ].

Elton Young. Very fully illustrated. Price ios.6d., post free us.
This book embodies up-to-date theory and practice in all that concerns everyday work ot

the Telegraph Engineer.
CONTENTS.

Chapter VII. Measurement of Inductive Capa-
city.

,, VIII. Localisation ot Disconnections.

,, IX. Localisation of Earth and Con-
tacts.

,, X Corrections of Localisation Tests.

,, XI. Submarine Cable Testing durin
Manufacture. Laying
Working.

inng
and

XII. Submarine Cable Testing during
Localisation and Repairs.

Chapter I. Remarks on Testing Apparatus,
,, II. Measurements of Current, Poten-

tial, and Battery Resis-
tance.

III. Natural and Fault Current.
IV. Measurement of Conductor Re-

sistance.

,, V. Measurement of Insulation Re-
sistance.

,, VI. Corrections for Conduction and
Insulation Tests.

In the Appendices numerous tables and curves of interest to Telegraph Engineers are given.

THE INTERNATIONAL TELEGRAPH CONVENTION AND
SERVICE REGULATIONS. (Lisbon Revision, 1908). The complete Official French
Text with English Translation in parallel columns, by C. E. J. Twisaday (India Cffice,

London), Geo. R. Neilson (Eastern Telegraph Co., London), and officially revised by
permission of H.B.M. Postmaster-General. Cloth (foolscap folio), 6s. nett ; (demy tolio),
8s. 6d. nett, or foolscap, interleaved ruled paper, 8s. 6d. nett. Postage 6d. ; abroad, gd.

WIRELESS TELEGRAPH CONFERENCE, BERLIN, 1903,
Ful ! Report of the Proceedings at the Conference. Translated into English by
G. R. Neilson. Officially accepted by the Post Office Authorities. Bound Cloth, 8s. 6d.,
post free 8s. qd., abroad QS.

INTERNATIONAL RADIO-TELEGRAPHIC CONFERENCE,
BERLIN, October-November, 1906, with the International Radio-Telegraphic Conven-
tion, Additional Undertaking, Final Protocol and Service Regulations in French and
English. Officiallv accepted Translation into English of the complete Proceedings at
this Conference. This translation, which has been made by Mr. G. R. Neilson, is pub-
lished under the authority of H.H.M. Postmaster-General, and is accepted as official by
the British Government Departments concerned. Strongly bound in cloth, 2is. nett;

leather, 253. nett. Postage per copy : U.K.. 6d. ; abroad is. 6d.

"THE ELECTRICIAN " PRINTING & PUBLISHING CO., LTD.,
i 2 and 3, Salisbury Court, Fleet Street, London, E,C.



"THE ELECTRICIAN" PRIMERS
By Various Author. [COPYRI BHT.J

Edited by Mr. W. R. COOPER, M.A., B.Sc., M.I.E.E.

There are, in all, over FO PRIMERS in this Collection. The complete set comprises over 1,000 pages
ind (approximately) 550 illustrations, the greater portion specially drawn and made for these vol-

imes, and consequently Copyright. Following is a list of the subjects dealt with :

Vol. I. THEORY (25

Primeis.) Price 3s. 6ct. nett.

(For price of Single Copies
see below.)

Effects of an Electric Current ( )

Conductors and Insulators
Ohm's Law
Electrical Units..
Curves and their Uses
Primary Batteries

Arrangement of Batteries

Klectrolysis
Secondary Batteries . .

Alternating Currents ..

Lines of Force
Magnetism and the Magneti

Properties of Iron . .

Galvanometers
Electrical Measuring Instru
ments

Electrical Measurement
Electricity Meters .Direct Cu

rent)
i. Ditto (Alternating Current
The Induction Coil . .

Condensers
Influence Machines . .

Rpntgen Rays & Radiograph
Lightning Protectors ..

Thermopiles
Arithmetic of Electricity
Constants and Tables . .

In addition to over Eighty
rimers comprised in the three
lum.es

, all upon carefully
lected subjects of both scien-
Ic and industrial interest,
,ch volume contains an ample
lossary of Electro-
echnlcal Words,
errns and Phrases,
aid the Student, Artisan and
sneral Reader in his compre-
nsiou of the sub'ects dealt
th. Each individual Primer
followed by a List of Suitable
>oks, &c., to be consulted
lere the study of any par-
ular subject is desired to be
tended.

Vol.11. Price 6s. nett.

Single Copies see below.)

ELECTRIC TRACTION,
ELECTRIC LIGHTING and

ELECTRIC POWER
(37 Primers.)

25. Dynamos and Direct Current Motors
26. Alternators and Alternate - Current

Motors
27. Transformers and Converters.
28. Testing Electrical Machinery

(For Price of Vol. III. Price 4s. 6d. nett. (For price

of single Copies see below.)

TELEGRAPHY,
TELEPHONY,
ELECTROLYSIS and
MISCELLANEOUS
APPLICATIONS OF
ELECTRICITY.

(25 Primers.)

29. Management of Dynamos and Elec
trie Machinery . .

30. Electric Wires and Cables
31. Underground Mains
H2. Switchboards
33. Switchboard Devices
34. Systems of Elec. Distribution
35. Electric Transmission of Power
36. Tramway Traction by TBOLLJtY
37. Tramway Traction by CONDUIT
88. Tramway Traction by SUKFACH CON

TACT
39. Tramway Traction by ACCUMULA

TOBS
40. Electric, Kailways Surburban Line
41. Electric Automobiles
42. Electric Ignition
43. Incandescent Lamps
44. Arc Lamps
45. Street 1 iehting
46. H<ouse Wiring for Electric Light .

47. Electric Driving in Factories an
Electric Cranes

48. Electric Lifts
49. Steam Engines
50. Steam Boilers
51. The Equipment of Electricity Gene

rating Stations . .

2. Gas and Oil Engines
53. Producer Plant'
54. Comparative Advantages of Steam

and Producer Gas for Power
Production

55. Designing and Estimating for Small
Installations

Telegraphy:
56. Elements of Land, Submarine and

Wireless
57 Duplex
58. Double-Current Working
59. Diplex and Qitadrupiex
60. Multiplex"

Automatic Telegraph ApparHtits
(Wheatstone Transmitter, >nt<i.

Curb Transmission, Auto. Traim-
mission for Submarine Cables) . .

62. Cable Stations: Ge .era! Working and
Electrical Adjustments

63. Laying, Jointing and Repair of Sub-
marine Cables

64. Testing -Submarine Cables
65. Testing Land i.ines

66. Aetfnl Telegraph Line
and .> omting

67. Wireless Telegraphy

Telephony:
tie. The Telephone
(59. Telephone Sets
7u. Telephone Exchanges
71. Telephone Lines
72. Electric Bell Fitting and Internal

Telephone Wiring

Miscellaneous :

73. Electric Feating & Cooking
74. Electric Welding

Constr

._... 75. Electric Purn ces
76. Electro-Deposition
77. Industrial Electrolysis ..

( ) . 78. Photo Engraving . .

79. Electric (;locks

(-)!&'. Block Signalling on ttail'ways'.'.

(The figures in parentheses indicate the number of Illustrations.)

(11)

(1H)

U)
<U)

12)

WJ
(14)

(7)

rice 3d. each, post free. Six copies of any one Primer post free for Is. 2d., 12 copies 2s., 25 copie* 4s
copies 7s. 6d., 100 copies 14s. Or 5u copies of the Primers assorted (not less than 6 of L% oT.V

rimer) for 9s.; or 100 copies of the Primers assorted (not less than 12 of any Primer) for 16s. 6d.
Larger numbers by arrangement.

"THE ELECTRICIAN" PRIMERS are Published

n ONE YOLDME, cloth, price 10s M*Batt(*$*) (
.i. p^e 3.. pe . 6a. .*

or 1 Vol. II. ditto 6s. Od. nett

D THREE YOLDMES, price! 2s. 6d. nett, complete 1 .m. ditto *. ed . net t

Postage 9d. extra. \ (If sent by post, 3d. extra per volume.)
And in separate form as above described.

THE GLOSSARY can be obtained separately, price Gd., post free.

Of Oil Booksellers and Agents at Home and Abroad, or direct from

THE ELECTRICIAN "
PRINTING & PUBLISHING COMPANY, Ltd

1, 2 and 3, SALISBURY COURT, FLEET STREET, LONDOX, ENGLAND,



Woods ^THER : A Theory of the Nature of ^ther and of its

Place in the Universe. By Hugh Woods, M.D., M.A.O., B.Ch., B.A. 8vo. Bound
strong cloth. Price 43. 6d. nett, post free 45. gd.

TRAMWAY TRACTIVE EFFORT AND POWER DIAGRAM,
By Arnold G. Hansard, B.A. Price 2s.6d., post free in tube 35. ; mounted on linen, 53.,

post free.

ELECTRICITY IN MINES. Under the new Rules and Regula-
tions concerning the Use of Electricity in Mining Operations, it is compulsory that

directions for the effective Treatment of Cases of Apparent Death from Electric Shock be

conspicuously placed in certain prescribed positions in the Alines.

A set of these DIRECTIONS, with illustrations showing the method of application,,

accompanied by PRECAUTIONS to be adopted to prevent danger from the electric current,
and INSTRUCTIONS for dealing with BROKEN ELECTRIC WIRES, is now ready.
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1ABLE I. Electricity Supply Undertakings of the United Kingdom, with no Tram-
way Load, containing particulars ot the System employed, Voltage, Frequency, Connec-
tions, Number of Consumers, &c., and complete Technical Information as to the

Equipment of each Station. Price as., post free 2s ad.

TABLES la and II. Towns taking Electricity Supply "In Bulk," giving full particulars
in eac h case ; and Electricity Works Supplying both Lighting and Tramways,
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2s., post free as. ad.

TABLES VII. and VIII. Colonial and Foreign Electricity Supply Works, giving technical

particulars of the Generating Plant, System of Distribution, Periodicities, Voltages.
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MACHINERY. By H. M. Hobart and A. G. Ellis. 255. 6d. netf.
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