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ADVERTISEMENT. 

THIS work was published in 1818, but a 

part of the edition having remained unsold, 

and the •recent occıırrence of some severe 

accidents from explosions in coal mines, and 

houses lighted by gas, and ihe loss of ships 

by fire, having shewn, that the precautions 

which it was intended to describe, either are 

not known or are not attended to, I have 

thought it might assist the . cause of hu-

rnanity, to advertise the book a second time. 

1 have added to it a few additional para-

graphs, which contain some new facts and 

some practical results, connected with tlıe use 

of the Safety Lamp ; most of the last occurred 



iv. 

to me during journeys that I have made, 

for tlıe purpCse of introduçping this inven-

tion into the principal mines of 'Europe, in 

which inflammable air is found. 

Park Street, 

March, 20, 1825. 



PREFACE. 

ıiiii~1110~ 

I HAvx thought it right to collect and to 
publish in a connected form an aman.* of 
alt the researctıes that I have made on the 
subject of explosions from inflarnınable air, 
and the modes in which they may be pre» 
vented, as well a,s the collateral investiga. 
tions to which they have giyen rise, with the 
hope of presenting a permanent record on 
this important subject to the practical miner, 
and of enabling the friends of humanity to 
estimate and apply those resources of science, 
by which a great and permanently existing 
evi! may subdued. 



In connecting general views on the sub-
ject with extracts from papers published in 
the Transactions of the Royal Society, I 
fear I shall sometimes be accused of repeti-
tions; but in a case where human life is 
concerned, and by which human happiness 
may be deeply affected, I shall not dread 
the accusation of dwelling too Tong upon, 
or treating too often of, precautionary mea-
sures, 

The names of three persons will be found 
mentioned in these pages as having assisted 
in the investigations. The public owe much 
to the Rev. John Hodgson and to Mr. 
Buddle for having been the first persons to 
make experiments upon the Safety Lamp in 
explosive atmospheres in the mine, and for 
elucidating its practical application and ren-
dering it familiar to the miner ; and I am 
myself indebted to Mr. Miehael Faraday for 
much able assistance in the prosecution of 

my experiments, 
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I have giyen the extracts from my papers 
.zearly in the order in which they were 
published ; which will, I hope, both render 
the facts more intelligible, and shew the 
gradual progress of the enquiry : in which 
every step was furnished by experiment ör 
induction, in which nothing can be said to 
be owing to accident, and in which the 
most simple and useful combination arose 
out of the most complicated circum-
stances. 

The result of these labours will, I trust, 
be useful to the cause of science, by prov-
ing that even the most apparently abstract 
philosophical truths may be connected with 
applications to the common wants and pur-
poses of life. 

The gratifidation of the love of knowledge 
is delightful to every refined mind ; but a 
much higher motive is ofl'ered for indulging 
iri it, when that knowledge is felt to be 
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practical power, and when that poWer 
may be applied to lessen the miseri6 or 
increase the comforts of our fellow crea-
tures. • 

"Andan, May 14,1818. 
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THE SAFETY LAMP ; 

WITH 

RESEARCHES ON PLAME. 

I General Vietvs of the Progress of the 
Researches on the Safety Lamp, and of the 
Principles on which üs Security depends. 

THE use of pit coal in Britain is connected 
not only with the necessities, comforts, and 
enjoyments of life; but also with the ex-
tension of our moet important wts, olJr ma-
aufactures, commerce, wad national riches. 

Essential in affording warmth and pre-
paring food, it yields a sort of artificial 
sunshine, and in some measure compen-
sates for the clisadvantages of our . climate. 
—By means of it, rnetallurgical processes 
are carried on, and the most important ma-
terials of eivilized life furnished, the agri-
culturist is supplied with an useful manure, 
and the architect with a necessary cement. 
Not only manufaptories and private houşes, 
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but even whole streets are lighted by its 
application—and in furnishing the element 
of activity in the steam engine, it has giyen 
a wonderful impulse to mechanical and che-
mical ingenuity, diminished to a great ex- 
tent human labour, and increased in a high 
degree the strength and wealth of the 
country. 

Every thing connected with the perma-
nent supply 'of such a material, is worthy 
of scientific consideration ; and to remove 
obstacles, difficulties, or dangers connected 
with its production, is not unimportant to 
the state. 

Since the earliest period of the applica-
tion of mineral coal* to the purposes of 
fuel, the explosions in coal mines from in-
flammable airt or fire damp, have been re-
garded as the greatest evil occurring in the 
working of the mines. The strata of coal 
lie usually parallel or nearly parallel to the 
surface, at certain depths beneath it, and 

* Coal was certainly worked in the neighbourhood 
of Newcastlewin 1245. See Brande's History of New-
castle, Vol. II. p. 253. 

t Called Grisoux in Flanders, and Feu Brissoa 
in the southern departatents of France. 
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this coal, when the pressure of the super-
incumbent material is removed, affords in-
flammable air; which is disengaged not 
only in the common operations of mining, 
when the coal is broken and removed, but 
is likewise permanently evolved, often in 
enormous quantities,* from fissures in the 
strata. 

When it has accumulated in any part of 
the gallery or chamber of a mine, so as to 
be mixed in certain proportions with com-
mon air, the presence of a lighted candle 
or lamp causes it to explode, and to destroy, 
injure, or burn whatever is exposed to its 
violence. 

To give detailed accounts of the tremen-
dous accidents, owing to this cause, would 
be mereiy to rnultiply pictures of death and 
of human misery.—The phenomena are al-
ways of the same kind.—The miners are 
either immediately destroyed by the explo-
sion, and thrown with the horses and ma-
chinery through the shaft into the air, the 
mine becoming as it were arı  enormous 

* This phenomenon is called, in the language of the 
!Vardı  country !ninen, a blower. 

l3 2 
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-piece of artillery, from which they are pro-
jected ; or they are gradually suffocated, 
and undergo a more painful deat ı  from the 
carbonic acid and azote remaining in the 
mine after the infiammation of the fire 
damp ; 	what, though it appears the 
mildest, is perhaps the most severe fate, 
they are burnt or maimed, and often ren-
dered incapable of labour and of healthy 
enjoyment for life. 
- The fire damp is found in the greatest 
quantity, and is most dangerous, in the 
deepeit rhines ; but it likewise often occurs 
in superficial excavations, and I have now 
a letter, of the date of June 8; 1816, in 
-my possession, in which it is stated, that 
ik the very commencement af working "a 
coal 'mihe in Shropshire, several miners 
were killed, and others severely burnt. 

Modes of preVentilıg accidents from fire-
.damp have been ardently sought for by all 
petsons connected with coal mines, and it 
has -even occupied the attention of an <M-
lightened governraent.—In cOnsequenee of 
some explosions which preveMed the miners 
from working the coal mines st .Briançon, 
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in Daupbiny,* the Duke de Choiseul, at that 
time Prime Minister of France, recom-
mended the subject to the consideration of 
the Acadereş  of .Soiences, and a committee 
was appointed, who iade it,  for some time 
the object of their attention; . but .the plan 
that they proposed for avoiding the dangeri 
was a cornmon n3ode of ventilation.. 

Thisi evil of the fire damp, though be-
longing to all coal' miaes, has been most se-
verely experienced in those of Hainault, in 
Flanders, and the infinitely more impor-
tant mines in the neighbourhood of White-
haven and Newcastle, in this country. 

The ,number of dreadful accidents, in- 
deed, which 'had happened within the Jest 
three or four years in the last ınentioned 
districts, • particulariy that. by which ninety-
âx persons were destroyed in the Felling 
colliery, had so strongly impressed the minds 
of a number of benevolent persons belong-
ing to or connected with the coal districts, 
that it was said to be in their contempla-
tion to bring the subject before Parlian?ent, 
that by making it a national question, it 

* Histoire, de rAcadernie Royale, 1708, p. 
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rnight obtain that consideration which its 
importance demanded. 

When I fırst turned my attention parti-
cularly to the subject, which was in Au-
gust, 1815, in consequence of a letter from 
the Rev. Dr. Gray, there appeared very 
little hope of finding an efficacious remedy. 
The resources of modern chemical science 
had been fully applied in • ventilation, in 
the improved plans of Mr. Buddle ; the 
comparative lightness of the fire damp-was 
well understood, every precaution was taken 
to preserve the communications open ; .and 
the currents of air were promoted or occa-
sioned, not only by furnaces, but likewise 
by air pumps and steam apparatus. 

Sir James Lowther had ,observed early 
in the last century that the fire damp in 
its usual form was not inflammable by 
sparks from flint and steel ; and a person 
in his employment had invented a mill for 
giving light by the collision of flint and 
steel,* and this was the only instrument 
except common candles employed in the 

* Said to be Mr. Spedding, in Hutehinson's History 
of Cumberland. Article, Whitehaven. 
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dangerous parts of the British collieries. 
Yet instances of explosion have been known 
from the steel mili, and it required manual 
labour for its use. In Flanders amadou or 
fungus tinder had been occasionally em-
ployed in dangerous parts of the mine, but 
the light yielded by this substance was ınuch 
too feeble to be used for working the mines, 
and only enabled the miners to find their 
way for particular occasions. 

M. de Humboldt, the justly celebrated 
philosophical traveller, in 1796 conceived 
and executed the plan of a lamp* for giv-
ing light in mines where a common candle 
would not burn or produce explosion; but 
it was founded on the principle of entire insu-
lation from the air, and could burn only for a 
short time till the air contained within it was 
exhausted. A lamp upon a plan similar as 
to insulation, was contrived .by Dr. Clanny, 
in 1813, but he supplied his light with air 
from the mine through water by bellows, 
and it went out in explosive atmospheres, 
and to be employed required to be worked 
by hand, or by machinery; and neither 

* Journal des Mines. Tong VIII. p. 839. 
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M. de Humboldt's lamps, or Dr. Clanny's, 
had, for obvious reasons I believe, evet been 
used in coal ıtiining. 
. The great object, one rather to be ar-

dently desired than oonfidently expected, 
was to find a light, which at the sattı' e time 
that it enabled the miner to work with se-
curity in explosive atmospheres, should like-
wise consume the fire damp. Having learnt 
from Mr. Buddle the degree of light re-
quired for the common bperations of the 
workmen, I made several experiments with 
the hope of obtaining such a light without 
active infiamrnation. I tried Kunckel's, 
Canton's, and Baldwin's phosphorus, and 
likewise the electrical light in close vessels, 
but without success. 	had a lamp made 
with two valves, which dosed in atmo-
spheres contaminated with fire damp, by 
the increased heat of the fiarne produced 
by the combustion of the gas, but this lamp 
,could not be used in an explosive atmo-
sphere. 

It will be unnecessary to dwell upon pre-
liminary and unsuccessful attempts, and I 
shall proceed to describe the origin and 
progress of those investigations which led 
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nie to the discovery of the principles by 
which explosion and flame may be arrested 
and regulated ; and by means of which, the 
miner is not only able to subdue and con-
troul, but likewise to render useful his most 
dangerous eneıny. 

I first began with a minute chemical ex-
amination of the substance with which 
had to contend.—The analysis of various 
specimens of fire damp shewed me that the 
pure inflammable part of it was light car-
buretted hydrogen, as Dr. Henry had before 
stated, hydrogeıı  or pure infiammable air 
combined with charcoal or carbon. 

I made numerous experiments on the cir-
cumstances under which it explodes, and the 
degree of its 	 found that 
it required to be mixed with - very large 
quantities of atmospheric air to produce 
plosion, even when mixed with three or 
neariy four times its buik of air, it burnt 
quietly in the atmosphere, and extinguished 
a taper. When mixed with between five and 
six times its volume ofair it exploded feebly : 
it exploded with most energy when mixed 
with seven or eight times its volume of air, 
and mixtures of fire damp and air retained 
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their explosive power when the proportions 
were one of gas to fourteen of air. When 
the air was in larger quantity the flame of 
a taper was mereiy enlarged in the mixture, 
an effect which was stili perceived in thirty 
parts of air to one of gas. 

I found the fire damp much less com-
bustible than other inflammable gases. It 
was not exploded or fired by red hot char-
coal or red hot iron; it required iron to be 
white hot, and itself in brilliant combustion, 
for its inflammation. The heat produced 
by it in combustion was likewise much less 
than that of most other inflammable gases, 
and hence, in its explosion, there was much 
less comparative expansion. 

On mixing 1 part of carbonic acid or fixed 
air with 7 parts of an explosive mixture of 
fire damp, or 1 part of azote with 6 parts, 
their powers of exploding were destroyed. 

In exploding a mixture in a glass tube of 
one-fourth of an inch in diameter and a foot 
long, more than a second was required 
before the flame reached from one end to 
the other : and I found that in tubes of one-
seventh of an inch in diameter, explosive 
mixtures could not be fired when they were 
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opened in the atmosphere ; and that me-
tallic tubes prevented explosion better than 
glass tubes. 

In reasoning upon these various phe- 
nomena it occurred to me, as a considerable 
beat was required for the inflammation of 
the fıre damp, and as it produced in burn- 
ing comparatively a small degree of heat,. 
that the effect of carbonic acid and azote, 
and of the surfaces of small tubes in pre- 
venting its explosion, depended upon their 
cooling powers ; upon their lowering the 
temperature of the exploding mixture so 
much that it was no longer suffıcient for its 
continuous inflammation. 

This idea, which was confirmed by va\-
rious obvious considerations, led to an im-
mediate•result—the possibility of construct-
ing a lamp, in which the cooling powers of 
ti4e azote or carbonic acid, formed by com-
bustion or the cooling powers of the aper- 
tures, through which the air entered or 
made its exit, should prevent the communi-
cation of explosion. 

I first tried the effects of lamps in which 
there was a very limited circulâtion of air ; 
and I found that when a taper in a close 
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lantern was supplied with air so as to bum 
feebly from very smail apertures below the 
flame ; and at a considerable distance from 
it, it becanie extinguished in explosive mix-
tures ; but I ascertained that precautions 
which it would be dangerous to trust to 
workmen were required to make this form 
of a lamp safe, and that at best it could give 
only a feeble light ; and I immediately 
adopted systems of tubes above and below, 
of that diameter in which I had ascertained 
that explosions would not take place. 

In trying my first tube lamp in an ex- 
plosive mixture I found that it was safe ; but 
unless the tubes were very short and riu-
meroui, the flatrıe could not be ~II sup-
ported ; and in trying tubes of the diameter 
of one-seventh or one-eighth of an .inCh I 
determined that they were safe only to 

quantities of explosive mixture, and 
when of a giyen length ; and that tuhes 

' even of a much. smaller diameter communi, 
cated explosion from a close yemek Hence 
I took a new method of ascertaining the 
safety of my apertures, and of trying dif-
ferent forms of apertures. 

I had â vessel furnished with wires by 



13 

which the electrical spark could be taken 
in an explosive mixture, and which was 
larger in ' capacity than a safe lamp or 
lantern .  was required to be, 	placed my 
flarne sieves, i. e. my systems of apertures, 
between this jar and .a bladder containing 
likewise an explosive mixture, and I judged 
the apertures to be safe only when they 
stopped explosion acting upon theın in this 
concentrated way. 

In this mode of . experimenting I soon 
discovered that a feiv apertures even of very 
small diameter were not safe unless their 
sides were very deep; that a single tube of 
one-twenty-eighth of an inch in diameter 
and two indies , long suffered the explosion 
to pass through it ;. and that a great number 
of small tubes, or of aPertures,•stopped ex-
plosion evin when the depths of their sides 
was onay equal to their diatneters—rand at 
.last.I arrived at the conchasiorı  -that.'a me-
tallic tissue, ho*ever thin 'and'fine, of whioh 
the, upertures filled more space than the 
cooling surface, Sous to be penneable to air 
and light, <iffered 'a perfect barrier to ex-
plosithn, from the foroe being divided .bew 
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tween, and the heat communic.ated to, art 
immense number of surfaces. 

My first safety lamps constructed on 
-these principles, gaye light in explosive mix-
tures containing a great excess of air, but 
became extinguished in explosive mixtures 
in which the fire damp was in sufficient 
quantity to absorb the whole of the oxygen 
of the air, so that such mixtures never burnt 
contirı uously at the air feeders, which in 
lamps of this construction was important, as 
the increase of heat, where there was only a 
small cooling surface, would have altered the 
conditions of security. 

I made several attempts to construct 
safety lamps which should give light in all 
explosive mixtures of fire damp, and after 
complicated combinations I at length ar-
rived at one evidently the most simple, that 
of surrounding the light entirely by wire 
gauze, and making the same tissue feed the 
fiame with air and emit light. 

In plunging a light surrounded by a 
cylinder of fine wire gauze into an explosive 
mixture I saw the whole cylinder become 
quietly and gmdually filled with flarne, the 
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upper part of it soon appeared red hot ; yet 
no explosion was produced. 

It was easy at once to see that by increas-
ing the cooling surface in the top, or in any 
other part of the lamp, the heat acquired by 
it might be diminished to any extent ; and 
I immediately made a number of experi-
ments to perfect this invention which was 
evidently the one to be adopted, as it ex-
cluded the necessity of using glass or any 
fiısible or brittle substance in the lamp, and 
not only,deprived the fire damp of its ex-
plosive powers,.but rendered it an useful 

,light. 
Though .all the specimens of fire damp 

which I had examined consisted of carbu-
retted hydrogen mixed with different small 
proportions• of carboni9 acid and common 
air, yet some phenomena that I observed in 
the combustion of a blower, induced me to 
believe that small quantities of olefiant gas 
may be sometimes evolved in coal mines 
with the carburetted hydrogen.—I therefore 

• resolved to make all lamps safe to the test 
of the gas produced by the distillation of 
coal, which when it has not beeri exposed 
to water always contains olefiant gas.— 
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I placed my lighted lamps in a large 
glass receiver, through which there was a 
current of atmospherical air, and by means 
of a gasometer filled with coal gas, I made 
the current of air which passed into the 
lamp more or less explosive, and caused it to 
change rapidly or slowly at pleasure, so as 
to produce all possible varieties of inflam-
mable and explosive mixtures ; and I found 
that iron wire gauze, composed of wires 
from one-foitieth to one-sixtieth of an inch 
in diameter, and containing twenty-eight 
wires or 784 apertures to the inch, was 
safe under all circumstances in atmospheres 
of this kind : and I conseciı!ently adopted 
this material in guarding lamps for the coal 
mines, where in January, J816, they were 
immediately adopted, and have long been in 
general use. 

Observations.upon them in their working 
state, and upon the circumstances to which 
they tate ,exposed, have lod to a few improve-
rnents or alterations, merely connected with 
the modes of increasing light or 
heat, wbiah were very ol vious from 
oziginal construotion; and lexperiments o» 
the natnne of ,flame, and the mochfisWiQus 
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of eombustion led me, in January, 1817, to 
an important practical addition, founded 
entirely upon a new principle. 

The wire gauze lamp in its common form 
burns in all atmospheres that are explosive, 
and by suspending or placing in it a little 
cage of wire of platinum or palladium from 
one-sixtieth to one-seventieth of an inch in 
thickness, it yields a light in atmospheres too 
much contaminated with fire damp to be ex-
plosive, a slow combination being occasioned 
by the heated platinum between the ele-
ments of the gas and oxygen which produceş  
sufficient heat to keep the metals of low 
conducting power and low capacity for heat 
permanently ignited wherever there is air 
enough to support life without suffering. • 

I shall conclude this view by some ge-
neral observations on fiame and combustion 
which will shew more distinctly the causes 
and the limits of safety in lamps, and which 
will demonstrate the danger of combinations 
made with an imperfect knowledge of the 
principles of security. 

Flame may be defined to be aeriform or 
gaseous matter, ,heated to such a degree as 
to be luminous, and it may be produced 

c 
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independent of any chemical changes, as isı  
shewn in the discharge of voltaie electricity 
through an undecomposable gas: Very 
concentmted electricity, in passing through 
bodies, constantly heats. them whether they 
be solid, fluid, or gaseons : and by the 
voltaic apparatus, the nature of flarne is: 
tinctly shewn. Flames. are conical because 
the greatest heat is in the, centre of the masa, 
and because heated air rapidly ascends 
through cooler air. When fiame is pro.. 
duced in chemical combination, gaseous 
matter is the cause , of it ; and the heat of 
flames seems always proportional, other cir-. 
eumstances remaining the same to the ra-
pidity of combination, and to the density of 
the gases. combining. Thus. the heat of 
fla,mes diminishes by rarefaction, and in-
creases by condensation. Whenever emri. 
bustible gaseous matter burns in the atmo. 
sphere, it must first mix with'a certain quan-
tity of air : if it require a high temperature 
for its combustion, it will be easily extin • -
guished by rarefaction, or by cooling agen--
cies, whether of solid surfaces, or mixtures 
of incombustible gases: if it require a very, 
low temperature for its. combustion, it will 



burn in highly tarefied air, öt undet eroti‘ 
siderable cooling agencies. 

By heating strörigly gases that burn with 
difficulty, their coritinued° infiaMmation be-
eornes easy, irı  consequence of increments of 
heat occasioned by cornbustion of Small 
ıantities, which under any other Circum-
Stances would not pfoduce continued conr-
6ustion. Hence if rnixtureS' of fire damp 
are burnt froın: systems of tubes or canals, 
or metallic plates, which have mali radi,» 
ating and cooling surfaces : though these 
systems are safe at first, they become dan-
gerous as they are heated.* Where cur-
rents are occasioned which eoncentrate 
plosive mixtures.  by the ait feeders in latripS 
being below,* and made in thick metallie> 
plates or canals ; there being an incrernent 
of heat within, and a' very small radiating 
surface withouti  as the heat increases, the. 
eombustion of the explosive rnikture Will 
gradually extend further, and at last com- 

I'wartı  the cod nıhıer against any pretended stkrety 
lamps made in this maniler, and which, to superficid 
observers, may appear to be constructed upon principlett 
of security, but in which these principles cannot' 
exist. 

c 2  
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municate with the external air ; for ex- 
plosion will be communicated by any aper- 
ture, howevet small, provided it be suffif 
ciently heated. This circumstance is shewn 
in a very elegant manner in burning con- 
centrated mixtures of oxygen and hydrogen 
at the end of a long tube of one-sixtieth or 
one-seventieth of an inch in diameter, when 
the experiment begins, (the tube being cool) 
there is no danger ; gradually, however, aa 
it becomes heated; the combustion steals as 
it were down the tube, and at last reaches 
the reservoir of the gases. 
. Where one set of air feeders only are at-
tempted in a lamp, they should present an 
uniform .surface, so that the radiating powers 
of the metal, and the cooling powers of the.  
external ,gases, may immediately balance 
the heating powers of the internal gases ; 
and where the radiating tissue is connected 
with other parts of the lamp, these parts 
should be so massy as to be slightly heated 
only, and present no means for a gradual 
accumulation of heat. Wire gauze, as it 
offers a greater extent of radiating surface 
than perforated metallic plates, is the best 
material for the guard of lamps ; and by 
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bCing made of the proper degree of fineness, 
it will form a barrier for every species of 
explosion requiring temperatures higher 
than those of our atmosphere : but the aper-
tures must be smaller, and the radiating 
sınfaces greater, in proportion to the in-
fiammability of the gas : and. currents of 
eoncentrated explosive mixtures, acting even 
for any length of time, may be stopped by 
reduplications of wire gauze. Wire gauze 
for lamps must not be made of, or covered 
with any easily combustible metal: fine 
brass wire is improper, on account of the 
zinc it contains, and the iron wire should 
not be tinned. The body of the lamp 
should be of copper riveted together, or of 
mas.s.  y cast brass or cast iron ; the screws 
should fit tight ; no aperture, however small, 
should be Buffered to exist' in the body of 
the lamp, and the trimming wire should 
move through a long tight tube. 

Flame, whether produced by the com-
bustion of large or small quantities of ex-
plosive mixture, may be always extinguished 
or destroyed by certain cooling agencies ; 
and in proportion to the heat required to 
carry on the combustion, so is it more easily 
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degroPtd• The tewperatore of raetş4 eve 
when white bot, is far kielow that of fiame; 
apd hepce red Lot gal,ıze, in sufficient quan. 
tity, and of the proper.degree of fineness, 
will abstract şufficient heat from the flame 
of carburetted hydrogen or fire ılaunp, to 
etirigqiSh it. 

Combinations of gases may be oceasioned 
by a 'icat not sufficient to raise their tem,  
.perature into flame, but they stili produc 
baat dqripg their combination, as is evide.ot 
from wbat has been stated page 17, and 
W4eR in gı  mixture containing air and' cern., 
buştible gases, the cooling agencies are too 
greal to permit the appearance of flame Ar 
tlıeir continued combination; ştill this ÇOM,  
ııination may be Icept up by the ignition of 
platinum, sa that with a certain quantity of 
platimpn in 4 cage of wire gauze, the fire 
441PP nwy be eotirely consomed withcui 
flame, yielding only a heautiful light by the 

Pf aPlid 1134«. 



H. Extracts ftom Papers published in • 
the Philosophical Tramactions, and in the 
Jourkal of Seienee ahd the Arks, o» 'the Plı fe 
bamp, the Safety Lamp, and 'on 2'lame. 

1. On the Pire Damp of Coal Mine., cinck ön Mı.. 
!kod. of lighting the Mine*, ıo aı  to prevent it» Bx-
plosion. Nov. 9, 1815.* 

" THE fire damp is produced in small 
quantities in coal millet, &ming the common 
process of working. 

The Rey. Mr. HODGSON informed me, 
that on pounding some common Newcastle 
coal fresh from the mine in a cask fur. 
nished with a small aperture, the gas from 
the aperture was infiammable. And on 
breaking some large lumps of coal under 
water, I aseertained that they gaye off in+ 
flammahle gas+. Gas is like*ise disekı- 

* From PIM. TIM M. 
t This is probably owing to the coal stkatıı  having 

been formed ender a pressure greater iban that of &it 
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gaged from bituminous shist, when it 
worked. 

' The great sources of the fire-damp in 
jnines are, however, what are called blowers? 
or fissures in the broken strata, near dykes, 
from which currents of fire-damp issue in 
ponsiderable quantity, and soınetimes for a 

atmpnpbere, so that hey give off elaatic fluid when they 
are exposed to the free atmosphere : and probabli coal& 
containing animal remains, evolve not only the fire-: 
damp, but likewisa azote and carbonic acid. 

In the Apennines, near Pietra Mala, I examined a fire 
produeed by gaseous matter, constantly disengaged from 

slıist stratum ; and from the results of the eombustiop, 
. I have no doubt but that it was pure fire-damp. Mr. 

M. PARADA; who accompanied me, and assisted me in 
my cheMieal experiments, in my journey, collected some 
kas from a cavity in the earth about a mile from Pietra 
Mala, theu &Red with water, and wInch, from the quan-
tity of gas disengaged, is ealled Aqua Buja. I analysed 
it in the Eilrand Duke's laboratory at Florenee;and found 
that ii . was pure light carburetted hydrogene, requirini 
two volumeis of .otygene for its oombustion, and pro. 
duoing a volume of earbepie acid gas. 

It is very probable, that these gasea are disengaged 
from coal strata beneath the surfaee, or from bituıninous-
shist above coal ; and at some future period new sources 
of riches may be opened to Tuseany frau' this invaluable 
mineral treasure, the use of which in this oCuntry haq 
suPplied such extraordinary resources to industry. 
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tong course of years.* When old workings 
,are broken into, likewise, they are often 
found filled with fire-damp ; and the deeper 
the mine the more,  common in general is 
this substance. 

I have analysed several specimens of the 
fire-damp in the laboratory of the Royal 
Institution ; the pure inflammable part was 
the same in all of them, but it was some-
times mixed with small quantities of ~o-
spherical air, and in some instances with 
azote and carbonic acid. 

Of six specimens collected by Mr. DUNN 
from a blower in the Hepburn Colliery, by 
emptying bottles of .water close to it, the 
purest contained one-fifteenth only of at, 
mospherical air, with no other contami-
nation, and 'the most impure contained five-
twelfths of atmospherical air ; so that this 
air was probably derived from the circum-
ambient air of the mine. The weight of the 
purest specimen was for 100 cubical inches 
19.5 ğrains. 

One measure of it required for its corn- 

f3ir Jkmas LOWTHER found a uniform current pre,  
duced in one of his, mines for two years and nine monthı. 
Fhil. Trane. Yol. XxXvni. p. 112. 
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plete oombustion by the electric spark 
nearly two rneasures of oxygene, and they 
formed nearly one measure of carbonic acid. 

Sulphur heated strongly and repeatedly 
sublimed in a portion of it freed from oxy-
gene by phosphorus, produced a oonsider-
able enlargement of its volume, :sulphuretted 
hydrogene was formed, and chaTcoal pre-
cipitated ; and it was found that the volume 
of the sulphuretted hydrogene produoed, 
when it was absorbed by sohrtion of potassa, • 
was exactly double that of the fire-damp 
decomposed. 

It did not act upon chlorine in the 4:,old; 
but, when an. electric spark was passed 
through a mixture of 1 part of it with 2 of 
chlorine, there was sııı  explosion, with a 
diminution to ICSI3 than one-fourth, and 
rnuchcharcoal was deposited. 
• The analysis of specimens of gas sent 
to my friend JOHN GEoRCE CHILDIEN, Esq. 
by Dr. CLANNY, tıfforded me similar resuits; 
but they contained variable quantities of 
carbonic acid gas and azote. 

Different specimens of these gases were 
tried by the test of exposure to chlorine 
both in darkness and light: they exhibited 



ne Tnarks d the presence of olefıant gas or 
hydrogene ; and the residuum produced by 
detonation with chloıine showed them to 
be tree from carbonic oxide. 

It is evident, then, that the opinion formed 
by other chernists respecting the fire-damp 
is perfectly eorrect ; and that it is the same 
substance as the inflammable gas of marshes, 
the exact cheınical nature Of which was first 
demonstrated by Mr. DALTON; and that it 
consists, according to my view of definite 
proportions, of 4 proportions of hydrogene 
in weight 4, and 1 proportion of charcoal 
in weight 11.5. 

I nıade several experiments on the com-
bustibility and explosive nature of .the fire-
damp. When 1 part of fire-damp was 
mixed with 1 of air, they burnt by the 
approach of a lighted taper, but did not 
explode ; of air and 3 of air to 1 of gas 
produced similar results. When 4 of air 
and 1 of gas were exposed to a lighted 
eandle, the mixture being in the quantity 
of 6 or cubical inches in a narrow necked 
bottle, a fiame descended through the mix-
ture, but there was no noise : 1 part of gas 
infitusıeı4 with 6 parts of air ixıı  a sinıilar 
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bottle, produced a slight whistling sound :: 
1 part of gas with 8 parts of air, rather 
louder sound : 1 part with 10, 11, 12, 13 
and 14 parts, stili inflamed, but the violence 
of combustion diminished. In 1 part of 
gas and 15 parts of air, the candle burnt 
without explosion with a greatly enlarged 
flame ; and the effect of enlarging the flame, 
but in a gradually diminishingifrratio, was 
produced as far as 30 parts of air to . 1 of gas. 

The mixture which seemed to possess 
the greatest explosive power, was that of 7 
or 8 parts of air to 1 of gas ; but the report 
produced by 50 cubical inches of this mix-
ture was lens than that produced by one-tenth 
of the quantity of a mixture of 2 parts of 
atmospherical air and 1 of hydrogene. 

It was very important to ascertain the 
degree of heat required to explode the 
fire-damp mixed with its proper proportion 
of air. 

I found that a common electrical spark 
would not explode 5 parts of air and 1 of 
fire-damp, though it exploded 6 parts of air 
and 1 of damp : but very strong sparks from 
the discharge of a Leyden jar, seemed to 
have the same power of exploding (flifferent 
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inixtur6 of the gas as the flattıe of the taper. 
Well burned charcoal, ignited to the 
strongest red heat, did not explode any mix-
ture of air and of the fire-damp ; ançl a fire 
made of well burned charcoal, i. e. charcoal 
that burned without flame, was blown up to 
whiteness by an explosive mixture contain-
ing the fire-damp, without producing its in-
flammation. An iron rod at the highest 
degree of red heat, and at the common de-
gree of white heat, did not inflame explosive 
mixtures of the fire-damp ; but, when in 
brilliant combustion, it produced the effect. 

The flame of gaseous. oxide of carbon as 
well as of olefiant gas exploded the mix-
tures of the fire-damp. 

In respect of combustibility, then, the 
fire-damp differs most materially from the 
other common inflammable gases. Olefiant 
gas, which I have found explodes mixed in 
the same proportion with air, is fired by 
both charcoal and iron heated to redness. 
Gaseous oxide of carbon, which explodes 
when mixed with 2 parts of air, is like-
wise inflammable by red hot iron and char-
coal. And hydrogene, which explodes 
when mixed with three-sevenths of its 
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~re of air, takes fare at the loweat vitrible 
heat of ilim and charcoal; and• the case. ib 
the.same with sulphuretted hydrogene. 

I found that when 6• of air and. 1 of fire,. 
damp were exploded over water by a strong 
dectrical spark, the explosion. was not very 
strong, and, at the moment of the greatest 
expansion, the volume of the gas did not 
appear to be increased more than. one-halfo. 

I mixed azote and carbonic acid in dal. 
ferent quantities with explosive mixtures 
off fire-damp, and I found that even in very 
sınall proportions they diminished the velo. 
eity of the infiammation. Azote, when mixed 
in the proportion of 1 to 6 of an explosive• 
mixture, containing 12 of air and 1 of fire. 
damp, dcprived it of its power of explosion ; 
when 1 part of azote was mixed with 7 of 
an explosive mixture, only a; feeble blue. 
fiarne slowly passed thmugh the. mixture. 

1 part of carbonic. acid to 7 of an explo-
sive-. mixture- deprived it,  of the power of 
exploding ; so that its effeots. are more re..- 

* This appears the eupansion when the tube is very 
small ; in larger tubes, it is considembly more. The 
volume of the gas appears at least.tripled during the 
explosion. 
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markable than those of azote ; probably, 
in consequence of its greater capacity fbr 
heat, and probably, likewise, of a higher 
conducting power connected with its greater 
density. 

In exploding a mixture of 1 part of gas 
from the distillation of coal, and 8 parts of 
air in a tube of a quarter of an inch. in-
diameter and a foot long, more than 
second was required before the flame 
reached from one end of the tube to the 
other ; and I could not make any mixturec 
explode in a glass tube one-seventh of air 
inch in diameter ; and this gas was more' 
inflammable than the fire-damp, as it con--
sisted- of carburetted hydrogene gas mixed 
with some olefiant gas. 

In exploding mixtures of fire-damp and 
air-in a jar connected with the atmosphere 
by an aperture of half an inch, and connected• 
with a bladder by a stopcock, having an aper-
ture of about one-sixth of an inch,* I found' 

Since these experimenta were made, Dr. Wot, 
ra4rron- has informed me, that Mr. TENNANT ha& 
observed some time ago, that mixtures of the gas from: 
the distillation of coal and air, would not explode 
in verdi small tubes. 



that the fiame passed into the atmosplieie 
but did not communicate through the stop-
cock, so as to inflame the mixture in the 
bladder : and in comparing the power of 
tubes of metal and those of glass, it ap-
peared that the fiame passed more readily 
through glass tubes of the same diameter 
and this phenomenon probably depends 
upon the heat lost during the explosion in 
contact with so great a cooling surface, 
which brings the temperature of the first 
portions exploded below that required for 
the firing of the other portions. Metal is 
a better conductor of heat than glass : and 
it has been already shown that the fire-damp 
requires a very strong heat for its inflam-
mation." 

I found, likewise, that inflammation could 
not be communicated to explosive mixtures 
in long narrow canals of metal, or in short 
canals of smaller diameter, or through fine 
metallic gauze of the kind used for sieves. 

" The consideration of these various facts, 
led me to adopt a form of a lamp, in which 
the fiame, by being supplied with only a 
limited quantity of air, should produce such 
a quantity of azote and carbonic acid, as to 



53 

prevent the explosion of the fire-damp, and 
which, by the nature of its apertures for giv-
ing .admittance and exit to the air, should 
be rendered incapable of communicating 
any explosion to the external. air. 

Having succeeded in the construction 
of safe lanterns and lamps, equally portable 
with common lanterns and lamps, which 
afforded sufficient light, and which bore 
motion perfectly well, I submitted them in-
dividually to practical tests, by throwing 
into them explosive atmospheres of fire-
damp .and air: By the natural action of the 
flame drawing air through the air canals, 
from the explosive atmosphere, the light 
was uniformly extinguished ; and when an 
explosive mixture was forcibly pressed into 
the body of the, lamp, the explosion was al-
ways stopped by the safety apertures, which 
may be said figuratively to act as a sort of 
chemical fire sieves in separating flame from 
air. But I was not contented with these 
trials, and I submitted the safe canals, tubes. 
and wire gauze fire sieves, to much more 
severe tests : I made them the medium of 
communication between a large gla4s vessel 
filled with the strongest explosive mixture of 

D 



harburetted hydrogene and gir, and k bladder 
two-thirds or one-half fiili of the same mix-
tıkre, both insulated from the atmosphere. By 
ıneans of wires passing near the stop-cock 
of the glass 'vessel, I fired the explosive 
mixture in it by the discharge of a Leyden 
jar. The biadder always expanded at the 
moınent the explosion was Made a contme-
tion as, rapidly took place ; and a lambent 
fiame played rourıd the mouths of the safety 
apertures, open in the glass vessel ; but the 
mixture in the biadder did not explode 
and by pressing some of it into the glass 
vessel, so as to rnake it replace the .foul air, 
and subjecting it to the electric spark, re-
peated .explosions were produced, proving 
the perfect security of the safety apertures ; 
even when acted on by a much more povır. 
eıful explosion than could possibiy occur 
from the introductiori of air from the mines. 

These experiments held good whatever 
were the proportions of the explosive mix-
ture and whatever was the size of the glass 
vessel, (no one was ever used containing 
more than a quart) provided as many as 12 
metallic tubes -were used of one-seventh of 
an inch in diameter, and two and a half 
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indıes lung; or prxıVided the circdlar 
canals, were .one-twenty-fifth ,of an 

inch:in whatrıeter, .one and öne-seventh of an 
inch deep, and at least two inches in cir-
cumfenende ; or pravided tho wire gauze 
had apeıtures.of only .one-one-hundred-and-
tvventieth .of an. inch. When 12 mettillic 
tubes were ,employed as the rnedium ef 
ocanmnnicatiOn, one-seventli of an inch in 
diameter and .an :inch (long, the explosion 
was communicated 	them int» the 
bladder. Four glass tubes of 4he •ene-six-
teenth of an inch in diameter and twe 
inches king, did not ,00numinicate the egz-
plosion ; but one of this diameter and length 
produced the offeot. The explosion was 
stopped by a single tube one-twenty-eighth 
of an inch in diameter, when it was three 
incheslong, but not when it $vas two inches 
lon g. 

The explosion was stopped-by the rnetalliC 
gauze of one-one4 ındred-and-twentieth 
when it was placed between the exploding 
vessel and the bladder, thouglı  it did not 
present a surfaee of more than half a square 
inch, and -the -explosive mixture in ,the 
bladder 	passing through it to supply the 

D 2 
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vacuum produced in the glass vessel, burnt 
on the, surface exposed .to the glass vessel 
for some ..seconds, producing a rnurmuring 
noise. 

A circular cam/ öne-twenty-fifth of an 
inch in diameter, an inch and a half in cir-
cumference, and one and seven-tenths 'of an 
inch deep communicated explosion, but four 
concentric canals, of the. same depth and 
diameter, and of which thesmallest was two 
inches in circumference, and separated from 
each other only by their sides, which -were 
of brass, and about one-fortieth of an inch in 
thickness, did not suffer the explosion to act 
through them. 

It would appear then, that the smaller 
the circumference of the caual, that is the 
nearer it approaches to a tube, the greater 
must be its depth, or the less its diameter to 
render it cafe. 

I did not perceive any difference in these 
experiments, when the metals of the aper-
tures were warmed by repeated explosions ; 
it is probable, however, that considerable 
elevation of temperature would increase the 
power of the aperture to pass the explosion ; 
but the difference between the temperature 
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of flame, and that marked on -our commort .  
mercurial scale, is so great that the addition-
of a few degrees of heat probably does not 
diminish perceptibly the cooling power of a 
metallic surface, with regard to flame. • 

By diminishing the diameter of the air 
canals their power of passing the explosion 
is so much diminished that their depth and 
circumference may be brought extremely 
low. I found that flame would not pass 
through a canal of the one-seventieth of an 
inch in diameter, wlıen it was one-fourth of 
an inch deep, and forming a cylinder of only 
one-fourth of an inch in circumference ; and 
a number of apertures of one-one-hundredth 
of an inch,  are safe when their depth is 
equal to their diameter. It is evident from 
these facts, that metallic doors, or joinings 
in lamps may be easily made safe by causing 
them to project upon and fit closely to 
parallel metallic surfaces.  

Longitudinal air canals of metal may, I 
find, be •employed with the same security as 
circular canals ; and a few pieces of tin-plate 
soldered together with wires to regulate the 
diameter of the canal, answer the purpose of 



the feeder or safe chinmey as well as dmwn . 
cylinders of brass. 

A candle will burn in a lantern or glass 
tube made safe with metallie gauze, 1113 well 
as in the open air; I conceive, however, 
that oil lamps, in which the wiek will al-
ways stand at the same height, will be pre- 
ferred. 	• 

But the principle applies to every kinci 
of light, and its entire safety is demon-
strated. 

When the fire-damp is so mixed with 
the external atmosphere as to render i t ex. 
plosive, the light in the safe lantern or 
lamp will be extinguishedi  and ~ming. 
will be giyen to the miners to withdraw 
from, and to ventilate that part of the mine. 

It is probable, that when explosions occur 
from the sparks from the steel mili, the 
mixture of the fire-damp is in the propor-
tion required to consume all the ox,ygene 
of the air, for it is only in a►bout this pro-
portion that explosive mixtures .catk be 
fired by deetrical sparki from a common 
mathine, 

As the wiok may be moved without eom-
munication between the air in the safe lan- 
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143M or lamp and the atmgsPhere4 there iş  
no danger in trirnming oy feeding them; 
but they should be lighted in a part of the 
mine where there iş  no firo-damp, and by 
person charged with the çare of the lightş; 
and by the«) inventions, used with suda 
gir iple precautions, there is every reaşon tAı  
believe a number of liveş  Wili be saved, and 
muell misery prevented. Where candleş  
are emPioYed in the Open air ni the ınkıeş, 
life is extinguished by the explosion; with 
the cafe lantern or safe lattip the light is 
only put out, and no other ineonvçnielin9 
wili oecur. 

It &kes not appoır, by what I have learnt 
from the miners, that breathing an atnic4-
sphere containing a certain mixture of lire, 
damp near or even at the explosive point, 
is attended with any bad consequence. I 
ascertained that a bird lived in a mixture of 
equal parts of fire-damp and air; but he 
soon began to show symptoms of suffering. 
I found a slight head-ache produced by 
breathing for a few minutes an explosive 
mixture of fire-damp and air : and if merely 
the health of the miners be considered, the 
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fire-damp ought always to be kept far below 
the point of its explosive mixture, 

Miners sometimes are found alive in a 
mine after an explosion has taken place : 
this is easily explained, when it-  is consi7 
dered that the inflammation is almost always 
limited to a particular spot, and that it mixes 
the residual air with much common air; and 
supposing 1 of fıre-damp to 13 of air to be 
exploded, there will stili remain nearly one-
third of the original quantity of oxygene in 
the residual gas : and in some experiments, 
made 16 years ago, I found that an animal 
lived, though with suffering, for a short 
time, in a gas containing 100 parts of azote, 
14 parts of carbonic acid, and 7 parts of 
oxygene." 
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2. An Account of a Method for gieing Light in 

explosive Mixturee of Fire-Damp in Coal Mine. by 
consuming the Fire-Damp.* Jan. 1810. 

, " IN this communication I shall describe 
a light that will burn in any explosive 
mixture of fire-damp, and the light of which 
arises from the combustion of the fire-damp 
itsel£ 

" The invention consists in covering or 
surrounding a flame of a lamp or candle by 
a wire sieve ; the coarsest that I have tried 
with perfect safety contained 625 apertures 
in . a square inch, and the wire was one-
seventieth 'of an inch in thickness, the 
finest 6,400 apertures in a square inch, and 
the wire was one-two-hlindred-and-fiftieth 
of an inch in diameter. 

" When a lighted lamp or candle screwed 
into, a ring soldered to a cylinder of wire 
gauze, having no apertures except those of 
the, gauze, or safe apertures, is introduced 
into the most explosive mixture of car-
buretted hydrogen and air, the cylinder 
becomes filled with a bright flame, and this 

* From Pim. TRANS. 
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flame continues to burn as long as the 
mixture is exp.  losive. When the carbu-
retted hydrogen is to the air as 1 to 12, 
the flame of the wick appears within the 
flame of the fıre damp, when the propor-
tion is as high as 1 to 7, the flame of the 
wick disappears. 

" When the thickest wires are used in the 
gauze it becomes strongly red hot, particu-
larly at the top, but yet no explosion takes 
place. The flame is brighter the larger the 
apertures of the gauze, and the cylinder of 
625 apertures to the square inch, gives e 
brilliant light in a mixture of 1 part of 
gas from.  the distillation of coal and 7 parti; 
of air. The lower part of the flame is 
green, the middle purple, and the upper part 
blue. 

" I have tried cylinders of 6400 apertures 
to the square inch, in mixtures of oxygen 
and carburetted hydrogen, and even irı  
mixtures of oxygen and hydrogen, and 
though the wire became intensely red hot; 
yet explosions never took place ; the com-
bustion was entirely limited t® the interior 
of the lamp. 

" In all theşe experiments, there was a 
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noise like that produced by the burning of 
hydrogen gas in open tubes. 

" These extraordinary and unexpected 
results lead to many enquiries, respecting 
the nature and communication of fiame, 
but my object at preseut is only to point 
out their application to the use of the col-
lier. 

" All that he requires to ensure security, 
are small wire cages to surround his candle 
or his lamp, which may be made for a few 
pence, and of which various modifications 
may, be adopted, and the application of this 
discovery will not only preserve him from 
the fire-damp, but enable him to apply it to 
use, and to destroy it at the same time that 
gives him a useful light." 

3. On the Conabuetion of exploeive Mixturee con-

fined by Wire Gauze.* 

" I HAVE pursued my enquiries respecting 
the limits of the size of the apertures and of 
the wire in the metallic gauze, which I haVe 
applied to secure the coal miners from the 

* From Prim. TRANŞ. 
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exploSions of fire-damp. Gauze made of 
brass wire, one-fiftieth of an inch in thick-
ness, and containing only ten apertures to 
the inch, or 100 apertures in the square 
inch, employed in the usual way as a guard 
of fiame, did not communicate explosion in 
a mixture of 1 part of coal gas and 12 
parts of air, as long as it was cool, but as 
soon as the top became hot, an explosion 
took place. 

" A quick lateral motion likewise enabled 
it to communicate explosion. 

" Gauze made of the same wire, con-
taining 14 apertures to the inch, or 196 
to the square inch, did not communicate 
explosion till it became strongly red hot, 
when it was no longer safe in explosive 
mixtures of coal gas ; but no motion that 
could be giyen-to it, by shaking it in a close 
jar, produced explosion. 

" Iron wire gauze of one-fortieth, and 
containing 240 apertures in the- square inch, 
was safe in explosive mixtures of coal gas, 
till it became strongly red hot at the top. 

" Iron wire gauze of one-fiftieth, and of 
24 apertures to the inch, or of 576 to the 
square inch, appeared safe under all dr- 
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cumstances in explosive mixtures of coal 
gas. I kept up a continual flame in a 
cylinder of this kind, 8 inches high and 2 
inches in diameter, for a quarter of an hour, 
varying the proportions of coal gas and air 
as far • as was compatible with their in-
flammation ; the top of 'the cylinder, for 
some minutes, was strongly red hot, but 
though the mixed gas was: pasisqkrapidly 
through it by pressure from a> gasometer 
and a pair of double bellows, so .as o make 
it a species of blast furnace, yet • no ex-
plosion took place. 

" I mentioned in my last communication 
th the Society, that a flame confined in a 
cylinder of very fine wire gatize, did . not 
explode a mixture of oxygene and hy-. 
drogene, but that the gases burnt in it 
with great vivacity. I have repeated this 
experiment in nearly a . pint of the most 
explosive mixture of the two gases ; they. 
burnt violently within the cylinder, but, 
though the upper part became nearly white 
hot, yet no explosion was communicated, 
and it was necessary to withdraw the cylinder. 
to prevent the brass wire from being melted. 

" These results are best explained by 
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considering the notere of the flame of com. 
bustible bodies, which, in all cases, must 
be considered as the combustic.  ,n of an' e:-
p/osive mixture of inflammable gas, <oar vapoor 
and air ; for it cannot be regarded as a 
mere oombustion at the surface of contaet 
of .the inflammable matter: and the fact ic 
proved by holding a taper or a piece of 
burning phosphorus within a large &İme 
made by the combustion of alcohcd, the 
flame of the candle or of the phosphoms 
will appear in the centre of the other flame, 
proving that there is oxygene even in ite 
interior part. 

«. The heat communicated by flame must 
depend upon its masa ; this is shown by 
the fact, that the top of a siender cylinder 
of wire gauze hardly ever becomes dull red 
in the experiment on an explosive mixture, 
wbilst in a larger cylinder, made of the 
same material, the central part of the ,top 
soon becomes bright red. A large quantity 
of cold air thrown upon a small .flame, 
lowers its heat beyond the explosive point, 
and in extinguishing a flame by blowing 
upon it, the effect is probably principally 
produced .by tbis eause. 
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" If g pieoe of wire gauze siete is held 
over a liatne of u lamp or of coal gas, 
it prevents the flame from passing it, and 
the phenomenon is precisely similar to that 
exhibited by the wire gauze cylinders ; the 
bir passing through is found very hot, for 
it will oonvert paper int° charcoal; and it 
is sn explosive mixture, for it will ittflame 
if a hghted taper be presetited to it, hitt 
it is cooled below the explosive point by 
passing through wires even red hot, and 
by being mixed with a considerable quan-
tity of air comparatively cold. The real 
temperature of visible flame is perhaps as 
high as any we are acquainted with. Mr. 
Ticrotarrr was in the habit of whowing an 
experiment, which demonstrates the inten-
sity of its heat. He used to fuse a small 
T11111.11~ 	platiturin irı  Itre flame of a 
common 'can& ; 'and it is proved by many 
facts, that a fltream f air may be made 
te render a metallic ,body white hot, yet 
not be itself luminoes. 

" A oonsiderable mags heated metal 
is required to,inflatne even coal gas, eor the 
contact of the sarne mixture with an ex-
tensive 'heated surface. An iron wire of 



48 

one-twentieth of an inch and 8 inches long 
red bot, when held perpendicularly • in a 
stream of coal gas, did not inflame it, nor 
did a short wire of one-sixth of an inch 
produce the effect held . horizontally ; • but 
wire, of the same size, when six inches of it 
vere red hot, and when it was, held perpen-r 
dicularly in a bottle, • co¥41.inting an ex-
plosive mixture, so that heakwas successively 
communicated to portions' of the gas, pro:-
duced its explosion." 

4. Some nein ri611» and Experinıenta reepecting 
Flanıe.* 

WHEN a wire gauze , cafe lamp is made 
to burn in a very explosive mixture of coal 
gas and air, the light is feeble, and of a 
pale colour ; whereas the flame of a current 
of coal gas burnt in the atmosphere, . as is 
well known by the, phenomena of the gas 
lights, is extremely brilliant. I have en- 

* From the Journal of Science and the Arts. 
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deavoured to shew, page 46, that in all cases 
flame is a continued combustion of explosive 
mixtures ; it becömes, therefore, a problem. 
of some interest, " Why the combustion of 
explosive mixtures, under different circum-
stances, should produce such different ap-
pearances ?" A very acute philosopher, who 
himself started the subject in conversation, 
suggested the idea, that in the combustion 
of explosive ınixtures within the lamp, car-
bonic oxide might be formed ; and that the 
light might be deficient, from the deficiency 
of the quantity of oxygene necessary to 
produce carbonic acid. On submitting this 
idea to the test of experiment, it was dis-
coveredlo be unfounded ; for, by the com-
bustion in the wire gauze lamp, carbonic 
acid was produced in quantities as great 
as could have been expected from the 
quantity of oxygene consumed ; and on 
adding oxygene to a mixture in quantities 
more than sufficient to burn the whole of 
the gas, the cliaracter of the light stili con-
tinued the same. 

In reflecting on the circumstances of the 
two species of combustion, I was led to 
imagine that the cause of the superiority of 

E 
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the light of the stream of coal gas might 
be owing to the decomposition of a part of 
the gas towards the interior of the flame 
where the air was in smallest quantity, and 
the deposition of solid charcoal, which, first 
by its ignition, and afterwards by its com-
bustion, increased in a high degree the in-
tensity of the light ; and a few experiments 
soon convinced me that this was the true 
solution of the probleııı. 

I held a piece of wire gauze, of about 
900 apertures to the square inch, over a 
stream of coal gas issuing from a small pipe, 
and inflamed the gas above the wire gauze, 
which was almost in contact with the orifice 
of the pipe ; when it burned with its usual 
bright light. On raising the wire gauze so 
as to cause the gas to be mixed with more 
air before it inflamed, the light became' 
feebler ; and at a certain distance the flaıne 
assumed the precise character of that of an 
explosive mixture burning within the lamp; 
but though the light was so feeble in this 
last case, the heat was greater than when 
the light was much more vivid, and a piece . 
of wire of platinum held in this feeble blue 
flame became instantly white hot. 

On reversing the experiment by in- 
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taming a stream d coal gas, and passing 
piece of wire gauze gradually, from the 

summit of the flame to the orifice of the . 
pipe, the result was stili more instructive ; 
for it was found that the apex of the flame 
intercepted by the wire gauze afforded no 
solid charcoal ; but in passing it downwards, 
solid charcoal was giyen off in considerable 
quantities, and prevented from burning by 
the cooling agency of the wire gauze ; and 
at the bottom of the flame, where the gas 
burnt blue in its immediate contact with 
the atmosphere, charcoal ceased to be de-
posited in visible quantities. 
• Tilis principle of the increase of the bril-
liancy and density of flame by the produc-
tion and. ignition of solid matter, appears 
to admit of many applications. 

lst. It explains readily the appearances 
of the different parts of the flames of 
burning bodies, and of flame urged by the 
blow-pipe : the point of the inner blue flame, 
where the heat is greatest, is .the point 
where the whole of the charcoal is burnt in 
its gaseous combinations without previous 
deposition. 

2dly. It explains the intensity of the light 
E 2 
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those fiames in which fixed solid matter 
is produced in combustion, such as that 
of the flame of phosphorus* and of zinc in 
oxygene, &c. and of potassium in chlorine ; 
and the feebleness of the light of those 
flames in which gaseous and volatile matter 
alone is produced, such as those of hydro-
gene and sulphur in oxygene, phosphorus 
in chlorine, &c. 

3rdly. It offers means of increasing the 
light of certain burning substances, by 
placing in their flames even incombustible 
-substances. Thus the intensity of the light 
of burning sulphur, carbonic oxide, &c. is 
wonderfully increased by throwing into them 
oxide of zinc, or by placing in them very 
fine amianthus or metallic gauze. 

4thly. It leads to deductions respecting 
the chemical nature of bodies and various 
phenomena of their decomposition. Thus 
ether burns with a flame which seems to in-
dicate the presence of olefiant gas in that 
substance. Alcohol burns with a flame si- 

Since this paper has been written I have found 
that phosphoric acid volatilizes slowly at a strong red 
heat, but under moderate pressure it bears a white heat, 
and in a flame so intense as that of phosphertts, the 
elastic force must produce the effect of compression. 
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milar to that of a mixture of carbonic oxide 
and hydrogene ; so that the first is probably 
a binary compound of olefiant gas and 
water, and the second of carbonic oxide 
and hydrogene. 

When cuprane or protochlorid of copper 
is introduced into the flame of a candle or 
lamp, it affords a peculiar dense and bril-
liant red light, tinged with green and blue .  
towards the edges, which seems to depend 
upon the chlorine being separated from the 
copper by the hydrogene, and the ignition 
and combustion of the solid copper and 
charcoal. 

Similar explanations may be giyen of 
the phenomena preSented by the action of 
other combinations of chlorine on flame ; 
and it is probable, in many of those cases 
when the colour of flame is changed by 
the introduction of incombustible com-
pounds, that the effect depends upon the 
production and subsequent ignition or com-
bustion of inflammable matter from them. 
Thus the rose-coloured light giyen to flame 
by the compounds of strontium and calcium,* 

*A similareffeet I find is prodneed by the compound 
of the new fixed alkali lithia which serves to distinguish 
its compounds from those of Potassa and Soda.—I818. 
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and the yellow colour giyen by those of 
barium, and the green by those of bor" 
may depend upon a temporary •production 
of these bases by the inflammable matter 
of the flame. 

Whenever a flame is remarkably bril-
liant and dense, it may be always con-
eluded that some solid matter is produced 
in it : on the contrary, when a flame is 
extremely feeble and transparent, it may 
be inferred that no solid matter is formed. 
Thus none of the volatile combinations of 
sulphur burn with a flame in the slightest 
degree opaque ; and, consequently, there is 
no reason, from the phenomena of its flame, 
to suspect the existence of any fıxed basis 
in sulphur. 

5thly. These • views wnfl probably offes 
illustrations of electrical light.. The voltaic 
arc of flame from the- great battery, differs in 
eolour and intensity according as the sub-
stances employed in the circuit are different ; 
and is infinitely more brilliant and dense with 
charcoal than with any other substance. 
May not this depend upon particles of the 
substances separated by the electrical at-
tractions ? and the particles of charcoal 
being the lightest amongst solid bodies, (aS, 



55 

their elementary proportional number shews,) 
and the least coherent, would be separ:ated 
in the largest quantities. 

6thly. The heat of flames may be ac-
tually diminished by increasing their light, 
(at least the heat communicable to other 
matter,) and vice yerse. The flame from 
combustion which produces the most intense 
heat amongst those I have examined, is 
that of a mixture of oxygene and hydro-
gene in slight excess, compressed in a blow-
pipe apparatus, and inflamed from a tube 
having a very small aperture.* This flame 
is hardly visible in bright day-light, yet it 
instantly fuses very refractory bodies ; and 
the light from solid matters ignited in it, is 
so vivid as to be painful to the eye. 

July, 1816. 

" * John George Children, Esq. first proposed to me 
this application of the hlow-pipe by compression, im-
mediately after I had discovered that the explosiun from 
oxygene and hydrogene might be arrested by very smalt 
apertures, and I first tried the experiment with a fine 
glass capillary tube. The flame was not vi8ible at 
the end of this tube, being overpoviered by the brilliant 
star of the glass ignited at the aperture." The results 
produced by the action of this fiaıne on solid bodies, 
were so similar to those publislied by Mr. Hare some 
years ago, that I did not thiıık them worthy of par-
ticular notice. 
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5. Some additional Researchee on Flatne.» 
Jan. 1817. 

" THAT greater distinctness may exist in 
these details, I shall treat of, my subjects 
under four heads. In the first I shall dis-
cuss the effects of rarefaction, by partly 
removing the pressure of the atmosphere 
upon flame and explosion. In the second, 
I shall consider the effects of heat in com-
bustion. In the third, I shall examine the 
effect of the mixture of gaseous substances 
not concerned in combustion upon flame 
and explosion. In the fourth, I shall offer 
some general views upon flame, and point 
out certain practical and theoretical appli-
cations of the results. 

I. On the effect of rarefaction by partly removing the 

pressure of the atmosphere upon liame and explosion. 

THE earlier experimenters upon the 
BOYLEAN vacuum observed that flame 
ceased in highly rarefied air : but the degree 
of rarefaction necessary for this effect, has 
been differently stated. Amongst late ex- 

* PHIL. TRANS. 



perimenters, M. de Glarrims has ex-
amined this subject. He has asserted that 
a mixture of oxygene and hydrogene ceases 
to be explosive by the electrical spark when 
rarefıed sixteen times, and that a mixture 
of chlorine and hydrogene cannot be ex-
ploded when rarefled only six times, and he 
generalises by supposing that rarefaction, 
whether produced by removing, pressure or 
by heat, has the same effect. 

I shall not begin by discussing the ex-
periments of this ingenious author. My 
own results and conclusions are very dif-
ferent from his ; and the cause of this dif- 
ference, will I think be obvious in the course 
of these inquiries. I shall proceed in stating 
the observations which guided. my re-
searches. 

When hydrogene gas slowly produced 
from a proper mixture was inflamed at a 
fine orifice of a glass tube, as in the experi-
merıt called the philosophical candle, so as 
to make a jet of flame of about one-sixth of 
an inch in height, and introduced under the 
receiver of an air pump containing from 
200 to 300 cubical inches of air, the flame 
enlarged as the receiver became exhausted ; 
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and when the gage indicated a pressure 
between 4 and 5 times less than that of the 
atmosphere was at its maximum of size, it 
then gradually diminished below, but burned 
above fili the pressure was between 7 and 8 
times less, when it became extinguished. 

To ascertain whether the eifect depended 
upon the deficiency of oxygene, I used .a 
larger jet with the same apparatus, when 
the flame to my surprise burned longer, and 
when the atmosphere was rarefıed ten times, 
and this in repeated trials. When the larger 
jet was used, the point of the glass tube 
became white hot, and continued red hot till 
the flame was extinguished. It immediately 
occurred to, me, that the heat communicated 
to the gas by this tube, was the cause that 
the combustion continued longer, in the last 
trials when the larger flame was used ; and 
the • following experiments confirmed the 
conclusion. A piece of wire of platinum 
was coiled round the top of the tube, so as 
to reach into and above the flame. The jet 
of gas of one-sixth of an inch in height was 
lighted and the exhaustion made ; the wire 
of platinum soon became white hot in the 
centre of the flame, and, a small point ot. 
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'wire near the top fused : it continued white 
hot till the pressure was 6 times less, when 
it was 10 times it continued red hot at the 
upper part, and as long as it was dull red, 
the gas though extinguished below, con-
tinued to burn in contact with the hot wire, 
and the combustion did not cease until the 
pressure was reduced 13 times. 

lt appears from this result, that the 
flame of hydrogene is extinguished in rare-
fied atmospheres, only when the heat it 
produces is insufficient to keep up the com- 
bustion, which appears to be when it isinea-
pable of communicating visible ignition to 
metal, and as this is the temperature re- 
quired for the inflammation of hydrogene at 
common pressures,, it appears that its com- 
bustibility is neither diminished nor increased 
by rarefaction from the removal of pressure. 

According to this view with respect to 
hydrogene, it should follow that amongst 
other combustible bodies, those which re-
quire least heat for their combustion, ought 
to burn in more rarefied air than those that 
require more heat, and those that pröduce 
nıuch heat in their combustion ought to 
burn, other circumstances being the same; 
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in more rarefied air than those that produce 
little heat : and every experiment I have 
made confirins these conclusions. Thus 
olefiant gas which approaches nearly to 
hydrogene in the heat produced by its com-
bustion, and which does not require a much 
higher temperature for its inflammation, 
when its flame was made by a jet of gas 
from a bladder connected with a small tube 
furnished with a wire of platinum, under the 
same circumstances as hydrogene, ceased to 
burn when the pressure was diminished 
between 10 and 11 times : and the flames 
of alcohol and of the wax taper which 
require a greater consumption of heat for 
the volatilization and decomposition of their 
combustible matter, were extinguished when 
the pressure was five or six times less without 
the wire of platinum, and 7 or 8 times less 
when the wire was kept in the flame. 
Light carburetted hydrogene, which pro-
duces, as will be seen hereafter, less heat in 
combustion than any of the common com-
bustible gases, except carbonic oxide, and 
which requires a higher temperature for its 
inflammation than any other, had its flame 
extinguished, even though the tube was fur- 
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nished with the wire when the pre'ssure was 
below one-fourth. 

The flame of carbonic oxide which, 
though it produces little heat in combustion, 
is as inflammable as hydrogene, burned 
when the wire was used, the pressure being 
one-sixth. 

The flame of sulphuretted hydrogene, 
the heat of which is in some measure carried 
off by the sulphur produced by its decom-
position during its combustion in rare air, 
when burned in the same apparatus as the 
olefiant and other gases, was extinguished 
when the pressure was one-seventh. 

Sulphur, which requires a lower tem-
perature for its combustion than any com-
mon inflammable substance, except phos-
phorus,burned with a veryfeeble blue flame 
in air rarefied fıfteen times, and at this 
pressure the flame heated a wire of platinum 
to dull redness, nor was it extinguished till 

pressure was reduced to one-twentieth.* 

• The temperature of the atmosphere diminisbes ih a 
sertain ratio 'with its height, *bini] most be attended t. 
in the conclusions respeeting combustion in the spper 
regions of the atmosphere, and the deveden most be 
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Phosphorus, as has been shown by M. 
VAN MARUM, burns in an atmosphere rare-
fied 60 times ; and I found that phosphu-
retted hydrogene produced a flash of light 
when admitted into the , best vacuum that 
could be made, by an excellent pump of 
NAIRN'S construction. 

The mixture of chlorine and hydrogene 
inflames at a ınuch lower temperature than 
that of hydrogene and oxygene, and pro-
duces a considerable degree of heat in com-
bustion ; it was therefore probable that it 
would bear a greater degree of rarefaction, 
without having its power of exploding de-
stroyed ; and this I found by many trials is 
actually the case, contrary to the assertion 
of M. de GRorrHus. Oxygene and hy-
drogene in the proportion to form water, 
will not explode by the electrical spark 
when rarefied eighteen times, but hydrogene 
and chlorine in the proportion to form mu- 

somewhat lower than in arithmetical progression, the 
pressure decreasing in geometrical progression. 

There is, however, every reason to believe, that the 
taper would be extinguished at a height of between 9 

.and 10 miles, hydrogene between 12 and 13, and sulphur 
between 15 and 18. 
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riatic acid gas, gaye a distinct flash of light 
under the sa,me circumstances, and they-
combined with visible inflammation when 
the spark was passed through them, the ex-
haustion being to one-twenty-fourth. 

The experiment on the flame of hydro-
gene with the wire of platinum, and which 
holds good with the flames of the other 
.gases, shows, that by preserving heat in ra-
refied air, or giving heat to a mixture, in-
flammation may be continued when, under 
common circumstances, it would be extin-
guished. This I found was the-' case in 
other instanees, when the heat was diffe-
rently communicated : .thus, when camphor 
was burned in a glass tube, so as to make 
the upper part of the tube red hot, the in-
flammation continued when the rarefaction 
was 9 times, whereas it would onlykvın-
tinue in air rarefied 6 times, when it as 
burned in a thick metallic tube which could 
not be considerably heated by it. 

By bringing a little naphtha in contact 
with red hot iron, it produced a faint 1am- 
bent flame, when there remained in the re-

;ceiver ouly one-thirtieth of the originat 
quantity of air, though, without foreign 
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heat its Same was extinguished when the 
quantity was one-sixth. 

I rarefied a mixture of oxygene and 
hydrogene by the air pump to about eigh-
teen times, when it could not be inflamed 
by the electric spark. I then heated strong-
1y-the upper part of the tube till the glass 
began to soften, and passed the spark, when 
a feeble flash .was observed not reaching 
far into the tube, the heated gases only ap-
pearing to enter inte inflammation. This 
last experiment requires considerable care. 
If the exhaustion be much greater, or if the 
heat be raised very slowly,* it does not 
succeed; and if the heat be raised so high 
as to make the glass luminous, the flash of 
light, which is extremely feeble, is not vi-
sible : it is difficult to procure the proper 
degree of exhaustion, and to give the exact 
degree of heat; I have, however, succeeded 
three times in obtaining the results, and 
in one instance it was witnessed by Mr. 
BRAN D E . 

To elucidate the enquiry stili farther, 

* The mermi %fili be obvious from what will be stated 
Page 72. 
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I made a series of experiments on the heat 
produced by some of the inflammable ga. es 
in combustion. In comparing the heat com-
municated to wires of platinum by flames of 
the same size, it was evident, that hydro-
gene and olefiant gas in oxygene, and hy-
drogene in chlorine, produced a much 
greater intensity of heat in combustion, than 
the other gaseous substances I have narned 
burned in oxygene : but no regular scale 
could be formed from observations of this 
kind. I endeavoured to gain some approx-
imations on the subject by burning equal 
quantities of different gases under the same 
circumstances, and applying the heat to an 
apparatus by which it could.  be  measured. 
For this purpoSe a mercurial gas holder 
was furnished with a system of stop cocks, 
terininating in a strong tube of platinum 
having a minute aperture. Above this was 
fixed a copper cup filled with olive oil, in 
which a thermometer was placed. The oil 
was heated to 212° to prevent any diffe-
rences in the communication of heat by 
the condensation of aqueous vapour; the 
pressure was the same for the different gases 
and they were consumed as nearlv as pos-
sible in the same time, and the flame ap- 
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