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PREFACE TO THE FIFTH SERIES. 

About 5,500 persons attended the eight lectures which have 

been delivered this season, and the audiences exhibited the S:lme 

i ntere~t and attention as they showed on former occasions. 

It is to be {i'nderstood that each lecturer is entirely responsible 

for the statements as they appear in print. 

Again we all have to thank those who have by their kind 

contributions rendered a continuation of the lectures possible; 

and I have to acknowledge the services of ,our treasurer, Mr. 

1'hos, Harrison, and to express my regret at his retirement. 

H. E. ROSCOE. 

yanuary, r874. 
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PREFACE TO THE SIXTH S;ERIES. 

THE attendance at the opening lecture, held in the Free Trade Han, 

was about 3,700, whilst at each of the subsequent lectures it has 

averaged 675. 

We are indebted to all the Lecturers of the season; and to Professor 

Tyndall and Sir John Lubbock in addition, for their contribution to 

our funds. 

The following is a list of the Lectures which have been delivered :_ 

CRYSTALLINE AND MOLECULAR FORCES. By Professor Tyndall, F.RS. 
(President of the British Association). 

JOHN DALTON. By P rofessor Roseoe, F.R.S. 

ON THE TRANSIT OF VENUS. By Dr. Wm. HlIggins, L.L.D., F.R .S. 

] OSEPH PRIESTLEY: HIS LIFE AND CHEMICA L WOR K. By Professor ThO'1'C. 
F.R.S.E. 

GEOGRAPH ICAL DISTRIBUTION OF MAMMALS. By P. L. ScJater, E'q., M.A.. 
F.RS. (Secretary to the Zoological Society). 

EARTHQUAKES A:<D VOLCANOES. By Professor W. C. Willi ,mson, F.R.S. 

MODERN SAVAGES. By Sir John Lubbock, Bart .• F.R.S., M.P. 

PALESTINE EXPLORATION. Bv Major C. W. Wilson, R.E. 

E. H. RUSCUIL 

January, 1&75. 
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~ittle cloud in the dist~nce no bigger than a man's hand, which 
III ages. yet to come, WIll develop into large clouds, sending down 
refreshmg showers, that shall spread intelligence and life and 
knowledge over the whole surface of the earth. 

I. see my time is ~p; I can only say therefore, in conclusion, 
that If I apprehend ~Ightly the essential objects of these lectures, 
they may be appropnately summed up as those of mutual improve
ment and the invest igation of truth, the development of the seeds 
of kn o:vledge and the detection of falsehood, the emancipation of 
the mmd from the fetters of ignorance, and the cultivation of a 
true humanity by social gatherings and intellectual discourse. 

GUN COTTON. 

A LECTURE, D plivered ill the Hit/me TcrdJ1t Hall, Manchester, O1t 

Wednesday, November 19th, 1873. 

By F. A. ABEL, ESQ., F.R.S. 

IlrlEFORE I "ya wNd to you about gun cotton, I ,hould 
~ like to call your attention, for a few moments, to a 

substance with which it has, during the last forty years, 
attempted to stand in rivalry, namely, gunpowder; because I 
believe that if I can in a few words make you understand the 
nature of gunpowder, that of gun cotton will be much clearer to 
you afterwards. Now, gunpowder consists of three substances 
very intimately mixed together-the substance charcoal, made by 
charring wood; sulphur, a substance· found in its elementary or 
native condition, and also extracted from several minerals; and 
saltpetre, a natural product originating in the gradual decomposition 
of a variety of vegetable and animal substances. Now, when 
gunpo wder is subjected to the action of heat, or contact with flame, 
with a spark, or red-hot body of any kind, the following results are 
produced: both charcoal and sulphur are very readily oxidisable, 
or eager to burn at any time. We k.now how readily a piece of 
wood kindles when it is heated to a sufficient degree in air-we 
know how much more readily a piece of sulphur burns; both of 
them combining with a certain portion of the air which we call 
oxygen; and, therefore, we call these two bodies "combustible " 
bodies-charcoal, occurring in wood, and known to the chemist 
as carbon; sulphur, a substance extracted from various minerals. 

These two bodies burn very readily if we heat them in air: 
they burn still more readily if we heat them in oxygen, or if 
brought into contact with some substance which is ready to give 



its oxygen to them; and this oxygen is derived, in the case of 
gunpowder, from the substance saltpetre. Saltpetre is a body which 
contains a large quantity of oxygen. It holds this oxygen in what 
we chemists call a feeble state of combination; that is to say, it 
is ready to give this oxygen to other substances greedy of it. 
And, therefore, if we heat sulphur or carbon (charcoal) in contact 
with saltpetre, it gives up to these bodies the oxygen which they 
require to burn, and then they burn rapidly and are converted in 
the course of that burning into gaseous substances. In passing 
fmm the state of solid to the state of gases, they assume many 
times their original volume; and at the moment at which they pass 
from the solid to the gaseous state a quantity of heat is generated 
by the chemical action that takes place between these substances. 
The result of all this is that the original solid mixture becomes 
expanded to very many times its volume, and this transformation 
occurs with great rapidity. 

The almost sudden conversion of a solid, occupying little space. 
into gas occupying a great space, and which is, moreover, highly 
expanded by the heat developed during the transformation, gives 
rise to the development of a large amount of force, which has the 
power of overcoming great obstacles, or impediments to the 
violen t expansion of the substance. The sudden or very rapid 
transformation of a solid or liquid into gas or vapour is generally 
productive of noise, and is attended by some more or less violent 
demonstration of force. It is called an explosion; and any 
substance which is susceptible of undergoing such transformation 
suddenly or very rapidly on the application of heat, or other 
disturbing cause, is called explosive. Therefore we call gunpowder 
an explosive substance. 

Now the oxidising or burning component of gunpowder
saltpetre-contains a metal possessed of some very interesting 
properties, into which I canno t now enter; and this metal holds 
in combinat ion with it a substance consisting of nitrogen 
combin ed with a large quantity of oxygen, both of which are 
~ases existing in the air, as you may remember. Oxygen is 
~eady to escape in the form of gas from any compound in which it 
is contained in a solid condition, combined, but not very strongly, 
with other substances. Thus, if we heat this saltpetre sufficiently, 
we can make it give up its oxygen without the assistance of the 
sulphur or the charcoal. If we continue to heat it very strongly 
we can also liberate the nitrogen from it. But if we heat it only 
moderately, when mixed with some substance which has a very 
great liking for the metal it contains, such as this powenul acid, 
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known as oil.of vitriol, we then obtain from this saitpetre, not 
oxygen and mtrogen separately, but a combination of them with 
water~a fluid call.ed nitric acid, which used to be called by old 
cheml~ts agua/or.tzs, or stron~ . wat~r, on account of its highly 
corrOSIve propertIes. Now mtnc aCId belpves very much in the 
same way towards sulp~ur and charcoal as the original saltpetre 
doe~. If we drop a pIece of saltpetre upon red-hot charcoal it 
b~g1l1s to deflagrate; that is, the charcoal begins to be burned very 
VIOlently by the oxygen contained in the saltpetre. If we allow 
a drop of this nitric acid to fall upon red-hot charcoal the action 
is just the same as if we allowed saltpetre to fall upon' it. Nitric 
apd acts upon substances which are easily burned or oxidised 
even more readily than saltpetre. It does not require the 
assIstance of heat to such an extent to develope its action, and to 
cause It to burn up the sulphur and charcoal. This nitric acid is 
manufactured by putting saltpetre and oil of vitriol into a retort 
together and applying heat, when this most valuable chemical 
agent distils over as a pale yellow fuming liquid. It is one of the 
most useful agents in manufacturing and scientific chemistry. I 
~10pe now I have made you und~rstand generally what gunpowder 
IS? and w~at mtrlc aCld .lS, and, If so, I bel ieve you will have little 
dlfficulty III understandmg what <Tun cotton is. I will therefore 
proceed with my history of this r~markable substance. ' , 
. About forty years ago some new subst~nces were first produced 
III France which excIted consIderable CUrIOSlty amon <Tst chemists 
Th~y were obtained by acting, with the highly co;;'osive liquid 
whIch we obtain from saltpe.tre, upon the well-known substance, 
starch, and upon cotton fabncs, such as muslin or calico and even 
paper.. When cold nitric acid was added to starch' this 'substance 
was dlssolved~ and, upon adding water, the starch appeared to be 
seflarated alS.am, but It had no longer the. properties of the original 
substance-:l t had become en.dowed. wIth . e~ploslve propert ies. 
When musllll or paper \vere dIpped ll1to mtnc acid allowed to 
remall1 for a very short time in that liquid, and then t~ken out and 
washed, though they appeared to be unaltered in character, except 
that they h~d b~come somewhat tender, there was a most remark
able alt~ratlOn III their ch~mi~al properties, for, instead of being 
slmply ll1fiammable, that IS, .Illstead of burning quietly when set 
fire to, they. bur~ed very -rapIdly after this treatment, and almost 
wlt!l explosIve VIOlence. I have here specimens of paper and of 
calIco whl~h have been sub.mltted to this kind of treatment, and 
YOll perc~lv~ how very qUIckly and brilliantly they burn. [The 
lecturer Iglllted the paper and mnslin, which were instantly 
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:::onsumed. These and numerous subsequent experiments were 
very successful, and were much applauded.]. . 

The d iscovery of these substances was very mterestIDg, because 
they were really the foundation of the discovery of. gun. cotton . 
A bou t fourteen years aiterwards a Germ~n chemist. 8chon ?em, found 
that if common cotton wool was submitted for a short tlllle to the 
action of cold very strong nitric acid, its weigh t was increased abou t 
80 per cent; that is, 100 parts of the ori~inal cot~on, after havlDg 
been steeped in acid and washed and dned, furnished about 180 

parts of what still appeared to be cotton wool. But .thls sub
stance, when thus treated, was found to have the propertIes of the 
paper and muslin products which have been descrIbed, only to a 
more marked extent. Here is a port ion of finely-carded cotton 
wool which has been treated in this way. As you perceive, it 
burns almost instantaneously. ' Ve observe no smoke; and, if 
we light a piece upon a perfectly clean plate, we shall find that 
there is nothing left-that the whole goes off ID the form of gas and 
vapour. Gunpowder, when it is sd fire to, leaves a conSiderable 
black residuum, which consists of certain solid substances formed 
besides the gases, which are generated as I have descnbed. You 
have noticed how rapidly this gun cotton burns. It burns so very 
rapidly that, if I am successful in the experiment-which I never 
fail in when performing it by myself-I may even wrap som e 
grains of gunpowder in gun cotton, which , when set fire to, wdl 
burn, leaving the gunpowder unburnt, Simply because the gun 
cotton burns so rapidly that there is no time for the flame pro
duced to set fire to the mixture of charcoal, sul phur, and saltpetre. 
[Experiment.1 . 

Now, this gun cotton ignites at a very much lower heat 
than gunpowder, which will not inflame at a heat iower than 
that at which sulphur begins to burn , about 560 degrees on 
Fahrenheit's scale, and will then only ignite gradually. Gun cotton 
will ignite at a temperature of about 300 degrees Fahrenheit, 
which is still a high temperature, though very low as compared 
with that at which gunpowder inflames. I will heat a small 
quantity of this gun colton in a tube, Which I have lightly closed 
with a cork. You see in holV very short a time the gun cotton 
io-nites, with a slight explosion, accompanied by a sudden flash of 
fl~me, which I dares ay many of you did not see, as you were not 
prepared for it. . 

There is another peculiarity about gun cotton when com
pared with gunpowder, namely, that it is comparatively readdy 
ignited by a blow. I say comparatively, because, though 
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it is really not very readily ignited, it is much more easily 
exploded in this way than gunpowder. I will wrap a small 
quantity of gun cotton in this piece of tinfoil, fpr the purpose of 
confinino- it, and then give it a smart blow, after a gentle tap or 
two, anl'we shall hear a loud noise, showing that the gun cotton has 
exploded. I n order to insure the production of th is most highly 
explosive gun cotton the nitric acid used is first mixed with a 
large proportion of the strongest oil of vitriol, or ~ulphur~c acid. 
The effect which this has is twofold: firstly, the mtnc aCId Itself 
is rendered strono-er, as will presently be shown, and, secondly, 
the oil of vitrio!" appropriates water which is set free during the 
production of the gun cotton, and which, were it not so appro
priated, would reduce the strength of the nitric acid. Oil of 
vitriol is very greedy of water, and if exposed to the air the oily 
liquid gradually becomes thinner and thinner from the absorptIOn 
of moisture which exists in the air. If we mix this liquid with 
strong nitric acid (which, however, still contains water), it is n:ade 
stronger still, because the water goes by preference to the 011 of 
vitriol. 

I will dip this cotton wool into a mixture of nitric acid and oil 
of vi triol, and take care to keep the mixture quite cool. 
This is necessary, because when any chemical change takes 
place heat is developed, and it is necessary to remove this heat 
by keeping the mixture cool, in order that the heat may not 
establish other chemical changes. You have seen that heat hots 
the power of establishing violent changes. 

The cotton sustains no change in appearance by this treatment, 
as I have said, but it has greatly increased in weight. A definite 
quantity of water is set free from the cotton, which consists of 
carbon, hydrogen, and oxygen. A corresponding quantity 
of the nitric acid elements pass into its place, weighing much more 
than the water displaced. In this way a large quantity of oxygen 
is introduced into the cotton, which is ready at any moment, when 
the necessary impulse is imparted, through the agency of heat or 
a blow, to form comparatively simple gaseous compounds with the 
carbon (or charcoal) of the cotton wool. At the moment of such 
change the hydrogen and oxygen contained in the cotton arc 
liberated as vapour of water, and the nitrogen from the nitric 
acid escapes as gas. This is how cotton becomes transformed 
into an explosive substance. 

If we employ a weaker nitric acid (or acid mixture) we shall 
obtain gun cotton of a less explosive character, as I think you will 
see when I set fire to this particular kind of gun cotton which has 
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been produced by weaker acid from cotton wool. You see that 
that is a very poor explosive substance as compared with the first 
sample. This less explosive gun cotton possesses, however, some 
peculiar and valuable properties. It is readily soluble in a mixture 
of ether and spirit, or alcohol; which mixture has no effect upon 
ordInary gun cotton. I add some of the mixture to the less 
explosive gun cotton, and you see that it is nearly dissolved 
already. 

The liquid I .obtain in this way is that valuable preparation 
known as collodIOn, which, besides having important medical 
uses, is an invaluable agent in photography. When we allow the 
solvent to evaporate, the gun cotton is deposited in the form of 
beautiful transparent films, of which I have specimens here. You 
see they are only very slightly explosive. This substance is used 
for the production of transparent fi lms upon glass plates or paper, 
30 as to make them sensitive to light, through the aid of certain 
chemicals which are dissolved in it. I shall have an opportunity 
at the close of the lecture of showing you illustrations of this 
application of one of the forms of gun cotton. 

Now, when the German chemist discovered the facts r have 
named, he saw at once that the highly explosive gun cotton might 
become a very useful material if its explosive power could be 
t~med. I say." tamed," because, as you have seen, it is a very 
vloknt explOSive substance. Schonbein saw that if it could be 
tamed it might l)ossess .considerab.le advantages over gunpowder, 
from the fact .of Its leavmg no reSidue, whilst gunpowder leaves a 
quantity of dirt, and from the fact of its giving no smoke. It also 
appeared to promise other advantages; but neither its German 
discoverer, nor the English and French chemists who at that time 
experimented with it, were able to realise their anticipations of 
makmg It take the place of gunpowder. Amongst the earliest 
expenmenters and manufacturers of gun cotton were the "reat 
powder-makers, Messrs. Hall, of Faversham, in Kent. 1\ey 
~stabltshed .works for its production, and made some attempts at 
ItS appltcatlOn. .T~ey soon observed that gun cotton was too 
bulky, ~nd that If It was to be utilised it must be compressed . . 
They did no~ probably ft:lly appreciate the full importance of their 
~ndeavours III compressmg gun cotton jnto a small space. Here 
IS a cartndge made by these gentlemen III 1846. It is a case like 
a Roman candle, made of paper, and rammed very tightly with 
gun-cotton wool, compressed to such an extent that this case is 
very heavy, and weighs nearly as much as it would if filled with 
gunpowder. Well, by this act of compression very important 

results were attained, for compression at once modifies the 
character of gun cotton as an explosive agent. You probably 
will laugh at me when I say that if we compress this violently 
explosive material sufficiently, we can make it non-explosive- that 
is, stop its burning altogether. I will try to show ~ou this, but I 
do not know that I shall succeed. I have here a piece of gun 
cotton, which I will compress very firmly at one part by means of 
this card, and then set fire to it. You see, burning stops at the 
point where I have compressed the gun cotton, and the rest of the 
piece is all safe. This proves that if I sufficiently compress gun 
cotton it will stop its burning. I shall have to inquire directly 
into the cause of this. I must first finish the history of gun 
cotton in its firs t form, that of wool, by teliing you that, although 
its di·scovery was received with great enthusiasm by military men 
in England and France, and to some extent also in Germany, 
factories being established for its production upon a large scale, 
with a view to test its applicability for all kinds of purposes, a 
number of serious accidents, attended by loss of life, occurred 
within a short period, and there arose in consequence such 
mistrust of the character of the new explosive agent, that within 
two years of its original discovery its manufacture and the attempts 
to apply it as a substitute for gunpowder were utterly abandoned. 

The fact is, that at that time the makers of gun cotton were 
unaware of the great importance of thoroughly purifying the 
substance in order to ensure the permanence and stability of its 
character, or its freedom from such liability to undergo changes, 
which might lead to its spontaneous explosion, as to enable it to 
be as safely handled as gunpowder. If a small quantity of free 
acid is allowed to remain in gun cotton, this acid will, after a time, 
begin to exert chemical action, or carry on the action which was 
interrupted by the washing of the cotton; and this action will 
proceed until the gun cotton loses its original properties altogether 
and passes into a kind of gum, of which I have a specimen here. 
This is gun cotton which was made about ten years ago by an 
operator who did not understand this very importan t matter of 
~horoughly purifying th~ cott~n, and it has consequently passed 
lOtO the ~t:mmy matenal which you see. But this change or 
decompos.ltlOn of the. gun c?tton does not always proceed harm
lessly as m thiS particular lllstance. All chemical changes as I 
have already ~eminded you, are attended by the developm~nt of 
heat. Now, If gun cotton be closely packed in boxes containina 
many pounds each, the heat which is developed can only pass off 
very slowly, the gun cotton being a bad conductor of heat. Hence 



the contents of a package becomes warmer and warmer, until 
eventually the heat may accumulate sufficiently to lead to 
spontaneous ignition of the substance. This is what occurred 
during the early history of gun cotton, and also at later periods. 
One of the most dreadful of these explosions which occurred 
with gun cotton was at Faversham, and originated in the spontaneous 
development of heat in the gun cotton, owing to its imperfect 
purification. Gun cotton was therefore set aside altogether for a 
long time in England and France j but in Austria there were two 
or three men who still believed in the future of gun cotton, and 
amongst th em was an officer in the Austrian artillery-General 
von Lenk-who had experimented with it on its first discovery. 
This officer considerably improved the manufacture and purifica
tion of gun cotton, and the modifications which he eventually 
introduced into the mode of applying it to the various purposes 
fo r \\"hich gunpowder is used were most ingenious, although they 
did not lead, as was at fi rst expected, to its superseding gun
powder in anyone direction. 

I have pointed out to you that by sufficiently compressing gun 
cotton I can stop its burning altogether. I will now show you a 
few experiments with gun cotton in different mechanical conditions, 
in order to illustrate the nature of the improvements which were 
believed in Austria to have been made in its application. Here 
we have some loosely-spun yarn or roving, which has been 
converted into gun cotton. Of this piece I have simply twisted 
one-half a little tighter than the remainder. I hope to show you 
by this that the tighter twisting of one part has an important 
effect upon the rapidity with wh ich this cotton will burn in the 
open air. I shall apply a light to the centre of this train of gun 
cotton, and it will burn more rapidly towards one end than the 
other, bec.:l.llse it has been less tightly twisted in that direction. 

I have some gun-cotton roving here of two different degrees of 
coarseness, and I wan t you to observe that in burning it will 
behave differently, though the same sourc:e of heat is applied to 
both specimens. These two pieces of gun-cotton yarn I will not 
ignite with flame, as ·in the first experiments, but by means of a 
spark. This piece, which is very loosely spun, burns with flame, 
you see. I ligh t the other piece, and it does not burn as the 
former piece did, but only appears to smoulder. P erhaps you 
will say, "How do we know that it is gun cotton? " In order to 
show you that it really is gun cotton, I will light the other end 
with a flame, and you see it burns like the other piece did, though, 
as it is not so thick, it does not produce so large a flame. Now 

to what is due this remarkable differenc~ betwe.en the two pieces 
of un-cotton yarn? T hey were b~th lIghted III .the same way. 
I ~ . I due to this that one kllld of cotton IS more closely t IS slmp y , h· .ft . 

. d th the other· and the reason why t IS very tn mg tWlste an , . . f h 
d ·fference makes so great a difference III the behaVIOur 0 t e gun 

I ·11 I thl·nk soon be evident to you. When we burn gun 
cotton WI " . h f fl b t . f I cotton in the open air we see a bnght ftas 0 ame j u I. 
burn it in such a way as not to all~:)\v.t?e ~as. deveJoped by Its 
ex losion to pass away at once, by Igmtmg It III thIs large glass 
. p ·11 see if you will be kind enough to watch closely, that ]::tr, you WI , . h· W 
there are really two stages in the burnmg of t IS gun cotton. e 
fi t see the briaht flash of flame, and afterwards we see a com· 

rs " . . I· I paratively pale flickering flame linger III t 11S vesse . 
. Now, in gun cotton, as in gunpowder, the .carbon, as I ~a,:e 
told you, is burned by means of the oxyge.n denved from the ? Itnc 

·d · but we have not been able to deVIse any means of Illtro-aCI , ffi . t 
ducing into the composition of gun cotton su clent oxy~en 0 

burn the carbon tllO?"Oughly. If .we do n~t burn the coal III our 
grates completely we do not obtam the maxlmum o~heat,conver.tmg 
the carbon into the well-known gas carbomc aCid-we .obtal~ a 
partly-burnt product, the inflammable gas called carbomc oXide. 
In the case of gun cotton, as we cannot Illtro~uce enough <;>x ygen 
to burn the carbon entirely, we produce. by I~S decompositIOn a 
quantity of the inftammabl~ gas ca~bomc oXide. When we set 
fire to gun cotton in open a.lr, a conslder':lble part c:f t.he body 01 
flame produced is due to this gas, which IS at once Igmted by the 
flame of the gun cotton, adding to the volume of the flame and 
promoting the rapidity of byrnmg. of the ~un. cotton.. In the case 
of a lightly twisted yarn, tl1lS burmng gas msmu~tes Itself amongst 
the fibres of gun cotton contiguous to th~ burD1n~ part, and thus 
promotes rap idity of combustIOn. But If we tWISt up the gun
cotton yarn so that this gas cannot renetrate . bet\~een the fibr.es, 
but must pass away only in one dIrectIOn, namely, I.n ~ direct 11l1e 
with the burning surface of gun cotton from which y I.S given off, 
the gun cotton is no longer, after the first. applIcatIOn of heat, 
maintained at the temperature necessar~ for Its rapldcombustlOn, 
and the gas, in turn, is not supplI~d wIth the heat necessary fo!" 
l·tS iCTn ition while as it escapes, It carnes away heat from the 

" , , . fi h d burning part of the gun-cotton tl~read, and thus stIll urt er retar s 
the rapidity with which this burmng proceeds. A ~ew expenm~nts 
will illustrate this better than any amount of speakmg. Here IS a 
long piec(! of this comparatively t ightly-twisted cotton yarn, and I 
will set fire to one extremity by means of a flame in the usual way. 

E 
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But I will first pass it through a perforation which I make in this 
card. These experiments take a little time prepari?g, ~ut I think 
they are much more instructive when prepared lll. view of ~he 
audience, because you see the whole of the proceedmg. Having 
pulled the piece of yarn partly through the perforation of ~he card, 
I lay it flat upon this board, inserting the further end Into this 
small tube. I will tell you beforehand \vhat I hope Will take 
place, because the experiment wants watching. "When I set fire 
to the gun cotton by means of the flame it will bum rapidly, but 
when the flame reaches that part which is passed through the 
card, I hope that the gun cotton will at once cease to burn wit~ a 
quick flame, and will then burn on the other side of the card With 
a very small tongue-like flame; and for this reason, because t~e 
flame having to pass through that perforatIOn, the lJUrmng gas IS 
prevented, for an ins tant, from surround ing the burning cotton, 
and therefore this is not heated to the same extent, and the gas IS 
extinguished; hence the gun cotton pa~ses ~rom quick to slow 
burning. I allow it to continue to burn m tl1ls slow manner Into 
this tube, and I think I shall be able to show you that as it burns 
slowly in that tube, I shall be able to light the gas which is 
d isengaged and is retained within the tube. There is the gun 
cotton burning quickly, and there it is burning slowly; and now 
the gun cotton is burning slowly within the tube and the gas is 
burning at the open ing. I will give you this experiment in 
another form-a very simple one. Its success will depend upon 
steadiness of hand. I am going to light this gun cotton, and will 
try if I cannot brush out the flame of the gas with my hand; that 
is, not extinguish the gun cotton, but make it pass from quick to 
slow burning. 

This is so tempting a subject for experiments that I cannot 
help giving you various illustrations of it. I take a little piece of 
compressed gun cotton (of which I shall have somethll1g further to 
say directly) and put it inside the lower end of this long open 
glass tube, which is held in a vertical position. Now I will ask 
Dr. Roscoe to be so good as to give me that heated iron I used 
j ust now. I am going to light this, but to make it burn only 
slowly, which I can do by touching the upper surface of the con
fin ed pellet of gun cotton with the hot rod of iron. Now the gun 
cotton is burning at the bottom of the tube, and you see I can 
inflame the gases evolved from it by applying a light to the upper 
end of the tube. There is a tall pale flame produced, as you see, 
while the gun cotton itself is burning at the bottom of the tube. 

Let me now tell you the bearing of these experiments. 

General von Lenk, the Austrian officer, found that i~ he twiste.d 
gun cotton" up tightly it. bu.rne~ more slowly than If he had It 
loosely twisted; so by Winding It more o~ less tliShtly on reels, 
such as I have here, he was< able to control Its burnll1g ~n .the open 
air to a very considerable extent. . He conclud,ed ~hat If It burned 
comparatively slowly or gradually 111 the open air It would do t~e 
same in a confined space. Here are specimens of th~ forms m 
which he proposed to use gun cottor:. Her~ IS a ca!tndge made 
for artillery purposes, and the cotton IS very tightly tWlsted, so that 
it may burn slowly. By this arrangement it was expected .that we 
should no longer have that violent action in the gun whICh 'pr~
cluded the use of gun cotton for art illery purposes. Here I.t IS 
twisted up in another way, with a hole in the centre. Here IS a 
loose hollow plait, which will allow the gas to permeate readIly 
between the threads of the plait, and thus <:ause the g~m cotton to 
burn very quickly. I will take a small piece of thiS 'plait and 
show you the contrast in its burning with that firmly-tWIsted ~arn 
which you saw just now. This will burn, com]Jaratlvely speaking, 
moderately, and when its flame reaches t~e plait you see the latter 
bursts into flame suddenly with explOSive VIOlence. Unfo~tu
nately, it proved in practice that Von Lenk's method of arrangmg 
aun cotton in the form of tiahtly-wound reels or balls, was of no 
0' 0 d . h real practical value. "When these were confine 111 a gun t ere 
was little or no retardation of the burning, for then the pressure 
developed by the confinement wa~ always s.ufficient to bring about 
a rapid penetration of the burnmg gas mto the centre of the 
tightly-twisted gun cotton, which, therefo~e, burned nearly as 
rapid ly as if the gun had been loaded wI~h gun-cotton wool. 
Moreover, in those forms of gun cotton whIch we.re so arrange?
as to bum most quickly, he did not get over the dIfficulty that It 
was necessary to confine the gun cotton very closely, 111 order to 
develope its explosive power thoroughly. 

The Austrian experiments, however, led to the study of gun 
cotton being resumed in this country ten years ago, and the result 
of numerous experiments led to the conclusion that the system 
of arranging gun cotton which I have described could be 
advantageously superseded by another plan, which secured a much 
more thorough and uniform compression of the material. Upon 
the principle that the more nearly we convert the substance into a 
thoroughly solid, compact mass, the more thoroughly we must be 
able to control its action, it was proposed to convert gun cotton 
into as dense and compact a state as gunpowder. 

For this purpose it was necessary to reduce gun cotton to a 
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very fine state of division. This was done by very simple means, 
and the new mode of preparation at once led to an important 
cbeapening of the gun cotton. In preparing gun cotton according 
to the Austrian process it was necessary to use very long staple 
cotton, which, I need not tell a Manchester audience, is a com
paratively very expensive article, in order to obtain the right 
description of roving. But to obtain gun cotton suitable for 
conversion into a fine state of division, we were not compelled to 
use long staple cotton, but were enabled to use the cheapest 
description of manufactured cotton, namely, common machinery 
waste. I need hardly tell you that we buy this cotton waste in 
Manchester at a very low figure indeed as compared with the price 
of long staple cotton. We found no difficulty in converting cotton 
waste into gun cotton, by steeping it in the mixed acids at a 101V 

temperature, as readily and perfectly as we could long staple 
cotton. In purifying the gun cotton thus obtained, a variety of 
improvements in washing were elaborated. The washed gun 
cotton was then passed through the ordinary machine used to 
tear up ' rags and fibres into pulp for paper-making, and in this 
way it was obtained in the requisite finely-divided condition. 
Here is gun cotton reduced to this fine state of division . 
~t corresponds exactly to paper pulp, but it is explosive. Her~ 
IS some dry. I place a little of it upon a plate, and apply a heated 
iron j you see there is no doubt about its bein cr aun cotton. 
In t.his fine state of division it burns very ral~idly. Having 
obtalOed It III thiS form ~ve have it in a condition readily con
vertible, by compressIOn III powerful hydraulic presses, into solid 
mass.es of any. shape, such as cylinders, triangles, or cubes of any 
required density or hardness j ll1deed there IS no difficulty in thus 
convertlllg gun cotton 1I1to masses nearly as hard as gunpowder. 
ThiS process also enabled us to convert gun cotton into the form 
of paper, and ll1to granulated gun cotton for sporting purposes. 
Here we have gun-cotton paper, and here are gun-cotton grains. 

I may gn'e you .other lllustmtlOns of the value of this particular 
way of manufactunn~ gun cotton. B~ lOco rporating the finely
pulped gun cotton wIth saltpetre and simi lar salts, we can obtain 
con:paratl vtly cheaper mixtures, which can be corn pressed like 
ordmary gun cotton, aEd a glVen weIght of which will be equal, in 
explOSive force, to the same weIght of the pure, more expensive 
gun cotton. If \~e want t<;> make gun cotton for the use of small 
arms less exp}?slve and. Violent, we may dilute it with common 
paper pulp. 1 hIS IS a piece of gun-cotton paper used fo r makin CT 
sportll1g cartndges. It burns slowly, because it is mixed with ~ 
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certain quantity of ordinary paper pulp. We can also convert it 
into light cylinders or grains, and impregnate these with paraffin, 
or indiarubber, or stearine, or even with sugar, as Mr. Punshon 
does, in order to retard the rapidity of their explosion. In this 
way gun cotton can be made more controllable for small arm pur
poses, but we have not yet been able to tame it sufficiently to 
allow of its being used with any degree of confidence in great 
guns. The attempts made up to the present time to moderate its 
action have only been partially successful in the smallest cannon, 
and there appears no prospect whatever ' of our taming it suffi
ciently for use in larger guns. 

I have here a diagram representing different kinds of 
gunpowder now in use, and here are also specimens of the 
different descriptions used for heavy artillery. Twenty years ago 
these small grains of powder represented the cannon powder in 
universal use. Then we began to build larger guns, and after some 
time this larger-grained powder was introduced as a safer powder 
to use in such guns. Powder burns rapidly in proportion to the 
size and density of its grains or masses, and the fine powder was 
found to act injuriously upon the big guns, although we had then 
only got up to the loo-pounder Armstrong gun. \Ve considered 
we had taken a great stride when we passed from that small grain 
to this larger grain j but rap id progress was made in developing 
the size of our artillery, and it was found necessary to pass from 
grains of powder to pellets or pebbles and prisms of powder-that 
is to say, we converted powder into masses, which burned, 
comparatively speaking, very slowly when ignited in the air, 
but which, when ignited in charges of 80 to 120 lbs., still burned 
very rapidly in the gun, and produced occasionally an unduly 
violent action, which it was desirable to moderate. IVe are 
talking of building very much bigger guns than the 35-ton gun, 
which requires a charge of powder weighing 120Ibs., and we 
shall therefore want a much tamer powder for those guns. I am 
consequently pretty certain that, as far as big guns are concerned, 
gun cotton has no future j but as regards other very important 
uses, it~ future is already thoroughly secured. Now, to show you 
h~w thiS has come about, I must endeavour, in the next twenty 
mlOu.tes, to diSCUSS what I regard as the most interesting subjects 
of thiS lecture. 

Let me call your attention for a minute to this viscous sUCTar
li~e substance which is obtained as a secondary product when 
OIls or fats are converted into soap, and to which we CTive the 
name of glycerine. Soon after the discovery of gun cotto~ it was 



found by an Italian chemist that when this substance was acted 
upon by nitric acid, or its mixture with oil of vitriol, it was con
verted into a powerful and explosive material even more violent 
than gun cotton, which he called nitro-glycerine. I have a little 
of this substance here in a safe condition, dissolved in a spmt 
obtained by the distillation of wood: in this form we can carry it 
about safely. If I pour it into this water you see there is a cloudi
ness upon the water, caused by the separation of the nitro-glycerine, 
in consequence of the spirit becoming diluted. We will allow it 
to stand there for a short time, when a small quantity of a heavy 
liquid will collect at the bottom of the vessel. This liquid· is the 
powerful explosive substance called nitro-glycerine. It detonates 
even more readi ly than gun cotton if struck; but burns quietly 
when simply inflamed. 

It was a long time before this substance was looked upon 
othenvise than as a chemical curiosity. But a Swedish engineer, 
Mr. N obel, conceived the idea of substituting it for gunpowder, as 
a more powerful explosive. First of all he mixed it with gunpowder 
and exploded it in strong vessels, but the action was uncertain. 
Eventually he hit upon the idea of exploding it by means of a 
large percussion cap. He imbedded the cap in the centre of the 
substance, and he found by then detonating the cap he could ex
plode the material violently. r\ ow what holds good in this 
respect with regard to nitro-glycerine holds good equally with 
respect to gun cotton. If we place it into close contact with a 
powerfully detonating substance, such as fulminating mercury, we 
can by the explosion of the latter develope the violently explosive 
properties of gun cotton without in any way confining it, provided 
the latter be in a sufficiently compact compressed form. When we 
explode a de~onating cap or tube in contact with compressed gun 
cotton, we hit some portion of it a violent blow, which blow sud
denly converts the particle of gun cotton surrounding the cap or 
tube into gas. The force thus developed is transmitted almost 
instantly to every other particle; and thus the mass may be 
detonated with extreme velocity, and with the development of its 
full explosive form, without any confinement whatever. Thus, 
instead of having to confine our gun cotton in strong shells or 
boxes, as was formerly the case, we have now only to lay it 
against the stockade, or place it in a building, quite un confined, 
or under a ship, and its explosive property is effectually developed 
by means of detonation. But this detonation or blow must be of a 
certain kind. Although we can detonate gun cotton readily by 
means of fulminating mercury, some other substances which make f 
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1S much noise and appear as destruc.tive will .n.ot develope the 
same action, unless used in ov~rwhelmll1g quantltles .. 

I have here two illustratlOns of the extraordll1ary effects 
developed by detonating gun cotton. qne ~l.1agrp.m r~presents 
part of a fortification at Portsmouth, whIch It was deSIred to 
remove. It was a solid mass of masonry, sft. to 7ft. thIck, and 

_ ft loner Inside the oallery we placed 661bs. of gun cotton, 
2 :J o. " . " b f quite loose against the wall. You see there are a num er 0 
loopholes ~nd ~places of escape for force? and th.ere was a. large 
door at each end, closed in with wrought lIon grat.ll1gs. ThIS gun 
cotton was detonated by means of a large percusslOn c.ap, or tube, 
and the result of that detonation was the heap of rulr:S you see 
represented there. The most curious part of the affalI was the 
effect of the tremendous rush of gas WhICh teok place and cause.d 
the destruction of the other end of the l:nass of masonry. ThiS 
kind of action could not have been a!ta:ned Without gun c?tton, 
or a similarly violent material; and If It had been placed ~n the 
centre of the gallery the whole would have been demoltshed. 
Here we hav t: another illustration of the explosive effects of gun 
cotton. It was an experiment tried upon one .of the MarteJlo 
towers put up for the defence of our coast against the French. 
A charge of 18olbs. of gun c?tton was placed upon .the floor of 
this buildina the walls of which were 7ft. to I2ft. thiCk. Upon 
the iernition"~f the cotton the tower was transformed into the heap 
of ruins you see pictured the:-e. 

This will give you an Idea of the force developed when 
detonation is applied to gun cotton. I have lately had the 
curiosity to examine into the rapidity with which this detonation 
is transmitted or propagated from one mass of gun cotton to 
another· and this I was enabled to do by the employment of a 
most in~enious and important instrument, devised by a late 
officer in" the Artillery, Captain Noble, for determining the velocity 
with which a projectile travels along the bo~e of a gun. By means 
of this instrument called a chronoscope, It was proved that the 
rate at \vhich a detonation travels from particle to particle of 
compressed gun cotton, whether the mass be large or small, 
rancres between 17,000 and 19,000 feet m a second; that IS to say, 
the "mean veiocity of its detonation is rather more than zoo miles 
in a minute, which is just th~ distance from here to· London; 
so that if we imacrine a contmuous tram load of gun cotton 
reachin~ from here" to Lon?on, the de.tonation would be trans
mitted to London in one mmute after It had been started here. 
Now that is an extraordinary velocity; though it is small as com-, 



pared with that of electricity, which travels at the rate of about 
2 88,000 miles per second, it is a remarkable speed compared wIth 
the velocity of sound, which travels only at the rate of about 
J, 100 feet per second. ... 

And now I must tell you with regard to thIs detonatIOn, that It 
is essential to its successful development that the gun cotton 
should be in a dense, compact, or compressed condition, so that 
its particles may be in a position to resist tendency to motIOn when 
they are exposed to a blow or concussion. If I hit this piece of 
gun-cotton wool a single blow on the anvil, I am not able !o 
detonate it, because the force of the blow is greatly expended lD 

causing the loose fibres to move j but when the gun c?tton has 
th us been rendered compact, its detonation by a blow IS readIly 
accomplished; consequently the more high ly gun cotton is 
compressed, the more sensitive it is to detonation. Loose gun
cotton wool, or even gun-cotton yarn, very tightly wound, cannot 
be detonated in the open air by means of even a very powerful 
detonating cap or fuse, but compressed gun cotton is able to resist 
the tendency of detonation to break it up mechanically and 
disperse it j therefore, it is disintegrated chemically or blown 
into gas. You see, therefore, that this compression of gun cotton 
has led to very important results. 

I must briefly point out to you a few more illustrations of the 
effects produced by this plan of exploding gun cotton by detona
tion. Here are some wrought iron plates, one inch thick, which 
were fractured by detonating four ounces of gun cotton, placed upon 
the upper surface j and this strong piece of railway-bar was broken, 
as you see, both across and lengthways, also by the detonation of 
four ounces of gun cotton. This large cylinder of wood represents 
a solid mass of iron, with a small perforation in the centre, which 
was blown in all directions by four ounces of gun cotton just 
inserted into the perforation. 

One important point I should call your attention to with regard 
to compressed gun cotton-that is, the safety of its manufacture. 
I told you just now that after we have produced gun cotton from 
cotton waste-which is a perfectly safe operation-we wash it 
thoroughly-that is, of course, a safe operation j so is that of 
re~ucing it to 'pulp in t~e common rag-engiI?e, the gun cotton 
bemg there mIxed up WI th many hundred tImes its volume of 
water. Then the pulped or finely-chopped material is washed in 
a very: much largcr qu~nt.ity of water, which is a thoroughly safe 
operatlOn.. After that It IS pressed at a low power, and is then 
converted mto these compact forms in a very powerful press. When I. 

1 

73 

it comes out of that press the gun cotton is so wet as to be unin
flammable, and these pressing operations, with proper machinery, 
are perfectly safe. You have seen how readIly gun cotton burns 
when a heat, even much below that of a red-hot iron, is applied to 
it. Now, here I apply a red-hot iron to a disc 'of the gun cotton, 
in the damp condition, as we obtain it after it has been pressed, 
and I think you will admit that, in this condition, it is evidently 
by no means dangerous. I am boring a hole in it by means of 
the red-hot iron. You must take my word for it that this is gun 
cotton j but I am now putting my mark upon it, and as it has 
becom.e an historical specimen, throu~h having been operated 
upon 111 your presence, I shall hand It to my friend, Professor 
Roscoe, that It may be placed in the museum of Owens 
College in recollection of this lecture. No doubt he will find 
when this disc is dried, that it is very good gun cotton indeed: 
And now I think you have an indisputable illustration of the 
~afety of wet compressed gun cotton j but I can give you other 
IllustratIOns of It. Here I have a sort of Chinese puzzle made out 
of a gun-cotton disc. All these various pieces have been cut out of 
the entire disc by mean~ of an ordinary circular saw while the gun 
cotton :vas wet. Here IS a ~!tsc o~ the kmd made for holding the 
detonatmg fuses lD submanne mll1es. The fuses fit into these 
holes and are fired by electricity. These perforations are cut into 
the gun cotton by drilling machines, :vhich rotate at a speed of 
about one thousand revolu.tlOns .per mmute. So that you see we 
are able to do almost anythmg with gun cotton when we have it in 
this wet condition. Instead of storing our gun cotton in stronD" 
magazll1es surrounded by .moat~ and guarded jealously by sentrie~ 
we pack It m the wet state mto bms, very much like corn bins which 
al~e lined with pitch inside to prevent the evaporation of th; water. 
We can thus store many tons of gun cotton in ordinary buildings 
WIthout fear. In order to determme whether wet gun cotton 
mIght tllUs be stored WIthout danger of explosion, even in case of 
fire, the. Government lately had erected two strong buildings and 
stored II? each o~ them one. ton of gun cotton. After filling up 
these bmldmgs WIth combustIble material this was set fire to. A 
fi erce fir~ raged 111 each building for. two hours, and the gun cotton 
all that tIme was gradually smouldenng away-that is to say as the 
ou~er jJ0rtlOns of the disc? dried a little they burnt aw;y very 
qUIetly mdeed, as you saw Just now when I applied the hot iron 
to the d1l;mp gun cotton, and at the end of the two hours there 
was nothll1g left but the walls of the buildings and the iron bars 
upon whIch the packages of gun cotton had rested, and which had 
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become bent by the heat. From the above it is concluded that 
we may store gun cotton wet with perfect safety, and postpone the 
drying of it until the dry material is actually required. 

Well, I intended giving you much more of the history of gun 
cotton, but, as is usual with lecturers, the time has slipped by too 
rapidly. I have endeavoured to make my explanation clear and 
my experiments successful, hence my time has not reached so far 
as I had hoped. I must not detain you much longer, but I would 
like to say a few words more about the force of gun cotton. The 
effects produced by its detonation, which I described to you just 
now, were all obtained with dry gun cotton. But we have recently 
found that we can use it in a w et condition as an explosive agent, 
and that, if simple measures be adopted, it is, if anything, rather 
stronger in this state than if dry. All we want is a small 
piece of dry gun cotton to give the wet cotton a sufficiently sharp 
blow to cause detonation, and then, when detonation is once 
established, it proceeds more rapidly with wet than with dry gun 
cotton, the reason being that the air spaces in the com pressed 
gun cotton are filled up by water, which is practically incom
pressible j hence the gun cotton is more solid or compact when 
wet at the moment it is hit the blow than when dry, and it 
therefore yields less to the blow, consequently the detonation 
progresses at the increased rate of 18,000 to 21,000 feet per 
second, or about 240 miles per minute. If we want to demolish 
a strong building, all we have to do is to put this wet gun cotton 
on the fioor, an d place in contact with it a small piece of dry gun 
cotton containing the detonating fuse. If we want to use gun 
cotton to remove a wreck or sunken rock, or to blow up a ship, 
we can place the charge in a bag, or even in a fi shing net, so that 
the water can penetrate the whole of the cotton. Results have 
been obtained as violent, as regards des tructive force, by gun 
cotton thus confined as when placed in the strongest cases we 
could use. I think you will concur with me in the opinion that 
these results are very remarkable. 

Lastly, it has lately been found that detonation of gun 
cotton, and of other explosives, may be transmitted through 
considerable distances by very simple means. I did hope to 
show you an illustration of this-and I have given my friend, 
Mr. Harrison, a great deal of trouble to prepare a voltaic battery 
for this pu~pose-but I really cannot detain you longer. (Much 
appla.use.) You give me so much encouragement that I think I 
must really show you one experiment on the transmission of 
detonation. , 
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I have here a substance called tl~e fulmina~e of silver, which I 
can deal with in a lecture more readtly than with gun cotton,. ~e
cause I can produce the desired results with much smaller quantities 
of it than I should have to use of gun cotton .. ' 

If I were to take one of these small dl.sc~ of gun cotton, 
weighing about an ounce, and were to place It m OI?e end of a 
gas· pipe three feet long and one inch and a quarter 111 diameter, 
introducina another disc into the other end of the tube, by 
detonating" the one at this end I should also detonate the one 
at the other extremity of the tub~. .rf I w~re to attemp~ to 
detonate one disc by another at thiS distance, m the open atr, I 
should utterly fail. It would be nece~sary to put these ~I S~S of gun 
cotton not more than about half-an-mch apar t. I Will Il~ustrate 
the power of a tube to transmit detonation by means of thiS glass 
tube three feet long, using, inst~ad of an ?unce of. gun c<?tton, <?nly 
three-fourths of a grain of fulmll1ate of stiver, which I. lI1sert lI1to 
one end, placing a similar quantity of the fulmmate 1I1 the other 
extremity. By means of t}1lS battery I hope to be able to 
detonate this fulminate of Silver, and to show you that the deto
nation is transmitted from it to the fulminate at the other 
extremity. [The explosion shattered the ~ube at both ends.] 
H ere are two similar quantitIes of the fulml11ate placed upon a 
plate of metal on ly four inches apart j you see that when I 
detonate one the other heap remains unaffected. . 

I must now somewhat abruptly conclude .thls long lecture, 
thanking you most heartily for the patient atten~lOn you ha.ve paId 
me, and expressing the hope that ~he small and Imperfect history I 
have given you of gun cotton Will have suffic~d to eXCite some 
interest in your minds for a substance which, .d~mng the 27 yea:-s of 
its existence, has passed through very many vIcIssitudes .. R eceived 
at first with enthusiasm, too much was expected of the Ill-mat~red 
discovery, and it soon fell into disrepute, only one or t.wo patle~t 
"'orkers clinaina to it throu rrh all eVil repute, and not 10sl11g faith 111 

its ultimatel;pr~ving a really serviceable material. Its.study being 
resumed in Encrland ten years ago, at a time when It was bel11g 
abandoned ev:n by its staunchest friends, the Austrians, its 
most valuable proi)erties began to ~e r~ally develol?ed for the 
first time, and it was rapidly grow1l1g 111tO great Importance, 
when the accident at Stowmarket, two years ago, once more 
shook the general faith in the reliability of the subs~ance as a safe 
explosive agent. Fortunat~ly the cause of that aCCident admitted 
of being most thoroughly lllvestlgated and cleared up, ancl was 
proyed to be in no way connected With any ltablltty to spontaneous 



decomposition of the material as now manufactured. Fortunately, also, the two or three who had battled for gun cotton during the few previous years did not lose heart in consequence of this sad accident, and were not deterred from further efforts by shakes of the head and shrugged shoulders, by the "I told you so" of wise friends, the petty malignity of others who chose to constitute themselves foes, or the worse than discouragement where encouragement should have been hoped for. And thus it has 
come to pass, that in spite of all casualties, all discouragement, and all forebodings to the contrary, gun cotton has now attained an unassailable position as one of the safest and most efficient of explosive agents. 

I think you will agree with me that we are taught by this history of gun cotton the very wholesome lesson never to 
allow ourselves to be deterred by difficulties and adversity, however severe, from steadily pursuing any labour to which we have once devoted ourselves as being worthy of our 
energies. Even if we fail to realise our anticipations of the immediate value and importance of our work, depend upon it our labour will not have been in vain, but will in time bear lasting 
rruit, by having contributed to the advancement of knowledge and the development of truth. 

And now let me, in conclusion, endeavour to show you the difference between the ordinary burning of gun cotton and its detonation. 
Professor Abel then took a disc of gun cotton and set fire to it. The cotton burned a consinerable time, with an intense light and considerable heat. This experiment illustrated that gun cotton could be made to burn steadily in open air, and that it was under perfect control. The cotton burned weighed nine ounces. The 

!ecturer remarked that had as many hundredweight been ignited 
III a heap Its burnlllg would most probably have raised some portion rapidly to the heat at which it would explode. 

The last experiment consisted in using a small charge (about one-fiftIeth part of the weight of the disc) and firing it with a large percussion cap exploded by electricity. The result was what the lecturer termed a "respectable explosion," the concussion being 
a very sharp one, and a brick, upon which the little charae rested, being shattered by the explosion. b 

ANIMAL MECHANICS. 

A LECTURE, D elivered in the Hulme TtrdfJZ Hall, Manchester, 0" WedJlu.lay, 
November 26tlt, 1873. 

By S. M. BRADLEY, ESQ., F.R.C.S. 

~ HERE is nothina of which we are so justly proud as our 
mechanical in~entions, yet every time a. sparrow hops 
from a house-top we have an illustratIOn of. ammal mechanics, which both in the construction of the ~achllle and the mechanism of its movements transcends man S mIghtIest achievements. . 

Now I purpose this evening taking a single illustratIOn from the rich and wide domain of animal mechanIc~, but 
this perhaps the most beautiful, as it is the most compltcated, of them all-I mean the fiiaht of a bird. If the phenomenon of 
fJiaht were a novelty-if w; had never seen a bird fiy, and were 
suddenly to see, say, an eagle dart through space from the bo~om of the blue empyrean to the level of the green sward, there turn with the 
rapidity of liahtning and soar straight up to the sun agall1, we should some~hat wonder at the liberties taken with the laws of 
gravitation, and should try to puzzle out how the.thing was done-:to find Ollt, in a word, what the anImal mechamcs were. ThIS IS what I hope to find out, with your help, this evening. . . 

Now the first thinO" we notIce about a machll1e IS ltS shape. Let us then first exan~ine the shape of the bird, and then the nature of the moving power. 
The general shape of a bird is something like the sha pe of a fish; 

the obiect being the same in both, namely, to offer as .ltttle resistan'ce as possible to the medium-whether it be aIr or 




