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}i'riday, February 29, 1884. ,-
, ADMIRAL Sm FREDERICK W. E. NICOLSON, Bart., C.B., 

Vice-President, in the Chair. 

OUNPOWDER CONSIDERED AS THE SPIRIT OF ARTIL

. LERY, WITH THE RESULTS WHICH HAVE }<'OLLOWED 

AND WILL FOLLOW 'rHIS VIEW OF rrs POSITION . 

. 
By Colonel C. B. B RAC l\Jo:NIJURY, R.A., Superintendent Royal 

, Gunpowder Fac tory, Waltham Abbey. 

!rUN title of the paper which I have the honour to read to-day may 

~~poo,l' to some of you a little fall,ta.stie, yet it represents exactly what 

Mods to be said on this subject. YOll will perhaps say inwardly, 

though politeness will prevent the outward expression of your 

thonght-" Of course nothinO' like lea,ther; the head of the Royal 

Olll1powder Pactory' will gl~rify gunpowder." In reply to this 

JlOl'iH~pS you will acquit me of ogotism in stating the fact that many 

YOILJ 'S ago, when I had no moro idea, of eYer holding my present 

jloB.ition than I had of becoming King of Madagascal', I wrote an 

ILl'twle on gunpowder heaued the "Soul of Artillcry." :My present 

viows on the question are hnt developments of those YI,hich were 

thon expressed, developments which naturally folIo\\' the progress of 

kno wledge. 
!V 0 constantly hear t Jmt a. gUll has been produced which will do 

t lllfl or that, yet it is not the g un which does it, but t he guupowder . 

'rh.o gun is only a. tube to concentrate the action of the powder and 

glll d,o th,e projectile. rrhel'e is not a. single gun actually ~dopted for 

IHlt'V ICO m any country which is not, by its wea.kness, a. lllndrance to 

iho full n.ction of the" Spirit of Artillery." 'Vhen gun-makers say, 

nil they frequently do, thn.t their O'un will prodnce a certain effect 

"Pl'ovided tha.t a suitable powd~r be founel Ior it," they meaT.i 

'! JI~ovieled that the strength of g unpowder be restrained, 'cribb'Jd, 

(1~I IJJllOd, and confined' to sui t; the wea.kncss of the gun." 'Ve seme

LlmeR sce in human life a. grea.t and stroDrr spiri t teal' to pir;ces a 

£ooblo frame which conta ins it, n.nd we do not"'say, " \Vhat a. pi.ty that 

tllO Hp irit is so strong," but rather, "How sad ~ha,t thc beely is so 

wunk.'.' . In the case of artillery we rI,rc ah ... a.ys subduing a:ad taming 

LII I) 1l]111'lt instea.cl of strengthening the body. This may be necessary 

III.d"I' eXisting circumstan ces , but, if so, the circumstances are 

'" ¥ fJ-tuiw irv-vtC(l / ~. i£6./fq 
I """ __ 
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unfortunate, and staud ip. the way of getting the most value 
the Spirit of Artillery. . Yet, what a marvellous career this spirit has run. When I ~ appeared in Europe, the most potent master existing was the Spirit or Chivalry. And 'what was this spirit? Glorified by poets and enduad , with prismatic hues by the mists of time, it began by protecting tilo weak against the strong, but degenerated and came at last to strengthening the strong and weakening the weak. If some knights went about the world redressing the grievances of ladies, that show~ that ladies had tel'rible grieyanc'es to redress. There were good , knights and bad knights at all times, and the power of the law wll8 not sufficient to restrain the bad ones. For one Ivanhoe there woro probably a good many Front-de-Bcenfs. "0, but the knights werO bound to obey the behests of their lady loves and run all sorts of dangers to please them." Yes, but if the tasks set were too hard and dangerous we read of knights slapping the ladies' faces wllen the deer! was successfully achieved. And, as for fighting, the knights wero at last so covered with heavy armour that the poorer foot soldiers blLli no fair chance in combat. At Crecy the French knights r ode clown their own archers because they were in the way. Finally the knight had to mount his horse before his ilormour was put on. H e was then quite invulnerable unless his horse f'ell with him, and the difficulty of killing him on the g rountl was so great that there was plenty of tilllo for his fri ends to succour him, B esides, he was generally treat<JCi with tenderness in view of a heavy ransom. The defensive armour of a knight was stronger in proportion to his wealth. James I said of later ilormOUl' that" it was an admirable invention, whi.ch preserved IL milon from being injl1l'ed, and made him incapable of injuring anyhorly else." 'l'his was the point to which chivalry, an admirable institution at first, had come. 
Into ilo world. so oruered was born the " Spirit of Artillery," weak and hesitati ng at first when the firearm was less powerful t,han tho crossbow, and whell a writer of t ue fiftcenth century could say that ~Jl artilleryman more tllltn anyone else should always hilove before hl~ eyes the fear of' God, beca use" the g reat strength and force" of gnnpowder" constantly causes the cannon which they fire to burst." 'l'lw spirit is recog nized HS a living agent " grievous and terrible through its desire to kill and destroy the artilleryman by means of the great ills, and mischiefs, and c1aml1!2'es it does to him in its vocation !tilt! trade."l ~ 
MonIuc. who fou ght uncleI' Francis I , speak s of the growing powor 

of gunpowder, saying that the arquebus " discharged by cowardly and base knaves, " which was the chivalrous way of describing foot soldicl'R too poor to afford armour, struck down many brave men with plenty of money. The Spirit of Ar t illery was at work levelling distinctions in the field, destroying the shams which had cluster ed round chivalry. and forcin g every human being to stand on his own courage ant! prowess, instead of on invulnerability purchased by the rich and denied to the poor. 
1 :; \ .•..... 
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lit tho contcst betwoen gunpowder and armour the gunpowder won 

long time ago. A similar contcst is going on now. 1i,ich nations 

blltlcl mighty ironclads, and put them on the sea like knights in heavy 

,' pf}.noply. The Spirit of Artillery will win in the struggle as it did of 

l'ild i Imd it is possible that the same result-the abolition of armour

tnl\Y fo llow when the victory is clearly decided. Ironclad ships are 

hOW boxes conts,ining a complicated mass of machinery, and com

lijl.rr~tively but few men. l~irst rate men-of-war used to cost 1,000l . 

.. PUi' gun. Somo late examples-the "Italia" for instance-cost 

• mothing like 100,OOOl. per gun, and much more if we only count 

thll l)ig pieces able to pierce armour equal to tha t of their own ship. 

:' J!ll\.noy the value of 1,000,000l. going to the bottom as it may from the 

nHlllt of one blow, and thcn think how cl'JScly the Spirit of Artillery 

I. fOllowing the samc course I1,S once rcsulted in the abolition of a 

11 gonoratc chivalry, t hc oxcessive power of the strong' over the weak, 

• 'ho I·jeh over the poor. 
Wo will now turn, if you pleasc, to the examination of this spirit, 

find BOe how much 'wc know about it, and how it is getting on with 

l~ growth. 
And, first of all, wlmt is its actua,l strengt,h ? 

. ~.'ho difficulty of thc sub.iect, as treated from a philosophical point of 

ItJll', has been illlls/;mtcd by thc extmordillary differences in the 

llil!ol'oticalreRults urri vec! ut by tlifterent invcstigators. Starting with 

tleo ycar 1702, De l::L Hire sn pposed that the force of fired gunpowder 

ro~o only from the cxpansion of the ai r lying Iy ithin and between the 

KI'f1.1118, this expansion bei ng ca,used by the heat developed in the 

" t,IOIl of combustion , 
II1 J 74·3 Robins crushed this thcory by sJIO\\'ing that i t would only 

1I1!COll IJt for a.bout a. 200th pftrt of the force :1Ctually a,rrived at. 

ltobins added t he cffect of the perl1Ja.nent ga,s developed from the 

' [l0w.]m· which, rai sed by the hmt, would givc a force equal to 1,000 

IltllloSphel'es. 
, "'ive-and-thirty yca.rs a.rt.crIYunls, in 1778, Dr. Hutton communicated 

f.o I.ho l{oyal Society his rcscfU'ches on gunpowder, which showed a 

S\'1'olLi; [Lclvance over those of his predecessors. He ca.lculnJcd the force 

IIf fired gunpowdcr at abont double the amount arrivcd at by Robins, 

nu ll called it 2,000 atmosphcres . Bu t the laws of thermodynamics 

hll<1I10/; been discovcrcd in his time, poor man, so his views are quite 

oh~o l(Jto now. 
Thon, in 1707, Count H.umford attacked the snbject again, and 

/'ilpol't.cd to tho Royal Society a scries of experiments in which he 

hUPPOHOcl himscl f to ha\' e provcd that this tricksy spirit of fired 

I{ II 11 powder, when kept t,ig hLly but,tled up, was capable of excrting a 

")I ',; \) 1!I{ual to the prcssllru of 110 less than 101,0:H at mosp heres, that 

f~ , /j(j2 Lons Oil cvery sqn:Lre jll(~h. 
III Hl2;~ Gay-lJlls~ac l'l!]lOl'Ll,d hi s cx:pcrimeuts, and decided that the 

]lhl'IiIILncnt gases \yould, rtt (,hu r"eez ing poiHt, of temperature, occupy 

11 " iil"~ll 450 t imcs g realer than l,lll) ]101\'(1('1' from ",hich they werc 

,1""11'",1. Piob('rt" !towcI'e r, promptl,\' demolish cd his figures, showing 

!, "'" _, :", . 1, ,,;,,::,:\ ! ;" 'I"""I!1t ~ I''-ere ,1<luh!e what they 
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ought to be, an~/ indeed, in another place Gay-Lussac , gives amount as about 1250 volumes, 
Piobert hims~lf, between 1831-36, gives various amounts, ranging from 200 to 650 volumes, but seems to have settled down 'to , a theor etical estimate of about 350 volumes, with a maximum . pressure of ' 23,000 atmospheres, that is, 151 tons at the time -of greatest tension, J.p. 1843 General Cavalli (who, by-the-bye, invented a breech-load, ing cannon) e.xperimented with small barrels, and considered thal with violent powders he obtained actual tensions of 24,000 atmo· spheres (158 tons to the square inch), while in less inflammablo powders the force was under 4,000 atmospheres (26 tons) , 
In 1854 a Prussian Artillery Committee came to the conclusion that the actual ll\aximum pressures were, in their 6-pr. guns, 1,100 atmospheres (7'2 tons per square inch), and in the 12-prs., 1,300 atmospheres (8'5 tons per square inch). 
Between 1857 and 1859 Major Rodman of the United States mado some important experiments with apparatus very similar to thal which is chiefly used now on the Continent for taking pressures. He , obtained results for tightly-packed powder varying between 4,900 and ' 12,400 atmospheres. 
In 1857 Bunsen and Schischkoff published results which credited gunpowder with devel<?ping permanent gases which occupy 193 times the space of the powder. 
And at last, in 1875, two gentlemen, before whose scientific autho'rity on this question one stands cap in hand-Captain Noble, of EIswick"and Sir Frederick Abel-Iaid down, after a series of careful experiments, in which the new power-electricity-was called to their aid, that the tension of the products of combustion, when the powdor fills entirely the space in which it is fired, is about 6,400 atmospheres, or 42 tons to the square inch, the temperature being about 2,200° 0'1 that is, about 4,000° 1!'. 
Such has been the disagreement among philosophers who, however, doubtless approach nearer and nearer to the truth. What an ines, timable comfort it would be could we stop here, and feel sure we aro right. All these great philosophers gaily tripped up the heels of their predecessors, and who is to guard us against the advent of soma new philosopher of distinction who will find flaws in the reasoning of Noble and Abel ? P erhaps even a new science .with a long name may 'be invented, as thermodynamics were. These two gentlemen are w,oll able to take care of themselves in a controversy, but it was With positive sinking of heart that I observed some of their conclusionB criticized and challenged by a French Committee appointed to examine' them. And, alas! even our two philosophers show in 1\ second memoir that the amount of permanent gas and the heat developed may be quite different in the different sorts of powdol'. They have even found that the maximum tension of some fll'o<l powders is so much as 44 tons on the square inch, and in actlll~1 practice results have been given by crusher gauges professing to show even higher pressure than this. . 

Tld; 1'" ~f'( • • " .:" ~ ",(",1: ',1' ).'Qugh l 'olllld number for onr pl'(lcLl( 'I~1 
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manufacturing purposes and,' call the maximum pressure of any 

oDdinary gunpowder, fired in a; spnce that it fills, 45 tons on the square 

inch. Then, ifthe powder-makers fulfilled the old desire to make the 

~trongest possible powder, and if we suppose the interior of the gun, 

"",hero the powder lies, divided into a number of rings, each an inch 

'Wide, we should have for a 12-inch powder-chamber a pressure of nt> 

leas, than 1,696'4 tons on each ring seeking to tear it open j in fact, ro 
barst the gun. Now, this is just what we powder-makers would like, 

and the artillerymen would like, because tremendous pressures would, 

other things being equal, mean immense velocities for the shot and 

more honour to the craft. But at this point the gun-maker and the 

oarriage-maker sLep in and tell us that neither gun nor carriage 

'Would stand such enormous strains for long. They say that this 

8pirit must be tamed and kept within bounds lest it should work 

more harm to the gunners than to the enemy j and it will not dt> 

to reply that they can usc less of the powder. No, they must have 

groat effect and small pressure at the same time. The gun-makers 

0.1'0 running a race, which appears to me rather dangerous, in their 

offorts to procure great effects from light guns. For, unfortunately, 

bhe Bame powder will produce different effects in different climates. 

English-made powder has been proved to give higher velocities and 

prossures in India than at home, and Indian-made powder is too weak 

horo to produce the effect requir~d. The spirit becomes more lively in 

~hot climate. 1'his would matter little if the pressure allowed were 

I\b ItU near the high limit of the action of gunpowder. But in all new 

I, guns, English or foreign, the pressure must be k ept at about a. third 

of that which is possible, and it is a grave question whether on the 

wllo lo it would not bc bcttcr to strcngthen the gun even at the 

IlXponso of more weight. However, the progress which has lately 

hoon made has been chiefly in the direction of taming this terrible 

"(ront, and making it do its spiriting gently. 
JJot us try to conceive what happens in the powder-chamber of a 

glllt when the chiLl'ge is ignited. Here all is supposition, for we can

not l~OBsibly sec the burning of the powder , and even the philosophical 

~l\d ~mportant experiments of N oblo and Abel only tell us the rfm~lts 

ootfLmcd in burning very small charges, not how the results are 

lJl\uRoc1, still less the process in a gun of high calibre. If we compare 

Lho hoat of a small fire with that of a great furnace, we know very 

'wol~ that it diffcrs not only in size but in intensity. Probably a 

~lm llal' difference, though not so great, exists between the combustion 

fit IJmlLll and large charges of gunpowder. For our purposes at this 

momont we will neg leet theso fine distinctions, and lump all the guns 

~go.thor. How then does tt eharge burn in a gun r 
lrll'fli; of all a small flash darts from the outer world by means of the 

tulle, through the ,"ent, and llres t he charge at one spot. The first 

r;,wder ignited produces a small quantity of heated gas, which pene

rMOH wherever the way is easiest, that is, round the cartridge and 

through any holes thcre may be in it. 'l'hen the lllmps of powder, 

I'/l l/d~ l.vol' shape they may be, begin to burn all over, producing a 

' ,'I!nd d.II nfO';l '; whi('h i~ nl'o!,oJ't ionate to the size of ,the surface 
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which is burning. In a single lump like that of the powder known 
as pebble, more gas is produced at first than later, because the burn. 
ing surface is larg,er. Thus, supposing the usual theory is correct, 
namely, that each grain or lump burns regularly till all is consumed, 
we luwe much gas produced before the shot has time to start, and' 
only a small increase afterwards to add to the velocity of the projec. 
tile, lli\ it travels on through the gun. But if there be a hole through 
th e lump as in the case of prismatic' or the new cylindrical powder, it 
bnrns inside and outside at the same time, and, as the outer surfaco 
diminishes, the inner increases, so that we have an increase from tho 
inside to ' compensate for the decrease of the outside, and thus tho 
shot continues to receive a ' strong impulse up to the last, to quicken 
its speed through the bore. I shall show directly why I conceive that 
this theory is not altogether correct, but it is so up to a certain point. 

'With regard to the shape of the lump, it is clear that as nothing jg 
Btronger than its weakest part, lumps of a spherical or cubical sbapo 
will take a time to burn away equal to that of burning from the out· 
side to the centre taken anywhere we like. But long or fla t pieces 
will only require the time necessary to bnrn through half their 
smallest dimensions. It matters not how much powder there might 
be. A cake a foot square and half-an-inch thick would require no 
longer to burn than a small sphere half-an-iuch in diameter. 

But the charge in ft guu is composed not of one lnmp but of many, 
and we hrwe to ignite everyone of them if we wish to obtain the full 
effect of the powder. The more regularly we can ignite the chargo, 
the more regular must be its action, and the more regula,r tho 
veloeity given to the projectile, '1'0 this end it is necessary that tllo 
first fiery spirit produced should get at each lump quickly and all 
over its surface. Snppose that we light the charg-e from behind. 1 
take this as t.he simplest ca,se. A portion of the gas will l'Ush round 
thc outside of th,e cl large through the space which surrounds it and 
a,nother portion will rush into any spaces there may be betweeu tho 
lumps. Now in the old powders the lumps, or pebbles as they were 
then crtlled, in the powdel's for heavy gUllS, lay irregularly through. 
out the whole charge. Roughly speaking, opposite each space where 
the gas would enter there would be a lump which, though ignited, 
would receive all impulse forw(1rd, or sideways, according to 
where the gas entered. It would be driven forward, a similar 
effect would be produced on others, and we might, as an extremo 
case, suppose a large portion of the cha,rge propelled onwards and 
dashed in a mass against the base of the shot. There would be fL 

sudden check, a blow on the gun as well as the shot, a recoil wavO 
assisted by the gas from the mass which would now burn, and, alto. 
gether, a g reat and irregu lar dashing about of g(1S waves (probably 
liquid at first, but we will call it gas), and so may arise what aro 
caJled wave pressurcs. '1'hcse would be uncertain aud incalculablo, 
a.nd t he same charge might one day give one pressure on the interior 
of the gnn and another day another pressure. The veloeity of tho 
shot would be difforen t, and therefore the shooting irregu 1(11'. 

But. no 'I,' look at the hack of a charge of pri ;;; 11n.ti~ p,)\\'(ll'l' 'J'II ~ I'I' 

.'J 
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Aro reg ular holes 1'1l11llillg' righu thl'ongh the charge from end to end, 
~nd giving eaRY neecss to evc;l'y pl'ism in i ts iuterior at least. In a 
oharge of cylindl'icnl powd~I·. not only the inside but the outside of 
ot\ch cylindcr is frcely cx posed to thc passage of the h eated gas, and, 
other things beilw equal, we may expect less irl'egularity of action, as 
in..rns out t o bo tl~e ca~e. You see that the theory is in favour of the 
.oylindrical powder, a1lLI thi>; is one of tue reasons why I designed it 
III that shape. 

But, whatever be the shape, it is impossible for the ignited pieces, 
pobbles, prisms, or cylindel's, to remain in their places. How do they 
move and what do t,hey do? 'rillS is just what I wish somebody 
would tell me. Perhaps they are at first prevented from touching 

"oach other by the liquil1 or gas which snrrounds them. P erhaps, on 
the other hand, they are ern shed Id most at first. 'l'his is certain that. 

) b~ a bottle of fl'llgmcnts of pl'ismatic powder blown Ollt of a gun and 
pICked up extinguished, I fo und one fra gment showing distinctly that 
It Was part of the insid o of a prism, which inside had never been 
ignited at all. At any rnte it seems highly improbable that the lumps 
of powder burn regularly as has been supposed. It is a little dangerous 
to differ from received theor ies, bat there seems to be good reason for 
supposing that, at some poill t in the burning , the original lumps are 
broken up along lincs of lea:;!; r es istance and, after that, the powder, 
lKling in many more frag ment" tTl~Ul at first, burns more rapidly and 
Ooreely in its volcano of moltcll fi re. 

r.J.'here are at least two reasons why it ·would. appear probable that 
the lumps must brcnk 11p. Fil'st, becnuse each prism or cylinder, 
brl1'1ling both from insirle :wu outside, must become a mere shell 
hurried along amon~ o!b or sncb shells in a raging torrent of liquid 
IIro, striking the siues of tilo bore and t he other similar shells. 
Sooondly, bccause hal'll n;; :t piece of g unpo wder may seem, it is 
roally a sponge with oxtJoc lTlcly small orifices, into which I believe the 
gill! at the great PI'OSSUl'O which prevails must penetrnte. 

'1'hore are many faeb; wiLh J'cg·rtl'd to gUlJpowdel' which can, so far 
~ 1 know, be explained in 11 0 oLhel' way j and it is found that, acting 
on this belief as n theory, jJl'ae tical results always turn out much as 
Wf\iI to be expected. 1"01' iustfl ll ee, if the surfaces at first ignited are 
latgo enough to get up n, cousirlorable pressure, yet not so small as 
tbat all the powder sha ll disn'l'pear suddenly, the size of each piece 
lJu~lcc8 no practical diffOl 'ence, other things being equal. Here are 
~wo pl'isms very diffcrellt ill size which give nl rnost iden tical results. 
r n.Ul not aware of ft sing le case in which thore has been amoug the 
rlo~o~ of powder blown uut of' :t gun nlld afterwards picked up, one 
lIohtll.l'y mor selrei.:Lilling t 11(' ~l.i: Ij)e of n. cylindcr m' prism regul arly 
blll'ut from outsille and i ll side . AIH1. to crowll nIl, I llfl.ye :::ctnalh
MlJf.I ~l .pioces of p OW tl CI' l>l'!'Hk Ill' into t hreo 0 1' foul' 11101'''018 even WllO; 
'Uli.Jtod in the opell :1il' (II' n 1''' , )Ill. If this secms n. hcrcsy, it is onc 
wl ll (;!' will, I belio\'c, i!l t i Illt' heco me :tIl n d iele of fnith. 

1I 0~ul'o explaiu ing Lhe fll'l'l il' :ll ion of t llis [hoory, pcrmit me just to 
IMuLlOn tho priueil'al (ll'cmt. i"lls ill llto m allufacLure of the older 
t.rH\· fl ~q .~ 
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1st. · The three ingredients, Saltpetre, Sulphur, and Charcoal, iua state of fine division, are well mixed in a revolving drum. 
1flnglish proportio~s are by weight in dry powder-

75 Saltpetre. 
10 Sulphur. 
15 Charcoal. 

2nd. The mixture, in a moist state, is incorporated under stone or iron" runncrs," heavy wheels which revolve on n bed, for some hours, [Lncl so mix and crush the ingredients as to bring them into a sort of softish cake, in which they are amalgamnted and can no longer be distinguished one from another. 
3rd . '],he clLke so produced is broken down into meal between metal rollers. 
4th. The men]i<:, . .-pressed between metal plates into a harder cake of the required dens"C)·. 
5th. The new cake is broken up into grain between toothed metal rollers and sifted to the size required, or, in the case of the pebble powders, is cut into the masses which we know as pebbles. 
There are other processes of dus ting, .glazing, &c., not worth describing; but lL very importaut one is-
6th, Drying. Up to this point there is always a eonsiderablo l1Jllount of moisture in thtJ powder, and it has to be expelled, so as to leave ollly about 1 per cent., for reasons which need not be stated here. But I ask your attention to one point: the particles of moisture have to make their way out of the powder and must do so by channels between the plLrticles of powder. Thus the mass becomes more or less spongy. If the moisture is driven out rapidly, the orifices will be comparatively large and. the mass more spongy; if slowly, the spongi. ness will be less. As extreme cases, I have, by rapid drying, for experiment, largely increased the size of the mass and even blistered it. By very slow drying the mass has actually contracted and become more dense than it was when moist. Ignited in the open air, the fast dried pieces will burst like crackers, the slowly dried will burn slowly. In order to get rid of t,he difficulty and the time spent in drying, we have tried mlLking the grain of such a moisture only as will , when pressed, give a powder which requires no drying; and we have had considerable success wit.h it. The best result yet g iven by a bla{)k powder in the 6·inch n.L. gun was obtained with a "dry-grain" powder, called-

LB······· · ·········· ··· . Later, eocoa powder gaye .. 
Still later 

" 

lILV. 
1,963 f.s. 
1,97,J, " 
1,945 " 

Pressure. 
16'4 tons 
16'3 " 

" 

Date. 
25.10.82 

5.6.83 
7.9.83 

Thc n ewcr pow(lr.I ·~ , prismatic amI cylindrical, pass through the ~;n,m o processcs [ LS the olel until aftcr g ranulation. The g ranulated powder is tbon simply pressed in moulds and dried. There are no ot hc l' j11'oecssoH of manufactnrc', hut a very importnnt process of 
ll lT:\ lI .:';\! IIWIlL mll( '!! " hl<'1l<lillg' ," of which rtl01'C "i ll be said shortly. 

, . " ',: . 'ivi.ld·; eame to England 
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f'fom America, waR rather Jl~glected here, but taken up in Russia, 
'Where the prismatic powder ,vas first produced. The good qualities 
fJ'':pl'iamatic powdcr werc brought prominently into notice during the 

· ilQmpetition between the Armstrong and Krupp 9-inch guns at the 
Wogel practice ground, near Berlin; but cven then it was not 'adopted 
hUl'O, mainly, I think, bccauso the Russo-Prussian powder was, in its 
Illltl1ils, more suHahle for breech-loading than for muzzle-loading gnns_ 
With details a little n.ltered, it is now found much superior to pebble 

, lJ9wder·for even muzzle-londing gnns. It was introduced at Waltham 
\Abboy, on the rccommendation of the Explosives Committee, in 1880. 
»uHides the quality alrendy explained of burning with better late 
lJ,~octs, ·it is more regular, and has the advantage of making up into a 
better cartridge t;han the irregular lumps called pebble powdel' . 

1'bis . prismatic powder was, thereforc, a decided step in advance, 
mlt further progress was requircd. Hitherto short muzzle-loading 
{{llns had been used ill this country, though Sir William Armstrong 
lllul ' produced long guns and proved their value as early as 1878, 

, "bowing at the Hame time that breech-Ioa,ders and muzzle-loaders, 
' lJi\ide of the same internal dimensions and using- similar ammunition, 

exactly the same effect. A high velocity with low maximum 
on the gun was obtained by enlarging the powder-chamber, 

to leave an air-space. 'l'his was the best that. could be done with 
powders, but Noble and Abel had already, in their second 

. to the Hoyal Socicty,l pointed out that, by detaining the projec
. pya strongly resisting band, more value could be got out of the 

"JlUwdor before the shot moved. Then the question arose whether a 
.-ory slow-burning powder could not be used in this way to advantage 

·[: Jr'remploying large charges which, burning slowly at first, would give 
· ablo pressure, but would continue to develop a large amount of gas 
~. Iong as thc shot rcmained in the bore. In fftet, the problem was to 
obtll.in the lowest attainable pressures at the breech and the highest at 

:~I~ muzzle. Coloncl Maitland, the Supcrintendent of the Royal Gun 
I;'Mtories, asked if we at W r.ltham Abbey could break in the Spirit of 

· krti llory to do this work, and we began to try our hands. I believe 
UIII~ this was the first instance, at least in England, when gun-maker 

s !md powder-maker agreed to work together, without the intervention 
If '", Committee, nnd it was 11 rccognition of gunpowder as the Spirit 

!1rJAl'tillery, which must in time bccome universal. 
'. Tho idea upon which I commenced work was, to use a shape which 
'iflillld be practically casy to make, would stand more rough usage 
lhilb the angular prismatic powder, and would be ignited as regularly 
JI'fld uniformly as possiblc inside 11nd ont. As a first step, the angles 
WOI'(J taken off' the hoxagonal prism so as to give itrtwelve sides. The 
~uJt, seemed promising, and the second step was to the cylindrical 

·(01'111 • . At the same time experiments were carried out to ascertain 
~hl\t; :vaA the greatest density which could be given t o powder of the 
tiAhll/~I. l;lg't'ediel1ts within fairly cnsy manufacturing limits. vVe found 
l I, I'~ was almost more than we could do, and finally settled down to
Ilk',:! !, 1'88. rphe fi n;i; cyli ndr ic:n l Jlmnkt, made was of about. the same 
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size as Waltham Abbey prismiLtic powder; but as this required a long time to dry, we reached at a later period the sil!;e now before you, which has been a,.dopted into the Service and is called C2. Shortly after the larger-sized cylindrical powder had been made, the Ordnanco Committee commenced their labours, and the powder was laid befo1'O them for trial. The trials have lasted a good deal longer than wf18 
pleas~nt to us impatient manufacturers at Waltham Abbey, but in the cnd the powder has been adopted, with the fllll approval of the Committee, and is now being manufactured for the Servioe. The chambers of all the new heavy breech-loading guns have been designed to fire this powder, on the same principle that makes men . buy a saddle and bridle to fit the horse, not a horse to fit the saddle and l . bridle. The Spirit of Artillery has 'been given its fitting place, and the results are what you see on the table. 

So far we have dealt only with the manufacture of powder with tho . usual materials in the usual proportions, but there is much to be dono in modification of these. I happened once to be travelling in the samo ,railway carriage with Sir W. Armstrong, and he asked whether, in view of getting rid of the eating away of the bores of guns by our -unquiet spirit-erosion, as this" eating" is called-something might not be done by reducing the proportion of sulphur. On thinking over the ques tion, it occurred to me that, such a change might be advantageous in producing the' slower powders now required. A few small -experiments gave promising results, but the proposal found little favour" ' a~d it was left to a German firm to produce afterwards an excellent powder by this means and by the adoption of our new densities. This is the powder (Construction 82) the results of which are shown Oll the 'table. (See Table.) The composition of the powder is the same :as that of tIle ordinary German prismaLic, except in the proportion"of the ingredients. The density is greater. 
Another powder has been . introduced in Germany, and is mado there by two firms. It is called Cocoa Powder by one, and Brown Powder by the other. '1'he proportion of sulphur is again small, and the charcoal, if so we may call it, is different from that generally made. It was only brought forward last year, and was at first irregular in action, but hter samples have given very good resultsabout, t he same as VV' a ltlmm Abbey C2, and with a less amouut of powdel" which is n,n advanbge. As it is supposed to be a great sccret we must be silent about its details here, further than to sny that we are able to make it at Waltham Abbey if its value is esta. blished. There are very different opinions about it: some people saying that it is too destructive to the interior of guns-in oth~r words, thn,t there is too much erosion. But it has two advantages over ordinary black powder, which, in my opinion, give it great claims to acceptance. It g i l'es little sm.oke compared with black pewd er, fmd burns slow Iy in the open ail', so that its manufactllro is less dangerous. It contains more hydrogen, and produces, I helieve. 1ll0l'C permallcnt gas when fired in a confi ned space. Tll91'o is reasoll to believe that it, mny be valua,b]e in the old muzzle-loading' ;;"""!ns ;1S ,ye ll as in the nl~ \\· h !·c(~~h .. l l.)~rlf:1u~ 
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I' 1101'8 is another powder, invented by the Italians, and called 

Jr!l8HI1IlO Powder, from the' plnce where it is made. It is like our old 

flq powdor, but larger, and the cake is differently made. First, 

1\ I)qrnparatively thin cake is made out of dense-grained powder; then 

bhlA oake is again pressed between layers of lighter powder, and then 

tho compoun(l m.ke is broken up into lumps. The theory is that the 

'Qutor layen will burn 01' broltk up first, anll leave the denser grained 

h\t()r~or to (Jontinue the action up to the muzzle of the gun. I venture 

to tlnnk that, thoug h this was an improvement on the old powder, it 

will ~e superseded by the newer. Here are the r esults of some 

c)lCpet'lments lately made in the lOO-ton Armstrong breech-loaders. 

{L'hoy were carried ont at Spezia by the Italian Committee. (See 

fJ1n.blo.) You will observe that the WaHham Abbey C2 powder gave 

bot~ol' ballistic results in the 43-ton R.L. guu than the cocoa powders , 

'r~l)d We should expcct even a greltter difference in higher calibres. But 

, ~ h? cocoa and browll powders have both beaten the Fossano powdel'. 

SLillmore would the C2 be superior in ballistic effect. 

A very wide fi eld of progress has been opened by the use of grained 

p,0wder pressed in mouiLk The Spirit of Artillery has been bridled as 

It 'nevor was before, and rendered much more manageable. If we 

tll.ko a light-g1'l1ined powder and press it together into a dense mass, 

Wo obtain lumps, of whatever shape, which will burn steadily fOl' 

Hho~·t muzzle-loaders. But if we take a powder of dense grain to 

, bogm with, and press i t, ou ly so much as to mn,ke it hold t,ogether 

wholl fil'Rt burning, but break up easily afterwarcls, WE' obtain in the 

"(tOl' stnges of combustion small pieces which will continue the pro

ullotion of gas as long as the projectile is in the g m). By this adjust

nlO~t of means to the end \\'e can meet auy of the practical conditions 

winch govern the dimensions of ordnance with reference to the places 

whero the guns have to be worked. 
And now, with rofel'ence to the blending. An idea has lately been 

nflortt that this process (which consists in mixing powders which, 

MicI' manufacture, are forllld on proof to differ to some extent in 

"ORlllts) can he got rid of, and powder made so regular that it will 

lIoed no blending. No one cn,n SDY what the future may bring , but up 

to tbifl time thero :tppears 110 prospect of any such eonsummation . 

You all know thn.t there aro people, and evon p lants, so organized 

t".ILi. overy change of " 'eaUler affects them. This is precisely the case 

WIth the spirit wc are imprisoning in gunpowder. It is such a 

~ 1l:l'VOUS and 8ensi t iyo spir it, thnt in almost every process of bottling 

jl, up-that is, in t.ho manufactu re of gu npowder-it changes under 

OU1' hands as t.he weather changes. Sometimes we can detect its 

llorvous sensibi lity and allow f9r it, as in the process of pressing into 

mO ltlds, whell wc call uy actun I trin,l tell ,,,hat densities we are getting, 

Ilnl l give mOl'e 01' luss jlressure as is requircd . For instance, on the 

III(JI'ning' of t hu l;Wl Jnlll' , 188:!, the pl'essUl'e had to be applied for 

,tlJ flUconds to 01tain till) l'equired density. Later in the cla.y only 

2l) seconds were requircod to outaill the same density. So t hat in the 

1l1()I'rting of a .Tnne da y hn,jf as mnch again time wns required as in the 

:dl ! 1·'l()l)n . O n t 1)(' :~ l lllr :J 1I 11C'. 188:.! . uurinQ' pn rt of tbe day the time was 
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as short as 26 seconds; on the 11 th December the time varied between 98 and 84 seconds 1;0 produce the same density as was obtained ill June with 26 secoIlds. That is nearly four times as long in the ono case as in the o~her. In other sm.gos of manufacture we have no sueh indications; bu.t it is a fact that, not only the warmth of summer and the cold of wint,er affect it greatly, but the morning mists, t,he sunshine of mid-day, the dews of evening, nay, even a passing cloud: tell upon its nervous temperament. As a mitigation of the weather difficulty we are about to try warming a set of houses with hot water. By t,his meallS we hope to obtain a litLle more regularity, but it will not meet all the difficulties. The state of the weather during the process of drying is especially important, and as we dl'y 100 barrels 01' cases at a time, each" lot," as it is called, differs from other lots, as one child in a family differs from othors; we know not . why. So then, if we want uniformity of energy, we m.ust put OUI' -children together in batches or teams like horses, putting the w~ak -with the strong, so as to prodnce an average power and effect. 
In the old powders the selected lots were put together and mixed in xevolving barrels. But it is conceivable that when finished and :-f!ubjected to that perpetual motion which is the fate of all things ·military belonging to ~Jngland, there may occur in the shaking during 

: 30 series of years a change of position in which the larger grains will come to the top and the S'Il1aller grains sink to the bottom, so that a . charge taken out of the top of a barrel may give different results from . one taken from the bottom. With the new powders there is no such ...(fanger. At 'Waltham Abbey we blend them with the greatest accu-racy, aB you s!Ce in the diagram, and they cannot shife their places, because their shape will not let them. (See Diagram.) 
There is one feature ill the manufacture of gunpowder to which I have not referred, as it is only a.ll assistant, and does not in any vc;ay influence the character of the powder. I was amused at seeing a ,paragraph in a scientific pn.per the other day asserting that a cel't~in .gunpowder factory has just been provided with the electric ligbt, cn.nd this was the first use of the light for such a purpose. We have had it at Walthllm Abbey for two 01' three years past, and my inge· nious friend, Major 'YV ~ttkin, has designed wbat I believe to{) be tho safest possible light in existence. It may interest some of you j-o examine the arrangemcnt with him presently. In the meantimo J think you will admit its absolllt.~ safety. The incandescent lalllpanybody's will do-is plunged in a large glass vessel of water and hermetieally scaled. 'rhe light mn be used where we should fear to have any other known light, and thus are secured at once . longcl' working for several houses, and brilliant illumination with perfect safety. 

'Vc have now run over tbe pl'illcipltl changes which have latel,V occurred in the manufacture of gunpowder-the production and breaking in of the Spiri t of Artillery. And it all comes to ihis, that every step Ims opened up fresh posEibilities, so that I, for one, feel that wo arc as yet only on t he threshold of an immense subject. I forbear 10 lead yo u forward out of t.]1.I' 1'(~Q' I Ol) ()f -f!,<·ts il'( n ih.,. .. " ~t 'l''- ili;l~ i oll . 

.s 
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nut, certainly, much l'crnains to be done, The force which abolished 
the shams of the olcl(clecaying chiyalry has, by its influence on arms, 
pall od forth a larger chivull'y, in which the private soldier may become 
lind be recop-nized as a hero , It demands from him a courage capable 
O~ flllstainiug him in dangor whell there is no shook of battle to stir 
hUll, but a long waiting under a rain of death which comes to him 
trom l1V-tr-unamJounced, invis ib1c. It demands also from him educa

'Lion and intelligence, not merely brute force. Whether, after having 
o!,eftted the call for ironclads, it will abolish them again, remains for 
tlmo to show; but if Enghncl keeps, as we all believe she will, her 

, }'laco in the first rank of human progress in arts, arms, and in the 
, otty courage which fl ourishes only whel'e true liberty exists, we ('.an 
only welcome the progress of the Spirit of Artillery. 

TAllLE l.-Philosophel·s' Calcnlat'ions , 
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. Mr. KRAPTMIlIER: Colonel Brnckenbury in his lecture seems to have a strong 
preference for the larger prisllls and larger cylinders. Now he mentions that, in 
drying out the moisture, smnll channels are formed in the prisms. Of course, in 
constructing larger prisms n.nd lu.rger cylinders there is much more moisture Ul 
be driven out, and therefore I should think there is IUueh more chance of irrogu· -
larity in the lnrger prisms by It larger quantity of channels being formed, and T, • 
should think that this would rather destroy the r egularity which is expeoted te bo ' 
attl1ined from the moro regular fonn and process of combustion of these largor 
cylinders. I have quite recent.Iy receivcd news from Spczil1 thl1t the lOO·ton 
Armstrong breech-loading gnn lifts also been fired with 11 charge of 375 kilos. of brown 
prism'1tic powder-l1bout 8251bs.-l1nd that the pressure has not been very muoh 
higher tha.n with tho 350 lb. charge. I am sorry that I havo not the actual result~ 
here. 

('1,.,1 (\11('1 Bn .\f'l.:!:'~r;rn.,.: ' f" v 1:; , .~ rr ,,'.; ,~ , 1 . !.:" l '" 
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says that I strongly Rdv~atc any particuial' size of gunpQ)vder; on the 

I think I am about the ly person in Christendom who says it does n!>t 

way or another for bl} listio purposes wha~ the 8~ze of the ,powder is, or, 

I am perfeetly prepared to accept eIther Slze, and wlll engage to 

manipulations 'of the' powder almost identical result",. whatever the size 

reaaonablo limits, Drying the cylindrical powder takes-a very- much 

now than it used to do, and not onll' so, but by a process which we are 

we~hu.ll, I believe, get rid of drying altogether, Drying has been 

118 a process in the, manufacture of gunpowder -which haa given the 

and h08 altered the constitution Rnd effects of powder to .a very 

; but by the procoss which we see our way to adopting, when we have 

the details thoroughly, we shall get rid entirely of this troublesome 

have had no information "ith regard t.o the experiment which' Mr. 

mentions as having taken place at Spezia'; but I may say that some of 

at Speziu, shown on 'the table whioh hangs before you, were kindly com: 

to me by him as agent .of one e~ the great German firms, a.nd the ot~er 

the other agents, I mny also say, and I nm very glad to acknowledge It, 

indebted to German manufacturers of gtm'powder for ,having brought 

OD this country the prismatic powder which they have worked out with 

of trouble, and also for kindly communicating to me on more than one 

details which I was very 'glnd to have. I have to thank Mr, Kraftmeier 

firm he ropresents for having gi'l'en me valuable information ' on very . 

questions, 
CHAIRMAN: I have only one more duty to perform in reference to this 

and that is to nak YOll ' to thank Colonel llrackonbury most cordially for 

brought this subject before us, It is mnnifest it is one of cousiderable 

and, 118 ho says, he, with all the knowledge he has brought before you, is 

thresllOld of it, I think wo may look forward to further lectures in this 

I hope, perhaps, Colonel llrnckenbury himself, when he h88 passed'. 

of which he is only on the threshold, will be ahle nL SODle future time 

up the SUbject, I beg to offer, in tho name of the meeting, our eordi a 

to .Colonel llraokenbury for the lecture he has given us, , 




