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whose Dictlogncs on ii'Iotion were printed in 1638. But the reai fOllncler of the science was Benjalllin 
Robins (q, 1-,), whose .New P1-inciples of Gunnel:Y appeared in 1742, and treated of atmosphenc 
resistance, the force of gunpowder, the effects ~f varying the length ~n~ weight of gUllS, &c. HIS invention, the ballIstIC pendululll, enabled the 
velocity of It cannon-ball to be measUl:ed, and was crenerally used for that purpose untIl super­
sedea"by Navez's electro-ballistic pendulum abOl:t 1862. Euler, HaUon, and others added by theIr 
commentaries on RO,bins's ~vork ~o t he general knowledge of the subject whIch eXIsted up to the 
end of the 18th century: In 1840 Professor '¥he.at­stolle in ven ted an electnc chronoscope fo r measurmg velocities which was followed by those of Navez­Leurs B~shforth, Noble, and De Boulenge (see GUN~OWDER-P,·oof). In 1878-80 the Rev. F. 
Bashforth produced hi,s chronograP.h for measuring the resistance of the all' to .the motlOn of elong~ted projectiles. By means of Ins tables and the vanous 
instruments now placed at their disposal, mathe­maticilins are able to calculate the proper length, 
thickness of metal, size of chamber, charge, form of 
projectile and method of rota~ing it f?r a gll,n of O'iven calibre and also to deternnne the tIme of flIght, 
penetration, 'height and velocity at, any poin t, .an.d elevation required for any range, &c. All thIS IS 
most necessary in order that the gun may be skil­fully handled, and each weapon has its' range table' 
made out, giving these particulars. 

In 1880 Major F. Siacci, of t.he Itali,an A:tillery, 
put forward a n~et!lOdof SO!Vlllg traJectones. and problems in ballIstICS, and Ins formulre, ~om~tlmes sliO'htly modified, have been used by artlllensts of 
aU"lIations with very satisfactory results. . 

'Without explaining the intricate cal,culatlO~s and 
delicate in~truments used, it may be Illterestlllg to 
give a few examples of gunnery problems. A shot 
was fired at Shoeburyness in 1887, and called the 
Jubilee shot, from a 9'2-inch wire-gun at an angle 
of 40° elevation, hy which it was thought an extreme ranO'e would be ohtained. The calculated 
mnge was 20',765'3 yards (say 12 miles); maximnm height, 17,1l0'6 feet; time of flight, 63'787 seconds; 
angle of descent, 53° 50'. The actual range was 
20,236 yards. 

The necessary elevation fo r a 12-inch 45·ton g~n, firing with a charge of 295 lb. and a . muzzle velOCIty 
of l!ilO feet per second at a point 3000 yards distant 
and 1270 feet above it, is found to be 2° 25'. 

In designing a rifle of which the velocit,Y is to "\>e 
800 feet per second at 1000 yards, and trajectory III 
no place higher than ?2 feet, it is necessa.ry to Im?w the proportions of weIght of bullet to cahbre,. whIch 
are found by Siacci's forrnulre to be 358 grams for 
a calibre of '38 illch, or 254 for '32 inch. 

From such examples it will be understood that gUllnery has become one of the exact sciences. The 
excellence of modern machinery enables the manu­
facture of weapon, projectile, powder, and fuse to satisfy the demands of the theorists, while such 
inventions as posi tion and range finders. and tel.e­
scopic sights put it in the power of the tl:amed ar.tII­leryman to show equally good resul ts III practICe, 
In actual warfare the accuracy is still further en­hanced in these days by the help of airmen, who, 
after observation of the effects of the first directed fire, are able to siO'nal to the gunners instmctions 
enabling them to ~orrect their aim. See BREECH­
LOADING, CANNON, RIFLE, ARTILLERY; also Inger­
soll , Text-book of O"dnance cmd G1mn81'y (1899); Bruff, Text-book of 01'Clnance and G1Inne,-y (1898) ; Crauz, Compendiwn de?' Bctllisti/c (1898); The Offi­
cial Text-book of G1mne?'y j Lissak, O"dnance and 
Gunne?'Y (1907). 

GUllUY, a coarse ju te fabric ( see JUTE), very largely exported from India to various parts of the 
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world. American cotton is largely packed in gUllllY' bags. About 1850 the peasant hand-looms. of Lower Bengal met both the home and the fore~gn 
demand; blltnow the manufacture is mostly carned on in large factories. Cloth and bags of the same 
kind are made in Dundee. 

Gunpowder is a well-known explosive mixture, composed of saltpetre, sulphur, and charcoal, mixed 
together in certain proportions, somewhat varying in different countries and in different descriptions of powder. The early history of gunpowder is very 
obscure, and has been rendered even more so perhaps owing to the claims for ancient, even prehistoric, 
knowledge possessed by the Greeks, Arabs, Chinese, and Hindus, ad vanced by early writers. These have been often based on statements in languages known 
to comparatively few, and tllOse few not necessa­rily equipped with technical and historical 'know­
ledge and the critical faculty which would prevent them from making mistranslations, or being de­ceived by the spurious claims of documents to an 
antiquity which they do not pos;;ess. J':'I0reover, the undoubted fact that combustIble mIxtures (not, 
however, containing saltpetre) had been known as early as 350 B.C., and the exaggerat~d descriptions of their effect when thrown by maclunes, have also 
tended to mislead. Happily there is now no longer 
any need to be doubtful as to precisely what we may accept as authentic in the matter, owing to the 
exhaustive researches of Colonel H. 'vV. L. Hime (late Royal Artillery) which are set forth in chap. 
ters i. to viii. of his work, The 01'igin of A1·ti~lel·y 
(1915). He disposes effectually of the early claIms, and proves conclusively that there is no really 
authentic mention of gunpowder until about the 
second quarter of the 13th century, when the first description of the refining of saltpetre and a recipe 
for a gunpowder mixture appear in the De Sec?'etis, hy Friar Bacon (1214--94 ), written before 1249. The 
process of refining and the proportion of the in­
gredients were concealed by Bacon by ~ryptogram­
IlIatic writing, and an anagl~am, 'ylllch Colonel E-Iime has solved. The proportlOns gIven by Bacon 11,re 'seven parts of saltpetre, five of young hazel­wood (charcoal), and five of sulphur.' 'Were there 
11,ny doubt of the correctness of Colonel H~me's 
solution (which, it may be remarked, was publIshed 
as long ago as 1904 iIl his Gunpowder ancl.Amnw.­nition), it would be set at rest by the dIsco_very 
in 1909 by Professor Pierre Duhen:>- o~ the u~Iv~r,· 
sity of Bord~aux of a Sh<;ll-t ma~uscnpt In the Blbho­theque NatlOIIale, Pans, wInch turned o.ut to be part of a work by Roger Bacon, and has SInce ~een 
published under the title ,Un Fm.qment Ine£i:tt de 
t'OP1tS Te,-ti1tm de Ro.qe?- Bacon. The date aS~Igned to this work is 1266 - 68. It clearly descnbes a 
powder which is made of saltpetre, s.ulphur, a~d charcoal and states that the powder IS known III 
seve,-al places, which wonld il~lply cliss.emination of the knowledge since the earlIer mentlOn. It does 
not, however, speak of ~t~ use as. a, propellant, though its explosive qualItIes are dlstmctly men: tioned (P?'oceedings of the Royal A1·ttlle?·y Inst·. -
t1ttion, vol. xxxviii., No. 4, July 1911). . 

Summing up the early history of the subject, 
we have from 350 B.C. to the 13th century ma~y 
references to comhustible mixtures which contam 
sulphur, pitch, napht ha, and varions gl~ms;. but in no case is saltpetre mentione(~, except III m~strans­
lations until it and its refimng are cl escnbed by Roger 'Bacon as a necessary preliminary to the 
manufacture of gunpowder. It may be asked why Bacon concealed his earlier knowledge of gu~­powder, and never claimed to be its ~liscoverer, If 
not actual inventor. The answer IS ~hat the chmch looked with small favour on fnars who 
made chemical and physical experime~~s, and Friar Bacon had been suspected of practlsIllg the 
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black art, his lectures at Oxford being interdicted 
by the general of the Franciscans in 1257, while he 
himself was ordered to Paris to place himself under 
the superintendence of the order. It was by the order of the pope, in 1266, for a treatise on science that 
he wrote the Op1lS T e1'timn (see BACON, ROGER). 

It is doubtful whether Bacon was aware of the 
use of gunpowder for propulsion of a projectile; at any rate he makes no mention of it, and t here is 
no certain knowl edge as to who can claim its 
application for this purpose. It has been claimed traditionally for Berthold Schwarz, a monk of 
Freiburg, about 1313, as has also the invention of 
gunpowder; and the claim for the iuvention of the 
gun by a German monk is supported by an entry dated 1313 in a municipal MS. at Ghent. There 
is a statement in Barbour's B1'!tce, written in 1375, to the effect that Edward HI. used' crakys of war' 
against the Scots in VIr eardale in 1327; and in an 
illuminated Latin MS., dated 1326, belonging to Christ Church College, Oxford, there is a drawing 
of a bottle-shaped gun loaded with an anow. In 1331 we have authentic record of the use of guns 
by the Germans at the siege of Ci vidale, and by the English at the battle of Crecy, 1346. After 
this the records of the use of gunpowder and 
cannon become frequent and reliable. 

Gunpowder as used in early days, besides being of a weak composition (i.e. low in saltpetre), was 
often not carried made up ready for use, but its 
ingredients were mixed together as required. As 
the essence of good gunpowder lies in the intimate mixture of its ingredients, it need hardly be said 
that hand'mixing as required rendered the gun­powder produced uncertain in its action, and liable 
to give much fouling. The next step taken to 
improve it, therefore, was the mixture of the 
ingredients, slightly damped, in mortars or under rolls, and tbe brea'ldng up of the calce so formed 
into grains (termed ' coming'), to which was subse­quently added 'glazing.' 'Coming' is first men­
tioned about 1429, but was not probably regularly 
used until a century later. ' Glaziug,' by which a bright surface is imparted to the grains by revolv­
ing them in a drum, is first mentioned in 1684, but was probably adopted earlier. 

The regular manufacture of gunpowder in Eng­land dates from about 1412. Much of the salt­
petre used was imported, but a certain amount was obtained from -, nitre heaps' and by digging in 
places where i'efuse had drained into the soil, and 
much discontent was caused by the high-handed 
proceedings of people with licences to dig for salt­petre. Importation of saltpetre from the East 
IncHes direct into England by the East India Com­
pany commenced in 1626. Sulphur was, of course, and is still, wholly imported. . 

Of the gunpowder- works still in existence on their original sites, the gOI'ernment works at 
"Valbham Abbey, the Chil worth Company's works at Chilworth, and Messrs Curtis & Harvey's works at Faversham are the most ancient-VIr altham 
Abbey can certainly claim existence at least as early as 1561, while the other works mentioned 
date back traditionally to nearly as early a date. 
For a detail of the early history of the manufacture of gunpOWder in England, the reader is referred to The Rise and Pj"ogj"ess of the B1-itish Explosives 
Industj"Y (1909). This work contains a mass of 
information on the subject, and an excellent bibliography. 

Before the action of gunpowder can be properly 
understood, it will be necessary to give some 
explanation of the term 'explosion.' Explosion (as distinct from' detonation') is simply very rapid 
burning; and burning is bj"oadly the chemical com­bination of some element with oxygen to ·form 
an oxide. There can be explosions also in which 

oxygen is not involved. The rusting of iron the 
burning of coal in a household fire, and the e~plo­
sion of gunpowder are all oxidations which usnally take place at very different rates; but it is only 
necessary that the iron shall be suflicien tly finely divided and in intimate contact with pnre oxyo-en 
instead of the diluted oxygen of the air, for it t~ 
burn on ignition with g reat speed; while in the 
case of coal, if it be finely divided and diffused a..~ dnst in the air and then ignited strongly, explosion 
can easily occur, as is the 1I0t infrequent experience 
in coal-mines with coal-dust explosions. In the case of gunpowder, we have a store of solid oxygen in 
the saltpetre, and with this the combustibles, char­coal (carbon) and sulphur, are intimately mixed 
so that every particle of the combustibles has clos~ 
to it the oxygen necessary to burn it up as SOOIl as ignition starts the action. In addition to the 
burning up of the charcoal and sulphur there are secondary reactions whereby the oxides of carbon 
and sulphur and the sulphur itself combine with the 
potassium of the saltpetre to form potassium car­
bonate (IC2COS )' potassium SUlphate (IC2SO.), and - potassium sulphide (K2S2 ) . (Normal potassiulll 
snlphide is K2S. IC2S2 is formed at high tempera­tures_) These are all solids, and form approxi­
mately 57 per cent. of- the products of explosion. The gaseous products are carbon dioxide (C02 ), 
carbon monoxide (CO), and nitrogen (N). AssulU­
ing that the gnnpowder under consideration is 
made up of the following parts by weight, viz. saltpetre (KNOa) 75 per cent. , charcoal 15 per cent., and sulphur (S) 10 per . cent., and that the 
15 parts of charcoal contain only about 11'5 parts 
of pure carbon (C), the remainder being ash, nitro­gen (N), hydrogen (H), and oxygen (0), the final 
result on explosion is expressed very closely by the following equat.ion : 

16 KNOs+20 '7 C+6'8 S=3 '885 K 2C03 +1'428 
K,SO.+2·686 K 2S2 + 13'81 CO2 +3 CO+8 N2• 

The volume of the permanent gases fonned by 
the explosion after they have cooled down is about 280 times the volume of the original charge of 
gunpowder, but owing to the immense temperature 
due to the combustion of the powder, calculated from the heat given off, and the volume of gases 
evolved (which can be accurately measured) at about 4532° F_ (2500° C. ), this volume is enormously 
increased, and, assnming that the explosion talces place in a closed vessel in which the powder before 
firing fills the whole space available, the maximum 
pressure attainable is about 42 tons on the square 
inch. 

From the accurately determined results obtained 
when gunpowder is fired, whether in a gun 01' in a closed vessel, mathematical expressions have been 
deduced for the work it is capable of doing in a 
gun, and tables made from which the charge needed in any gun, to give any required result, can be 
calculated, and the results of these calculations are in close agreement with those obtained in practice. 
The present knowledge of gunpowder is in th.e main based on the results of exhaustive experl­
meats carried out by the late Sir Frederick Abe!, 
chemist to the "Var Department, and Captain S1I" Andrew Noble, late Royal Artillery, which we~'e communicated by them to the Royal Society In 
two papers (1875-80) under the heading, 'Researches 
on Fired Gunpowder.' 

Although saltpetre is almost exclusively used 
for the manufacture of gunpowder, there are two other nitrates-viz. sodium nitrate (NaNOs) and ammonium nitrate (NH4NOs )-which possess some 
advantages over saltpetre. The first contains 56:47 per cent. of ayailable oxygen, as compared WIth 
47'48 per cent. in saltpetre, and a gunpowder one­
third more powerful than that which can be formed 
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with saltpetre can be made with it; the second, 
while it has only 20 per oellt. of available oxygen, 
has the advantage that a gunpowder malle with it 
leaves no solid residue on firing, as compared with 
the 57 per cent. approximately left by saltpetre 
gunpowders. Unfortunately, both produce very 
hygroscopic gun powders ; and, as a result, gun­
powder made with sodium nitrate has only been 
used with advantage in very dry climates, and 
then immediately after manufacture-e.g. in the 
construction of the Suez Canal-while ammonium 
nitrate is only used, mixed with varions com­
bustibles or explosive compounds, for blasting or 
other disruptive purposes, the mixtures being con­
tained in waterproof casings. 

As has been pointed out, the combustibles in gun­
powder are charcoal and sulphur. Sulphur, how­
ever, also plays an important part in increasing 
the initial rate of ignition and burning of the gun­
powder, owing to its volatility, whereby it gives 
ofi'vapour, even below its comparatively low melt­
ing-point of 2390 F. (1150 C. ), which is capable of 
readily penetrating into the grains or pieces of 
powder. Reducing the amount of sulphur, other 
conditions being the so.me, reduces the rate· of burn­
ing of a gunpowder, especially on first ignition. 
Gunpowder ignites and explodes at about 6000 F. 
(321 C.) . 

The following table of the compositions of English 
gunpowder at various dates is taken from Colonel 
Rime:. 

Ahout About 15(30. 1647. 1670. 1742. .1781 to 
1250. 1350. Date. 

------------
Saltpetre, . 41 '2 66'6 50 '0 66'6 71'4 75'0 75 
Charcoal .. 29'4 22'2 33'3 16'6 14'3 12'5 15 
Sulphur . . 29'4 . 11 '1 16'6 16'6 14'3 12'5 10 

Colonel' Rime considers that the 1350 composition 
was only a laboratory receipt, as it WOUld. have 
given a powder much too powerful for use tU the 
weak guns of the period. 

The following tahle of foreign gun powders is 
compiled from the British official Treatise on Ser­
vice Explosives (1907) : 

, ~ , 8 
,,:. 

0 a .~ cl ~~ a !o ~ ~ ~ ~ 
-;; 

"ll ., '" .. '" " ~ <Il :O<ll 
------1-----------
Saltpetre .. . .... , 75'5 75 75 74 75 75 75 76 
Chal'coal . .. .. ... 14'5 12 '5 12 '5 16 15 15 12 '5 14 
Sulphur., .. . .... 10'0 12'5 12'5 10 10 ;10 12 '5 10 

-~~~~--~~~ 

It will he noticed that there is some variation in 
tile compositions. This is due to the fact that 
there cloes not appear to be any mixture which can 
be pronounced definitely to- be the absolute best, 
o.nd about equal resul ts are obtained from any of 
the compositions gi ven, since, as will be explained 
later, the mechanical treatment of the ingredients 
has an enormous effect on the behaviour of the 
resulting gunpowder. 

The compositions given above are for 'black ' 
gnnpowders. About 1878 a different class of 
powder was introduced on the Continent, and in 
1884 was adopted by Great Britain for heavy 
orclnance. It contain eel only small quantities of 
sulphur and a charcoal made from charred straw . 
Th.e. proport~ons of these powders were, in the 
Bntlsh serVlCe, 79 saltpetre, 18 charcoal, and 3 
sulphur in the case of 'Prism Brown' and· ' Slow 
Burning Cocoa' (S. B. C.); and for' Experimental 
E' (E.X.E.), 77'37 saltpetre, 17 '62 cho.rcoal, and 
5 sulphur. These were termed 'brown' powders 
from their colour. The word' cocoa' simply refers 
to the colour of the powder so named. These' 
powders, which were prismatic in form, and the 

cubical powders are no longer made, having been 
snperseded by the more efficien t smokeless powders 
(see GUN -COTTON), but require some mention, 
Before, however, this is made it will be necessary 
to describe briefly, the manufacture of gunpowder 
and the way that It behaves on ignition. 

P"ocess of ilictmifctctw·e.-It is not possible to 
gi ve . in detail all. t he processes. whereby the in­
grechents are obtamed III as umform and pure a 
condition as possible. These processes are abso­
lutely essential, and will be found fullv described 
in the official treatise already referred" to, and in 
such works as Explosives, by Arthur Marshall 
(1917). Assnming the ingredients to have been 
purified, they are first reduced to a fine powder 
by grinding. They are then mixed by hand in 
the required proportions, and thoroughly incor­
pot'ated in It wet state in a powder-mill into a 
cake called a mill-cake. This cake is then broken 
down .between copper-plates into meal. From this 
meal-powder all granulated powders are made. The 
meal is compressed in a press-box, the amount of 
compression it undergoes being dependent on the 
density of powder required. After compression the 
press-cake is broken into pieces ready for ~ranulat­
ing, which is done in the granulating-maclline, the 
powder passing between gun-metal rollers till it is 
broken lUtO grains of the required size, different 
powders being made to pass through sieves whose 
meshes are of the size of the grain required. The 
largest grain powder in the British service was 
'Rifle Large Grain 4' (R.L.G. 4), which would pass 
a square sieve·hole of about 0'5-inch side and be 
retained on one of 0'3-inch side; and the smallest 
was pistol powder, which passed a hole of 0'015-
inch and was retained on one of O'Ol-inch side_ 
There is a considerable amount of dust formed by 
the granulating process, so that after granulating 
it is necessary to dust the powder previous to 
glazing it, which is the n·ext operation. It is glazed 
in glazing-drnms, which, revolving rapidly, impart 
a glaze to the powder simply by the friction set up. 
The powder is now stoved or dried in copper-trays in 
a drying-room, which is heated to a temperature of 
about 1000 F., and the powder is left in this room 
from one to two hours according to the amount of 
moisture that it contains. At one time all powder 
was granulated, but the enormous increase in the 
size of guns necessitated the introduction of other 
descriptions of powder-viz. C~tt and moulded 
powders. 'With the cut powders, after t he process 
ofpl'essing, the press-cake, instead of being granu. 
lated, was first cut into strips, and these strips 
were then cut into cubes, and the powder so made, 
called, cubical or pebble powder, was of two sizes 
viz. ft- inch and In-inch cubes. In the moulded 
powders, as is implied in the name, each grain or 
piece of powder was moulded or pressed in a 
separate mould. This was done in a hY-@j' :',' 
draulic or cam machine. The exact quantity tl 
of granulated powder required to form each i" 

prism was deposited in moulds; the powder ! 
in these mo~lds was then pres.sed by plun~ers . ~ 
exactly fittmg the moulds t1ll the reqUIred I:illJ 
density was obtained. The moulds were l~exagono.l 
in form, and produced hexagonal prisms about 1'4 
inch in diameter across the flats and I inch ill 
height, with a hole 0'4 inch in diameter through 
the centre, (see figure). 
. The processes of manufacture described above 

have for their object that the resulting gunpowders 
shall have uniform density, hardness, size, o.nd 
shape, for on these the behaviour of the powder 
largely depends. A dense hard powder with a 
good glaze ignites less readily and burns more 
slowly than one of loose texture; moreover, the 
particles of such powder will burn layer by layer 
without breaking up and developing gases too 
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----------------------------,---------------------------. rapidly. Conseqllelltly all gunpowders are pressed ilHlent made when Lhe currents through l,oth screens up to "a considerable density, varying from about are broken simultaneously) is that through which 1 '6 in the small-grained sizes to 1'85 in the moulded the chronometer -rod has fallen duriug the time powders. The size of grain profoundly affects the taken by the project.ile in passing from the first rate of burning, as can be re.adily seen by con- to t he second screen. As the ~pace between the sidering the case of two equal charges of powder, screellS .is known, and a known law connects the the one made up of one cube of I-inch side, and distance on the chronometer-rod and the time of its the other of 1000 cubes of ~1f-inch side. Tlie cube fall, the velocity of. the proj ectile can be readily of I -inch side will ignite and lnnn from a surface, calculated. at the start, of 6 sq. inches, while the 1000 cubes The pressures in the bore of the gun are cal­of ~1i -inch side will ignite and burn from a total culated by cmeans of a. 'crusher gauge.' A sma.ll surface of 60 sq. inches (i.e. 1000 x 6 x J\ x ~a sq. copper cylinder is inserted in the ga.uge, which is inches), and will obviously burn awa.y and give otT screwed into the gun at that part where it may all their gases enormously more rapidly than the be desired to measure the pressure, or for 'chamber' I-inch cube. . pressures is placed loose in the bore close to the As to shape. It is desirable that the production breech. The copper cylinder is measured before of gas shall be uniform. It is clear that a regular and after the discharge of the gun, and the pressure form-say a cube-will burn from its largest sur- corresponding with the amount it has been shortened face and give off most gas at the start, and t hat by the pressure of the gases of explosion, is given as it burns away the surface and rate of production by a table. This table is prepared from the shorten­of gas (not considering for the moment the effect ings resulting from compressing copper cylinders of the increasing hea~ on the rate of burning) must with known pressures in a specially designed press. diminish. This is met to some extent by the hole Gunpowder is now practically obsolete as a pro­in the centre of the prisms with prismatic powders, pellant for war·like purpose~ in civilised countries, which enlarges as the exterior diminishes. having been superseded by the smokeless powders The object of getting a slow-burning powder is (see under GUN-COTTON), which commenced to be to distribute the work done over the whole bore of introduced in 1885; but t hough smokeless powders the gun instead of producing all the gas and de- are rapidly replacing it for sporting purposes also, veloping' all the pressure at the breech-end of the there still is a market for certain high-cl11,ss sport­gun. Theoretically, with a powder ex11,ctly suited ing gunpowders. For blasting purposes, however to a gun, all its particles would be just consumed -except in fiery coal-mines, in which its use is for­as the projectile leaves the muzzle. Clearly, there- bidden by law (see' Permitted Explosives,' under fore, the size of grain needs to be very different for DYNAMITE)-it is still in enormous reqlle~t; for, use in a rifle with a barrel, say, 2 feet 9 inches long from the Annual Report by H.M. Inspectors of Ex­and 0 '45 inch in calibre, and in a gun with a bore, plosives for 1914, out of a total of 33,661,940 Ih. of say, 30 feet long and 17'72 inches in calibre. explosives used in mines and quarries in the British We are now in a position to consider the 'brown' Isles (not including that used in the making of powders. In the larger (and particularly the longer) railways, roads, docks, and other similar works, guns introduced in t he. last quarter of the 19 th or exported), 17,060,874 lb. W11,S gunpowder. If century it was found that the large cubes or prisms 'Bo~binite' (wl.lich is practically a gunpowder) of 'black' powder used in order to produce aIm\> be !Dcluded, thIS amount must be increased by hurning, however hard and dense they might be 1,453,475 lb. Blasting-powder v11,ries considerably made, were apt to break up instead of burning in quality; but the greater portion of it is of an layer by layer, owing to the great heat and pressure inferior class, containing a reduced percentage of which they had to sustain fqr a considerably longer saltpetre, and manufactured and finished, espe­time than in the short guns of the early 'seventies.' cially in the time taken in the incorporation of Consequently a gunpowder of a slower-burning com- the ingredients, with less care. No doubt the position had to be sought, and this was foulld in the strongest gnnpowder is IIOt needed for many min­, brown' powders. ing and qu11,rrying operations, as a. slow splitting P1·OOf.-'When a gunpowder, 01' a smokeless ex- action, rather than one tending to break the material plosive, is to be use,1 as a propellant, it is 'proved,' displaced into many fragments, is often desintble; before acceptance, in a gun or a rilie, to test whether but a very potent factor in the m11,tter is that miners t~le given charge of it, prescribed for that gun or ' and quarrymen generally provide their own ex­nfle, is capable of imparting to a projectile the plosives, and to them present cheapness appeals. velocity, without exceeding the pressure, laid down A great deal of blasting-powder is sold in the form in the' specification' for it. of compressed cartridges, ready for use in bore-holes . ~he. instrument generally used for taking velo- (see BLASTING). . Clties IS a chronogr11,ph, the invention of Major De For war-like purposes gunpowder is still used in Boulenge of the Belgian Artillery. It consists of considerable quantities, and is indispensable for ~he a brass column supporting two electro -magnets. charges of tubes, primers, ann igniters used for finng No. 1 electro -magnet supports a long cylilldrical the smokeless-powder charges of guns, and for the rod, called the chronometer, covered by a zinc tube; hursting-charges of certain shell. It is also used No. 2 eleetro-magnet supports a shorter rod. Two for blank cartridges for manceuvres, saluting, and s~reens of. copper wire are placed at certain fixed signalling.· In the Annual Report of H.M. In­distances III front of the muzzle of the gun. No. 1 .spectors of Explosives for 1918 it is stated that, out electro-magnet is magnetised by the current passing of the total of 425,559 tons of all explosives made through the screen nearest the gun, and No. 2 by in licensed factories between the 4th August 1914 the current passing through the farthest screen. and 11th November 1918, no less than 66,094 tons As the shot passes throu"h the first screen the cur. were gunpowder. Not less than half (and proh­rent is broken, and the" rod or chronometer SUS- I ably more) of this would be for war-like purposes. p~nc~ed by No. 1 electl'O-magnet falls by gravity. Gunpowder possesses the following advantages Similarly, when the shot passes through the second as compared with other explosives: If protected screen, the shorter weight sllspended by No. 2 from damp, it Iceeps wonderfully well in all climat~s; electro-magnet falls on to a disc which pressing the ingredients are comparatively che11,p and eaSIly a spring, causes a. knife to be r~leased 'and this obtained; with reason11,ble care, it is safe in tra.ns­dart~ng fOl'\~'ard, . st~ikes the chronometet: in its fall; port or store; and, lastly, it needs no special deto­makmg an mdent III the zinc tube. The distance n11,tor to fire it to obtain its m11,ximum effect. Its of this indent from the zero point (which is the :iisad vantages are that it is quickly rendered useless 
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GUNPOWDER PLOT 

if exposed to llloisture, contains SOllle 57 per CCllt. of 
inert matter, and, as a result, is not only less thun 
half as powerful as a good smokeless powder, but 
o-ives off much smoke. This last is only seriously 
~bjectionable when it is used as a propellant. 

Gunpowder Plot, an attempt by certain 
Roman Catholics of England to destroy King J ames 
1. and the Houses of Lords and Commons on the 
day of the opening of parliament, November 5, 
1605. The design originated with Robert Catesby 
(q. v.), . irritated that James, who had led .the 
Cathohcs to expect some measnre of toJeratlOn, 
had pnt the penal laws in full force. Early 
in 1604 Catesby communicated his plan to John 
" Trio-ht and Thomas -Winter. Guy Fawkes (q. v.), 
a bl~ve soldier servin O' in the Spanish army; was 
brought oyer from Flanders, and together with 
Percy was admitted to the plot after taking an 
oath of secrecy. All five the~ received communion 
from the hands of the J eSUIt Gerard, who, how­
ever, was not inforn;ed of the conspi~·a?y. On 
24th May Percy lured a room adJolnIng the 
Parliament House which they intended to under­
mine. The adjournment of parliament from time 
to time caused sundry postponements of the work. 
In December the digging was begun. The diffi­
culties were greater than was expected, and it 
became expedient to call in the assistance of fresh 
associates-J ohn Grant, Robed; -Winter (brother of 
Thomas), and Bates, a servant of Catesby_ In the 
following March the conspirators were able to hire 
a convenient cellar immediately below the House 
of Lords. The mine was now abandoned, and the 
cellar was stored with casks of powder, covered 
with faggots. 

All was ready by May. Money was now wflnted 
to provide men, horses, and arms for the ll1sur­
rection, which it was intended should break out in 
the midlancl counties, where the chief conspirators 
had congregated. So about Michaelmas some rich 
Catholics, Sir Everard Digby, Ambrose Rook­
wood, and Francis Tresham were induced to join. 
Tresham lacked the courage and fanaticism of his 
fellows. IVishing to save his friend Lord Mont­
eagle, he wrote to him on Saturday, October 26, a 
mysterious letter, which was shown to LOl'd Salis­
uury and led to the discovery of the plot, if it had 
not otherwise been aJready betrayed. The names 
of the conspirators were, however, not disclosed. 
'fhe government, therefore, waited for the fuller 
development of the plot. The cellar was visited as 
if' casnally by the Lord Chaniberlain ,and Lord 
Monteagle at three o'clock on the afternoon of the 
4th. Fawkes, who was found there, explained 
that the fuel and fao'gots were the property of his 
~aster, Percy. He ";;till hoped to carry his design 
lUtO execution, and a little before midnight he 
r~turned to the cellar to take up his post for the 
mght. He was met and arrested at the doorway. 
c,:1tes.by hastened to IVarwickshire, hoping to raise 
Ins fnellcls . A few days later they were attacked; 
s~veml of the conspirators, including Catesby, were 
b!led, and others were taken prisoners and com­
nutted for trial. From their confessions the whole 
plot was gradually revealed. 

The government was now much concerned with a 
sllspicion that the murderous desio'n had been pro­
ll:oted or approvecl by t he Jesuits. Bates had in 
Ius. confession imglicated certain fathers of the 
jOCIety, especially C:'-arnet (q. v.) and Greenway; The 
atter made good his escape abroad. Garnet and 

a br?ther Jesuit, OldcOl'I).e, who was convicted of 
Ilothmg. more than aiding in the concealment of his 
compamon, were discovered in a priest's hiding­
I~!acc at Hindlip, whit her Garnet had fled from 
enughton, in the neighbourhood of the appointed 
l~ndezvous of the conspirators. Their trial ex­
Cited the greatest interest. It soon becn.me evi-
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dent that Garnet's knowledge, sue!l M it WM, .01 
the plot had been forced upon him by the COllsplr­
ators, who were anxious to obtain from him some 
token of his approvn.l for the satisfaction of their 
own doubtful consciences. He admitted that he 
had derived a general knowledO'e of some tren.sonable 
design against the government, in the first instance 
from Ca~esby, and that subsequently he hadlefLrnt 
the partlculars from Fn.ther Greenway in confession. 
On fur ther examination Garnet expressed some 
doubt whether the communication made by Green­
way was strictly sacramental Or under the seal of 
confession, or at least whether Greenway himself 
so considered it. It was, moreover, elic'ited from 
Garnet that he had frequent conversn.tions with 
Greenway on the plot, though always 'in relation 
to confession_' Fmally, when Catesby wished to 
give him full information out of confession-in­
formn.tion which would have released Garnet from 
all shadow of scruple in taldng measUl'es to reveal 
or prevent the crime-the Jesuit refused to listen to 
him. Some of Garnet's actions, both before and 
n.fter the 5th November, gave probability to the 
belief that he knew more than he admitted, and 
was not unwilling that the plot should succeed . 
He blamed himself, indeed, for not having done 
more to prevent the mischief, and declared that he 
should suffer, not as a martyr, but as a penitent 
thief. It is, however, clear that the clergy in 
[eneral, whether secular or regular, and the entire 
vatholic community, with the exception of a score 
of fanatics, were innocent of all participn.tion in 
the plot. 

See the Narmtive of the G-unpolvdel' Plot by David 
J ardine (1857), which treats the facts in a. masterly and 
impartial spirit; Gardiner's History of England, vo!. i. 
chap_ vi.; and 'fierney's edition of Dodd's Clmroh 
H is/m'y, vo!. ii. In 1896 Father Gerard, S.J., tried in 
What lvas the Gllnl)Owde1' Plot? to show that the evidence 
of a real plot was slight, and that the plot was itself 
partly manufactured by government agents; in 1897 
Gardiner traversed this theory in What the Gunpowdel' 
Plot was. ' 

GUns (Mn.gyar J(oszeg), a frontier town of 
Hung-ary, 57 miles SSE. of Vienna, with a castle 
of Prince Esterhli.zy: pop. 8000. 

Guuter, EDMuND, mathematician, was born 
in Hertfordshire in 1581, and educated at vVest­
minster and Christ Church, Oxford. Although he 
took orders and became a preacher in 1614, his 
mind was strongly bent towards mathematical 
studies, and in 1619 he obtained the professorship 
of Astronomy in Gresham College, London, a post 
which he held down to his death, 10th December 
1626. His principal works are the Canon T,·icmgu.­
lO1'1tm (Lond. 1620), a table of logn.rithmic sines 
and tangents to seven places of decimals, being the 
first table puhlished in accordance with Briggs's 
system, and treatises on the Sectal', Cl'ass-staff, 
(md othel' Inst1'1~ments (1624). Gunter was tTle 
first to use the terms cosine, cotangent, and co­
secant for the sine, tangent, and secant of the 
complement of an arc. To him are also due the 
in-i'ention of the surveying-chain (see CHAIN), a 
quadrant, and a scale, and the first observation of 
the variation of t he compass_ 

The name ,of G1mtcr's Smlc, or G1mtel"s Lines, is 
usually given to three lines to be seen on almost 
any sector, and marked N, S, T, meaning the lines 

-ofJogarithmic 1!1l1nbc1'S, of logarithmic sines, and of 
-logarithmic tangents. To understand their construc-
tion-'and use requires a knowledge of logarithms; 
they wre explained in every school-book of practical 
mathematics. The distances of the dh'isions marked 
1, 2, 3, &c. on the line of log. numbers, represent 
the logarithms of those numl)ers-viz. 0, '301, '477, 
&c.-taken from a scale of equal parts. The other 
lines are constmcted on n.u analogous plan. Calling 
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GUNBOAT GUN-COTTON 465 
it a darker colour. This process, termed' brown, Rl1ssi~n war, a large squ.adron of them was ha~tily ing,' occupies several days, .and when successful cons.trllcted for the Bntlsh navy for the first time. shows clearly the damascemng or curls of fibre The1\" tonnail'e was small; and their ammment obtained by twisting the gun-iron rods in the usually consisted of one 8-inch gun and one ' 100-earliest stl1ge. A barrel not showing such curls pounder Armstrong gun. Gunboats from 1870 to would be termed a ' scelp , barrel if it were a twisted 1900 were. small mastless vessels mounting one welded barrel, but if of one uniform colour, un- la!ge ~un III the .bow, and propelled by an engine broken by regular markings, it would probably With slllgle or tWill screws. The gun was pointed be composed of plain iron or steel only. by means of the helm or the screws' the gunboat For ordinary gun -barrels steel is used. Sir was in fact a floating gun-carriage. 'In the British Joseph vVhitwortll's fluid-compressed metal was navy these gunboats carried an armour-piercilw the first successfully employed, but later high- gun of 18 tons, on a draught of only 4 feet. But grade carbon, nickel, and vanadium steels have they. have been de~jgned to carry 35-ton guns, or been found suitable for the bars out of which the heaVier, and were Illtended for coast defence. In barrel is drilled. In a sporting gun or rifle a quick 1903 there were in the na.vy 33 torpedo-gunboats, second shot is more ad I'antageous than continued the largest form of speCIal torpedo . boats. But rapid fire, so double-barrelled guns are still pre- these gunboats are now obsolete, and the name is ferred', and some are now made to discharge by a practically limited to a class of very light-draught single trigger. For repeatillg and magazine guns, vessels for use in rivers; these have 4·inch guns see BREECH-LOADING, the mechanisms and general and searchlights, and some are propelled with stern construction being identic111 for guns and rifles. wheels, others with screw propellers in tunnels. The automatic gun (Browning) is a similar type, These were extensively used durinO' the Great War but the loading and firing mechanisms, instead of 1914-18, in Mesopotamia and Afri~a, and did excel: requiring manipulation, are actuated by utilising le!1t work. Most Co~tine':ltal navies are provided the recoil to perform t he necessary movements, or WIth gunboats of vanous size and construction. to cramp springs which effect them, the trigger Gun-carJriage. See CANNON. only requiring to be pulled to fire the weapon after each shot. The use of magazine weapons for sport- Guu-cotton (nitro-cellulose) is an explosi ye ing purposes is deprecated as tendino- to wasteful compound produced by the action of a mixture shooting, and in some states they may not be used of strong nitric and sulphuric acids upon cotton for killing game. Cold drawn steel barrels proved (cellulose). So long ago as 1832 it was discovered too expensive. The standard size of the modern by Braconnotthat woody fibre and similar substances sh.ot-gun ~s 12 bore; 8 and 4 bores are used only for could be ~onverted into highly combustible bodies wlld-fowlmg; and punt-gmw, guns of from I -inch by the actlOn of concentrated nitric acid. Six years to 3-inch bore fitted into shooting punts, are em- later Pelouze extend ea this discovery to cotton ployed for firing from ~ lb. to 4 lb. of shot at a and other organic substances. He was followed by time into flocks of sea-fowl. Dumas, wh@ treated paper in a similar way, and With the exception of punt-guns, guns of all he proposed to make cartridges with paper so bores are made upon the same principle of breech- treated, the idea being that no residue would be !oading, ~nd nearly all are more or less choked; left in tl!e barrel after firing such cartridges. But I. e. the dIameter of the barrel is suddenly lessened no practical result followed these discoveries until near the muzzle, forming a cone which causes the in 1846, Schonbein (q.v.), having hit upon th~ pellets of the charge to fly from the gun more com- proper mode of treating cotton with nitric and pactlyand at an increased velocity. A 7-lb. gun sulphuric acids, announced the discovery of gun­may now be expected to send on an avera!l"e 220 cotton, which he proposed as a substitute for pellets of a charge containing 305 pellets Illto a gunpowder. He prepared it by immersing carded circle 30 inches in diameter (or 60 into a lO-inch cotton-wool in a mixture of nitric and sulphuric square) at 40 yards distance, the pellets having an acids, and the equation for its formation may be average velocity at the muzzle of 840 feet per stated thus: second, and a strikillg force at impact (40 yard~) of Cellulose. Nitric Acid. Guu-cotton. Water. 1'90 oz. The last shot of the charge will not be CI2HI404(OH)s+6HN03=CI2HI404(ON02)G+6H20. more than 10 feet behind the first one that reaches This equation is not, however, universally accepted, the target at that distance. The killing range of It treats cellulose as a hexn.tomic alcohol. In the shot-gun is about 45 yards, of wild-fowl guns another equation the cellulose molecule is taken n.bout 140 yards with swan -shot. After pulling as CSH70 2(OH)g-i.e. as half that ' given above­the trigger until the shot reaches the muzzle '007 and the gun-cotton molecule as CSH70 Z(ON0

2
h. of a second elapses, and '13 before the shot, hn.ving as follows: passed the muzzle, reaches a target 40 yards dis-taut. Shot-guns are now built very much lighter CSH 70 2( OH ls + 3HNOil = CaH70 2( ONOz )3+ 3HzO. than when breech-loaders first came in to general The obscurity arises from the failure so far to use (1865); shorter b[1,rrels are used without loss ascertain quite definitely the molecular weight of of shooting power or appreciable increase in the cellulose or the constitution of the molecule and the volume of the recoil. Smokeless explosives are in empirical formula CSHlOOS is often used for lack general use all the world over for shot-guns. of a better. It will be observed thn.t no mention See GUN-OOT'rON, GUNPOWDER, FIREARMS, RIFLE, &0.; is made of sulp!lUri~ acid in these equa,tions, the Greener's Gun and its Development (1881; 9th ed. 1910), presence of which IS, however, essential in the and his Modern Shot Guns (1888); books on guns and production of gun-cotton, for, although it takes no shooting by Hawker (1844), Payne-Gallwey (1882-86), active chemical part in the action, it absorbs the Walsh (1884), Shaw' (1902), Horace G. Hutchinson water which is formed by the chemical transforma­(190~), Buckell (1907); and The Causes of Decay in a tion, and thus keeps the nitric acid up to its full Bntuh.Tndustl'Y, by 'Artifex' and 'Opifex' (1907). str~ngt.h .. Whichev~r .equation be accepted, the GUnboat, a small boat or vessel armed with actIOn mdlcated by It IS never wholly obtained, as o~e or more guns of heavy calibre. From its small lower nitrated products are invariably present to a dimensions, it is capable of running close inshore greater or less extent according to the strength o.r up rivers, and from the same cause it has of the nitric acid. These lower nitrated cottons, lIttle chance of being hit by a larger vessel at the termed' collodion cottons, ' are soluble-that is, are long range which the carrying power of its ""uns converted into jelly, by a mixture of alcohol and enables i t to maintain. At the outbreak or the , et,her, while trne gun-cotton is insoluble. ~s the 240 
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explosive force depends upon the degree of nitration, gun-cotton, and the remaining processes are all every effort is made to keep t he latter as high as <l e~oted to the complete removal of every trace of possible. Good gun-cotton will often contalll as aCld: The cl~arge rem?ved from the earthenware much as 12 per cent. of soluble cotton. pot IS placed m a centnfugal wringing-machine in Schonbein's discovery led to experiments being ~vhich the ~ulk of t he acids are removed, tilen made by ll11l,ny eminent chemists in nearly every Immersed with other charges in a large bulk of country in Europe with t he idea of utilising the new running watel: in which it is well agitated until explosi ve for military purposes. It was first manu- the .water commg away shows no signs of acidity. factured in England on a large scale in the year It IS then removed to a centrifugal wringillg_ 1847 by Messrs Hall & Son of Faversham; but, in machine, washed again, and then wrung free from addition to minor accidents, a terrible explosion excess of water. Transferred to a 'beating' took place in their works, which created so much machine, it is reduced to a very fine state of divi­distrust that its manufacture in England ,vas dis- sion by knives revolving in water, and any acid set continued for some sixteen years, as the causes of free in this process neutralised with bicarbonate of the explosion-almost certainly imperfect cleansing soda. This beating is a highly important process. of the cotton in the first place, and insufficient After beating, the gun-cotton is boiled for several removal of all acid from the gun-cotton in the hours, in which process soluble impurities are second- with the then imperfect knowledge pos- removed, and finally passed through grit-traps sessed of the subject, could not be satisfactorily in which foreign matter, such as sand, small stone~' accounted for. The first country "to turn Schon- bits of metal, &c., is caught, into the' poacher,l bein's discovery to practical account was Austria. where it receives a final washing in a large volnme General Von Lenk, an Austrian artillery officer, of water, and is treated with sufficient alkaline after extensive trials succeeded in considerably im- matter to make it alkaline to the extent of from proving the method of manufacture and purification; 1 to 2 per cent., and finally pressed in hydraulic while by using gun-cotton y/un plaited or tightly presses into slabs or discs or any other form re­wound; he succeeded in moderating the rapidity quired. If the gun-cotton is to be subsequently and increasing the uniformity of its combustion mixed with other substances, explosive or other­when burnt in "the ai1'" and as a result, in 1862, wise, or to receive subsequent treatment, to form several batteries of Austrian artillery were armed one of the numerous explosives into which i t enters, with gun-cotton cartridges. But it soon fell into the addition of alkali is omitted. disrepute, not only on account of its unstahle 1 A recent improvement on the above is nitration natnre, but also because it was found that Von of the gun-cotton by t he' displacement process,' Lenk's improvements were of no practical utility invented by Messrs J. M. & W. Thomson of the when t he gun.-cotton was., confined in the bore Royal GunpOWder Factory at V!Taltham Abbey. of a gun; the great heat generated caused the tBY this process the cotton is nitrated and then inflamed gas to penetrate rapidly through the sufficiently purified from acid in one apparatus to whole cartridge, so that there was little or no re- pass at once to the boiling process. tardation in the rate of combustion, and the rapid Gun-cotton weighs about 70 per cent. more than combustion caused excessive pressure in the bore, the cotton from which it is made, but, apart from besides giving "ery unequal results. the mechanical treatment which it usually under-The probable advantages of gun -cotton as a goes, is not altered in appearance by nitration. It is, disrupth'e explosive for military purposes had, how- however, rendered somewhat rougher to the touch ever, never been lost sight of by Sir Frederick A he1, and highly electric. It ignites at" ahout 300· F. chemist to the British 'Var Department (1854-88). (150· 0.), and if in small quantity and unconfined Noth~ng daunted by the fail~re of t he A118trian will burn away, leaving practically no residue. It expenments, nor by the exploslOn at Messrs Hall's is not, however, to be trusted, and may explode works, Sir Frederick Abel continued his experi- instead of burning. It is easily detonated by a ments, and he ultim ately discovered a method or blow or by friction, especially when warm. The manufactnre whereby not only a complete pnrifica- term' detonation' implies an extraordinarily rapid tion from free acid is assured, but the material is break up of the substance detonated into its cOllverted into thoroughly compact homogeneous elements, generally with a combination into other masses. His method of manufacture, adopted almost compounds, usua!'ly gaseous, this recombinatioll nniversally, llIay be briefly described as follows. The giving rise to an enormous generation of heat. It hest white cotton waste alone is employed. This is differs only from explosion (see GUNPOWDER) in lirst thoroughly cleansed from all grease by boilin& the degree of rapidity with which it takes place. with alkalies; it is then picked over by hand and The wave of detonation will traverse a charge of all foreign substances removed, after which the fibre gun-cotton at the rate of about 20,000 feet per is separ!1ted and all knots and lumps opened out second,as compared with about 800 in the case by P8:ssmg the cotton waste through a 'teasing' of gunpowder. It is this rapidity of explosion ma~lllne; it is then cut into 2-inch lengths and which renders detonating explosives capable. of agam tease.d, thoroughly dried, and divided ill to producing such euormous "effects, even when qUlte c!la~ges w~lghing It lb. each, which are kept in unconfined; for the weight of the superincumbent au:tlght tm. boxes till ready for dipping. The air-which it must not be forgo tten is about ~OOO a~ld.s us~d m the manufacture of- gUll-cotton are lb. to the square foot-forms quite an effiCient mtn~ aCl~ having a specific gravity 1'52, and suI- tamping, owing to its inertia, in such circulDstances. phunc aCl~ of 1'84 sp. gr. ; these are mixed in A railway rail can easily be cut in half by the the proportlOn of one.llart . by weight of nitric acid detonation of a. ch.arge of slabs of w~t gun·<;otton to thr~e ?f sulphunc aCld, and allowed to cool (see below), welghlllg about 11- lb., sun ply tIed to ~own m .HO? tanks. The mixed acid is run off it by string. l?et?nation is usually started . by a mto the dippmg-pans, surrounded by cold water into 'detonator,' whlCh IS a small metal tube contamll1g, which a It-lb. charge of cotton is immersed' aud according to circumstances, from 12 to 70 grains of left in for about five minutes, in which time it will fulminate of mercury (one of the most violent e~­)lave absorbed about .14 lb. of . aci~. The charge p.losives known, an~ one '.vhich us.ually needs igpl­IS then transferred, With the aClds .1t has absorbed, tlOn only to enable It to give out ItS full. e~ploslVe to an .eart~enware -covered pot w luch is placed in force). The detonator (see BLASTING) IS ll1serte.d a coo1mg-plt, surrounded With water, where it re- in a 'primer' of dry gun-cotton, and the latter. IS mains for about eight hours. At the end of this embedded in or placed in the closest contact wlth time the cotton has been completely converted to t he wet gun-cotton charge. (See in this connec-
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tion a highly interesting paper, read by Professor 
Hopkinson, F.R.S. , at the Royal Institution on 
26th January 1912, on 'The Pressure of a Blow.') 

The complete detonation of gun-cotton results 
in the formation of carbon monoxide (.CO), carbon 
dioxide (C02), water (H20), and nitrogen (N), 
approximately according to the following equation: 

CI2H1404( ON02 )s=9CO + 3C02 + 7H20 +Ne· 
One volume of gun-cotton, at the density of water 

(which is very closely that of ordinary compressed 
gun-cotton), will produce theoretically 1140 volumes 
of gases. The calculated temperature (see GUN­
POWDER) of detonated gun-cotton is about 2700° 
C., and the gases evolved are therefore enormously 
expanded by heat. The power of gun-cotton is 
about 2;! times tha t of gunpowder when the latter 
is thoroughly well tamped and capable of exerting 
its full effect. Gunpowder untamped cannot pro.c­
tically be compared with gun-cotton. It will be 
noticed that the percentage of carbon monoxide 
(CO) is very high, showing the deficiency in avail­
able oxygen (O). 

Dry gun-cotton, however well made and purified, 
is not an absolutely stable body, but decomposes 
slowly if exposed to temperatures much above 
80° F.; and is not, as has been pointed out, very 
safe to handle. Owing, however, to the discovery 
in 1869 by the late Mr E. 0. Brown of the Chemical 
Department, Royal Arsenal, that it could be de­
tonated when containing some 20 per cent. of 
water by the detonation of a 'primer' of dry gun­
cotton embedded in it, the heavy charges of· Mines 
and Torpedoes (q. v.), and generally the stock of 
O'un-cotton, are stored wetted with about In per 
~ent. of water; in which condition it will keep 
indefinitely, is quite uninfiammable, and cannot 
be detonated by the blow from a projectile. It is 
therefore very well suited for naval and military 
purposes, as for these it is comparatively rarely 
used in small charges; but it is but little employed 
for civil purposes for which small charges for bore­
holes, &c., are usually required. Certain difficulties, 
however, which arise from the constant inspection 
necessary to see that the correct moisture is main­
tained, and the necessity of a heavY 'primer of dry 
gun-cotton 01' other less inert explosive to com­
municate detonation from the original fulminate 
detonator, have led to its abandonment for mines 
and torpedoes in favour of trinitrotoluene or amatol. 
Insoluble gun-cotton mixed with barium nitrate 
alone, or with the addition of charcoal 01' di-nitro­
benzene, forms the explosive 'tonite.' Soluble 
gun-cotton mixed with nitro-glycerine forms the 
very powerful disruptive explosive' blasting gela­
tine.' Otherwise it is not much used in mixtures 
to form disru pti ve explosives. (See DYNAMITE.) 
G~m-cotton as apj·opetlant.-As stated previously, 

the early attempts to use gun-cotton as a propellant 
ended in failure, the cause being that the physical 
condition of the explosive rendered it impossible 
by mechanical means, such as tight-plaiting, to 
keep down the rapidity of its combustion. As 
early, however, as 1847 the solution of the difficulty 
by a chemical method was known, for Dr Hartig 
of Brunswick described the gelatinisation of gun­
cotton by acetic ether, such gelatinisation convert­
ing the gun -cotton into a substance like horn. 
Colonel Schultze in 1866 produced his now well­
known pow del" made of nitrated wood mixed with 
barium 01' potassium nitrate, and in 1868 formed 
a company (which exists at the present time) in 
England to produce it. In its early forlll it was 
not gelatinised by a solvent, though the present 
productions of the company are so treated. It is 
a bulky powder, intended eXclUSiVelY. for use in I 
shot-guns. At about the same period Abel and 
Kellner, of the Chemical Department, Royal 

Arsenal, both produced gela tinised powders ; and 
in 1870 Volkmfl.nn, an Austrian, patented and 
made a gelatinised nitl'O-lignin powder, which was 
ultimately suppressed by the Austrian govel'llment 
as interfering with the government gunpowder 
monopoly. In 1882 Reid produced the well-known 
E.C. sporting powder, also a true gelatinised pow­
del'; and in 1885 France adopted for her army a 
smokeless powder, invented by Vielle, which was 
a mixture of soluble and insoluble gun - cotton 
gelatinised by ether alcohol. This procedure by 
a first-rate power led to immediate action by all 
the powers, ami to an immense activity in the 
invention and production of smokeless powders. 

In 1888 Nobel produced his 'baIlistite,' which 
consisted of nitro -glycerine absorbed in soluble 
gun-cotton, with an addition of about 7 per cent. of 
camphor to promote the intimate union of the two 
explosives and to reduce the rapidity of explosion. 
Benzol was also used as a solvent, and evaporated 
out by heat. The percentage of . nitro-glycerine in 
this powder varied from about 36 to 66 per cent. , 
but the percentage used at present is about 50 
per cent., the remainder being soluble gun-cotton. 
Camphor is no longer used, since it slowly vola­
tilised out of the powder and altered its character. 
In 1889 Hiram Maxim patented his powder made 
of insoluble gun-cotton, nitro-glycerine, and an 
oil (preferably castor-oil), incorporated by partial 
solution in acetone-the last a volatile liquid, in 
which both gun -cotton and nitro -glycerine are 
soluble. In 1892 the British government adopted 
'cordite,' made of the same ingredients as Maxim's 
powder, except that vaseline (mineral jelly) was 
substituted ior oil. The proportions of cordite were 
58 per cent. nitro-glycerine, 37 per cent. gun-cotton 
(insoluble), and 5 per cent. vase line. Both Nobel 
and Maxim brought actions against the govern ­
ment for infringement of their patents, but were 
unsuccessful. The form of cordite used at present, 
termed 'Cordite M.D. ,' and adopted in 1901, COll­
tains 30 per cen t. nitro-glycerine, 65 per cent. of 
insoluble gun-cotton, and 5 per cent. of vaseline. 
Dnring the war of 1914-18 a cordite made with 
soluble gun-cotton was used very largely owing 
to difficulty in obtaining sufficient supplies of 
acetone. , . 

Modern military smokeless powders may be 
divided in to two classes - viz. those made of 
mixtures of soluble and insoluble nitro-cellulose 
only, and those containing nitro-cellulose mixed 
with nitro-glycerine. In a few insta.nces nitro­
cellulose powders have nitrates, such as potassiunt 
nitrate, mixed with them to make up for the 
deficiency ' in oxygen of gun·cotton. The nitro­
glycerine powders are much the more powerful if 
the nitro-glycerine and gun -.cotton be propor~ioned 
so that the amount of gas produced on explosion 
when expfl.nded by the heat of explosion shall 
give the highest possible energy; but the erosion 
of the bores of guns, due to the high temperature 
of combustion, has led to the reduction of the nitro­
glycerine considerably helow the theoretical limit, 
as in cordite M.D. Even so, powders with nitro­
glycerine in them are more erosive than those of 
nitro-cellulose only. On the other hand, experience 
has shown them to be considerably more stable 
on exposure to high temperatures-a property of 
supreme importance in an explosive used by the 
British army and navy, which serve in every 
climate. 

In stability all smokeless powders are, and, as 
far as can be seen, always must be, greatly inferior 
to gunpowder; but the full knowledge of this lack 
of stability, which has been proved by the disastrous 
explosions in the French and Japanese navies, 
attributed to decomposition of smokeless powder, 
ha.o, naturally led to precautions, in the way of 
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provision of artifiCia l cooling for magazines to 
maintain t heir temperature below SOD F. and close 
supervision of the condition of all cartridges, which 
will render the risk of such occu l'I'ences in the 
future exceedingly remote. It speaks well fo r 
the stability of cordi te that t he British navy has, 
in spite of world· wide service, been spared any 
disaster since its adoption which could be attributed 
quite definitely to its use. Further, t hey are, class 
for class, about 50 to 100 per cent. more expensive 
than gunpowder. On the ot,her hand, smokeless 
powders have the following, and easily preponder­
ating, advantages over gunpowder. Firstly, t hey 
are rather more than t wice as efficien t ballistically ; 
secondly, they give very little fouling, and are 
practically smokeless in small .arms, and in guns 
give quite 75 per cent. less smoke-this smoke 
being due to the combustion or comminution of 
the materials of the cartridge-bag, wads, &c., to the 
smoke from the gunpowder igniter, but very largely 
to the comminuted copper dust due to the abrasion 
of the copper driving-band; and, last.ly , t hey al'e 
not spoilt immediately by wetting, cordite standing 
wet remarkably well; but too much cannot practi­
cally be made of this, at any rate in the case of 
made-up cartridges with gunpowder igniters, as 
t he ruin of the latter would be complete and the 
('artridges useless unless dried and the igniters 
replaced. 

The influence of the size and shape of the grains 
on ballistics has been discussed in the article on 
Gunpowder. Precisely the same conditions hold 
wit h smokeless powders; and in the case of cordite, 
the cylindrical sticks, of which cordite charges are 
made up, vary in diameter from half an inch ror the 
heaviest guns to Thth inch in the cordite for the 
I¥ebley revolver. A tubular form of this explosive 
is used for the charges of certain guns and for t he 
cartridge for the '303 rifle. The t ubular form has 
undoubtedly two considerable advantages over the 
simple cord: firstly, on ignition it gives a very 
regular evolution of gas, in that, as it bums both 
from t he in terior as well as t he exterior, the total 
area of burning surface is more constant; secondly, 
a bundle of it presents an exce'edingly regular 
aggregate of surface fo'r ignition from one end, and 
reglllar ignition is oue of the first requisities for 
good ballistics. Regular evolution of gas can also 
obviously be obtained from t hin strips, but t hese 
form a bad bundle for ignition from any point. 
Owing to their horny surface, smokeless powders, 
except in the very small charges for rifles, need, 
in order to avoid 'hang-fire,' an io-niter of onli­
nary gunpowder to reinforce the Rash of the cap or 
tube used to fire them (see CARTRIDGE). Many 
attempts have been made to use igniters made 
of smokeless po wder for the purpose, but so far 
unsllCcessfully. Such igniters must necessarily he 
made of finely divided explosive so as to ignite 
instantly, and. t)le flame given by smokeless po\Yder 
III such condltlOns, t hough immensely hot, is of 
~ery short dur~tion, .and of course quite deficient 
In the hot reSIdue gIven by gunpowder. A mini­
mum of delay between the tiring of the cap or 
tube and that of the main charcye is of first 
importance for naval guns, \Yhich :'re often fired 
from a constantly moving platform. 
, The manu~a~tur~ of smokeless powders consists 
m the gelatlDlsatlOn of the nitro-cellulose 01' of 
the. mixture of nitro-ce!lulo,se .and nitro-gl;'cerine 
wIn It; the latter are bemg 1.ntlmately mixed; t he 
presslllg of the 'dough ' \Ylnle still wet with the 
solvent through dies to forill cords or tubes or 
t he rolling of it int? sheet to be cut up into gr~ins 
0 1' flakes; the drymg out of the solvent which 
often ~akes. se."eral weeks, and is the most I'engthy, 
a.nd, slIl.ce .It llll'oll'es spacious drying accommoda­
tlOn artIfic lally heated, one of t he most expensive 

GUNNEHY 

of t h,e manufacturing ?perations. Finally, the pro­
ductlOns of several penods [1.re hlended, and' proved' 
for velocity and pressure. (See GUNPOWDER.) 

See Service Explosives (1907); Sanford,Nit1'o-E,cplosives 
(1906); Guttmann, Thellfanufactu1'e of EX1Jlosives (1909). 
and A. Marshall, Explosives (1917). ' 

Gundamuk. See GANDAMAK. 
Gundulf (1024-1108), bishop and architect 

bol'll in Normandy, followed Lanfranc to England 
(1070), ~nd became bishop of Rochester (1077). 
He rebuilt Rochester Cathedral, and was architect 
of the To\Yer of London and other buildings. 

Gungl, J OSEF (lSlO-S9 ), musical composer and 
conductor, was born at Zsambek in Hungary. As 
a bandmaster in the Austriau army, and as the 
leader of his Berlin orchestra, he made many con, 
cert tours, gaining fame as a composer of dance 
mllsic, especially waltzes. He ],ecame director 
of royal concerts in Prussia (1849), in Austria 
( 1858), 

Gun License, official permission to carry a 
gun (any d.escription of firearm),. t l! e allJ;1Ual pur­
chase of wInch for a sum of ten slnlhngs IS obliga­
tory (penalty £ 10) in Britain under the Gun 
Licenses Act of 1870. Sailors, soldiers, territorial 
sol~iers, or constables on duty or at practice, gun ­
smIths, and holders of game-licenses (see GAME­
LAWS) are ~xempt, as are also occupiers of land or 
persons actmg under t he orders of license-holding 
occu~iers when scaring birds or killing verll1in; 
'scarml5' does not include killing, nor are rabbits 
coun tect as ' vermin. ' 

Gun-metal. See BRONZE, CANNON. 
Gunnel ( Cent1'onotus), a genus of coast fishes 

i~ the Blenny family, but with more elongate eel­
lIke form than the true bl ennies, The British 
species (C, . g1tnnell'tts), the spotted gunn el 01' 
butterfish, IS common on British coasts lurking 
under stones in tidal pools. ' 

Gunner, in the British army, is a private 
soldier of the .Royal Arti,llery. Master-gunners 
are warrant-officers of ar tIllery, generally placed 
m charg.e of one or more forts.-In the navy the 
gunner IS an. officer from the ranks qu alified in 
&:~ nnery, appOlD ted by warrant from t he Admiralty. 
.tie takes charge of all the ordnance stores on board 
ship, is . responsible under superintendence for their 
expendIture and account, and has a general over­
sight of !lverything rela~ingto t he weapons employed 
and then' proper use, eIther under a gunnery officer 
or where there is none. Gunners are sometimes 
appointed in place of sub-lieutenants for quarter­
deck duties and to command torpedo-boats, &c. 
Chief-gunner is a commissioned officer promoted by 
selection from the gunners. Gunner's-mate is a 
first-class petty-officer, selected after examination 
from me!! qual~fied as seamen-gunners. IVan'ant ­
officers, lllcludmg gunners, boatswains, carpenters, 
and engineers, are eligible for promotion to com­
missioned rank. 

Gunnery is the science which governs by its 
laws the construction and employment of all fire­
arms, though the term 'musketry' is generally 
applied to the scientific use of small-ar111s. It in­
volves a knowledge of the properties of metals, and 
detail$ of t heir manipulation in gun-manufactU1'e, 
as well as the calculation of t he strains to which 
the weapon will be subjected, t he velocities of 
proj ect iles, and the effect upon them of t he various 
forces to which they are exposed in the bore of the 
gun and during their flight t hrough the ail'. 

This subject was first treated of hy an Italian 
mathematician, Nicolas Tartaglia, who in 1537 
published La Nuova Scientia. He also invented 
the gnnn er's q1tadl'an t , IV[any other writers fol­
lowed him, of who111 the principal was Galileo, 
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