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PREFACHK.

T was my fortune at an early age to hold a commis-
sion as an officer of artillery in a foreign service,
during a time of war. It was in the ¢ pre-scientific
period,’ and under circumstances which, however ad-
vantageous for observing the destructive powers of
ordnance both by land and sea, were little favourable to
the study of its construction. But they imparted an
interest in the subject which recent occurrences have
served to revive.

In the great controversy, which for the last few years
has attracted attention to thc guns of rival inventors
in this country, I have no pretension to interfere
either as a military commentator or on amateur
theorist. But in addition to the inventors who are to
produce the new artillery, and the naval and military
service who are to use it, there is a third party
interested in the investigation;—the nation at large,
who look to aecquire an effective armament in return
for the expenditure incurred. As one of the latter
I enquired without success for any published state-
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ment, calculated to give in the order of time and
occeurrence a consecutive memoir of what has taken
place since the war in the Crimea, in connection with
the improvement of rifled arms; Finding that none
such existed, I have compiled the present volume, in
the hope to supply the want, so far as concerns the
progress made in England — what has been done else-
where is beyond the scope of my undertaking,

In addition to personal obscrvation of the results of
experiments with artillery, my information has been
drawn from such records as are accessible to the public:
papers laid before Parliament, evidence taken by sne-
cessive Committees of the House of Commons, dis-
cussions in the theatres of secientific institutions,
addresses delivered to large assemblies on special ncea-
sions, reviews and periodicals, reports of the press upon
the marvellous powers of the new ordnance as displayed
from time to time at various points of the ecoast, and
the comments of writers devoted cxclusively to me-
chanical science in its application to the art of war.

From thesc and similar sources it has been my aim
to collect such materials as are calculated to disclose
the former state of things that rendered the demand
for improvement immperative, and to exhibit at each
stage the advance made by successive inventors, all con-
tributing to bring the question to that point in which it
now awaits solution,

- One series of topics I have scrupulously shunned,

Y
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beyond the merest mention (when such was unavoidable)
that such points had been mooted; I mean the never-
ending and apparently inscrutable claims of inventors
to priority of discovery. I have found throughout
the course of this enquiry, that with a curiously infeli-
citous uniformity, there is not a single feature in any
one of the recently patented improvements in gunnery—
from the metal of which & eannon is made to the form
of the bore and the configuration of the projectile—that
has not been the object of contested claims and the
source of vituperative animosity, Were we to credit the
ﬁpen assaults and the secret imputations, not on one only,
but ‘app&rentlj' on almost all the eminent engineers at
present engaged in the study of rifled arms, the other-
wise inadmissible conclusion would be inevitable, that
the most cxalted men in this important department
must be included in Pope’s estimate of Bacon, as

The wisest, brightest, meanest of mavkind,

I have passed by such discussions, not from any
disrespeet to the distinguished individuals whom they
concern, but from a conviction that the conclusions, to
whichever side they may lean, can have no practical
weight as regards the momentous decision which the
~country is now called upon to make. Such claims
honourably adjusted will form brilliant epochs in the
biography of science, but as personal incidents or chro-
nological disquisitions they cannot with propriety be
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permitted to divert the attention of the nation from the
paramount object of acquiring for the equipment of its
forces the arms most conducive to security in peace,
and to supremacy in war.

J. EMERSON TENNENT.

Loxpox: New, 2, 1868,
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PART L.
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THE RIFLED MUSKET.



CHAPTER L

‘RROWN BESX.

ITHIN the ten years that have elapsed since the
outburst of the war in the Crimea, the im-
provements and discoveries in the construction of fire-
arms and projectiles have exceeded, both in number
and importance, all that occurred since the reign of
Henry VIII, From the year 1628, when Arnold
Rotsipen obtained from Charles 1. letters-patent for
‘a new waye or meanes of makeinge gonnes, whereof a
patternc and proofe was shewn to the King’s selfc,
down to the end of 1852, not more than three hundred
patents had been issued for inventions; whereas more
than donble that number were granted within the next
geven years,' _ ’
On looking now at the specimens of early small
arms and artillery prescrved in museums and arsenals,
it is surprising how little change has been undergone,
either by ordnance or musketry, during that long
period of comparative inaction. Except in the superior
composition of the metal, cannon cast in the reigns of

v Abridgments of the Specifications  velating to Firearms, &c.
Frinted ¥y order of the Commissioners of Patents, 1859, p. 1,

B 2



4 APATHY IN ENGLAND. [Part 1.

the Georges exhibited little alteration or improvement
beyond their condition in the time of Elizabeth. The
muskets borne by ouwr soldiers in the Peninsula and
at Waterloo differed in no essential particular from
those with which their ancestors fought at Blenheim
and Ramilies; and the substitution of the percussion-
cap for a flint-lock took place at a still later period.
Military weapons were allowed to retain all their primm-
tive rudeness, whilst the utmost care and ingenuity were
exerted to bring sporting guns to perfection. Money
and skill were bestowed without stint on a rifle Lo
bring down a deer; or on a fowling-piece with which a
pheasant was to be shot; but any weapon, howcever
clumsy, was thought sufliciently good when the issue
of a battle or the fate of an empire was in the balance.’

Nor was this display of apathy confined to England
alone. Almost every other nation in Europe concurred
in manifesting the same contented indifference. Mar-
mont, to the close of his life, npheld the old musket
as the most formidable and effective of all possible
weapons; and Napoleon withdrew the rifle from the
Traperial troops, to whom it had been partially issued
during the wars of the Republic: nor was it restored fo
the IFrench armies till after the invasion of Algeria, 1
1830, when it wag adopted for the equipment of the
(Chasseurs ’Orléans.?  Prior to that time, however,
some perception of the superiority of the rifle had

v Relindrgh Review, 1869, p, 515, Tt used to be a simile applicd by
gamekeepers to a bad fowling-piece, * Why, sir, she be of nu more use

nor a soper's musket.' —Kraminer, Nov. 8, 1862,
* Durviaxg, Notiee Ilistorique dea Armes Rayies, p. 57.



Chap. 1.] DROWN BESY IN DISREPUTE, éb

begun to be felt in Great Britain, after its efficiency
had been witnessed In the hands of the Americans,
whose marksmen were indebted to its ckilful use for
their advantages over ourselves; as well as for sub-
sequent, successes in their expeditions against the
Mexicans.

Gradually, the antiquated musket ecame to be re-
garded with distrust: It was so incorrectly bored, and
the windage so great! that the bullets flew wild as they
left the barrel. ¢ DBrown DBess,” from being the boast
beeame the bye-word of the British army, Those who
had previcuszly extolled her sturdy endurance began to
“pird at’ her infirmities; and disrespectful allusions
were made to 1llustrate her errors and decrepitude.
Although officially said to be effective at a range of
200 yards, it was the working rule of the soldier to
reserve hig shot &l ke saw the whites of his enemyfs
eifes, and even then it was said that, before he could
bring down his man, he must fire a full weight of his
body in lead.

It has been gquestioned whether, without the inven-
tion of the bayounet, the musket of the last century
would have permanently superseded the crossbow of
the middle ages. And it admits of no doubt that,
often in our own timeg, the consciousness of the

' *Windage” is the difference between the dismeter of the shot and
the bore of the piece Mrom which 1t (3 fired, pwing to which an unoecu-
pied space 18 left between the projeetile and the inner cireumfercnee of
the pun.  Inpractiee the effect of windage in smooth bore pleces is to fores
the ball against one side of the barrel, whenee it rebounds against the other,
making a zigzag moticn in it exit, whach is fatal to its steady tlight.



6 WASTE OF AMMUNITION. [ Pari L.

defects of the firelock impelled our men to resort to
the strong and certain thrust of the bayonet, rather
than to rely for their safety on the chance performances
of the clumsy and capricious * Brown Bess Nor was
there wanting authoritative testimony to sustain this
mistrust. At the battle of Salamanca only 8,000 men
were put fors de corabaf, although 3,500,000 carlridges
were fired, together with 6,000 cannon balls, (besides
which there were charges both of cavalry and the lines)
o that, as regrards the line, only one shot in 437 took
effect. ©An officer engaved at Waterloo says that he
“could not see more than three or four saddles emptied
by the fire of one side of a square of Dritish infantry
upon a body of French cavalry close to them; yet
Bonaparte complimented our men on the superior
steadiness of their aim. During the Conlinental cam-
paigns, he and his marshals held that 450 yards was a
safe distance from all small arms, the rifle included. !
Colonel Wilford, in the course of a lecture delivered at
the United Service Institution, in Loodon, in Novewmber
1859, stated that during the Caffre War 80,000 car-
tridges were fired in a single engagement, in which
only twenty-five of the enemy fell.

An engineer officer, who in one of the great battles
of the last war had an opportunity of witnessing the
effect of musketry upon cavalry charging a square, states
that a volley at thirty paces brought down only three
men.  The French admit that doring the Crimean war
they fired away upwards of 25,000,000 cartridges, and

V' Spectator, March 19, 1859,
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certainly did not hit 25,000 men nor kill onc-half that
number by muskctry-fire.! ¢ We believe, says the
Times,® writing about that period, that ¢the calculation
used to be that one bullet in 250 carried death ; and
that, estimate is probably not far from the truth/’

As early ag the }*531'1838 a series of experiments were
undertaken by the officers of the Royal Enginecers al
Chatham, to ascertain what the properties of the service
musket really were. The “result,” says the £ f_irfe:'ﬂh'lﬂ?'ﬂﬂ-‘
Review, € was certainly most amusing. Tho target first
employed was 3 feet wide and 11 feet 6 inches high,
- which was struck by about three-fourths the balls at
150 yards, fired with full charges — with reduced
charges only above one-half hit. Above this distance,
the difficulty of hitting wuas so great, that the width of
the tarzet had to be inereased to six feel; and, at 250
vards, of len shots fired with full charges, not one hit
the target : at 300 yards shot after shot was fired with-
out onc hitting the object aimed at, or its whereabouts
being ascertained. After various expedients in vain
resorted to to hit such an objeet at such a range, the
officers gave it up in despair; and proceeded to caleulate
a table of *““ingtructions for soldiers,” in firing with the
musket, some of which will appear strange at the present
day. The soldier was told, in firing at a man, at 600
yards, to fire 130 feet above him ! or in other words, if
you wish to hit a church-door aim at the weather-cock.
But considering the lateral deviation, the chances were

U Edinburgh Revicw, April 18569, p. 525.
2 Tiémes April 24, 1857,



8 DANGER T0 GUNNERS. (Part 1.

certainly two to one that you would miss the church
altogether.”!

Not very long ago, a well-trained marksman, pro-
vided with an old regulation musket, was placed to fire
at a target 18 feet square from a distance of 300 yards,
and found that he could not put even into that spacious
area one bullet out of twenty. At 200 yards his success
was not greater, and yet the fire-arm thus tested was
the regular weapon of the British soldier, so late as the
year 1852,

Although it anticipates, to some extent, the thread of
the following narrative, I may be perinitted here to
notice, that on the occasion on which this exposure of the
old pattern musket was made, the improved rifle which
had then recently been issued was brought forward, under
precisely the same circumstances, and scarcely a shot
missed the target; dcmonstrating, that if a soldier cun
be enabled to hit uniformly, where he hit but once out
of twenty times before, his increased value is equiva-
lent to an addition to the nmmbers of the army in
precisely that proportion. Not only so, but the distance
at which the new weapon could kill having been in-
creased from one or two hundred yards to fourteen
hundred, or more, it came to be felt, that wunless
artillery could be improved in the same ratio as the
rifle, the old ordnance would be rendered useless, as
gunners would be picked off and killed before their
cannon could be bronght within range.

Whether it was ascribable to the form of the bore and

V Ediilirgh Revicwe, April 1834, p. 520,
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the shot, to windage, to defects of construction, or to
a combination of all—ordnance both for field and sea
service was, down to a very recent period, almost as in-
effective as the musket of the infantry, The windage
allowed was exceszive; the charge of powder conse-
quently large; and the spherieal shot, which by its
gravity fell to the lower side of the picce, being started
with its centre eccentrie to the bore, bounded irregu-
larly along the barrel (causing serious wear by inden-
tation). and issned from the muzzle sometimes high,
sometimes low, and sometimes on one side, but seldom
or mever in o linc with the axis of the gun. Thus,
aecuracy of firing was and is, in similar pieces, almost
impossible to be attained.

Again, the round shot on issuing from the gun pre-
sents so large a diameter to the action of the air that
its speed is soon retarded, and the force of the wind
acting on it laterally, its course becomes deflected and
uncertain, When Dr. Hutton was conducting his ex-
periments on atmospheric resistance to projectiles, at a
reach of the Thames adjacent to Woolwich, he found
that, in order to hit a target at the distance of a
mile, it was necessary to point the gun 400 yards to
the right or left, according to the direction and foree of
the wind.

In siege operations and in maval warfare, the ammn-
nition wusted was far in excess of the injury done to
the enemy ; so much so, that after the fall of Schastopol,
- the surface of the platean in the vicinity df the captured
citadel was strewn with balls as with the products of a
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mine of ready-wrought iron.! Against stone-works and
fortresses like Sveaborg and Cronstadt the assault of
guns such as were then in usc was instinctively felt to
be powerless; and the fate of actions at sea—even those
most formidably contested —was frequently decided less
by the destructive power of artillery than by lierce
hand-to-hand struggles between boarding parties and
the crew.

To drive a projectile into, if not through, an enemy’s
ship, has at all times been esteemed the first essential of
a naval guni? but so defective was our ordnance in
penctrative power, that attention was mainly dirceted
to Lthe means of inereasing the damage done by bruising,
and the wide dispersion of splinters. Hence confliets
were prolonged with increased mutilation and slanghter,
instead of being early and decigively determined by
displays of irresistible might; and in renowned engage-
ments, such as that between the Chesapcake und the
Shannon, the vast majority of the missiles discharged
—aspherical shot as well as bar-shot and chain—were
found imbedded in the timbers, whilst those that pene-
trated the ship were comparatively few.

So far as regards the army, it has been usual to
ascribe the long endurance of the old state of things to
the alleged obstinacy of the Duke of Wellington, who

1 A fricnd of mine who was present during the siege wrote to me as
follows : — ¢ T hardly exaggerate in saying that over some dozen aeres a
smert fellow might have erossed every yard of ground upon iron, without
laving a foot on the earth, 'T'he cannon shot were thick in some places,
and seattered in others, Tut the conp d'eil was indeseribablo !’

? Bir Howaun Doveras on Naval Guanery, 108, p. 77.
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is always represented as having been hostile to change
in matters of military equipment, and wilfully blind
to the defeets of the old musket. Earl Grey when
examined before a committee of the House of Com-
mons ‘on Military Organssation’ in 1860, said it
was ¢ notorious to all the world, that the Duke objected
in the strongest manner to giving up the old musket.”?
Tardy justice has been accorded to his Grace in this
particular. So far from bheing opposed to improving the
armament of troops, his personal friend and biogra-
pher, the Chaplain-General of the Forces, has placed
on record that the Duke of Wellington was often heard
to say that, ¢looking to the amount of mechanical skill
in the country, and the numerical weakness of our
army as comparcd with those of the great continental
powers, British troops ought to be the best armed sol-
diers in Europe.’? |

Whilst duly aware of the imperfections both of
small arms and ordnance, the Duke wus equally
competent to form a correct cstimate of the ditficulties
which beset their removal 3 but amongst these he did
not for a moment admit the force of military routine,
which, next to rash innovation, Napoleon 111, has pro-
nounced to be the most redoubtable encmy to all im-
provement,? regarding errors as sacred only because
they are old.

! Evidence, 5368, p. 389,

* Gwwia's Life of the Duke of Wellington, p. 548,

® ¢La rontine amoureuse des vicilles pratiques a conservé pendant

des sidcles les nsages les plus stupides. . . . Ta rontine conserve seru-
pulensement comue un dépot saeré les vieilles erreurs; mais elle €opposs
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The obstructions apparent to the Duke of Welling-
ton were such as his experience had taught him to
discern. As First Minister of the Crown, he had shown
himself a rigid economist by the largest possible redue-
tions in every branch of the public expenditure;! and
hence he felt the responsibility of adopting proposed
additions to military expenditure, But besides this,
his observation as a practical administrator, both in
the field and in the eabinet—not only as Commander-
in-Chief but as Master-General of the Ordnance—had
taught him the wholesome necessity of caution in in-
troducing into the serviee, as ostensible amendments,
inventions in fire-arms which were in reality only the
early and immature germs of expertments still in-
comaplete, Without diecountenancing science, or dis-
couraging ingenuity, his habit in relation to alleged -
improvements was to wait till scientific investigation had
demonstrated the principle to be true, and till practical
experience had proved their comstruetion to be sound.
‘ He considered it necessary,’ said Lord Herbert, ¢that

encore de toutes ses forces aux ameliorations les plus léwitimes et les
plus évidentes’- -Du Passd ef de Adveniv de £ Aviillorie, (Euvres de
Narovfox ITT, tome iv™e, Avant-propns, pp. 145, 16, 17,

! ¢ There was nothing of which the Duke was more Jealons than of
proposals which involved, or threatened to involye, sny addition to the
eoat of maintuining the army. Iis seruples on that hesd oviginated in
two sources, As a minister and a statesman he wag perhaps the most
rigid economist of modern times. e effected larger recuetions in the
public expenditure during the brief period of his adwminisiration than
had been effected before, or have been effectod since, by any other head
of the government, within the memory of man. Henee his common
expressicn, * Depend upon it, gentlemen, the greatest enemies the army
has in this country are those who would add wsnecessardy to its
expense.” —GLuwe's Life of the Duke of Wellington, p. 547.
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those enquiries should be made before he gave to
changes the sanetion of hig high authority.”! Proceed-
g on any other system, it 1s obvious that in the great
majority of cases the public money would have been
squandered by the temporary adoption of novelties, which
a-very brief trial might have rendered it necessary to
discard. The wisdom of the Duke of Wellington was
- displayed in prudently abstaining from regarding theo-
ries as established so long as they are only rudimental ;
or accepting results as demonstrated when the experi-
ments on which they were dependent were still pre-
liminary and inchoate. Although hetter qualified than
any other authority of his time to appreciate the ex-
ploits achieved by the old musket, the Duke, so far
from being a partisan of ¢ Brown Bess,’ gave his sanction
to ils supersession by the Minié rifle; in 1851, But
before authorising its distribntion to the service, he
justified the mcasure in his own mind, not only by the
example of the IF'rench and Belgian experiments, but
by perscnal inspection of the ease with which the gun
could be managed by the men, and the facility afforded
by it for loading, - It gave place a few years after
to the Enfield ; and slight as was the superiority which
the Minié, when first introduced, presented over the
antiquated musket of the previous century, its partial
introduction by the Duke of Wellington was the only
improvement that up to that time had been made in
the construction of small arms.

! Committer of the House of Commons on MiiZary Organisation,
1860 ; 6490, p. 450
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In the two most formidable wars that have signalised
the present decade; that in which Russia was repulsed
in her attempted invasion of the Ottoman Empire,
and that by which Bengal was rescued from the re-
volted sepoys of India; we had, in the latter instance,
to face envenomed foes whom we ourselves trained to
the use of arms, and who had learned from uns all the
deficiencies of the only weapons with which we had to
encounter them ;—and in the other, we had to con-
front an enemy whose ambition was uniformly directed
to render his armics the most formidable in Europe;
whilst by the association of our force with that of
France we were brought into trying contrast with an-
allv whose pride and policy were equally involved in
having arms as well as discipline brought to the high-
est attainable perfection. Yet, notwithstanding the
wish expressed by the Duke of Wellington, in 1832,
that every soldier of the line should be armed with
a rifle, it was recently stated in the House of Com-
mons! (I know not how correctly) that one division,
at least, of the British army in the Crimea was pro-
vided with no better weapon than ¢ Brown Bess.’?

! Lord Eicuo, Junc 6, 1861.

* It is fair, however, to stata thac the French army in the Crimea
were but indifferently provided, for although the Chasseurs carried the
caraline a fige (of which there 1s some notice in the next chapter), the
infantry were armed with the smooth bore regulation musket,  See Sir
Howanrp Doveras on Naval Gunnery, 600, p. 571.



CHAPTER IL

IMPROVEMENT BEGINS—LORD MHARDINGE ARND
M. WHITWOLTH.

ORD HERBERT OF LEA has borne a gencrous

testimony to the claims of Viscount Hardinge on
the gratitude of Fngland ¢as the person to whom the
army owes most, for the improvement of weapons
of war, and for carrying out the changes with regard to
the rifle with the greatest energy and determination.’!

Lord Ilardinge became Master-General of the Ord-
nance in 1852, and succeeded the Duke of Wellington
as Commander-in-Chief at the close of the same year.
Previous to his entrance upon these high offices, the
career of improvement in France had begun, and
numcrous attempts had been made in this country to
remedy the defects of the old musket; but Tord
Hardinge, although not the first, had the good fortune
to be the most suecessful in instituting a systematic
and sustained effort for the adaptation of the rifle to
the service of the army.

The French, as already stated, had abandoned the nse
of the rifle at an early stage of the revolutionary war; and

b Evidence hefore the Conviittee of the House of Commons on Mili-
tary Organisairon, 6504, p. 157.
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it was not till after the restoration of the dynasty that it
was reintroduced. In 1826 Captain Delvigne proposed
the system which has since borne his
name, but whieh was only a modi-
fication of the former rude plan of
forcing the ball into the grooves of
the barrel by smart blows of the rum-
rod. In 1842 the ¢Delvigne rifle’ was
superseded by the Carabine & tige of
Colonel Thouvenin, in which, in order
to irapart rotation to the ball, a pillar
was screwed into the breech, so as to

leave surrounding space for the pow-
der; and against the end of this “fige’
the bullet was flattened by the ramrod,
till its base became expanded, and be-
ing forced into the grooves it assumed
| the form of the rifle barrcl. One ad-
vantage of this system was that the
bullet, when resting on the top of the
pillar, did not press upon the powder,
riun camanse A OFs a8 it is technically said, ¢ meal’ it,
T1GH. when struck with the ramrod. To this

M. Delvigne superadded the further improvement of
substituting a projectile, the bottom of which was fat,

the sides cylindrical, and the front terminated conically,
somewhat resembling Sir Tsaac Newton’s ¢ solid of least
resistance.’ !

V Prineipia, Lol Schol, to Prop. 340 In the accompanying sketeh
taken from Sir Howakn Doveras, Neval Guunery, p. 157, Lhe Delvigne
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The Carabiie a tige, furnished with Delvigne’s pro-
jectiles, was the arm supplied to the chasseure & Afrigue
in 1846, during the war in Algeria. But the ¢ pillar’
was found liable to become bent; and being otherwise
objectionable, it was superseded by the introduction of
the Minié ball, the peculiarity of which was that,
being made smaller than the bore of the picce, it
could be almost drupped loose into the barrel, and it
contained in its base a conical recess, to receive the
apex of a cup of iron, somewhat larger than the open-
ing, into which it was to be driven by the explosion,
and thus to effect at once its own expansion and rifling.’

THE MINIE HALL®

Other countries were not less active than France. The
Prussians attained some success in the attempt to load
their rifles at the breech instead of the muzzle, and
armed their troops with the ¢ziindnadelgewehr,” which
is discharged by passing a needle into the cartridge,
s0 ag to ignite percussion powder placed within,

ball is seen at 4, furnished with a groove p near the buse to admit of its
attachment to the cartridge by means of a corl. 8 8 represents the barrel ;
¢ the *tige’ or pillar, serewed into the fuee of the breech-pin: ® the
ramrod ; and PF the space roimd the pillar for containing the powder,

! The original contrivance of a self-cxpanding projectile is said to
belong to Mr. GreENER, who proposed u ball of ilus eonstruction
in 1836, See a Paper on Projectiles, by F. A, Awrer, Fsq., Chomieal
Director of the War Depuriment at Woolwich, in the Practical
Mechanics' Jowrnad, 1802, p. 4535,

* This and the following engraving, p. 18, are copied from SCOVFERN's
work on Projectiles and Weapons of War, pp. 240, 241,

C
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The Americans, too, had obtained celebrity from a
rvifle firing conical bullets or ¢ pickets’ with such ac-
curacy, that one instance was adduced in which ten
congecutive shots at 220 yards were planted within a
spacc no larger than a small playing card —a feat
which up to that period was considered unequalled.
Down, however, to the accession of Lord Hardinge to
the Master-(Gzeneralship of the Ordnance, the only prac-
tical improvement in England had been the partial in-
troduction of the Minié bullet for the rifle, which took
place when the Marquis of Anglesey, as Master-General
in 1851, ordered the issue of 28,000 Regulation rifled
muskets,’

But the Minié ball, notwithstanding its superiority
in many particulars, exhibited grave disadvantages;

THR MINIE BALL DISTORTED,

its tendency to fouling was considerable—the dis-
tended portions of the projectile sometimes detached
themselves and clogged the grooves, rendering loading
extremely difficult —and occasionally the iron cup,

! The dimensgions of this Minié musket will give some iden of ils
eumbrous characler: the barrel was 4 lbs. 10 oz.; it had a bLore of

‘702 in., with 4 rifled grooves, baving onc turn in 6 ft. 6in.; and the
bullet adapted to it weighed 680 grains.
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instead of merely expanding the lead, was driven com-
pletcly through the opposite extremity, converting the
bullet into a distorted tube, which somctimes remained
firmly fixed in the barrel.

In the Enfield bullet, which was adopted in 1853, a
wooden plug was substituted for the iron cup.

THE LXNFIELID) RULTRT.

It is a question, whether eventually both iron and
' wood may not be got rid of, since it is found that the
expansion of a leaden ball, if hollowed at the base,
<can be effectually attained simply by the force of the
explosion, when the metal driven outwards, finds its frst
and great resistance in the *lands,” or smooth parts of
the barrel left untouched by the rifling, against which
it is pressed with great force, and thence overflows into
the grooves.! |
Embarrassed by dcfeets inherent in different systems,
one of the earliest measures of Lord Hardinge was
the mshitution of a comprehensive enquiry into the
whole subject of rifled arms and projectiles. He placed
himself in communication with Mr, Westley Richards,
Mr, Purdey, and others of the most eminent gun

! It has been suggested that the expansion is cansed by the vis inertia
. of the leaden projectile; and the force acting endwise on the mase
‘Jumps it up,’ as it is termed, in the middle.

c 2
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makers in Great Britain. Six of these supplied pattern
muskets of various diameters of bore, ranging from
530 in. the smallest, to -650 in. the largest.! Com-
parisongs were also made of the weapons in use by
the armies of other military powers, and information
was collected from leading factories of Kurope and
the United States; and by the aid of the facts and
suggestions thus acquired, the adoption of the musket
ginee known as the ¢Enfield rifle’ was resolved on;
and arrangements were put in progress for the organ-
isation of a government factory, to be provided with
machinery, chiefly on the American model, for shaping
the various parts. Here it was proposed to commence
at once the production of an arm for the Dritish forces
combining, it was hoped, the varied excellencics mani-
fested in each of the pattern rifles sent in by the most
eminent makers in England.

Such was the origin of the ‘Enfield rifle’ of 1853, It
was stronger than its predecessor of 1851, and at the
same time the musket and its eixty cartridges weighed
three pounds less.? It was rifled with grooves and
lands on the old system, with one turn in 6 feet 6
inches, Its diameter was <377 of an inch, and at limited
ranges it fired a bullet weighing 530 grains with great
accuracy and force., During the ten years that have
elapsed eince its adoption, although other rifles made

! Col, A. Gornaow, Lefter do Sir C. TrEvErTaw on Nelional Dofence,
1853.

* Tha total weight of the Enfield and its sixly rounds of ammunition
is 14 1hs. Goz. 11 dr.
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in England have greatly exceeded it in almost every
- essential quality, it admits of no doubt that the KEnfield
rifle 18 still superior to any arm yet adopted in other
countries,! and its efficiency was well attested at the
Alma and at Imkermann, where, in the words of the
“Times’ correspondent, it smote the enemy like a
destroying angel.

In spite of all the precautions of Lord Hardinge,
however, the arrangements for the construction of a
government establishment for the manufacture of rifles
have not been without disappointments; and the En-
ficld, although incomparably the best that up to that
time had been introduced into the serviece, has since
disclosed numerous defects, which those who watched
over the early stage of the experiment found it difficult
to account for at the time. The velocity of the ball
proved to be lower than had been locked for; its
trajectory?® was consequently higher, and its precision
and penctration less; the tendency to foul was con-
siderable, but what was above all embarrassing was,
that no fwo guns were alike in their properties or

b See Report of the Ordnance Seloct E"{mmu.ﬁfm presented to Iurlia-
ment Mareh 19, 1863,

? The *trajectory” of a hall is the line which it Jdeseribes between
leaving the muzzle of the gun and reaching the olyject wimed at.  As the
gravity of the projectilc imparts a downward tendency in its flight, no
portion of the path of u shol through the air can be said to be a right
line, In practice, this hus to be taken into wecount by elevating the gun
above the object to ba fired at till it reaches the angle proportioned to
the distance. IIence accuracy of aim is, under such eircumstances, the
result of complex and elaborate caleulation, the necessity for which

diminishes in proportion ax inercased velocity hrings down the trajectory
towards a level with the gun.
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performance, olthough all underwent the same pro-
cess, and were produced by the sgme means, *One |
rifle shoots well, says Lord Hardinge, €another ill,
and the eye of the best viewer can detect no difference
in the gun to account for it.’!

The variance, in fact, was such as could only be con-
jectured to arise from some subtle imperfection in the
manufacture ; and in this emergency recourse was had
to the advice and assistance of Mr. Whitworth of Man-
chester, a gentleman pronounced by the Secretary of
State for the War Department to be ¢ the most eelebrated
mechanician of this country.’? For this eminence in
his profession Mr. Whitworth is indebted to a natural
aptitude for its cultivation, but mainly to an exhaustive
knowledge of its principles and processes, acquired by
unconquerable perseverance. Endowed with a taste for
mechanics, and with something like an instinet for over-
coming diffienlties, he developed and disciplined his
powers by serving in early life under the ablest masters,
Maudslay, Clement, Holtzappfel, and others of the class
whose genius and ability have raised mechanical art
to its present high rank in England, especially by the
improvement of those wonderful self-acting engines,
which under the technical name of €engine-tools,’
(machine-outils,) are now so extensively used for work-
ing in metals, as well as for the production of other
machines dependent on accuracy and precision.

V' Memorandune of Lond Hawm~er, May 17, 1854, pura. 6.

* Ihid.  See also the debate in the House of Commons en the Enfield
and Wkitworth rifles, June 26, 1861, in which more than opee Mp
Wiarrworern was spoken of us “the greatest mechanieal genins in Europe,
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Mr. Whitworth docs not belong to the ordinary type
of inventors, quick, versatile, and ingenious, acting
from impulse or apparent inspiration; his productions,
on the contrary, are the results of slow and deliberate
thought, bringing former observation to bear upon
tentative experiment and accepting nothing as esta-
blished till it has undergone proof. Proceeding with a
logical severity to rest further operations only on ascer-
tained facts, his process is so strictly inductive, that he
might justly be designated the Bacon of mechanics,

Hence his great reputation rests not so much on any
one startling discovery, as on that general stamp of
excellence, which he has been enabled to imprecss on
the machinery of the United Kingdom. What he found
rude and incomplete, he rendered as nearly as possible
perfect, till there is searcely an operation connected
with the shaping of metal, in cutting, planing, turning,
boring, slotting, or drilling it, to which he has not ap-
plied machines in supersession of hand labour, ‘such
as the world never saw before; unsurpassed both in
excellency, in design, and in perfection of execution,’’

In the motion of the most perfect moechanism, as in
the action of that human intelligence which it seems
to emulate, there are qualities so essentially ulike, that
they have come lo be designated by terms interchange-
ably appropriate to both : truth, firmness, and accuracy,
simplicity,strength, and endurance, are epithets borrowed
from the attributes of nind, and applied with equal

v Record of the fnternational Exhidiion of 1862, Practical Mechanics'
wowrnal, p. 300,
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significance to the structure and operations of machinery ;
and it was in the imparting of thesc to the inventions
of which he became the author, that Mr. Whitworth
achieved that reputation in his profession which all
might envy, but which none is so selfish as to dispute.

Next to their singular ingenuity, and even more
wonderful, in the estimation of those best qualified to
judge, is that absence of complexity by which they are
characterigsed ; their construction being the simplest ima-
ginable, consistently with efficicney and power; yet such
is the delicate and undeviating accuracy of their per-
formance, that of the multitude of articles produced by
them, each can be made in form and dimension indis-
tinguishable from the others,

For the attainment of this consummate perfection,
it is the belief of Mr. Whitworth that the superiority
of all machinery is dependent on two elements—the
power of meastring with unerring precision, and, asso-
ciated with it, the faculty of producing a true plune swe-
fuece, that is, one 8o absolutely level that, when opposed
to another of equal truth, their contact must be in all
parts complete. The Astronomer Roval, Mr. AIREY, in
his evidence before a committee of the House of Lords,
in 1855, stated that the degree to which Mr., Whitworth
had succeeded in “making perfect the planing of sur-
faces was entirely unknown before his time.” To such a
pitch of excellence has he brought it by a process peculiar
to himself,' that a plate of metal prepared by him,

V Bew fopord of the Comaties of the Howse of Lovds on the Weiyhts
and Measurcs Nl 18856, p. 3. The process hus been deseribed in

-
L

-
-
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when opposed to the face of another similarly treated,
-exhibits a contact so intimate as to enable the operator
to lift the under one with it, as if by its actual adhesion
to the upper;—or if less closely applied, so that the
thinnest possible layer of atmospheric air may still re-
main between, the upper plate will rest on the unex-
cluded particles, as if floating on quicksilver.

With similar devotion to aeccuracy Mr. Whitworth, in
the search for a means of determini ng dimensions
with precision, constructed a machine, so accurately
and delicately made, as to measure objeets which differ

detail by Mr. WarrworTH in an article sn Trae Planes in his Misecl-
laneous Pagers on Mechanieol Em‘{-_jmﬁg, London, 1658, In it he shows
thut the former meothod of producing a level surface by grivding lwo
plates of metal togerher with smery between, ao far from producing o
brue pilane, was in reality detrimental, inasmuch as the effect was to
Jimpart to one more or lees of the imperfections inkerent in tha other,
instewd of correeting, as was supposed, the inequalitics of both, ‘Lot
it be supposed that one of the surfaces is concave, amd tie othar a
true plane; the tendency of grinding will, nn doubt, e to redoce the
error of the former, but the opposite erver will at the snme time be,
to o cortain extent, created in the opposite surface.  The only pos-
sible case in which an original error could be extirpated in both
would Le when it was met by an opposite crror of exactly the same
amonnt, and tho ene destroyed the other. . . . . . Tt thus appoars
that the practics of “grinding™ has impeded the progress of fmprove-
ment, and that a frue surfacr, instead of being in common use, is
almest unknown.”  (Thiz had reference to the state of things existing
in 1840.) To atrain the desired objeet, Mr. WrITWowTIL proceeds to
ehow that it is neccssary to make fhree planes in owder to irsnve the
perfect avenness of mne, und 1han after imparting the utmost perfeetion
attaicable by means of a planing machineg, cach must be finished by
hand, the operator using an instrnment for removing hy sereping cvery
minnte inequality, detected by rubbing each in suceession on the sur-
faco of the othor two. ¢ As the surfaces approazh perfection the ntmost
eaution and vigilanee is indispensable to pravent them [rom degenera-
ting, which will incvitably happen nnless the comparison be eonstantly
made between them all) pp. 3, 19, 41.
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cven by the milleonth part of an inch—a division so
minute as to be perceptible only by fouch ' after it has
ceased to be discernible by the eye. So nice is the ad-
Justment, that in using it an inch of steel can be held
to be an inch, only so long as the thermometer stands at
62°, the slightest excess of temperature producing an
appreciable elongation ; —and the standard yard, a
square bar of steel, when placed in the machine is
so expanded by the slightest touch of the finger as to
show an appreciable lengthening even under the in-
Auence of the infinitesimal amount of heal lhus

vinprted.

It might be supposed that the value of measures so
minute must be but abstract and visionary, and that it
could be only in the larger quantities that their use
might be available. Tn practice, however, the import-.

' In illustration of the extremely minmute quantity represented by the
witdtionth part of an inch, Mr. Wintwortn expluined to the Commitées
of the House of Lords on the Weights and Measwres Bill, in 1855,
that ‘yom have only to ruh a piece of soft steel a very fow times to
diminish its thickness a millionth of an inch' {(fleporé, &e. p. 5.)
Elsewhere he has stated that *The principle of his mezasuricg machine
is the employing of the sense of fouch instead of that of sight,
If an objeet be placed between two parallel true planes, wdjusted
so that the hand ean just feel them in contast, you will find on
moving the planes only the @fty-thonsandth of an inckh nearer topether,
that the chject beeomes distinetly tighter, and requires greater foree to
move it between them. In the measuring machine (of Me, Whitworth)
a thin fat piece of steel {ealled the gravify-piees), having its two sides
perfeet planes, is introduced betwaen the ohject to be measured and one
of the end swfaces of the machine so as just to allow it when raised by
the finger to fall again by tae foree of its own gravity.  DBut by bringing
the two planes into eloser eontacr, by eeen the ene-millionth of an inek,
this test-picee will be fixed and suspended, friction overcoming its gravity.'
—Wirtwortit's Miseellancons Papers on Mechanical Suljeets, p. 43.
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ancc of aiming at such accuracy has been visibly de-
 monstrated. The former habit of being contented with
approximate measurements engendered a positive in-
ability to duly estimate superior correctness; and
mechanics became accustomed to look on considerable
variations in size, often productive of serious mischief,
as not only venial, but even as a result of necessity.
But like the Sybarite, whose sleep was disturbed by the
inequality of his couch, oceasiomed by a ruffled rose-
leaf,! Mr. Whitworth was impatient of even infinitesi-
wial inexactitudes; and has accustomed the men in
his employment to work to the 20,000th part of an
inch, till measures so diminutive have become as familiar
as those of larger dimensions,? In the most celebrated
workshops in England thirty years ago, mechanics
~were chary of ecriticising work which was ‘out’ by
the 32nd part of an inch, whereas in his works an
error of *division,” is at once noticed and corrected,
a division being the 10,000th part of an inch.®* The
influence of these improvements in mechanical means
has imparted a distinclive character of aceuracy to
the machinery of the United Kingdom, which places

' *Idem wwpe guestus est quod folils roze duplicatis incubuisset.
CENECA df Tro, 1. 25

* Warrworta's Misccllancous Papers on Meckanical Snljrets, p. 58.

¥ Report of the Conamities of the House of Lovds on the Weights and
Measurcs B, 1855, po 4. This improvement has spread to other
establishments also. My, Axprgrsox, the superintendent of the govern-
ment fuetory for artillery ot Woolwich, statad in o discnssion at the
Institute of Civil Enginecss, in February 1864, “1hat in olden times
there was difficulty in working to the & of an inch, but the gl of an
inch was now measured with as much ease as wis formerly the case
with the {; or §5 of an inch.,'—Proveedings, dv. p. TL
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it in advance of all other countries: and to this
nothing has wmore signally contributed than the
standard gauges, graduated to a fixed scale as constant
measures of size, for which practieal engineers are in-
debled to the studious labours of Mr, Whitworth.!

It is not surprising that, in a profession so based
upon accuracy as that of mechanical engineering, these
achievements of Mr. Whitworth should have entitled
him to the contidence of his cotemporaries, and
attracted the attention of the government at the
crigis when Lord Hardinge applied to him for assist-
ance In May 1554 FEven then the nature of the
difticulty for the removal of which the military
anthorities were desirous of his advice and coopera-

' Another achievement of Me, Wurrworth, which has rendered signal
service in eondueing to uniformity and economy, not only in machinery,
but in almost every complex objeet produeed by il, is the perfecting of a
svstem of serews, graduated Lo all sizes in actual use; the threads of cach
being adapted in piteh, depth, and form, to ensure the ulmos: possilde
degres of power, strength, and durability, The attention of Clement
was given to a similar olject, but it was reserved for Mr. Wiirwonrra o
aclueve it,  His system has now been adopted throughout almost every
country in the world in which cugines and machinery are either employed
or mannfuctured ; and taps and dies for prodocing the whole series are
furnished from his works at Manchester. The value of this single
reform may be eonjeclured when it is borne in mind, that before his
time evory engineer and machine-maker provided his own serews, on no
preconceived prineipla, but of the most arbitrary form and the utmost
variaty of dimensions, The conseguenes of this divermenee was the
utmost confusion, delay, and expenze in repuirs, if done by any other
individual than the actual maker; and a new serew having to be ent on
every vmerzeney, the wuste of bolts and nuts was sxtreme and unavoid-
#ble. At the present time the same sets of serew-making tackle being
to bw fourd in every workshop in Earope, a damaged serew can be
replaced by a new one with Vttle more delay than is neccssary to as-
eertain its number,
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tion were imperfectly understood, and instcad of
instituting an enquiry to ascertain how far the imper-
fections which manifested themselves in the Enfield
rifle were referuble to errars wm the gun itself, they
were hastily attributed to some mysterious deficicneics
in the apparatus by which the gun was made, and
these it was sought to overcome by substituting the
self-acting muchinery of Mr. Whitworth, the higher
accuracy of which would, it was hoped, produce the rifle
in the numbers required without defeet or variation.
But an obstacle presented itself on the threshold.
My, Whitworth was not a gun-malker, and he had no
more practical knowledge of the specialities of a rifle,
or of the theories on which its excellence is dependcnt;
than is possessed by any other highly educated en-
gineer.' He had, however, in the course of a visit to
America the year before, as Commissioner to the New

\ Evidence of the Howvse of Comnons Conewillee om Ordiwnce,
1863. 1347,

“Br. Wureworry was engaged in manofacturing instruments of
peace when he was applied to by the Government. It was not
his wish to enter upon the manufacture of these rifles; Tut
having been applied to by the Government, he gave his gkill, and
energy, and devoted thousands of pounds of his own private fortune to
carry cn experiments which were first originated at the instance of the
Government.  Mr. Warrworrit had no desive to make o fortune by the
manufacture of rifles, but he had a desire to beneflt his country by the
production of the lest weapon that could be manufactured for its
defence, and to bring his skill to bear m producing an arm which
should enable the troops of this country (o meet the enemy, both at
home and abroad, with effect. (Hear) He ended by producing the
very best weapon ever invented. That was the only hononr he sought,
and the summit of Lis ambition, and he has attaived it, although, as 1
observed, very sennt justice has been done to Mr. WnrrworrH since he
completed his experiments” (Hear.) — Speich of Mr. Tuveneg, M.P.,
House of Commons, June 25, 1861.
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York Exhibition, inspected the state armowry at
Springfield, in Massuchusetts; and it was chiefly in
conseiuence of the opinion expressed by him of the
suitability of the machinery whiech he there saw for
the manufacture of fire-arms, that the attention of the
British government was directed (o its introduefion at
Enfield : Imt practically he was utterly unskilled in the
process of making a rifle, and he felt it inconsistent with
his reputation to make machinery for the multiplication
of an imperfect article on the vague chance of correet-
ing errors, the precise nature of which had not yet
been discerned. Regarded from no loftier point of view,
than as an order in the course of trade, the proposal
made by the government that Mre. Whitworth should
furnish designs for a complete ret of new machinery for
the Enficld establishment, was one of great pecuniary
value. It would not have been difficult for him to have
undertaken to supply the machines required, adapting
those of known construction and making the necessary
modifications suggested by himself; and it is manifest
that the simple exeention of such a commission on the
terms proposed would have been of great commercial
profit to his firm. But actnated by a higher motive, he
did not feel himself justified in complying with the re-
quest ; and in explanation of his seruples, he ¢urged,’
says Lord Hardinge, €the importance of ascertaining
what the first principle of this widnown secret is,
before any machine could be constructed, to make
a rifle that shall require no farther alteration.”’

' Tord Harmixor's Meorandwm, May 17, 1854,
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It was next proposed to him to undertake the con-
struction of machinery for producing the rifle-barrel
only; but to the barrel, above all others, his objection
more cspeelally applied ; and in the abscnee of the re-
quisite knowledge, he stated frankly that before giving
an answer he wished to visit the establishments of the
principal gun-makers m London and Dirmingham,
and to obtain from them all the information he counld
collect. ¢I found,” he says in a report to the Secretary
for War, ¢ great difference of opinion among them, and
the statements T received were so contradictory, that 1
was unable to come to any satisfactory conclusion.’?
The truth was that the gun trade generally in Eng-
land at that time was described in the House of
Commons as being in “a rude and unsystematic ' condi-
tion. The most skilful mechaniecs engaged in it worked
‘hj' ¢ knack * rather than by system, and the making of
two rifles of equal excellence was almost entirely de-
pendent on the dexterity of the mechanie, who had no
defined laws for reproducing them alike. It is only just,
however, to men of such eminence as many of those
engaged in that trade to state that this adherence to
working by hand instead of by machinery was almost a
compulsion of the period; since the demand was too
limited to justify the erection of apparatus so costly as
that which would have been required to supersede hand
labour.
In this dilemma Mr. Whitworth, instead of grasping

' Mr. WuirworTHE's lleport fo Lord Panmare, Secrefury of Stale for
War, June 13, 1847,
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at the order for new machinery for Enfield, offered
to the Board of Ordnance to conduct a preliminary
series of scientific experiments in order to determine
the true principle on which rifle barrels ought to be
constructed; provided a shooting pallery was erected
for him near Manchester, under his own direction,
in which to earry on the necessary trials, and thus
obtain data for his guidance. The aectual expense
was of course to be defrayed by the Treasury;
but he intimated his readiness to devote hisz time
and attenlion to the subject gratuifously, actuated
only by the interest with which it had inspired him.
The gallery, he said, must be cenelosed, in order to
insure the protection of the experiments from the
influence of winds, and other disturbing causes. In it
he proposed to commcnec a serics of trials with
the most accurately made rifles which could then
be produced. To those which proved the best he
would apply certain tests, to determine the precise
form of the barrels, and arrive at the knowledge of
the particulars in which they severally excelled, and
of the sources to which that excellence was due:
and thus, by combining results, he hoped to ascer-
tain the conditions required for producing the most
perfect instrument. The information so aequired was
to be at the serviee of the povernment, to whom,
in order to facilitate manufacture, he would supply
graduated gauges, with directions for their use. For
eventual suceess in constructing machinery to produce
and reproduce rifles giving the greatest possible range
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and accuracy without the minutest variance in excel-
lence and quality, he bad the firmest reliance, not on
speculative theories, but on the teachings of experience,
derived from his accomplishment of the two great
mechanical desiderata— ¢ the production of firue sur-
Jaces and perfectly straight lines, and the power of
making measurements with any required exactitude
even to the millionth part of an inch,’!

This disinterested offer was not at first aceepted.
The military anthorities were not favourable to
Mr. Whitworth’s proposal for undertaking the experi-
ments,” and the subject remained for some time in
abevance, till revived by the interposition of the Earl
of Ellesmere, at whose instance Lord Hardinge, then
Commander-in-Chief, gave his earnest support to
the offer, and brought before the Treasury the neces-
sity of immediate compliance, Tord Hardinge strongly
represented the urgency of providing machinery to
msure not only a rapid supply of arms, bul oue of
uniform quality; and hé dwelt on  the primary
mnportance, before ecommencing its construction, of
determining on what principle its excellence depends,
mstead of beginning blindly an expenditure which,
looking to the number of muskets required, could
not be less than fiwo wmillions sierling. As regarded

UMy, Wurrworti's Letter o Lord Foglea, Mustor-Cenera]l of the
Ovdnance, April 8, 1854,

? Colonel Cnmarmens, in Eis letter to Lord Rascaw, Apreil 15, 1854,
reported that the Committes on the Small Arms Faetory, to whom Mr.,
Wmrworti's proposal had been referred, were “of opivion that it is not
at present desirable to eommnence a series of rxpensive experiments such
as Mr. Whirworry has suggestod

I
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the machinery itself, he suid, ¢ the most eclebrated me-
chanician of his eonntry, Mr,. Whitworth, had declined
the responsibility of producing it until he had first, by
the most careful experiments, ascertained the true prin-
ciple for constructing and rifling the barrel. So essential
did be consider this precaution, that Mr. Whitworth
would rather defray the attendant expenses himself
than proceed without preliminary investigation.”' The
government, Lord Hardinee said. wanted at the earliest
possible moment a wmillion of muskets, which Birming-
ham could not supply under the existing system in less
than fieenty yewrs, 1In fact, they eould only be produced
iy machinery, as *no gun-smith could imitute the most
perfect rifle, nor does he know why it shoots well or
ill 5 but if the secret be discovered, it may be copied by
machinery, and Mr. Whitworth i3 very confident that he _
can discover and can copy it Lord H}.’ll‘di]'lg{': conclnded
by saying that he ¢ foresaw that if this necessary demand
of Mr. Whitworth be denied there would be an end of
the plan of making rifle barrels by machinery.’

The assent of the Lords of the Treasury was signified
in May 1854, and a gallery 500 yards in length by 16
feet broad 20 feet high was forthwith commenced
in the grounds attached to Mr. Whitworth's residence,
near Manchester. This was provided with a targel
on wheels for shooting at varying distances, rests for
steadying the aim, nnd sereens to exhibit the flight of
the projectiles.  Two military officers were nominated

* Lord Harmxee fo the Troasry, May 17, 1854
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by the Commander-in-Chief to assist at the experiments,
and Mr., Westley Richards was associated with Mr.
Whitworth at the request of the latter, who was desirous
of benefiting by the information and experience of a
cun~-maker of his high reputation.

D 2



CHAPTER IIL

THE * SECNET ' DISCOVERED.—THE WIIITWORTH RIFLE.

N October 13, 1854, Mr. Whitworth reported to the
Secretary of the Board of Ovdnance the comple-
tion of the gallery, on the suceesstul use of which Lord
Hardinge relied for the digelosure of what he had de-
seribed as that ‘unknowngecret,”! the application of whieh
wag to dispel the uncertuinty that had so Tong obseured
the search for a weapon worthy of the army of Great
Britain. But operations were delayed by a sudden
calamity :—within a week after the completion of the
edifice, the greater portion of it was laid in ruins by a
storm of extraordinary violence which swept over that
part of England. It was not till the spring of the
following vear that it could be restored ; and experi-
meuts with the rifle were only commenced in March
1855,

The interval which eclapsed was occupied in in-
vestigations for improving the econstruction of heavy
ordnance. The feelings of the conntry at that inoment
had been harrowed by heart-rending accounts of the
sufferings of the army in the Crimea, and amongst

bser Lord Hawrnrsor's Mesiorandun:, May 17, 1854,
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others of the painful exertions required to move
large siege-guns from the beach at Balaclava into
position on the heights before Sebastopol. This is &
branch of the subject which will be more fully noticed
hereaflter, meanwhile it is only necessary to state, that
there being at that time no Intention to discontinue the
use of - cast-iron as a material for ordnmance, Mr, Whit-
worth’s object was to devise the best form in which its
properties rendered it capable of being employed. For
this purpose, it occurred to him to construct a rifled
cannon, cast in longitudinal sepments, in each of which
the lime of junction was to follow the course of the
spiral. These, when placed together so as to form a
barrel of a spiral polygonal shape internally, were to
be secured externally by hoops of wrought-iron or
steel,! applied in one or more layers,

From the barrel thus rifled, a model about thir-
teen inches long, but made to musket size as regards
the bore,” was found to shoot with such accuracy,
as to exccl all others tricd in competition with it.
The project of making artillery on this plan was not
prosecuted further at that moment, the pressing mo-
tive having passed away; but the idea of a poly-
gote thus originally taken up by Mr. Whitworth for
rifling' artillery, he afterwards adopted for arms of
all sizes, from the musket to the heaviest guns.

In commencing operations with the soldier’s rifle in

U Mr. Warrworte's Lefier #o Lord Paxwmure, June 13, 1357, and
his evidence before the Housge of Commons’ Committes on Ordnance,

1863, p. 103, quest. 2444, &,
¥ Evidence, &e., 1288, &+,
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the new gallery, Mr. Whitworth found himself subject
to a conventional limitation as to the range of his ex-
periments, imposed by the special nature of their object.
That object being cstensibly to discover the true prin-
ciple for the construction of a fire-arm for infantry —
and Government having previously fixed the weight of
the musket, ineluding its charge, and its projectile,
which (together with the usnal nmmber of rounds of
ammumtion) a soldier could carry with ease, and dis-
charge without suffering from the recoil—it was to
the diseovery of improvement within these conditions
that he was first to divect his attention.

1. The best form of Projectile. On addressing himself
to this new pursnit his attention appears to have been
directed, in the first instance, to determine the form of
projectile hest adapted at once for flight and precision.
1'he superior advantage of the conical over the spheri-
cal ball had been leng before demonstrated,! in the
increased range and augmented power of penetration
realised by diminishing the diameter, and thus reducing
atmospherie resistance. But in all his early attempts
to take advantage of this property by increasing the
elongation, he was baffled by finding that a hall greatly
exceeding the length usually fired from the Enficld,
or any other musket with a glow turn of rifling, in-
stead of maintaining a flight parallel to its axis, in-
variably eapsized, or, as it i8 technically said, ¢ turned
over’ on leaving the muzzle of the gun,® An arrow

P 8ir Howanp Doveras on Naweal Geanery, po 72,
# #The steadying effcet of a rotation round the line of molion is
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from a bow would do the same, were not means taken
to ensure its flight in a line with the barbed end
by fledging the opposite extremity with a feather.
On the same principle he endeavoured to correct
the errant tendency in his ‘bolt® by various devices
for so adjusting the centvre of gravity towards the front
as to ensure 1ts uniform advance in the dircction of the
object aimed at. With this view he employed metals
and combinations of metals of different densities; but
no change of shape, and no re-distribution of weight,
was sufficient to enable him to use a ball of any greatly
increased length; one and all they continued to ¢ turn
over, as was rendered apparent by the marks left by
each on passing through paper screens placed near the
cun.

Having exhausted every resourcc applicable to the
projectile in ineffcetual endeavours to overcome this
inherent difficulty, he became convineed that the
defect was ascribable to the piece not less than to
the projectile, and that it was in fact attributable to
the enadequate vrotalion incident to the system of slow
rifling which obtained at that period. In the Enlield
musket, with which his first aborlive trials were made,
the twist or spiral rifling cnrve takes but one tum
plainly seen in a commmon shuttlecock, which flies guite wild unless it
twist brlekly round its axis, In like manner there is great nicety in
putting on the fearthers of an arrow.  They sheuld be so placed, that in
looking along any of them the peint of the arrow zhould appear about
halt an inch to the left hond of the divection of the feather.  Such an
arrow, let fall, will sensibly turp round = axis. I it turn brickly the

feathers are too chlique, and will impede its progressive motion; but it
will dy more true) —Ropison’s Weckenical Philosophy, vol. 1, p. 203,
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round the interior of barrel in 78inches. A shorter
rifle made by Mr. Whitworth, with one turn in 60
inches, gave better results, but proved still unsatis-
factory. Another, with one in 30 inches, exhibited
further improvement; but eventually, after testing
every gradation, between 78 inches and 5, one in which
the turn was vne in every 20 inches (being nearly four
times that of the military rifle), was found to yield
the best average result, and thus solved the problem
this increase of rotation suffieing to impart the required
steadiness to the flight of the ball. 1t no longer eapsized,
but, on the contrary, maintained a continuous flight ina
path duly parallel to its axis.

Such confidence did he feel in the soundness of
the principle thus successfully developed, that in his
report, of progress made to the Secretary for War in
1857, he declared his ascertained ability, by means
of a system of polygonal rifling with a quick turn
(which will presently be adverted to) to communicate
such velocity of rotation as effectually to control the
tendency to ¢ turn over’in projectiles of any length that
might be required.

For ordinary service, however, the projectile which
he has adopted, as most suitable for small arms, isa ball
of a cylindro-conoidal form or shaped hexagonally, with
rounded corners to.fit the angles of the bore, with a
comcal front, and a length of three, or three and @ half
tintes ile 0w diameler,

- No demonstration could more elearly exhibit the cor-
rectness of the theory on which all rifling depends. To
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nse a familiar illustration, a top, when spun, maintains
its vertical position in defiance of the laws of gravity
becausce the velocity of its revolutions suffices to counter-
act the disturbing effect of inequality in its various par-
ticles and proportions, and to bring all into practical
equilibrium. In like manner a bullet discharged from
a rifle, provided it be cndued with sufficient velocity
of rotation, has all its inequalities so equally distributed
around its axis as to enable it to pursue an even flight
in the direction in which it 1s fired.

But in the cffort to maintain this steady advance, a
ball when discharged has to contend with other diffienl-
ties Dbesides those oceasioned by its own inequalities,
either of consistency or of econfiguralion. Were it
poseible in practice, as it 18 imaginable in theory, to
cast a spherical bullet so perfeet in form that all
points of its circumference would be equal radii from its
centre, and so mmiform in density that no one particle
should exceed the gravity of any other; still the pro-
bability is that it would exhibit an irregular flight,
either from the influence of windage in the gun, the
want of true lines 1n the barrel, or even the possibly
unequal action of the forces engendered by the ex-
plosion of the powder.

To subdue and equalise these disturbing influences,
resort is had to the rofafion communicated by rifling;
and this is eapable of being raised to a degree equalling
and even exceeding ' the forward velocity of the hullet.

' With a view of aseortuining the degree of penetration, when the
rifling 8 carried to ap extreme, Mr, Wiirwonrtd made a riflad barvel
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‘In some projectiles which I employ,” says Mr.
Whitworth, *the rotationg are 60,000 a minule,
In the motion of machinery 8,000 revolutions
in a minute is extremely high; and considering
the wis wiva imparted to a projectile as repre-
sented by a welocity of rotation of 60,000 revolutions,
and the velocity of progress of 60,000 feet per minute,
the mind will be prepared to understand how the resist-
ance of thick armour plates of iron is overcome, when
sich enormons velocities are brought to a sudden stand
stell 71

2. The proper system of Rifling. The proper form
of projectile having thus been cstablished,® az well
as the essential importance of high

rotation, the next point to be de-
7. termined was the system of rifling

4

W
d 1
]
-

+
=

‘f{gﬂ;?é best. adapted to both, As stated

/i above, Mr. Whitworth, for con-
7 venience of manufacture and other
considerations having been led to
seerton or ik BXFiuD adopt the polygonal form for large

e guns, applied it on analogous
orounds to rifled small-arms. The custom previously
had been to excavate ¢ grooves® out of Lhe substance of

the barrel, at convenient distances leaving untouched

twenty inehes in length, giving twenty turns to the rifling, or ene in
ey dach ;oo that the velocify of rofafion et the surfoce greatly ex-
corddeed that of progression.  In firing it deove a bullet, cormposcd of lead
and tin, through seven inehss of elm.

" Warrwowrn's Miscelicinecve Popers on Mechanical Sulyects, p. 4.

# Heeatigues of the ball for the WLhitwerth -ifie at p. 48,
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certain  portions technically denominated ¢ lands.
In the Enficld musket, for cxample, the number
of “grooves” A A A was three,) and
three ‘lands’ re 3. Instead of this,
he converted the entire inner sur- ;*{
face of the barrel into something .
approaching a hexagon: leaving in
the middle of each division of the

plane surface a small curved portion,  speriox or wi
coincident with the original eirenlar FHUETORTH RIELE
bore of the gun; and rounding the angles, to contri-
bute to the strength of the barrel.?

Amongst the advantages incident to hexagonal rifling,
allugion has been made above to
‘convenience of manufacture.” The
import of this will be apparent
when it is borne in mind, that in
the process of making a gun barrel,
a twbe with a smooth eylindiical
bore isthe simplest of all figures to _
construct, and its projectile, being suooru wmas i 4 sem-
spherical, is the most economical to FICAL PROECTILE OF 531

GBIALNS,
make., DBut besides the circum-

stance that that form is ncapable of imparting to the

' In zomo of the Enficld rifles the number of grooves has since been
inereased from three to five; and ag the width of ench proove 18 the
sarne, the addition has served o diminish the breadth of the lunds.

2 It will thus be seen that although the basia of the ioure 13 a hexagon,
the term “hexagonal, popularly accepted for the Whitworth rifle, i not
sirictly correct.  That figure is slightly departed from to mezke the form
thus adopted more practically efficient, but etill the term ‘hexageonal’
is sufficiently precise for ordinary deseription.
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ball the rotation produced by rifling, the charge of
powder necessary to propel a ball of a given weight for
a given distance from a smooth bore is greatcr than
that required in the rifle,

Nearest to the circular bore in geometrical sim-
plicity, is the ellipse adopted by Mr. Lancaster for his
rifled cannon:!' but the manufacturc
beecomes complicated by the difficulty
of making the oval cutters used in
rifling the barrel, as well as in restor-
ing them when worn or cut ot order,

without deviation from the original
OYVAL BIPLE-RORE FPOR

, line,
AN ELOMNGATED PLio-

metik oF 530 A practical mechanic would consider
FliAINE

the form of rifling most eligible to be
one composed of right lines; since these can be pro--
duced by a cutter with a straight edge, easily made and
susceptible of equally easy repair. But in a triangle,
which is the simplest combination of straight lines, in
addition to other adverse considerations, the areca would
be too small in relation to thc circumscribing dimen-
gions; besides which, both in a “irigon” and in a *square,’
there would be such an unequal distribution of slrength
throughout the harrel as would be inconsistent with its
satety,

Both objections are removed by cutting off the sharp
corners, thereby doubling the numbers of angles, and
inereasing their obtuseness, so as to present a closer
relation between the internal outline of the bore and

' In the annexed diagram the ellipse is slightly cxaggerated,
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the external circumference of the barrel. The square so
trcated becomes an octagon, which some gun-makers
prefer; but, according to Mr. Whit-
worth, a better medium is obtained
by converting the triangle into a /7
hexagon, by amputating its oxtremi- |
ties, and thus obtaining the required

arca, with an adequate distribution of
stren gﬂ‘l . THIANGULALR 131 71.05-
- - . . FO R FOVER A RO -
Essential as these considerations are  ouwor 530 Gramss.
c¢ven in relation to small arms, in the
manufacture of which such faeilities
exist for the treutment of metal wilh

a view to the control of power and the .

absolute security of the picec,they be- Sl o
%@ i

come infinitely more important in the S oy
‘ } P S

case of artillery; where the force em= o0 wrrpnows

ployed is so stupendons, and the diffi. "0 b MeoBEImE
o OF ool ORATNS,

calty proportionally great of providing
againgt the destruetion of the gun.
Of this T ghall have occasion to speak
presently.

But limiting attention to simplicity
of construction and consequent econ-

omy of cost, rifling of this character e ——

formed by a few straight lines hag a  BpoERTFera rrosme-
. . TILE 0 aal) GHATRS,

manifest advantage over those which

consist only of curves, or of curves combined with

other figurcs, and even over a multiplicity of angular

TTO0VES.
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Meanwhile as regards both muskets and heavy ord-
nance, it will be obvious that polygonal rifling, in
addition to all other points of superiority, has the
advantage of admitting a projectile externally of the
same shape, to fit the internal bore of the gun; and
this projectile may be made of steel or any other
metal, soft or hard. At the same time the piece is
equally adapted for firing an expunding bullet of lead,
which during the explosion fills up the angles; o that
the entire “upset’ 13 made so conducive to rotation
that in firing these cylindrical projectiles the Whit-
worth rifle has given much better practice than the
Eufield, althemoh the latter was specially designed for
them,  As regards steadiness of flight, the new svstem
displayed a like superiority over the old, in which the
compressed bullet evineced more or less eccentricity;'
whilst the Whitworth bullet duly fitted to the hexa-
gonal barrel issues from the muzele in a line concentric
with the bore; and hence the marvellous precision
exhibited in all its comparative trials against rifles of
the most skilful competitors,

Another advantage claimed for polygonal rifling over
that with grooves is the greater service and longer

' May not one eaunsz of this ceeentricity in the cld Enfield ball be
move or less aseribable to the faet that it contained no provision for
ensuring the equable expansion of the lead by the unitormly corcentme
entraner of the plug in the rear, which might. n the eonfrary take an
irreggulur direction during the explosion, and thus give rise to an in-
equality of density, for which itz low power of rotation afforded no suffi-
cient correetion ¥ Contrasted with this, the Whitworth projectile presents
the elemerts of supeviority in the precisc fitness of its form, as well as
tie homogencity of its metal,
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duration of the barrel both in rifles and in eannons.
In the former the projectile, in 1ts progress toward
the muzzle, is puided evenly by the sides of the barrel,
which all act upon it uniformly In mparting rotation :
whilst in the latter the bullet iz condueted by the
edges of the grooves only, so that a very small exlent
of the surface of the barrel acts in contact with it
But that small portion has to sustain all the wear
cauged by the friction; and the barrels being made of
soft irom, it 15 not surprizing that rifles so_soon wear
omt; and that those used in the British army have, it is
said, to be replaced after twelve years’ service. The
Whitworth rifle, on the eontrary, being made of homo-
seneons metal, which is a mild kind of steel, has «
oreatly prolonged endurance; which, combined with
its peenliar form of rifling, renders it more ¢conomieal.
Nor is the accuracy and carc required in 1ts construc-
tion more costly than cught to be applied in the pro-
duction of any other pun intended to shoot correctly.!
Besides, it does mot involve anything beyond ordinary
care in handling and using it; on the contrary, the ease

U With the view to impeoving the old system of measuriog gun-
barrels, Mr. WartworteE made about this time a sevies of evliaders
called difference gauges,’ in sizes differing by the o koth of an inch, #ve
being less and five grealer than the standard size of the Government
bore, *377 in,  Some considerable time elapsed hefure these panges wers
employad in the Enfield works ; fmt a set having been supplied to M.
Westirt Ricmarps, that grentleman svated that he was thereby cnabled
to improve the shooting of rifles to which they were applied from 30 to
100 per cent.  He used them in manufcluring four rifles which were
fired in comparizon with four Enfields speeially sent for the oceasion,

when the average Ceviation of the shots from the eentre of the taruet
was 1206 and 3540 respectively,
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with which the bullet is introduced affords the greatest
facilitv in loading.,

At the commencement of his practice Mr. Whit- |
worth found that a eylindrical leaden Lullet expands
so readily into the rounded corners of the
hexagon that all apprehension was removed
of what is technically called ¢ stripping,’
whereby the bullet, instead ot following ihe
spiral turn of the rifling, impinges against its
odges and divesting itself of form iccues from
the barrel without rotation. It was even less

possible for such an oceurrence Lo luke place,

with the mechanieally fitting projectiles which

#— bhave a econfiguration eonformable to the hexa-
Y gonal outline of the bore. Bullets so shaped
——" can be made of iron or steel; but for general
menLEr o nse those of lead were adopted, hardened by a |
worrd  due alloy of tin.  So far were these from
R e gtripping  or running into the opposite ex-
treme of ¢jamming,’ to the injury of the piece, that
distortion was avoided, the flicht was rendered more
true, the trajectory lowered, and the power of pene-
tration was augmented, the whole explosive force of
the powder being exerted in propelling the projectile ;
whereas in the case of eylindrical projeetiles part is ah-
sorbed in expanding the bullet, part eseapes before this
is accomplished, and the balance alone is left for pro-
pulsion. One of these bullets composed ore-tenth of tin
and nine-tenths of lead, fired at 50 yards, with a charge

of 2% drachins of powder, passed through fifteen inches



Chap. 111 PITCH, 49

of elm, whilst under equal eonditions a conieal bullet
of lead fired from the Enfield riflc penetrated only
through se.

Another point of uncertainty which required to be
determined was, whether the greatly inereased rapidity
of rotation imparted to the projcetile might not possibly
interfere with its trajectory,’ and prejudice its faculty for
horizontal flight. To delermine what loss (if any) was
to be apprchended from this source, My, Whitworth
made a barrel 39 inches long with what he considered
at that time an unusually quick turn of one in 10
inches, which gave nearly four turns in the barrel
instead of the half turn of the Enfield rifle. Relving
with confidence on the mechanical fit of the ball, he
had no fear of its ¢stripping,’ and on trying it he found
that the increase in the quickness of the turn produced
no appreciable incrcase in the arch of the trajectory.
Many subsequent experiments with barrels having turns
even moie quick, proved beyond all doubt that the
requisite amount of rotation could be given to projec-
tiles without a sacrifice of direct horizontal range,
force being utilised at the same time by preventing the
too ready escape of the bullet.

The principle of polygonal rifling was not new, nor
did Mr. Whitworth luy any claim to originality in its
conception. Its application to gnns had heen attempted
by others before him, and a rifle is exhibited in the
arsenal at Woolwich hexagonally bored by Serjeant

v Letter to Lond Paxsverr June 13, 1857,

E
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Moore of the Royal Artillery, so far back as 1839,
But it is not the abstract idea that constitutes the
rcal question in the majority of those cases which
give rise to dieputes about priority of invention: the
‘principle” may be common to all, but the merit of
discovery attaches to its practical application in new
combinations and under new forms. It no more
qualifies the honour due to Mr. Whitworth as the in-
ventor of his own system, that polygonal rifling had
been previously thought of, than it militates against
the merit of Mr. Nasmyth, that a patent for a steam-
hammer had been taken out by Devereux in 1804,
The idea of polygonal rifling ocewrred to the late Mr.
Brunel in 18532 (Ilmt others, he states, had preceded
kim), and two experimental rifles were made for him!
at Birmingham, by Mr. Westley Richards. But inde-
pendently of minor differences between them—such as
the use of an octagon instead of the Whitworth form,
the retention of the angular corners, and the intro-
duction of an *increasing’? instcad of a uniform pitch
in the rifling—the system introduced and patented
by Mr. Whitworth in 1854 (before commencing his
official experiments in the new gallery), and again
in 1855, presented this distinctive claim to originality,
that it was the first which, along with a peculiar form

' Beo Mr Bruxer's Lefier to Mr, WEsTIEY Ricmarns, Nov. 26, 1858,
in the Appendix to the feport of the Hovse of Conemois' ot fice on
Crdiaice, 1863, p. 402, See alsc the evidence of Mr. Westiry Ricnarps,
p- 191, ete and that of Me. Wmrwonte,  [hd. p. 110, 112,

¥ Hee post, p. 54,
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tor rifling, included the use of a corvesponding form
for the projectile.  The system is one which secmed
naturally to suggest itself to the constructive minds
engaged upon the rifle, as affording the best means for
working out the two fundamental yet simple principles
of practical mechanics embodied in the produection of
true plane and the power of accurale measurement.
Its adoption by Mr. Whitworth occurred, as has been
already stated, when he waz engaged in the considera-
tion of the hest wode for construeting sicze-guns, with
a view at once to strength and portability; and by
him it was afterwards applied, and brought to its ulti-
mate development in the prodoction of the rifled
musket.

The ‘unknown secret’ which had so long been a
desideratum with the Ordnance department was thus
diselosed ; and the principle was found (o consist in
an improved system of wifling 3 a {urn in the spiral
four times greater lhan the Eunfield v»ifle; a bore in
dicmeter one-fifth less ; an elongaled projectile capa-
ble of a mechawnical fii; and last, but not least, a more
refined process of manufociure.

Like many other theories which mechanieal skill has
reducced to' practical realities, the idea of reduced bore
and increased twist had occurred to one other experi-
menter at least, before it was worked out and adopted
by Mr. Whitworth, Both were recommended some
years before by General Jacob of Inmdian serviee; who,
when in command of the Scinde Irregular Horse, con-
ducted, at his own expense, a series of experiments on

E 2
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the rifle such as have seldom been undertaken even by
the most enlightened governments,  All suggested im-
provements were tested by him under every concelvable
shape, and hundreds of thousands of czperiments re-
corded and classified.!

The diameter of the bore, which in the Enfield
musket 18 “477 of an 1nch, was reduced in the Whitworth
rifle to “451 measured across the flatz, or 490 aerosg
the angles of the hexagon. The change was not made
without dne deliberation and data: Mr. Whitworth’s
experiments with varions hores having shown that with
each diameter there is a corresponding charge of
powder, and a suitable weight of projectile, which with
a given range will give the best trajectory, together
with the least reecoill. In the IEnficld rifle, with a
bullet of the regulation weight of 530 grains, he tound
that the bore of 577 of an inch was fvo {urge for the
charge emploved, inasmuch as it gave too high a trajec-
tory; and that any attempt lo increase Lthe charge, g0 as
ereatly to reduce the arc of the trajectory, would render
the rccoil so scvere that soldicrs would require to be
much stronger than ordinary men, to endure it. Re-
peated trials served to satisfy him that on the whole
a bore of 451 in. was preferable, enabling 70 grains of

N Edinburgh Keviow, April 1859, p. 623, Tho result of General
Jacow's resesrches was the producticn of a shovt-bareeed fonr-gronved
rifle, *with which,” to use his own words, ‘a tolerally gooid shot can cer-
tainly strike an object the size of a man, once ¢ut of three times, at
1,000 yapds distanee; and of which e Twll effeelive mange is aboul
2,000 wards, the ball at this range ofill flying with deadly veloeity)
Captain Perrt's Fiews and Opidons of Bricadios Goneral Jacor,
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powder to propel a projectile of 530 grains, at a very
low trajectory, and without inconvenient reeoil; the
trajectory of his rifle being eight feel sex inches at its
highest point, and that of the Enfield eleven.

Another point to be determined was the degree of twist
to be given to rifling, and the number of turns reqguisite
to impart the necessary velocity of rotation for ordinary
service.  In the Enfield musket, as already stated, the
gpiral curve to be traversed by the bullet makes
one turn round the interior of the harrel in advancing
sz feet amdd o half; but this moderate degree admits
only of the mse of short projectiles, as long ones
‘turn over’ on issuing from the muzzle, and short ones
become unsteady at greal ranges. For all practieal
purposes Mr. Whitworth adopted with his reduced bore
one turn in 20 inches, which he found to be ample for
securing a comparatively steady flight over a range of
2,000 yards.

The advocates of the slower twist upheld it on the
gronnd that anything quicker was hiable to impede the
ball by producing friction toan injurious if not dangerous
extent ; but in the courze of his experiments 3Mr. Whit-
worth demonstrated that the effcet of gread rapidity
is felt, not at the breech when the ball is beginning to
move, but towards the muzzle when it has acquired
its maximum of velocity ; — and that ¢ whatever strain
is put upon a gun at the instant of explosion isdue, not
to the resistance of friction, bLut to the vis nertie of
the projectile which has to be overcome at starting, and
is, of course, greatcr as the projectile is made more
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heavy.! It is owing to this vis ¢nertice that the portion
of a gun, whether of small or great calibre, which most -
of all requires strength and resistance, and which most
frequently gives way during service, iz the region of
the breech in front of what is commonly known as
the chamber for the powder.

This fact is in itself conclusive against the adoption
of a plan, that has occusionally heen entertained, of
rifling with an € increasveg pilch >—that is, beginning
with a comparatively slow spiral or rifling curve at
first, the turns increasing in rapidity and number as
the twist approaches the muzzle. This was conceived
with the design to relieve the supposed friction at the
moment when the ball commences to rotate; but the
toree required to couse a projectile to turn on its axis
is 80 slight compared with that which is necessary to
impart its direct momentnm, that it may almost be
omitted from consideration.? Besides which a projec-
tile intended to be fired from a rifle with an increasing
twist, must be made of soft metal to enable it to adapt
its form to every successive change in the curve of the
rifling, thus causing increaseng oresistance, which
becomes greater as it reaches the muzzle, the very place
where relief is wanted.

" Winrtwortr's Miscellaneavs Papers on Mrechonicnl Selyects, p. 17.

Y Mr. Bioner, tho President of the Institute of Civil Engincers, tonn:d
that. the foree sufficient to give rotation to o 3-10. khot fived from a
Whitworth rifled gon, compared with the foree reguired to impart its
forward motion, wes as 140 170, Time. however, 12 an element which has
to be taken into consideration, for the high votation of npwards of 60,000
revolutions per minute ‘ws o be unparted almost instantancousy,
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A further consideration, not of minor importance, re-
mained to be provided for; the inconvenience arising
from the tendency of gunpowder after explosion to leave
deposits, more or less hardened, encrusting the inner
surface of the barrel. To prevent this from accu-
mulating, Mr. Whitworth inserted along with every
charge a proper quantity of Ilabricating material,
introduced as a *wad,” which under the force and
heat of explosion is distributed over the interior of
the bore, rendering the fouling residunm so loose that it
is driven out by the next discharge.! The most suitable
composition he found to be a mixture of tallow and wax,
and with this introduced between the powder and the
ball a curtridge for the Whitworth rifled fowling-piece
presents the appearances shown in the accornpanying
sketch,  The powder, the wad, and the bullet, in the
order which they are required to take in the barrel,
are placed In a tubular ease which 1s closged by a slip
of paper that acts as a < trap-valve.,” This being with-
drawn when the carlridge 1s placed in the muzzle, its
contents, by one thrust of the ramrod, are sent home
to the breech,

And here it may be well to repeat, that the prineiples

' Competitive trinls of small-bore rifles are invited anaually by the
National Itifle Association, and it may be remembered that at the
contzst held at Woolwich in 1863 Mr, Wrrwortn intreduced a naw
ramrod, whicly, by the action of = machamiecally acting head revolving on
an axiy, removes all fouling deposits,  On that oceasion the Regulations
for the day rendsred the use of this inadmissible ; but after the contest

riflemen generally hastened to adopt the new ramrod, which has proved
te be 4 signal mpeuvenwent,
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thus disclosed and elaborated in the production of the
Whitworth rifle are not limited to guns of small calibre.

r= =

=

i

CARTHIDGE FOR THE WHITWOUTH RIFLET FOWLIN-PLECE,

a. External view,

. The Lall.

o, Wad.

p. Charge of gunpowder,

g, Slip of paper, on withdrawing whieh the eontents of the
cartridgs are foreed by the ramrod into the bar=el,

r. A groove, to sdmit seenring the whole by a compressed tie,



