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INTRODUCTION
TO THE FIRST EDITION.

vvvvvvvvvvvvvvvvvvv

" London, 1819.
AWARE of the objections that may attach to the measure
of cultivating improvements in warlike practice through
the medium of the Press, I must explain the circum-
stances which have led to the publication of this
Work. )

Having, during the war, made observations and
formed opinions respecting the state of Gunnery in the
British Navy, which led me to reflect studiously how
this important branch of our martial system might be
improved, I occupied myself, for some time after the
close of the war, in composing this Work; and in
October, 1817, transmitted it to the Lords Commissioners
of the Admiralty.

The long absence of the Senior professional Lord
- (the late Admiral Sir George Hope) from the Board,
and the changes which took place upon the lamented
death of that distinguished officer, occasioned some
delay in taking my papers into consideration; but I
was soon afterwards honoured with “ the thankful ac-
knowledgment of the Naval Administration for the
very able” (they were pleased to say) “and valuable
communication I had made ;” but no decision was then
formed_as to the use that should be made of it.

In November, 1818, I was honoured with a further,*
and still more flattering, acknowledgment from the
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Admiralty, accompanied by a request, that I would
permit a Copy of my Work to be retained in the Ad-
miralty Office, with a view to carry into effect the
whole, or any part of my plans, hereafter, when those
considerations and financial circumstances, which at
that time prevented their adoption, might admit. To
this communication I returned the following answer :—

Sir, Farnham, Nov. 29th, 1818.

I 5avE had the honour to receive your letter of the 24th
instant, in which you acquaint me, by Lord Melville’s directions,
that his Lordship and the Board think very highly of the manner
in which I have treated the important subject of Naval Gunnery,
in the several MSS. which I have addressed to the Admiralty—
their approbation of many of the suggestions contained in those
papers—and their request to be permitted to retain a Copy of the
Work at the Admiralty, in order that they may be enabled to carry
into effect the whole or any part of my plans, in the event of
changes in those circumstances and considerations which at present,
prevent the adoption of my suggestions.

I am gratified by this communication ; and beg you to present
to the Board my consent to their Lordships retaining a Copy of
my Work ; to which I request copies of all my Letters, including
this, may be attached, for the purpose of procuring reference to
me, should I be living, at the time any adoption of my plans may
be contemplated.

I had formed an intention of making a publicatjon upon this
subject ; but considering this consent to the request which the
Board has made, as inconsistent with the measure of publication, I
willingly abandon that intention unless it should have the approba-
tion of their Lordships.

I have the honour to be,

&e. &e.
To Vice-Admiral (Signed) Howarp Douacras.
Sir Graham Moore, K.C.B.,
d&ec. dc.

. In answer to this letter I was soon afterwards ac-
quainted by Vice-Admiral Sir Graham Moore, that he
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had “ communicated my letter of the 29th November
to Lord Melville and the Board, and was authorized to
acquaint me, that their Lordships did not see any
objection to the publication of my Essay on Naval
Gunnery,” which was accordingly soon afterwards re-
turned to me, for this purpose, with the following
letter from the Secretary of the Admiralty :—

SIR, Admiralty Office, 26th Nov., 1819.

My Lords Commissioners of the Admiralty, having had
under their consideration your Essay upon the Theory and Prac-
tice of Naval Gunnery, submitted to them in your letters of the
15th and 23rd October, 1817, command me to express to you
their Lordships’ thanks for the communication, and for the atten-
tion you have paid to this important subject ; and in reference to
your intimatien of causing it to be published, their Lordships
further command me to acquaint you, that they have no objection
to your doing so, if you should think proper; and with this view,
I am directed to return to you herewith the original Manuscript,
and to add, that a Copy of it, together with your letters addressed
to the Members of the Board upon the subject, have been retained
in this Office.

I am, Sir,
Your most obedient, humble Servant,

J. W. CroxERg.
Culonel Sir Howard Douglas.

Upon the receipt of this letter, I applied for and
received Lord Melville’s permission to dedicate my
Work, in print, to his Lordship, as I had already done
in M8, and I send it forth, conscious of its defects, as
well as of my inability to treat the important subject
in the way it merits.
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NAVAL GUNNERY.

PART L

ON THE ORGANIZATION AND TRAINING OF NAVAL
GUNNERS.

1. Soox after the termination of the wars arising from
the French Revolution (of 1793), the author published
the first edition of his work on Naval Gunnery, with
the view of drawing public attention to a subject which
he considered of vital importance to the interests of
the country. This he was induced to do in conse- -
quence of the unsatisfactory state of practical gunnery
at that time, to which the author attributed some of the
disastrous results which ensued. To the remarks which "
he was then led to offer he would still solicit attention,
not for the purpose of conveying censure, which is far
indeed from the author’s intention, but simply to show
in bolder relief the improvements which have since been
made, and to hold out encouragement to the exertion of
every effort for maintaining and increasing the advan-
tages already gained. The author Lere takes leave to
state, that he has had the most gratifying assurances
from officers of every rank, and of the most distinguished
character, that the present improved condition of our
officers and seamen, with respect to this essential branch
of the naval profession, is mainly, if not wholly, to be
attributed to the means adopted, conformably to his sug-
gestions, for its cultivation tieoretically and practically ;
and he hopes he shall be able to show, in the present
work, the necessity we are under of extending our
Gunnery Establishment, both as the best means of keep-

ing up and advancing our attainments in the objects
B
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of instruction there, and of placing the country in a state
of security in the event of the occurrence of any sudden
emergency. :

2. When the fleets of Europe, opposed to us in the
late war, had been swept from the fgce of the ocean by
the gallant achievements of the British marine, a period
of triumphant, undisputed dominion ensued, during
which our seamen were not, in general, sufficiently
practised in the exercise of those weapons by which that
dominion had been gained; but, in the pride of con-
quest, were suffered, in many instances, to lose much of*
that proficiency in warlike practice which had been
acquired in a long series of arduous service.

3. Reviewing carefully our naval actions with Eu-
ropean enemies during the whole of the last war (1793-
1815), and comparing them with the battles which were
fought in that which immediately preceded, there a
pears abundant proof that the navies of Europe had, in
the later epoch, very much deteriorated in the practice
of gunnery. In the later years of Napoleon’s reign,
though considerable improvements had then been effected

-in the marine of France, the state of practical gunnery
among French seamen was so bad, that we have seen
ships, strongly manned, playing batteries of twenty or
thirty heavy guns against our vessels, without more
effect than might easily have been produced by one or
two well-directed pieces; and we have seen some cases
in which heavy frigates have used powerful batteries
against our vessels for a considerable time without pro-
ducing any effect at all.

4. The danger of resting satisfied with superiority
over a system so defective as that of our former oppo-
nents, has been made sufficiently evident. We became
too confident by being feebly opposed; then slack in
warlike exercise, by not being opposed at all ; and lastly,
in many cases, inexpert for want even of drill practice ;
and herein consisted the great disadvantage under which,
without suspecting it, we entered, with too great confi-
dence, into a war with a marine much more expert than
that of any of our European enemies.

e e ——
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5. Comparative views of warlike skill, as well as of
bulk and force, besides other considerations, are ne-
to a correct analysis of naval actions. If a
vessel meet an enemy of even greatly superior force,
it is due to the honour of her flag to try the effect of a
few rounds; but, unless in this gallant attempt she leave
marks of her skill upon the larger body, whilst she, the
smaller, is hit at eVﬁary ddl;lschar e, ihe does but salute
her enemy’s triumph and di it her own gunnery.*
It is not (ngraoeﬁlf that a vessel should be compelled
to yield to another of superior force ; but it is so, that
the enemy should not be made to smart for his conquest ;
yet the defenders of the devoted vessel could not in jus-
tice be blamed, so long as naval gunnery was not a
matter of professional cultivation and absolute obliga-
tion.” We do well to augment our naval strength by
the construction of large ships, and by attention to all
the details of personal and material ; but it is even more
important to make it an object of timely consideration
how our ships are to be provided, at the beginning of a
war, with an adequate proportion of officers, gunners,
and seamen trained to warlEL practice.

6. The material of our navy is in the finest possible
condition. Our ships are greatly improved in every
feature of strength and quality. Our ordnance is the
best in the world ; every species of store and equipment
is perfect. We possess excellent seamen, trained by the
o¥erations of our commercial navy. Our officers, many
of them educated at the public expense, are good navi-
gators, excellent astronomers, and are full of energy,
activity, and courage : but all these qualifications do not
satisfy the requirements of a good skip of war: to them

* In the action between the President and the Little Belt, in 1811, the
latter was heavily damaged, and had eleven men killed and twenty-one
wounded ; while, on board the President, & boy only was killed, not a shot
struck her hull, and only two hit her masts.—James’ Naval History, vol. vi.

. 10.
Py On one occasion the gunners of a vessel mistook the elevated sight of
their arms (carronades) for the point-blank line; and, when close to the
enemy, fired at an elevation of 3% degrees. The author has witnessed, and he
could name distinguished authorities to prove the existence, formerly, of much
more serious errors in practice. . 9
B
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should be added a competent knowledge of the science
and practice of gunnery.

7. Till lately this important element was almost
wholly wanting. After years of war had afforded us
ample opportunities of practice, and yielded us many
splendid victories, our gallant officers were often sent
forth, with well-earned reputations, and the sacred ho-
nour of the British flag, depending upon crews on whom
no reliance could be placed, excepting for courage and
self-devotion ; and under such circumstances it 18 not
surprising that we were, in some instances, severely dis-
appointed. The author trusts he may be allowed some
credit for having suggested the remedy to the then ex-
isting defects in our naval system, which has since been
so successfully adopted; and he takes occasion to
assure the officers of the navy who may peruse this
work, that any remarks on public events which he may
think it necessary to make 1n the course of this treatise,
are not quoted to criticise, but, on the contrary, to
justify, or account for, operations which were always
most gallantly undertaken, and which could not per-
haps bave been better executed, with the means at their
command. :

8. It remains only that we take special care to pre-
serve the high position which we have struggled
through years of difficulty to attain; that we not only
securs it from decay, but also use the utmost diligence
to improve it, by avajling ourselves of all the resources
of science as they arise, and acquiring those facilities in
manual operations which continual practice alone can
bestow.

9, It will not, perhaps, be considered imﬁroper here
to make a few observations on the opinion that nothing
which is not coarsely simple can be used in naval gun-
nery; and, consequently, that no delicate instrumental
operations ought to be attempted. Nothing can be
more unfounded than such an opinion; instruments
which may be considered complicated and unmanageable
by persons quartered at a gun for the first time, are
used with the utmost facility by well-formed artillerists.
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The difficulty which the author’s father experienced,
even from officers, in procuring the adoption of gun-
locks, and many other improvements which he had made
in naval ordnance, are proofs how far the want of some
general system for the cultivation of the science and art
of gunnery causes impediments to the introduction of
measures which tend to the advantage of the service, and
which, instead of being undervalued, would be eagerly
received, were naval officers and seamen taught how to
estimate them.

10. In the former editions of this work the author
pointed out the important advantages which would
result from enlightening by theory and training by
practice, during peace, a large proportion of those who
are to serve our naval ordnance in war. He showed
that, whatever plan might be adopted for the improve-
ment of Naval Gunnery, it should be calculated to in-
struct officers, master-gunners,* gunners’ mates, and their
crews ; and that no measure which provides only for the
drill of the men, could effectually improve the service

ractice : the mere dexterity of a few privates will do
ittle, unless directed by cultivated and well-exercised
intelligence on the part of the officers commanding in
the ship’s batteries, and assisted by a good crew of prac-
tical gunners.

11. He observed, that to instruct the rising class of offi-
cers in gunnery, a short course of theoretical instruction,
showing all R:e established principles of the science,
should introduced at the Naval College; and that
gunnery should also be made an item in the examina-
tions for promotion. To instruct a proportion of officers,
midshipmen, master-gunners, gunners’ mates, and some
seamen, in the practice of gunnery, Depbts of Instruction
should be formed. So much depends uI[])on the nature and
composition of these establishments, that the author must
be permitted to show, at some length, the reasons which
have guided him in making thefollowing suggestions; and

2 To avoid mistake, the gunners of ships are here designated master-
gunners.
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the objections which appear to him to attach, in great
force, to some measures that have been contemplated.

12. It is assuredly important, and even indispen-
sable, in establishing schools for instruction in the
practice of Naval Gunnery, that the posts of instructors
mn them should, in consequence of the opportunities
afforded to such persons for the acquirement of great

roficiency and for originating improvements, be con-
Ezrred on those only who are, afterwards, to practise, in
the profession, on service, what they cultivate and teach
during 'Beaoe.

13. The fundamental principles, then, that should
form the basis of any measure that may be adopted for
the improvement of Naval Gunnery are, that no plan
which goes not provide for instructing officers, master-

ners, gunners mates, and their crews, as well as
illing seamen in the exercise, can effectually improve
the service practice; and, in order to render permanent
and effectual the benefits that would result from the
formation of Naval Depéts of Instruction, a proportion
of intelligent seamen should be engaged for a term of
years, and formed into a permanent body, from which
the important situations of master-gunners should be
filled ; and which, in a more extended form, might be
made to furnish hereafter a considerable number of ex-
pert seamen-gunners to act as captains of guns; or, if
not sufficiently numerous to do this, capable, at least, of
soon drilling to the established system, the ordinary
crews of those vessels into which these trained men may
be draughted.

14. When the vessels which have been three years in
commission are qaid off, and the seamen dispersed, what
permanent naval advantages do we reap from the in-
struction that may have been given? The instructed
are thrown at large upon the world—the instructors,
though improved by the lessons they have given, are
still not rcal-service naval gunners; and it may happen
that the system and expertness which they may ﬁave
acquired, will, in numerous instances, be carried to the
aid of foreign nations, at the very time we most require
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them ourselves. Ship after ship may be commissioned,
and the crews drilled, but, on the expiration of their ser-
vitude, these are dispersed. All we can hope for from
such a plan is, that, by this mode of introducing suc-
cessions of trained gunners into the merchant service, we
may hereafter, in war, recover some for the Royal navy ;
but in the mean time the rising generation of naval
officers, of whom but few can be employed afloat, would
be left uninstructed, mastex;funners and their crews un-
improved, and, most certainly, no permanent advantages

15. Now to remedy these serious objections, we should
first engage a certain. number of seamen, expressly for
the service of the gunner’s crew, for periods of five or
seven years; renewable at their expiration, attaching a
small increase of pay to every such consecutive re-
engagement. The advantages held out to volunteers
should be, that master-gunners, gunners’ mates, and a
certain number of seamen-gunners, will, eventually, be
incorporated ; and that a regular advancement in that
department will hereafter take place according to merit;
so that seamen-gunners may, if they can read and write,
consider themselves in the certain road to the attain-
ment, according to their merit, of the situations of
gunners’ mates, and master-gunners of ships. Seamen-
gunners should receive superior pay, and share prize-
money, as gunners’ mates do now, or have some other
rank superior to that of able seamen.

he practicability of forming such an institution
resolves itseﬁ)f into this—whether, upon these advantages
being made known, a sufficient number of volunteers
can ie procured to commence such an establishment.*
The experiment might be easily tried ; but the proposal
should accompanied with an explanation that the
gystem provides, eventually, a term of relief, or residence
on shore, for men so incorporated. If the experiment

® Tt was suggested to the author by a gallant Admiral, that boys who may
be educated at the Asylum, or by the Marine Society, might, after practice
shall have made them able seamen, become very fit persons for service in this
department.
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answer the confident and authorized expectation that
may be entertained of its success, a selection of naval
officers, the best practitioners of the late war, should be
named, to conduct the Depbts of Instruction; and the
author has every reason to believe that some very dis-
tinguished officers would come forward to commence
such a system.* In this way a number of trained men

* The following extracts are made from some of the very numerous letters
which the author received, containing expressions of entire conviction of the
necessity of adopting his plan : the letters afe_from naval officers of the first
distinction, whose names the author is proud to quote. Those officers ho-
noured him by advocating and urging the plan with all the weight of their
influence, and were materially instrumental in its introduction and extension.

(Extract.)—Siz P. B. V. BrokE to Sie Howarp DouagLas.

¢ Broke Hall, July 5, 1818,
*“ DEAR S18,—As a brother officer, though charged with the same duties u
a different element, I trust you will excuse this my frank address [the author
had not then made personal acquaintance with this eminent officer].

* Your obliging letter and treatise arrived this morning, and
flattered by your reference to me.

“T am a most anxious well-wisher of your plan. We are all, indeed, deeply
indebted to an officer who takes such pains and bestows such ability upon an
object so requisite to the support of our national honour.

(Signed) « P. B. V. Broge.”

(Extract.)—Siz P, B, V. Broxe to Si2 Howarp DougLas.

4 Broke Hall, September 23, 1818.
“ My pEAr S1r Howarp,—A strong proof of the exigency of enforcing some
improvement in our naval gunnery is the indifference with which the subject
is regarded, after the useful leasons which the late war afforded us ; but I hope
your exertions will effect much. If you can get one small dept established,
1t will soon create an excellence that will excite emulation.
¢ I am, my dear Sir Howard,
(Signed) “P,B. V. Broks.”

(Extract.) —Siz P. B. V. BrokE to S1& Howarp DouGLas.

¢ Broke Hall, January 3, 1819,
¢ My pEAR Sie Howarp,—I thank you for your communication, but do most
sincerely regret the contents of it; and it is mortifying to see that all our
hopes in your spirited and assiduous endeavours are for the present suspended.
‘We must hope that hereafter ciroumstances may be more propitious to the
adoption of your plans.
“ But 1 hoPe that, however great a sufferer from the non-adoption of your
glans, I shall not suffer by their not being published, and request you will
ave the kindness to order some amanuensis to copy your work for me, reward
him liberally, and favour me with an account of the expense. It is a curious
plea that the presentstate of the country does not require the improvement

am much



Parr I. ORGANIZATION OF NAVAL GUNNERS. "9

would always be retained in the service—successions of
commanders, and many officers who cannot be employed
afloat in a limited peace establishment, would, at the
trifling expense of full pay, be improved in this impor-
tant branch of their military duties; master-gunners
and gunners’ mates would be trained ; and a permanent
stock of seamen-gunners brought up, to fill hereafter

proposed : it will be too late to teach our hands to war when the enemy is
pillaging our trade, and Lloyd’s in an uproar to have ships rigged and sent

instantly to sea.
(Signed) “ P. B. V. BRokR.,”

(Extract.)—SIR 8. J. PecHELL to SR HowArp Dovaras.
¢ Stratford Place, 1818,

“T gave your M.S. to Sir Philip Broke to read, who might do more good
than any other man, did he reside in London, with the views which he has
expressed.

¢ 8ir Philip Broke has so completely reviewed your work, and been so
decidedly of your opinion in every essential part of it, that there remains
nothing for me to add but my most earnest wish that something should be
done to rescue that part of our duty from the state in which it now is; and
notwithstanding you will yet meet with much opposition in attempting to
carry your plans into effect, I sincerely hope that you will not lose sight of
the object to which you have so ably drawn our attention ; and 1 am inclined
yet to hope that perseverance will overcome the prejudice you have had to

encounter.
(Signed) 8. J. PEcHELL.”

(Extract.)—SIe S. J. PEcHELL to S18 Howarp DoucLas.
“ Albany, June 16, 1830.
¢ The old Flag Officer has done what even you could not effect, though not
to the extent that either of us could wish; but within these few days an
order has been given to establish a gunnery school on board the ‘ Excellent »

at Portsmouth.
(Signed) 8. J. PecHELL.”

[The expression * the old Flag Officer ” in the above extract alludes to a
celebrated pamphlet which had been recently published, urgitgg the immediate
adoption of the author’s plan. That pamphlet was attributed at the time to
Admiral, the late Sir Cﬁarlee, Penroge ; but it is now known to have been
written by an able and gallant officer who, fortunately for the service, and
happily for his friends, is living—Rear-Adwmiral Bowles, C.B. The author's
plan was also strongly urged in the leading articles of the ¢ Times ' newspaper
of the 17th, 20th, and 24th of May in the same year, 1330.]

(Extract.)—Sig 8. J. PEcHELL to SR Howarp Dovaras.

¢¢ Admiralty, November 8, 1831,
¢ We are now likely to do something more. Sir James Graham has approved
of the plan, and has appointed the * Excellent ” for this service; and [ am
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these important offices ; and should it be extended ulti-
mately in the manner here proposed, it would furnish,
bfgsides, a considerable number of very expert captains
o 8.

%’:Il.nIn the former editions of this work (see the pages
from 17 to 24 and page 28 in those editions) there are
given in detail ectimates of the composition and strength
of the proposed establishment, ancf(;lso of the expense
which wmﬁgs attend its formation, together with indica-
tions of the subjects which should constitute a course of
practical education for young officers, master-gunners,

ners’ mates, and seamen-gunners: these subjects
comprehend the details of practical gunnery with the
different natures of naval ordnance, both on shore and
afloat, and the laboratory operations required for the
service ; but the proposed measures having been carried
into effect, and the system of instruction being now
fully organized, it is unnecessary to repeat here what
was then pointed out. The prospectus originally drawn
up by Sir 8. J. Pechell, in conformity to the author’s
suggestions, and transmitted to him for revision, in that

sure you will not refuse me your assistance in drawing up a prospectus for
our future sea-gunners.

“ I cannot help congratulating you on seeing your labours brought to a
satisfactory result, and likely to confer so much benefit on the country.

(Signed) 8. J. PECHELL.”

(Extract.)—Sre 8. J. PrcHELL to SIe Howarp DoucLas,

“ Admiralty, February 22, 1832,
“1 enclose you my compilation [a prospectus] from your book for the esta-
blishment on board the ¢ Excellent,” and request you will be kind enough to
revise, add to it, or correct it, as you may judge fit. The plan is yours, and
I may indeed say, the whole of it is yours, as anybody may see in a moment
by turning over the leaves of your book. [See Appendix E.]
(Signed) “ 8. J. PecaELL.”

-

(Extract.)—SIr 8. J. PEcHELL to S1k HowArp DoucLas.

¢ Admiralty, February 10, 1832,
¢ After writing to you I almost felt ashamed of having troubled you upon the
subject, when I found everything I wanted ready cut and dry in your own
work. I had, therefore, nothing to do, taking, as you did, a twenty-eight-gun
=hip establishment to begin with.
(Signed) “8. J. PecHELL.”
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distinguished officer’s letter of the 22nd February, 1832,
will be given at lenﬁh in the Appendix. (App. E.)
The following remarks, which contributed in a great
degree tq the adoption of measures for the systematic
cultivation of naval gunnery, are, on that account, re-
stated in this place.

18. As soon as one set of seamen are returned com-
Plete in exercise and practice, they should be transferred
to commissioned ships, and should there drill the seamen
engaged in the ordinary way, according to the general
system ; so that in this respect these would be as well
trained, at least, as by the contemplated plan; and all
the permanent advantages of the proposed system would
be so far gained.

19. Fresh seamen should be engaged as gunners, and
drawn in to the Depdt of Instruction in proportion as
trained men are turned over to the guard-ships. These
again should, by degrees, transfer to the cruisers a cer-
tain proportion of the trained gunmers that will have
been received from the depbts; which, however, should,
together with the guard-ships and home cruisers, always
retain a sufficient number of trained men for newly
commissioned ships, in the event of a sudden armament.
In this manner vast facilities and advantages would be
experienced in fitting ships, and in rendering them
more immediately efficient. The plan now suggested
would provide ple not only qualified to assist in
fitting the ship, Eﬁ:also to assist in working her ;—not
only qualified to drill to gunnery the fresh hands, but
to examine and arrange all the ordnance equipment,
and very soon to make that ship, if properly commanded,
a good man of war.

20. In all departments of warlike organization, depbts
are allowed to be the very hearts of the system, by
which improvement is cultivated, circulated, and esta-
blished. all services this is recognised and observed ;
no body can be permanently good, no system uniform,
without them. Itis to this general measure that the
service-efficiency of every branch of our armi is mainly
to be attributed. It is this which supports the uniform
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systematic excellence of the whole machine, however
remote some of its parts may be. It is a similar system,
connected with the naval profession, which has made
the marines what they are, and which has so much im-
proved—perfected, indeed—the Marine Artillery. De-
tachments of the Marine Artillery are embarked on
board the ships of a squadron sent out on a cruise of
exercise and practice; and it was no uncommon thing
for naval officers fitting out ships to apply for detach-
ments of this corps to drill their seamen to the
exercise. If such detachments had been drawn from a
Eermanent body composed of seamen gunners, trained

y naval officers, instead of marines, there would have
been no comparison between the influence of the two
systems on the practice of Naval Gunnery. For the
same reason that the Marines have their divisions, the
Royal Artillery its schools of practice, and every regi-
ment its depdt, naval gunnery should have its perma-
nent seat of instruction, and store of trained men.

21. The Marine Artillery has been raised to a con-
dition of great excellence by its zeal, talent, and gal-
lantry, and has certainly performed all the service that
was contemplated at its formation. The author has
witnessed its efficiency on service, and bears willing
testimony to all the talent it has put forth, and all the
distinction it deserves. It is well constituted, thoroughly
instructed, and ably commanded. It is either a corps
of good infantry, of scientific bombardiers, or expert
field artillerymen ; and it should be allowed to retain all
these characters, by being kept for mortar service afloat,
or for land-artillery service in desultory coast operations.

22. The advantages that would result from such an
establishment are beyond calculation. These dep6ts would
become the resorts of zeal and talents—the nurseries
of improvements ; and numbers of young naval officers
of all ranks would resort thither at their own expense.
Such is precisely the opportunity which the naval ser-
vice wants in this branclrxxi)f the profession. Improve-
ment may thus be cultivated without pursuing it through
other departments :—Naval officers would find a field
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opened to them, which is now occupied by others. Naval
Gunnery would become, as it most certainly should be,
an organized department of the naval service, under the
direction and control of the Admiralty ; and the author
feels most certain that this simple measure would lay
the foundation of a system which would soon be carried
to perfection by the professional genius and zeal which
it would call into action.

23. The merits of this plan do not depend upon the
limited extent to which we may be obliged to confine it
at present, on account of the difficulty of making financial
provision for a more general operation.—If it be plainly
calculated to do some good, 1t should not be rejected
because, for contingent reasons which attach not to its
merits as a system, it cannot, at present, yield its full
benefits. The adoption of a good sound system is the
question at present under consideration, not its imme-
diate extension. If we found our measure upon a good
professional principle, the superstructure may be raised
gradually, in proportion as we may require it. The
question for consideration is, whether the plan which is
suggested does not provide a good professional system
for instructing officers, midshipmen, master-gunners, and
gunners’ mates ;—for training a proportion of seamen
as captains of guns, as well as for drilling seamen en-
gaged in the ordinary way: whether such a measure
would not eminently tend to encourage the professional
cultivation of artillery knowledge in a J)ermanent insti-
tution, which may hereafter be carried to any extent
which circumstances may demand. If it promise such
advantages, it will be cheaply purchased by any expense
that may attend it.

24. Were this an experimental measure that could
not be commenced without first committing the country
to vast preparatory expense, we might hesitate about
making the trial ; but the system may be instituted at a
cost that would not amount to the expense of adding a
twenty-gun ship to our establishment. The items of
the expense of one depdt were severally estimated by
the author and given in the former editions, but, as the
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question relating to such expenses, though important at
the time, has now been decided, it will be unnecessary
to re-state either the items or the amount.

25. The author hopes he has succeeded in convincing
the reader that the improvement of naval gunnery w11gl
mainly depend upon the character of the depdts of
instruction. Whether seamen be raised in the ordi-
nary way for three years, and drilled as at present,
or be engaged for a longer term, and trained as naval
gunners 1n the manner here proposed, there can be
no reason why they should be taught by any but the
ﬁ:lambers of tge profession to which the practice really

ongs.

26.g??>uch were the observations made by the author,
in the first edition of his work, on contemplating the
state of gunnery in the British navy at that time.
Political circumstances and financial considerations pre-
velité:d the British Government 1]ilnhlSl7hfrom immedi-
ate opting the proposition which, in that year, was
pree{:nfe(f) by the alfi);holi'oz the Admiralty ; but}: in 1830,
the former having materially changed, and the latter
no longer existing, a commencement was made by the
Naval Administration to put the proposed plan in exe-
cution. '

27. In that year Lord Melville, to whom the former
edition of this work was dedicated, by an Admiralty
“ Minute,” dated June 19, directed that a gunnery-
school should be formed on board the “ Excellent,” on a
limited establishment. It was placed as a temporary
measure under the superintendence of the late Captain
George Smith, Commander of H.M.S. “Victory,” an
ingenious and zealous officer, well known as the inventor
of the moveable lever target.* In 1832 the system for

* This contrivance was intended for the instruction of seamen-gunners in
the practice of naval gunnery at sea, without the consumption of ammunition,
when, from the floating motions, the ships fired from and at, are more or less
unsteady—an ingenious expedient, devised, as Captain Smith communicated
to the author, to explain and illustrate the observations contained in pages
226 and 227 of the Naval Gunnery, 2nd edition, by giving the target an
artificial motion whilst the gunner is taking his sight. This motion is stopped
Sy a line, leading to the target, connected with the trigger-line; and thus
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gunnery instruction was extended and permanentl
establiged by Sir James Graham, first un}:ﬁar Capta.ii
Sir Thomas Hastings, and, since his appointment to the
important office he now holds, under Captain, now Rear-
Admiral Chads, to both of whom the naval service and
the country are deeply indebted for the zeal and ability
with which, aided by a staff of meritorious officers, the
courses of study relating principally to Naval Gunnery
are unremittingly carried on, and the institution brought
into so much practical efficiency. The school for
instruction in the practice of Naval Gunnery was estab-
lished on board the * Excellent,” which is stationed
at Portsmouth for that purpose: it is now under the
able superintendence of (gaptain Sir Thomas Maitland,
K.C.H, C.B.-

28. In 1839 the building which had been vacated, in
consequence of the abolition of the Naval College for
the education of young gentlemen destined for the naval
service, was appropriated, in combination with the
Gunnery-school on board the ¢ Excellent,” to the
important purpose, as suggested by the author in 1817
(see Art. 16), of accommodating and instructing naval
officers of all ranks on half-pay, who might be desirous
of availing themselves of the great advantages which

there is exhibited, relatively with the line of sight through the centre of the
wooden gun, any error which the gunner may have made in pulling the
trigger-line at the proper instant to hit the centre of the target.

On Captain Smith’s appointment to the superintendence of this commence-
ment of a system of which he, in several interviews with, and letters to the
author, had declared himself a zealous and earnest well-wisher, he addressed
to the author a congratulatory letter, of which the following is a copy :—

: “ HM.S. Excellent, Portsmouth Harbour,
« July 14, 1830.
 Str Howarp,—I take the earliest opportunity, after having heard of your
return to England, to inform you that the Establishment which you have so
long desired to see in our Navy has commenced on the limited plan I had the
honour to submit to you ; and, if 1 may be allowed to use a familiar remark,
as ce n'est que le premier pas qui cofite, I trust you will have eventually the
gratification of seeing the system extended as widely as you can desire. -You
have clearly demonstrated the necessity of it, and in such language as cannot
fail in its effect.
¢ 1 have the honour to be,
¢« Sir Howard,
¢ Your most obedient and much obliged Servant,
(Signed) ¢ GEORGE SmiTn.”



16 NAVAL GUNNERY. Paer I

those institutions severally and conjointly tender to
officers, when not otherwise employed, to improve
themselves in the various branches of nautical science
and practice which enter so largely into the qualifica-
tions inci?ensable to an accomplished, skilful, and
experienced naval officer.

29. The vast importance of these Establishments in

romoting the efficiency of the naval service will be
immediately appreciated from the following outline of
their constitution, and of the professional objects for
which instruction is there given. The Naval College
is an establishment for twenty-fodr officers of all ranks,
on half-pay, from Captains to Lieutenants; for Marine
officers previously to their entering the Marine Artillery,
and for twenty-five Mates. The two last classes of
officers go through a course of gunnery on board the
“ Excellent,” previously to entering the College; and
the Mates compete for a Lieutenant’s commission, which
is given at Christmas and at Midsummer to him who
has attained the greatest proficiency. All the above
classes of officers study, under a very a%ble professor, the
higher branches of mathematics, including Astronomy.
Their course also includes the theory and practice of
Steam Engineering, with Mechanical Drawing, Fortifi-
cation, and Gunnery.

The half-pay officers remain at the College from twelve
to eighteen months, and the others, twelve months.

30. The establishment includes twenty Cadets for the
Marine forces, who may remain two years unless they
attain the required proficiency, and can undergo the
examination, in a shorter time. Their course OFO study
comprehends Fortification, Gunnery, History, and the
French language.

Field Works are thrown up on a small island in the
harbour, for the purpose of training the officers and
men, and also for the service of field guns. On the
same island there is a small laboratory, where all the
students go through a course of instruction in making
rockets, tubes, cartridges, fuzes, &c. Field-practice with
shot and shells is carried on by them at South Sea.
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31. Besides the regular duties there are prosecuted,
under the direction of the Commander of this Institu-
tion, experiments of the most important nature, when-
ever the prospect of benefit to the service requires that
such should be made. Among these may be included
experiments for the determination of the relative values
of different natures of ordnance for the projection both
of solid and hollow shot; the extent of the ranges of
projectiles ; their powers of penetrating into materials;
their crushing and splintering effects when fired against
wood and iron; and the effects of ricochets from land
and water. It ought to be added, that other nations,
particularly France, have, since the termination of the
wars of the Revolution, carried on elaborate and highly
scientific courses of experiments, with the view ¢*
improving their naval-gunnery practice. The detals
of these experiments, with the investigations founded
on them, have been published ; and, to the experiments
conducted on board the “ Excellent,” in conjunction
with those at Woolwich and at Shoebury Ness, we are
indebted for the {yverification (in some .instances the
disproval) of the'advantages ascribed to the discoveries
of foreigners. In these operations a vast amount of
science and practical skill has been brought to bear
upon every object of national utility within the limits
of their scope. 4

32. Since the institution of the school of naval gun-
nery on board the ¢ Excellent,” the total number of
able seamen entered as gunners amounted in 1851 to
about 2500. Of these upwards of 2100 passed exami- -
nation, and obtained certificates of qualification to serve
as captains of guns, gunners’ mates, and gunners of
ships. Of that number 273 were, at different times,
appointed as gunners, and 500 as gunners’ mates;
while no less than 1140 well-trained seamen-gunners
were then serving in the British navy as first and
second captains of guns, or in other important stations.

33. Seventy or eighty lieutenants, and 150 mates
and midshipmen, of those who have at different times
been on the establishment of the ¢ Excellent,” passed

c
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their examinations, and obtained certificates of pro-
ficiency in the theory, practice, and manual exercise of
naval gunnery; and of these, about sixty were then
serving as gunnery-lieutenants, mates, and midshipmen,
on board of ships in commission ; and so zealously have
officers of all ranks availed themselves of the advan
of resorting to Portsmouth for improvement, that about
460 officers of different ranks, post-captains, com-
manders, and lieutenants, passed their examinations,
and obtained certificates of qualification according to
their different attainments in naval gunnery.

34. The present establishment of the ¢ Excellent”
consists of a Captain, who is also superintendent of the
Royal Naval College, 1 Commander, 12 Lieutenants,
ami' 25 Mates (of these, there are in general 16 or 18
only); there are, besides the master-gunners, 360
seamen-gunners, and 200 boys under instruction, con-
stituting all those who are not in sea-going ships.

35. The recent augmentation, to about 12,000 men,
of the Royal Artillery, was made, as stated in Parlia-
ment, because none of our foreign garrisons were well
provided, and some very inadequately, with this most
essential description of troops; and also because the
gunners disposable at home were not only insufficient
to furnish more than at the rate of one artilleryman for
every three guns in our coast defences, forts, and
arsenals, as they now exist, but absolutely incapable of
furnishing a supply of artillerymen for the aﬁtional
armament requred to man the numerous defensive
works which it would be necessary to construet on the
occurrence of any serious alarm. In addition to the
above reasons for so great an increase in the land-
service artillery, it was stated that six years are required
to instruct land-service artillerymen, and render them
practically efficient. The complements of seamen-
Funners for our ships now in commission are too
mmited; and a long time would elapse before new
levies of seamen could be properly trained to the guns,
in the event of any emergency which might require an
extension of our naval force. Though we have an
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establishment for instructing seamen-gunners during
peace, in the details of their duty, it is on a scale too
contracted to be effectual in war. As our land-service
artillery has been augmented to about 12,000 gunners,
so the number of seamen under instruction in naval
gunnery should be increased to an extent which may
suffice to furnish at least 3000. This may be done, not
by increasing the establishment of the ¢ Excellent” to
that extent, but by retaining the most expert of the
men that have been so instructed, and keeping them in
active employment in sea-going ships and gunnery
frigates,* two of which should be added to that import-
ant department for this purpose. We may thus have
available at any time a number of men well-practised
and ready for any emergency; whereas, by casting
them loose on the world, the means devoted to the pur-
poses of their instruction are expended in vain, and the
ends for which the expense is incurred are defeated,
while the men are liable to be picked up and employed
for the benefit of rival nations.

36. Soon after the publication of the Third Edition of
this work, in which the augmentation of the important
establishment of seamen-gunners was advocated (Art.
38 of the former, and Art. 35 of the present edition),
the “ Edinburgh,” of 58 guns, now Admiral Chads’
Flagship, was, on the recommendation of that distin-

* Frigates of instruction for seamen-gunners in the French Navy are
appropriated to that important purpose, and occasionally accompany their
squadrons and fleets on mﬁoing service. Thus the Amazone, frégate d’in-
struction, formed part of Admiral La Lande’s fleet in the Mediterranean,
in 1840.

The  Minerve” 1st class frigate was specially commissioned for L’Ecole
des Matelots Canonniers, in 1848,

The Russians have long since adopted the French practice of forming what
are called Equipages de Ligne (ships’ crews); of these they have 46, each
consisting of 1195 men : viz., 27 in the Baltic and at Archangel, 16 in the
Black, and 3 in the Caspian Sea. Each ‘ Equipage” is divided into four
companies, of which three form the quota assigned to ships of three decks,
two-and-a-half to ships of two decks, and one-and-a-half to frigates of 60
guns. Nor are the Russians less active than other maritime powers in teaching
the science and improving the practice of naval gunnery. It is scarcely ne-
cessary to observe that, on a recent occasion, they gave ample proof that they
can effectually handle those destructive weapons which have been introduced
into the warlike navies of other nations within the last forty years.

c 2
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guished officer, commissioned as an additional gunnery-
ship, and placed under the command of Capt. Hewlett,
R ﬁ., who, on board the * Excellent,” had long acted
under the former commander with so much zeal and
ability as to prove himself one of the best disciples of
the school ; and who, when called upon, will be found
fully qualified to put in practice his high scientific at-
tainments.

When not at sea, the “ Edinburgh” is stationed at
Plymouth, where it, in part, accomplishes the object
proposed by the author, of having a depdt of trained
gunners at each of the great fitting-out ports of the
empire. This addition to the ery establishment is
a step in the right direction; but much yet remains to
be done in order to attract seamen to, and retain them in,
that important branch of the service. From the sub-
joined table® it will be seen that, according to the pre-
sent regulation, those seamen who obtain certificates of
the first and second classes receive, respectively, only
2d. and 1d. per day above the pay due to their ratings.

* A TasLE of the RATE of WagEs in the RoyaL Navy per MoNTH and per
YEAR, under the OLp and NEW REGULATIONS.

Undgrsntbeom CEUnmfmlSerﬁco. Dift
tries. or Entry for 10 Years. %mmml}w“
Rarmea, Per Month Per Month Bervice
of Per Year. of Per Year. per Year.
31 Days. 81 Days.
£.8 d|£ s d £ s d|£ s d| £.s5 d
(‘hiefpettyoﬂr;:en. .13 2 0310 0 3 9 9|41 1 8| 411 38
First-class working petty
omcm..id.}zuoalxss 3 20310 0| 411 8
Second - class working
oy sffoers } 2 9 1|281711| 2161033 9 2| 411 3
Leadingseamen . . (2 6 6|27 7 6 214 33118 9| 411 3
Able seamen .12 1 4|24 6 8 2 9 1(281711 411 3
Ordinary mmen’dl. .| 113 7(1915 & ' 118 92216 3 8 010
Second - class ordinary
mmen.].).(.l 1 8 5|16 14 7i11101850 110 5
Boys (first class), an ; .
naval apprenﬁe;s . 018 1/101211| 018 1{1012 11 No diff.
Boys of the second class | 0 15 6 9 2 BI 015 6 9 2 6 No diff.

Seamen-gunners, who are men trained in the * Excellent,” receive 2d. per
duy in the first class, and 1d. per day in the second class, in addition to all
other puy of their ratings.
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This is not sufficient to induce seamen to enter the ser-
vice for the purpose of being trained as gunners rather
than as mere seamen on board a ship bound for a port
to which they may desire to go, and under officers wﬁgm
they may prefer; nor is the amount of pension awarded
to the class of trained gunners sufficiently liberal. The
government and the country should consider what would
have been the state of the naval service if the Establish-
ment for training seamen-gunners had not been formed,
and the deficiencies even now experienced from its
inadequate extension.

While the “Edinburgh” was a gunnery-ship, its
establishment contained 250 seamen-gunners and 70
boys. The total establishment on board the ¢ Excellent”
and the “ Edinburgh” consisted of 610 seamen-gun-
ners with 200 boys : these supplied a limited number of
seamen-gunners to every ship of war now in com-
mission ; and the whole establishment must eventually
be increased to enable this country to keep pace with the
other great maritime powers.

Such was the number of seamen-gunners available for
immediate service when the country began to prepare
for the impending war: to them, however, must be
added the men previously trained on board the “ Ex-
cellent,” who were serving in ships on the Peace
Establishment. The naval force in commission was
then vastly and suddenly increased. The total number
of guns carried by the ships in the Black Sea Fleet is
1394, and those in the Baltic Fleet 2200. Supposing
the ships’ batteries are manned on one side only, half the
sum of these, or 1797, is the number of guns on the fight-
ing sides of the ships; and for this vast force we had’
on%y 610 men fit to serve as captains of guns in depét, as
none could be spared from the ships previously in commis-
sion. This inadequate number furmshes only one trained
seaman to each gun, as its captain, whereas there should
be three: the captain, the man under him, with the
man who serves the vent-tube and lock. Had the Esta-
blishment for trained gunners been increased, as urged
by the author three years since (see the preceding
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article), how different would have been the effective
condition of the fleets! The present deficiency, which
is severely felt, notwithstanding the vast exertions which
the na.va{7 officers have made to train to the guns men
who, even, were not always seamen, cannot be too
strongly pressed upon the notice of the naval adminis-
tration of the country.

37. It should be remembered that, when emergencies
shall arise, we shall require both gunners well qualified
to cope with opponents trained in all the improvements
which the practice with solid shot has everywhere at-
tained, and rdiers highly expert in the more diffi-
cult and delicate operations of shell-firing—a practice
which, if not carried on with the utmost skill and care,
may be attended with accidents of a nature capable of
causing the loss of a ship, or even of compromising vic-
tory in a general action.

38. The extensive establishments at the five principal
naval arsenals of France for the organization of Equi-

es de ligne (ships’ crews) (Ordonnance of the 11th
" Oct. 1836), as well as the establishment for the instruc-
tion and training of Matelots Canonniers, will hereafter
be described in detail. From these reserves, together
with the extensive establishments of Marine Artillery
and Marines, a very considerable number of ships of
the line, frigates, and other vessels may be promptly
manned and speedily prepared for service. 'Flns
would be done by immediately embarking the regu-
lated number of companies, each composed of six petty
officers, thirteen marine apprentices, and thirty seamen,
and the regulated number of Matelots Canonmers.
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PART 1L

ON THE THEORY AND PRACTICE OF GUNNERY,

MOBE PARTICULARLY APPLIED TO THE BERVICE OF NAVAL ORDNANCE.

39. TeE discoveries made by Robins, Hutton, and
others in the science of gunnery have, within a few
years, been so much the subjects of elementary instruc-
tion m the public seminaries of Great Britain for the
education of men intended to enter the military and
naval service of the country ; and an artillerist has now
in so high a degree the power of attaining the pure
science of his profession, that it may seem unnecessary
to dwell at length on the mathematical theory of pro-
jectiles. This subject will, therefore, be briefly intro-
duced in notes; and it is intended, in the text, merely
to exhibit the formulee which comprehend the rules
employed in the practice of gunnery, and to explain
the manner in which those rules are deduced from the
theory. .

40. The theory of gunnery, in its present state, is
admitted to be insufficient to serve alone as a basis for
the practice of the artillerist ; 1)lfet, as it may be not
unreasonably expected that the theory will ultimately be
carried to a degree of perfection corresponding to that
which has been attained in other departments of physical
science, it should be borne in mingathat this object can
be gained only by a diligent cultivation of the theory
itself ; and it may be added that it is only a scientific
member of the profession who can direct experiments
tending to usetgxl results, or can advantageously in-
troduce in formule the data which the experiments
furnish. .

41. While the processes to be followed in investigat-
ing the laws of projectile motion in resisting media
were known only to a few men of superior scientific
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attainments, it happened unavoidably, the guide to a
correct and improved practice being wanting, that the
most indispensable precepts relating to construction,
armament, and equipment were violated, and the most
obvious results of experimental research were unseen or
disregarded.

42. A knowledge of the principles of gunnery is more
essential to the naval artillerist than to an-officer in any
other branch of the service ;—to him it may indeed be
said to be absolutely necessary—and it cannot be doubted
that he ought to avail himself of every means in his
power to study the theory which should form the ground
of his practice. It is true that the construction of a
gun and the regulation of its equipment depend not
always on an individual officer, but are determined by
the authorities in the proper department under the
Board of Ordnance; it 1s also true that tables of the
ranges of shot, with different charges of powder and dif-
ferent elevations of the “arm,” have been formed from
experiments, and published by authority, for the guidance
of the artillerist in like circumstances; but these tables
are, even now, not sufficiently extensive to meet the vast
variety of cases in which, afloat or on shore, the officers
of our navy may be called upon to act ; and, the charges,
the elevations, and even the windages remaining the
same, the ranges continually differ in consequence of
variations in the quality of tﬂe wder, the state of the
atmosphere, the figure of the shot, and many other cir-
cumstances. :

43. A familiarity with all the details of the theory of
projectiles can be acquired only by the aid of works
grofessedly treating of dynamicsin its highest branches;

ut a course of study carried on to an extent which the
reading of such works implies may not be within the
reach of every officer ; and, at present, it is perhaps un-
necessary. certain knowledge, however, of the prin-
ciples is indispensable for all, in order to enable them to
comprehend the deductions made from the theory, and
apply the formule to such novel cases as may arise in
the course of their practice.
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44. The numerical determination of points in the
curve described by a projectile in a resisting medium,
even when the analytical formule are. given, is a work
of so much labour that scarcely any practical artillerist
would be disposed to execute it for a particular case
which may occur, and such officer, confining himself to
the subject of ranges only, would probably prefer making
approximative interpolations between the ranges which
have been experimentally determined; yet even this
comparatively simple process cannot be effectively ac-
complished without a knowledge of the principles on
which the ranges are investigated ; and an officer of the
artillery should no more be unacquainted with these
than with the important discoveries which, in gunnery,
relate to construction and armament. It is, in fact, of
the utmost importance that officers should be familiar
with the velocities due to the charges they use, with the
principles on which those charges have I})’een regulated,
and with the effects which may result from variations in
their quantities or qualities. It is particularly essential
that those naval officers at whose discretion and on
whose application the equipment of vessels with respect
to the nature of gun is frequently regulated, should
know the laws of the action of powder in guns of dif-
ferent lengths, and with charges of different quantities,
also the effects of a plurality of shot as well as of single
balls, or shells, of different weights. Lastly, officers
should be acquainted with the laws of the penetration
of shot of different sizes, when fired at different distances
into materials of different kinds, as well as with the
effects of the air’s resistance on %rojectiles of different
magnitudes and forms when discharged with different
velocities.

45. Persons unaware of the force with which a mili-
tary projectile, when impelled with great velocity, is
resisted in its ge through the air, and imperfectli
acquainted wit;li the mathematical processes by whic
the trajectory, or path, in a resisting medium mafr be
approximatively determined, still imagine that the laws
of the flight of such projectile may be deduced from the
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well-known properties of the parabolic curve, which it
would describe in vacuo. This opinion is, however, un-
founded, and the results obtained from those properties
are seldom of use in the practice of gunnery ; yet as the
parabolic theory affords useful deductions in some cases,
and a knowledge of it constitutes a step in the ordinary
courses of military instruction; that theory is, in the
subjoined note, briefly explained.*

* Let A, Fig. 1, Plate I., be the centre of gravity of the projectile at the
mouth of a piece of ordnance ; let A X be a horizontal, amf A Y a vertical
line, both passing through that point ; also let A T, a tangent to the curve at
A, be the direction in which the shot is discharged, so that T AX is the
angular elevation of the piece. Let this angle be represented by a, and let the
initial velocity of the shot be represented by v: let ¢ be any time reckoning
from the instant of the discharge, also let z, y be the horizontal and vertical
co-ordinates of any point in the curve.

Now, if the force of gravity did not exist, the shot would move with uniform
velocity in the line AT, and if  were its place at the end of the time ¢, we
should have

r(=AR)=tvcos.a, bR=tvsin.a:

but, by mics, the deflexion (b P) produced by gravity in the time ¢ is

expressed by 4 g #* (¢==382.2 feet) ; therefore we h"egra y
y(=PR)=tosin.a-}g¢%.

X

Now, from the first equation, we have ¢ =
v cos. @

H
and, substituting for ¢ this value, we have

S L
2v* cos.?a °

again, by Dynamics, v*=2g A (h representing the height due to the initial
velocity), therefore the equation to the trajectory becomes

y==x tln..a-

y==zxtan. o~

2
hoosia’ @)
and by the theory of curves of the second order, this is the equation to a
parabola, the diameters of the curve being parallel to A Y.

When y=0, we have, first =0, and secondly z=4 A sin. a cos. a; or, by
rigonometry, =2 hsin. 2 a. The first value of z corresponds to the point A,
n

t
and the latter to the point I'; this last expresses the value of the range on a
horizontal plane,

Differentiating the equation (A) and making :-iao, wo have z=24A sin. a
c08. @, the half-range (== A M), and substituting this value of z in (A), we get
y=hsinla

for the greatest vertical ordinate (=M K), and K is called the vertex of the
curve,
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46. But no artillerist requires now to be told that the
deductions from the parabolic theory are without value
in practice, except when the initial velocities of projec-
tiles are less than two or three hundred feet in a second,
when the resistance of the air is very small. In such a
case, indeed, the propositions of gunnery may be solved,
by the parabolic theory, with tolerable accuracy; but,
with greater velocities, the conclusions obtained from it

Since z=¢ v cos. a, we have
dz
37=v ©08. a3
that is, the velocity of the shot in the horizontal direction at any point in the
curve is constant.

Again, since y—t v sin. a—4% g ?, we have:-:::(the velocity, in a vertical di-

rection, at the end of a given time £) =v sin. a—g¢.

From these values of 5—:and :—: we haveal—‘ & (d2+dy®) (the velocity at

the end of a given time ¢, in the direction of the curve)
={v*—2vgtsin. a-l—g’t'}';

but, if 0 represent the angle which a tangent to the curve at any point makes

with a horizontal line, the velocity at that point in the direction of the curve,
R dz 1 v Cos. a . , .

will be expressed by IR WA~ Wi that is, such velocity varies in-

versely as the cosine, or directly as the secant of the inclination of the curve,

at the given point, to the horizon.

From the value of 2 we have ¢= -z—, and when a=4A sin. a cos. a,
v co8. @

that is the whole range, the value of ¢ becomes

. 4hsin.a . /\/ﬂ
, OF 8in, @ -3
v 9

this is the expression for the whole time of flight, and it evidently varies
with the sine of the given angle of elevation.

Since the product sin. a cos. a remains the same for any given value of a
and for its complement, it follows that there are two elevations (a and 90°—~a)
of a piece of ordnance which, with the same initial velocity, give the same
borizontal .

The elevation of a piece being the same, the horizontal ranges (2 4 sin. 2 a)
vary with the heights due to the initial velocities ; or, since A= ;5, with the

squares of the initial velocities ; lastly, the initial velocities being equal, the
horizontal ranges vary with the sine of twice the given elevation, and such
range is evidently a maximum when @, the elevation, is 45 degrees.
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are grossly erroneous. It will neither serve to determine
the range, when the elevation and initial velocity are
given; nor if the time of flight were observed and the
range measured, could the initial velocity be computed
from those data.

47. The determination of the velocity of shot at the
moment of being discharged from a piece of ordnance,
the charge of powder being given, would be an easy
deduction from the known theory of forces, were it not
that much uncertainty exists respecting the value of the
expansive force of fired gunpowder ; and it was to ascer-
tain that value by comparing the mathematical expres-
sion for the initial value of shot with velocities obtained
from experiment that Mr. Robins first invented the
Ballistic Pendulum, by which such velocities can be
measured with great precision.

48. The experiments of Mr. Robins formed an era in
the theory of gunnery, but having used only such shot
as could be discharged from musket-barrels, it became
desirable that experiments of the same nature should be
made on a much larger scale than the means of a private
individual could afford, and the prosecution of this im-
portant subject was entrusted to Dr. Hutton, professor
of mathematics in the Royal Military Academy, to
whom the country is so much indebted for the high
state of theoretical knowledge which the British artillery
possesses. These experiments were commenced in the
year 1775, and a copy of the report, being presented to
the Royal Society, was honoured with the gift of the
annual gold medal. Dr. Hutton carried on a second
series of the experiments in the years 1783, 4, 5, &c. ;
and Dr. Gregory, his successor in the chair of mathe-
matics at the Academy, was, in 1817, conjointly with
General Millar and Colonel Griffith, charged with the
superintendence of a corresponding series, in which a

ndulum weighing 7000 Ibs. was employed. It should

observed that experiments having the like object
in view, but with a different kind of machine, were,
in 1764, carried on by the Chevalier d’Antoni, at
Turin, and the results at which he arrived differ
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but little from those subsequently obtained by Dr.
Hutton.

49. The Ballistic Pendulum, Fig. 2, Pl. 1., consists of
a large block of wood, suspended by iron rods, so as to
vibrate on a horizontal axis upon receiving the impact
of shot projected into it. In order to measure the arc
of vibration Dr. Hutton applied a pointed piece of iron,
as at P, to the inferior surface of the blocll)(, 8o that its
lower extremity might, during the vibration, trace a
curve line on a bed of soft grease which filled a groove
in the circular piece A B of wood. The number of de-
grees in the act of vibration, or the chord of that number
of degrees, was measured on a scale of chords which was
laid down on the machine ; and, from thence, the places
of the centre of gravity and the centre of oscillation,
together with the momentum of the inertia of the pen-
dulum being previously found, the velocity of the shot
at the moment of impact could be determined.

50. In conducting their experiments at L’'Orient, from
1842 to 1846, the French engineers made use of a pen-
dulum consisting of a suspended gun in combination
with a suspended receiver (récepteur), corresponding to
the block 1n the English pendulums; and, in 1843, the
United States’ government caused a series of experi-
ments to be made, under the direction of Brevet-Major
Mordecai, with an apparatus constructed on the same
principle as the French machine. It consisted of a gun
(a 24-pounder or a 32-pounder) suspended between two
piers by a horizontal axis turning on knife-edges ; and of
a hollow frustum of a cone of cast iron suspended in a
similar manner; the axes of the gun and cone, when
both were at rest, being in the same horizontal line.
The hollow frustum was filled with sand, in bags, to
receive the impact of the shot ; its front being covered
with a plate of iron having in the centre a perforation,
which was covered with sheet lead, and through this the
shot passed after being discharged from the suspended
gun. The whole weight of the gun-pendulum was
10500 lbs., and that of the receiver pendulum 9358 Ibs.
The distance of the centre of gravity in each, from the
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axis of suspension, was about 14% feet; and the sensi-
bility of the pendulums was such, that when set in mo-
tion in an arc of 12 degrees, the receiver-pendulum con-
tinued to vibrate about 24 hours, and the gun-pendulum
about 30 hours.

51. The distance of the centre of gravity G, Fig. 2,
Pl. I, from the axis of suspension at C, in the ballistic
Eendulum is, in some cases, found exgeﬁmenwlly by

alancing the whole apparatus, in two different positions,
on an edge of a triangular prism ; but the most accurate
process for its determination is (while the machine is
suspended on its horizontal axis at C) by a weight at
the end of a string attached near P, and passing over a
Pulley, to draw the block up till its vertical axis C P is
n a horizontal position. Then the known weight of
the whole pendulum being supposed to act at (, the
required place of the centre oiP gravity, and being re-

resented by W ; also P representing the weight which,

y experiment, keeps the machine in equilibrio in a hori-
zontal position ; we have, by the nature of the lever,

P.CP=W.CG; thereforeC G = v—l;c P

Thus the required distance of the centre of gravity from
the axis of suspension is known.*

* The position of the centre of gravity in each of the pendulums used in
the United States’ experiments was found by balancing the machine, in dif-
ferent positions, on a steel bar; but the method employed by the French
artillerists was nearly as follows :—The axis of the bore being in a horizontal

ition, 8 weight w sufficient to cause that axis to take a position, as A B,
ig. 3, Plate 1., inclined to the horizon in a certain small angle A D E, repre-
sented by 6, was applied, as at H, under one extremity of the piece; the
centre of gravity of the whole, which previously was in a vertical line CZ
passing through the axis C of suspension, was consequently made to describe
an arc subtending an equal angle Z C D. The same weight was then removed
to the opposite extremity K, of the piece, by which means the centre of
gravity was made to describe an arc subtending an angle ¢ on the other side
of the vertical line. Then, W being the weight of the pendulum with its gun
or mortar ; ! the length of the pendulum, or the perpendicular distance from
the axis of suspension to a line H K, parallel to the axis of the bore, and join-
ing the points H, K, at which the weight w was attached under the piece, if
« be the length of that line, also if G represent the required distance of the
centre of gravity from the axis of suspension ; we shall bave
G=2 a—-1sin. (6496)
. W' sin. (640
In the investigation of this formula, 8 and & being small angles, cos. 8 and
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52. The centre of oscillation, in a vibrating body, is
that point in which, if the whole quantity of matter
could be concentrated, the time of a vibration about the
same axis of suspension would be equal to that of the
given body. In order to obtain, experimentally, the
distance of the centre of oscillation from that axis, let
the body, when suspended freely, be made to perform
vibrations of small extent on each side of a vertical
plane passing through the axis of suspension, and let
the number of such vibrations which are made in a
given time, as one minute, be counted. Then, the num-
ber being represented by n, since, by Dynamics, the
lengths of pendulums are inversely proportional to the
squares of tgz number of vibrations performed in a given
time, we have, / the length of a mathematical pendulum
vibrating seconds in the latitude of the place of experi-
ment being known,* :

n:(60)::1:0;
U being the length of the equivalent mathematical pen-
dulum or the required distance (C O, Fig. 2) of the
centre of oscillation from the axis of suspension : this
distance is supposed to be measured on a line passing
through the axis of suspension and the centre of gravity
in the body.”

53. The centre of oscillation being found, the momen-
tum of inertia with respect to the horizontal axis of sus-
pension may be readily obtained thus :—

Let [ be the distance of the centre of oscillation from

cos. §' are, each, considered as unity ; and sin. (§48') is put for sin. §+sin. &'.
—( Expériences d’ Artillerie exécutées @ L’ Orient, Paris, 1847.)

The formula for G in the work just quoted (page 8) is more complex than
that which is above given, in consequence of the introduction in the former
of an additional weizht called the Compensateur, which is employed in order
to insure a perfect horizontality of the axis of the bore when an experiment is
to take place,

* 7=39.13929 inches in the latitude of London.

* The observed number of oscillations should, in strictness, be reduced to
the number which would be performed by the body in an equal time if the
vibrations were infinitely small. For this purjose the observed number n

should be multiplied by(l + ;a;), a being the height of the observed mean

arc of vibration, or the vertical distance from its highest to its lowest point.
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the axis of suspension; G the distance of the centre of
gravity from the same axis; m the mass (= éi) of the

body, w representing the body’s weight, and g (= 32.2
feet§ the force of gravity ; then, by Dynamics,
Jrdm

mG

and /' +*d m (the required momentum of inertia) =Gm!lor
(€t A

9
54. If the block of a ballistic pendulum, when at rest,
be struck at any point in its front by a shot projected
horizontally a%ainst it, the line of projection being also
in a vertical plane perpendicular to the axis of suspen-
gion, the angle through which the vertical axis of the
pendulum is made to recoil by the impact may be mea-
sured by the scale on the machine; and this angle, with
the other data obtained in the manner just stated, will
afford the means, by a comparatively simple process, of
obtaining the required velocity of the shot. The formula
for this purpose 18
o= J{(GWHwh) (hGWl+wh=
w
in which v is the required velocity of the shot at the
instant of striking the pendulum ;
G, the distance of the centre of gravity of the pendulum
from the axis of suspension ;
W, the weight of the pendulum ;
w, the weight of the shot;
l, the distance of the centre of oscillation in the pendu-
lum from the axis of suspension ;
h, the distance, in a vertical direction, of the point of
impact from the axis of suspension ;
g, (= 32.2 feet) the force of gravity ; and
0, the angular extent of a vibration on either side of a
vertical line drawn through the axis of suspension.*

=

.
’

)g}2sin.§0;

* Let m represent the mass (: %) of the ball ; then m v expresses the

quantity of motion in it, and mvA is the momentum of the ball’s motion,
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It is evident, other things being equal, that the velo-
city of the shot varies with sin. % 6, or with the chord
of the arc of vibration.

with respect to that axis, at the time of impact, the pendulum being then at
Test.

Now o/ representing the angular velocity of the pendulum after impact,
¢ r d m represents the motion of an element d m of the pendulum at the dis-
tance r from the axis of suspension, and [ v' 7*dm is the momentum of the
motion of the whole pendulum ; but v/ is constant for all the elementary

molecules, andfr‘dm is (Art. 53) =ggyl, or (M being the mass of the pen-

dulum)=GM; therefore ¥ G M expresses the momentum of the motion of
the whole pendulum. Also m ¢ A& being the motion of the ball in the pen-
dulum, m ¢ A* is the momentum of that motion. Then v SG Ml+mld)
expresses the momentum of the motion of both ball and pendulum after the
impact ; and, since the momenta before and after impact are equal, we have

V(GMI+mi)=vmh:
Hence
o = vmh __vwh
“GMIl+mhtT GWIltwh?

By the recoil of the pendulum after impact the centre of gravity in the
pendulum is raised vertically to a height expressed by G (1—cos. 8), or
2 G sin.? § 6, and the centre of gravity in the ball is raised vertically to the
height 2 (L—coe. ) or 2 A gin.* § 4; multiplying the first by W and the
second by w, we have

2sint 60 (G W+Aw)

for the force of gravity overcome by the ball and pendulum during the recoil ;
and, by Dynamics, this is equal to half the vis viva of the system. But the
vis viva being equal to the product of the momentum of inertia by the square
of the angular velocity is, for both pendulum and ball, expressed by

v'l
7(GWI+wh');
therefore L:—(GWl+wh')=4 sin.? } 6 (G W+Aw),
o (GW+hw)g\t
and v'=2sin. 30 ——_—GWH-wh')'

Equating this ﬁtb the second of the preceding values of ¢/, we obtain
v=2sin.jo ¥ { (G WHhe) GWitwing}
wh

If the distance of the point of impact from a horizontal line passing through
the centre of oscillation be very small ; then A may be considered as equal
to Z; and the last equation will become

v=2——(GW+Ul) sin. } 0 ,\/%;
w
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~55. In the United States’ pendulums, after [ had been
determined, as above mentioned, an additional weight

(667 Ibs.) was applied under the gun and block, by

which the distance from the centre of oscillation to the

axis of suspension was rendered equal to the distance
of the line of fire, and point of impact, from that axis.

This weight, representing it by ', is expressed by the

form

. _G'W' (I=0).
E TR =y

in which W” is the weight of the original pendulum ; »’

the additional weight to be applied ;

G’ and G the distances from the axis of nsion to
the centres of gravity of the original and of the aug-
mented pendulum ;

b the distance from the same axis to the centre of gravity
of the additional weight ;

U and [ the distances from that axis to the centres of
oscillation in the original, and in the augmented pen-
dulum respectively.*

or ( being the distance from the axis of suspension to the common centre of
gravity of the pendulum and shot)

° =’____(w:“") G gin. § o,\/;

But 2sin. § /gl =¥ 1, the linear velocity of the centre of oscillation ; therefore

v=-w—+! v,
w

* The formula for «/ may be investigated as follows :—By the nature of the

centro of gravity, @ W+bu/ =(W'+) G ; whence G =SV HE iy

being multiplied by W'+~ o/, gives G W' for the momentum of gravity
G'UIwW

on the augmented pendulum. Now, (Art. 53) is the momentum of

inertia for the original pendulum: also, by Dynamics, the momentum of
inertia of w/ with respect to a horizontal axis passing through its centre of

gravity (supposing «/ to be a cylinder or prism) is l;’c' (c being half the
height of the additional weight); and, with respect to the axis of suspension,
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In the above formula for v (Art. 54) W, G and !
may be considered as expressing, ively, the
weight of the augmented pendulum and the distances of
its centres of gravity and oscillation from the axis of
suspension. ,

56. In the investigation leading to that formula no
notice is taken of the resistance of the air against the
face of the pendulum when made to vibrate; but it is
shown by Dr. Hutton (Tract xxx1v. Art. 27) that the
diminution of the velocity on this account does not ex-
ceed 4, of the whole; and even this is, in part, cor-
rected by the mechanical method employed in determin-
ing the centre of oscillation. It is proved also by Dr.
Hutton that no sensible error in the computed velocity
of shot arises from the time Sabout #s of a second in the
pendulum which he employed) during which the shot is
penetrating into the block.

57. The distance of the ballistic pendulum from the
muzzle of the gun being necessarily from 30 to 50 feet,
in order that the block may not be affected by the flame
arising from the discharge, the velocity of the shot’at
the moment of leaving the gun is greater than that
which is obtained from the formula in Art. 54; and
different formula have been proposed for the purpose of
ascertaining one of these velocities from the other, or
the velocity lost by the shot in passing from the gun
to the pendulum : before stating these, however, it will
be proper to show in what manner may be obtained
the coefficient of the square of the velocity in the ex-
pression for the retardative force arising from the resist-
ance of the air. (See Art. 59.)

58. The initial velocity of shot has been determined
by firing the shot directly against one end of a hollow

is -)'-;'-'c' +§b‘. But, ¢ being very small, the first of these terms may be re-
Gwr

jected ; therefore +%b' expresses, approximatively, the momentum of

the inertia of the original pendulum. It follows that

G'W4wd 1. _G'W (-1)
TWitw s = 1 Whencow=—p0m ="

D 2
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cylinder closed at the extremities, while the cylinder is

made to revolve uniformly on its axis, the shot being fired

as nearly as possible parallel to the axis. The rule for de-

termining the velocity byl'] such a machine is very simple.

Suppose the shot were to enter the near-

2 est face of the cylinder at a, and to emerge

“’ from the farthest face at & (b being, by the

revolution, brought opposite to a during

the time that the shot is passing through

the cylinder). Let the length of the

cylinder be 24 feet; let the angle A C B

P&l be 30 degrees, and let the time of the
cylinder’s revolution on 1ts axis be § of a second : then

860° :-30° :: } : yiyth of a second ;

and the last term is the time in which the shot was
passing in a straight line through the cylinder, that is
24 feet; therefore 24 x 96, or 2,304 is the velocity of
the shot in feet per second.

59. Since }Ehe absolute resistance of dany (insmdmm
against a erical body moving in it depends upon
the surface ?hich is acteyc’l on during the mI())etion, u&n
the density of the medium, and upon some function
(suppose tge square) of the velocity : let » be the semi-
diameter of the body, & the density of the medium, v the
velocity, and let = represent 3.14159 (half the circum-
ference of a circle ngose radius is unity). Then, by
Dynamics, 7 « & v* ¥’ will denote the resistance, ¥’ being
a constant coefficient, which can be determined only by
experiment. But the mass of the shot, supposed to be

a solid sphere, being i;*r' = ¥, in which & represents the

density of the shdt; the retardative force arising from
Sk

4rd’

be represented by f—;—f"’, k being a fraction whose value

the resistance of the air will become ,» which may

must be found by experiments. Much doubt exists
concerning its true value ; but, according to the best ex-
periments which have been made, it should be expressed
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by 0.225. The specific gravities of the air and the shot
may be substituted for 5 and & respectively in the above
formula.

60. The formule alluded to in Art. 57 are obtained
from the usual differential equation of motion

d'z_

2=
in which f may represent the retardative force arising
from the resistance of the air. Then, if the resistance
be considered as proportional to the square of the

velocity, it may be represented by ¢ v or c% (in

which ¢ is put for the coefficient :—; above); and we
have v=_;., or v=Ve—*=.* (a)

In these expressions, V represents the initial velocity,
or the velocity of the shot at the muzzle of the gun, =
the distance of the gun from the pendulum, v the velocity
at the instant of striking the pendulum, and ¢ (= 2.71828)
is the base of the Napierian logarithms.

Dr. Hutton, making the resistance of the air propor-
tional partly to the square and partly to the first power of
the velocity, investigated a formula which is equivalent to

V-g¢
z =p hyp. log. — 7
whence v=—Z4gq.  (B)
e P

. . w .
In these expressions p is put for 000007365 9 ¥ (w = the

* Assume d—‘=Ac-~:
then, differentiating and dividing by d ¢, we have
d*r dz dx*
=Ae-BX—-Cc, = -c

a6 dt e’
thus the differential equation of motion is satisfied.
But, when =0, %—f becomes V ; therefore, making z=0 in the equation for

:—:, we have A=V ; and that equation becomes v="V ¢=¢2, as in the text.
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weight of the shot in Igound:s, and d = its diameter in
inches) and ¢ for 231. (Hutton’s ¢ Tracts,’ Tract xxxv1r.,
Arts. 78, 79.

But the officers of the French school at Metz, making
the resistance proportional, partly to the square, and
partlg7 to the cube of the velocity, have more recently pro-
posed the formula,

P v .

F¥aV)er—a V'’ ©
(See the ¢ Aide Mémoire d'Artillerie Navale,’ 1850) in
which (v, V and z being expressed in English feet)
a=0.0007 and 4 varies with the different natures of
shot; for a 30-pounder shot (French), corresponding
nearly to an English 32-pounder shot, it is equal to
0.0001034.

For a 32-pounder shot, whose semidiameter is 3.1
inches (= 0.2583 feet) when the initial velocity, V, is
1600 feet and z is 50 feet, we obtain, from the first
formula above, v = 1588 feet. From the formula of
Hutton we have, in the same circumstances, v = 1580
feet; and from the last formula, v = 1579 feet: conse-
quently in a distance equal to 50 feet, such a shot will
lose agout 20 feet, or & of its original velocity. It is
evident from the first of these formula: for v, that, other
things being equal, the velocity retained by a shot after
having descg%ed a given distance in air will be
greater as the initial velocity, and also as the diameter
or the weight of the shot is greater.

61. Means being thus found of obtaining by experi-
ment nearly the velocity with which a shot is projected
from a piece of ordnance, it is proper next to have
an expression for the velocity in terms of the charge of
Eowder employed. This subject has been investigated

y Dr. Hutton (Tract xxxvi1., Art. 160), and his re-
sult, when modified so as to introduce in it the weight
of the gun and its carriage, is expressed by an equation
equivalent to

Ve \/ {;%.2'?’—4_'? %T”common loglx, +N'=0);.
In this equation p (= 2125 Ibs.) represents the pressure
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of the atmosphere on a square foot, g the force of gravity
(=32.2 feet), and == 3.14159.

r denotes (in decimals of a foot) the semidiameter of the
shot, %' its weight, including the wad, and w the weight
of the gun with its carriage.

A represents the length of the bore of the gun, A’ the
length of the charge in the bore, and ¢ one-third of the
weight of the charge.

(=.43429) is the modulus of the common lo
rithms, and n is an abstract number expressing the number
of times that the pressure arising from the expansion of
fired gunpowder exceeds the pressure of the atmosphere.
Dr. Hutton found the value of n to be very variable,
increasing with the length of the gun ; and from a mean
of his experiments he assumed it to be 2200. The ex-
periments of Dr. Gregory, in 1815 and 1816, make n
equal to 2250 ; that is, he found the force of fired gun-
powder to be equivalent to 2250 times the pressure of
the atmosphere.*

* The centre of gravity of the charge moving in the bore with about one-
third of the velocity of the ball, the weight of the latter during its movement
in the bore may be considered as increased by one-third of the weight of the
charge, supposinf this to move with the same velocity as the ball ; therefore
the accelerative force of the gunpowder on the ball, when in contact with the
charge, will be represented, in terms of the force of gravity, by

gapris
w4q°
Now, let = be, at any instant, the distance of the centre of the ball from the

extremity of the charge, during its pasmge along the bore ; then, the accele-
rative force of the fired gunpowder on the ball being inversely proportional

g(—:,%;—: expresses the accelerative force

to the space it occupies in the bore,
on the ball when at a distance  from the charge ; but the retardative force of
the atmosphere on the ball and charge while in the bore is y”;" :;, therefore,
finally, the accelerative force on the ball and charge is
syy_'_:(xs - ,)
o +g\=z .
Making (by Dynamics) ‘;—"—: equal to this expression for the force ; and multi-
plying both members by 2 d z, we have

2dzd*z _2gpr's A'ud:_d’
de T w4g z *

Integrating
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In this formula the measures of length are all ex-
pressed in feet, and the weights in pounds avoirdupois.

62. But, in the employment of tl{): formula this value
of n should be diminished on several accounts. First,
because of the thickness of the bag containing the pow-
der, it should be diminished in the ratio of the area of a
section of the bore to that of a section of the powder:
now the thickness of the bag being about # inch, the
areas of the sections are to one another (R being the
radius of the bore in inches), as R? to R* — 4 R, nearly,

orasltol —2.#13 nearly ; therefore, on this account the
above value of n should be diminished by a fractional
part of it, which is expressed by ?;—R Secondly, it

should be diminished on account of the windage of the
gun : now Dr. Hutton estimated that the loss of force
occasioned by windage was one-third of the whole force
when the lunaric area between a section of the ball
and a section of the bore was one-tenth of the latter ;
therefore, considering the loss as proportional to such
lunaric area,

1 . . e R‘ . 10 R‘ .
LA S R Y
and, on this account, the above value of » must be di-
minished by a fractional part of it, which is expressed

Integrating between & = A’ and = =A, we have

da* 2gpriw, , A
) 78 (= V'):-—.%p—_:-q—'(znhyp. log.;,+ A=)

therefore the velocity of the shot at the muzzle of the gun is expressed by

2gprw, , A '
J{ v +g e nhyp.log.;.-' + A - L)}.

But the accelerative force of the fired powder should be further diminished
in the ratio of the sum of the masses of the gun, with its carriage and the shot,
to that of the gun and its carriage. If, therefore, this condition be included,

the first factor under the radical sign should be multiplied by - : po’ If, also,
a'n be divided by M (the modulus of the common logarithms), the common
logarithm of %may be substituted for the hyperbolic logarithm of that frac-

tion ; and thus is obtained the equation for V in the text.
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by2E="  Lastly, it should be diminished on account
of the loss of force by the escape of powder from
the vent: now, the semidiameter of the vent being
0.1 inch, if we consider the lost force to bear, to the
whole force, the ratio that the area of the vent bears
to a section of the bore, the value of n must, on this
account, be diminished by a fractional part of it, which is

1
expressed by y—=r-
The sum of the three corrections is

30 (R*=)4+5 R+1
100 R* ?
(R and r being expressed in inches), and this expression
denotes the fractional part of n, by which n is to be
diminished.

63. Since the weights of the shot and charge are
small compared with that of the gun with its carriage,
a near approximation to the initial velocity will be ob-
tained by omitting, in the expression for V, the terms
w—Iw, and ¢. The equation then becomes, omitting also
the two last terms because of their small effect on the
value of the velpcity,

Y a\/{%' com. log. %,}

64. A gun suspended from a horizontal axis like the
block of wood in a ballistic pendulum, has long been
occasionally employed to determine by the angular extent
of its recoil, the velocity with which a shot 1s projected
by a given charge of powder; and in the experiments
alluded to in Art. 50, a gun-pendulum, as it is called,
and a ballistic pendulum, were combined for the purpose
of comparing together, shot being projected from the
former, the initial velocities determined from the recoil
of the one and the impact on the other.. The formula
employed for computing, from the recoil, the velocity of
shot at the instant of leaving the gun-pendulum was (V
representing that velocity)




42 ‘NAVAL GUNNERY. Paer 1I.

_2sin. $0. WG Jgl=lUcN

v "l
o'l % + o'l
in which W is the weight of the gun-pendulum, in-
cluding that of the shot, and »’ that of the ball and wad.

G is the distance from the axis of suspension to the
centre of gravity of the pendulum.

l is the distance from the same axis to the centre of
oscillation, and [ the distance from that axis to the axis
of the gun.

¢ is the weight of the charge, and ¢ that of the bag.

6 is the angular extent of the vibration from the ver-
tical position.

R the radius of the bore, r that of the shot, and g the
force of gravity.

N represents the velocity communicated to the pen-
dulum by a unit of the charge. (In the United States’
experiments it is estimated at 1600 feet.)*

* If v denote the angular velocity of the pendulum, vl Z_; will express the

motion in the pendulum, and vl Z;G the momentum of that motion.
2 W G sin.? } 6 expresses the action of gravity overcome by the ascent of
the centre of gravity during the recoil, and v'l-yG the vis viva; therefore, by
Dynamics,
AWG ﬁn.’*!:ﬁl%vﬁ;
whence 4 g sin? } #=v*], and v=2sin. 4 n‘/ﬂ?.
This value being substituted in v 1—}(}, the latter becomes 8WGsin. § 1 s

g
the momentum of the motion of the gun-pendulum.
Now, V being the velocity of the shot at the moment of leaving the gun,

we have %m’ for the motion of the ball and wad ; but the elasticity of the

fired gunpowder produces in the gun a motion which exceeds this in the
ratio of the area of a section of the ball to that of a transverse section of the

L
bore; that is, of #* to R*; therefore Z—iw’ expresses the motion of the gun;

s
and %—J v' is the momentum of that motion.

Next, assuming the mean velocity of the fired gunpowder at the time the
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65. The force of fired gunpowder is, however, still
very imperfectly known ; and the results of experiments
with the gun-pendulum are very frequently at variance
with those obtained from the ballistic pendulum. B
French artillerists the initial velocity of a shot, the axis
. of the bore being horizontal, has been expressed by a
formula, which, when reduced, so that the required velo-
city shall be given in feet per second, is

4200(log. T" } [103. (1 +’7>]”.

The measures of length in this formula are in feet, and
the logarithms are those of the common kind. (A4ccount
of Ezperiments carried on at Gavre, chap. xix. sec. 7.)
It must be observed, however, that the results obtained
from this formula are, in general, less than those given
by experiments made in England with the ballistic pen-
dulum.

66. The experiments of Sir Benjamin Thompson (Count
Rumford) have fully proved that the ignition of gun-
powder does not take place instantaneously, and that

ball leaves the gun to bed V; then %3, will be the quantity of motion in the

4
cartridge and bag, and ‘;d; is the momentum of that motion.

Again, if it be assumed that the quantity of motion in the fired gunpowder

: N
is proportional to the mass of the charge, it may be represented by f; ; then
cl'’N

is the momentum of the motion of the fired gunpowder.

Adding together all the momenta relating to the action of the charge, and
equating it with the momentum of the gun-pendulum, we have
VR VU elN,

; e P o+ —
WGnn.&l\/—: it el

_2WGsin. §9 S/ Tg—cVN
Brw+yer

whence v

When the centro of oscillation is in the axis of the gnn, we have I'=1; in

which case
2W Gsin. § l\/gj-cN

V=
%.w'-h} c
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the whole of the charge in a gun is never in a state of
inflammation within the bore, though it is presumed
that 8 ounces may be all ignited in s of a second. Fur-
ther experiments have also shown that, for every nature
of gun, there is a certain charge which produces a maxi-
mum of initial velocity, so that if a greater quantity
were employed the velocity would be less : the reason is,
that besides the greater quantity of powder which is
thrown out of the gun unfired, the powder which is
actually ignited takes effect on the shot during a shorter
time than it would, if, from a smaller quantity of powder
being employed, the motion of the shot in the bore were
less rapid. The charge of powder which would render
the imtial velocity a maximum may be found, mathe-
matically speaking, by differentiating the second member
of the equation for V,in Art. 63, considering A’ (the
length of the charge) as variable, and making the result
equal to zero. There is thus obtained

com, log.% =Modulus of com. log.; whence \'= é—,“xT)S ;
that is, the length of the charge producing the maximum
velocity, with the same gun, is equal to about one-third
of the length of the bore.

The charge which produces a maximum velocity is,
therefore, greater as the gun is longer, but the increase
is found to be not in so high a proportion as that of the
length of the gun (Hutton’s Tracts, vol. iii. p. 78) ; and
Dr. Hutton’s experiments have shown that, on account
of the rapid diminution of high velocities by the resist-
ance of the air, there is little advantage in point of ex-
tent of range by increasing the charge beyond what is
necessary to communicate a certain velocity to the ball.*

¢ Major Mordecai, of the United States’ artillery, states that an addition of
nine calibres to a gun of sixteen calibres’ length adds only one-twelfth to the
velocity of a 12-1b, ball, when fired with a charge of 2 lbs., and one-eighteenth
when with a charge of 4 1bs. It is observed also that, by increasing the
charge beyond one-third of the weight of the ball, the recoil 1s increased in a
much higher ratio than the initial velocity of the ball. It may be added,
that for every purpose on service, even for that of breaching, the advantage
gained by using a charge greater than one-third of the weight of the shot is
unimportant, and does not compensate for the inconvenient recoil, or the
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67. The force exerted by fired gunpowder on a shot
varies with the square of the velocity of the fluid, that
is, of the ball which it impels; and that force being also
proportional to the quantity of fluid acting at once on
the%?all, it follows that the square of the ball’s velocity,
in the gun, varies with the quantity of fluid acting on
the ball, that is, with the square of its diameter; and
from this law it may be proved that the decrements of
the initial velocity of shot in consequence of windage
are nearly proportional to the differences of the dia-
meters of the shot in the same gun. From thence may
be obtained the equation

t—v ’ J

expressing the velocity which a shot would have if the
windage were zero. Here V denotes such velocity ; D
the diameter of the bore of the gun, or of a shot which
would occupy the bore without windage; d, d', D' the
diameters of different balls, and », v/, V' their velocities
on being projected from the same gun.*

68. The charge being supposed to have a cylindrical

destructive strain on the gun and carriage. The initial velocity of shot from
6-pounder and 12-pounder guns, with charges of 1} Ib. and 23 1bs. tively,
is about 1450 feet ; and this is considered quite sufficient for field service.
The initial velocity of canister and spherical case-shot, fired from field-
howitzers with the service-charge, is about 1000 feet ; and that of shells from
howitzers is about 1175 feet.
* Since o CC g%, v & d”, &c., we have
=" &€ d'-d", or (v=0') (v4v') &€ (d=d') (d+d');

or again

] v=0 o d+d

d-d "~ v+v”

But the difference between v and v/, also between d and d', being very small,
v—v/
d-d

dered as constant. Let the value of this fraction be obtained from experi-
ments ; then V' being the velocity due to any other shot (projected from the
same gun) whose diameter is D', we have

the last fraction is very nearly equal to g ; therefore may be consi-

V-V _ v-v
D-D  d-d”
whence V =;:;'%,-(D -D)4V',or V/ eV-";—_-_-;, (D-D').
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form, and the density of the powder being constant, it
follows that A’ (Arts. 61, 63) varies with the weight of
the charge; hence the formula for V, Art. 63, indicates
that the initial velocities of shot vary, nearly, as the
square root of the weight of the charge directly, and as
the square root of the weight of the shot inversely.
These laws have been confirmed by the results of expe-
riments,* and M. Piobert has proposed, for the

of determining the initial velocity of shot, when its
weight and that of the charge are given, the empirical

formula
v log(l + 5)

Ly AN | .
v log(l + f)

in which v represents the experimented initial velocity

of a shot whose weight is b, and V is the required initial

velocity of a shot whose weight is »'; the weight ¢ of

the charge being the same for both.

Major Mordecai, of the United States’ artillery, has
found that the rule agrees nearly with his experiments
when the charges do not exceed one-third of the weight
of the ball,and the gun has not less than sixteen calibres
in length ; for higher charges he does not consider it

v

V=

sufficiently correct. If the factor ¢\ be repre-

v 108-(1 +T) .

sented by M, he finds that, with a 32-pounder gun, the

charge geing one-third of the weight of the shot, and

the windage 0.16 inch, M = 5200; with a 24-pounder,

;}Ile charge being one-third and the windage 0.14 inch,
= 5400.

* In the experiments made at Washington with the gun and ballistic pen-
dulums combined for the erpose of ascertaining the initial velocities produced
by equal charges of powder in the same piece of ordnance on balls of different
weights, it was found that, with a 24-pounder gun and a charge of 4 1bs. of
powder, the windage being 0.175 inch, the initial velocity of a shell filled
with lead and weighing 27.68 1bs. was 1325 feet ; of a marble ball weighing
9.29 1bs., was 2154 feet ; and of a lignum vita: ball weighing 4.48 lbs., was
2759 feet. The two first of these velocities are, in accordance with the
formula, nearly in the inverse ratio of the square roots of the weights of the
shot ; but the two last are nearly as the cube roots,of the weights inversely.
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In the British artillery service, use is frequently made
of the empirical formula

V=1600\/§,

in which ¢ is the weight of the charge, and w' that of
the shot; a is a coefficient tobe determined by experi-
ments. Those of Dr. Hutton indicate that a varies be-
tween 2.1 and 2.5 as the length of the gun, and also as
the ratio of the weight of the charge to that of the shot
increases. The experiments of (teneral Millar, in 1817,
show that, with a windage equal to 0.202 inch, the
value of a should be 2.8, and that on reducing the
windage to 0.075 inch it should be 3.55. On com-
puting the initial velocities of the shot from the ranges
given in the Table of the experiments made at Deal in
1839, and also from those in the Tables of the practice
on board the “Excellent” from 1837 to 1847 (Tables
L, II, IIL, IV., V., VL, Appendix D), the mean values
of a for different windages were as follow : —

Values of a.
0233im. . . . . . . . 3.2
02 ... ... . 3.4
0175 . . . . . . . 3.6
0125 . . . . . . . 4.4
009 . . . .. .. 5.

From these, by means of the formula for V, Art. 67, it
is found that when the windage is zero, @ = 6.66; and
it may be observed that the numbers in this table are
nearly conformable to the law of the decrements of
velocity, as stated in that article. .

For carronades, in which the windage varied from
0.061 to 0.078, the mean value of a was 4.5.

69. Gunpowder when ignited expands with equal
forcesin every direction, and consequently it acts equally
upon the bottom of the bore and upon the ball during
the passage of the latter along the cylinder, supposin
it to fit tightly. Hence, neglecting the allowance whic
should be made for the frictions of the ball and of the
gun-carriage, the velocity of the recoil will be, to that
of the shot, inversely as the weight of the gun to that
of the shot: that is, if V represent the initial velocity,
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in feet, of the shot, w the weight of the shot, and W the
weight of the gun with its carriage, the velocity of the

recoil, in feet per second, will be expressed by -‘;Tw

Thus, supposing the initial velocity of a 24 1b. shot to
be 1600 feet per second, and the weight of the gun with
its carriage to be 57.7 cwt. or 6462 lbs., we shall have
5.9 feet per second for the velocity of recoil.

70. In contemplating the nature of the resistance to
the flight of shot or shells it must be remarked that, in
the motion of a body through the air, no particle of that
fluid can be disturbed without moving others to a con-
siderable distance about it, while the displaced particles
take time to fall back into the space which they before
occupied. Asthe moving body passes on, there is left
" behind it a kind of vacuum more or less complete ac-
cording to the degree of the body’s velocity ; and when
the ball moves quicker than the air can rush into the

ace left behind, the vacuum becomes perfect. Now
there is a certain limit to the velocity with which air
can rush into a vacuum, viz., about 1300 or 1400 feet in
a second,® and, consequently, when the velocity of a
ball is greater than this, it is manifest that the resistance
will be very great; for there being then no pressure.of
the fluid behind the ball, while that which is in its front
is in a state of condensation from the particles there not
being able immediately to escape, the ball will be re-
sisted by the whole pressure of the condensed air on its
fore part.

71. The resistance, besides depending on the velocity,
diameter, and the weight of the projectile, is affected b
80 many circumstances which cannot be duly estlmaw{
that experiment alone can determine it, and this only
to a certain extent. If shot could be discharged so
accurately as to hit a ballistic pendulum at considerable
distances, the loss of velocity occasioned by resistance
might be easily found ; but such a degree of accuracy

* 1366 feet, when the barometer stands at 30 inches.—See Hutton’s Tracts,
vol, iii. p. 195.
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cannot be obtained, and the ballistic experiments have
hitherto only furnished us with these results at different
distances as far as 300 feet, beyond which shot cannot
be directed with sufficient accuracy to hit the block.

72. The method of determining the resistance of the
air by the ballistic pendulum did not, it was found,
answer with velocities under 300 feet in a second, on
account of the balls rebounding from the block instead
of entering into it. To ascertain the resistances to
smaller velocities, Mr. Robins had recourse to experi-
ments with his whirling machine (Fig. 4, Pl. 1.). This
ingenious contrivance consists of a brass barrel, B C,
moveable on its axis, and furnished with friction wheels
so as to reduce the friction to an inconsiderable quan-
tity.~ A light, hollow cone, A F @, is placed upon the
barrel, with the vertex A in the termination of the axis;
a fine wire, A H, supports the arm, G H, upon which
the body, whose resistance is to be tried, is fixed. A
silk line is wound upon the barrel, and thence leads, in
a horizontal direction, to the pulley L, over which it is

ssed, and a proper weight M hung to its extremity.

f the weight ﬁ be left at liberty, it will descend with
accelerated motion, causing the body P to revolve with
increasing velocity, until the resistance on the arm G H,
and on the body P, become nearly equal to the weight
M, when the motion of both will be nearly equable.
Thus, when the machine has acquired an equable mo-
