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PREFATORY.

————

SoME of the conclusions reached in the course of the
following remarks, are so much at variance with long
cherished views, that it would be unreasonable to
suppose they will pass without comment and rigid
scrutiny—which I am persuaded they will be found
to endure when tried by the standard of principles to
which all must yield assent.

The results cited in support are few; but they rep-
resent a large number from practice, executed with
scrupulous care, and, in the course of an experience
extending over some ten years with cannon of every
denomination, from a boat 12-pdr. to pivot-cannon of
seven tons, I have seen nothing to shake my faith in
the soundness of the particular opinions referred to.

I shall abstain from entering upon any discussion of
the general theory of Naval Ordnance, because my
peculiar notions in this respect are now passing a
practical ordeal which, if fully and properly con-
ducted, will be more conclusive than the most elaborate
argument.

Indeed, whatever I might urge in their behalf must
necessarily be of far less force than the following
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emphatic sanction from the highest Naval authority of
our country.

“The cautious and sound judgment of the late
“Commodore Morris approved the new ordnance.”

“ After investigation, I unhesitatingly sustained the
“ recommendation to fit out the new frigates with their
“ present formidable battery.”

Apart, however, from all considerations of a per-
sonal nature, the Annual Report of the Hon. Secretary
of the Navy embodies so much of general interest in
regard to ordnance, which is treated in a masterly
manner, that I should hardly be excused by the Navy
for quoting no more than might be gratifying to my-
self. Wherefore the entire passages allotted to this
subject will be given here.

REPORT OF THE SECRETARY OF THE NAVY.

Navy Deparrxext, Dec. 1, 1856,

S1r :—I have the honor to submit the annual report from this
department, showing the duties performed by the several squad-
rons, the present condition of the service, with recommendatious
of farther legislation. '

* * * * L * * * * * L
* * * * * * * * L L * *

ORDNANCE AND GUNNERY—PRACTICE-SHIP.

I know of no part of the service more entitled to the liberal
patronage of the government than ordnance and practical gun-
nery. If the navy be, indeed, the “right arm of defence,” as is
80 often repeated, it may, with great force, be added that her
guns and ordnance appliances are the main sincws and arteries,
the neglect of which would soon render it feeble and palsied.
Qur national ship may attract admiration for the strength and
beauty of her model, and the graceful ease with which she glides



PREFATORY. 13

on the water; her men may be patterns of discipline, and her
officers the bravest and best; yet all this will avail nonght in the
dread bour of battle, if either her guns refuse to be faithful mes-
- sengers, or are managed by those who are untaught in practical
guvnery. Americans are adepts in the use of the rifie and the
musket from their boyhood, and when thrown into the field, no
matter how suddenly, they are skilful, and their aim is as fatal as
that of the trained soldier. Of course, the case is very different
in regard to the management of a cannon, weighing thousands of
pounds, upon a disturbed sea. In the British service they have
their gunnery practice-ship, where officers and men are trained to
the use of cannon as thoroughly and as regularly as the soldier is
drilled in the army. We have thus far relied upon practising at
sea, and selecting from the crew for captains of guns those who
may, from experience, be found best fitted. It is amazing, indeed,
that, notwithstanding the importance of disseminating through the
service a thorough knowledge of guunery, no system for that pur-
pose has ever been adopted. It is true that the orders of the
Department of early datd, requiring practice at sea, are now much
respected by the officers, and executed with unusnal fidelity ; and
Captain Ingrabam, the Chief of the Ordnance Bureau, states
that “the reports from commanders of squadrons, and single
ships, continue to show great attention on the part of the officers
to the geuneral preparation for battle, and to the instruction of
the men in practical gunnery, and afford evidence that the arma-
ments and ordnance equipments of our vessels are efficient and
satisfactory;” still, I believe it is conceded by all officers that some
system is needed to improve this part of the service. Surely no
man-of-war should go to sea without a certainty of having a
supply of seamen qualified, by training, for being captains of guns;
and, in my opinion, a vast improvement would follow if none went
to sea without an officer designated especially as the ordnance
officer of the ship.

An effort is now being made to initiate a system as far as it
can be done in the absence of legislation. The Plymouth sloop-
of-war is now at the Washington navy yard, placed under the
command of Commander Dahlgren, and is being fitted out tho-
roughly for the purpose of & * Gunnery Practice-S8hip.” A few
officars at present, and a number of select seamen, will be assigned
to her, and she will bear an experimental armament of heavy and
light guns. Under proper regulations and training, the hope is
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confidently indulged that this practice-ship will annually turn oft
seamen thoroughly trained to the management of heavy ordnance
in storm and in calm, and that our men-of-war may be supplied
with officers and men familiarized with all the appliances of these
great engines of destruction. I commend this subject to special
consideration and encouragement, and have no doubt that, when
enlarged and aided by the suggestions of experience, this gunnery
practice-ship will prove an invaluable acquisition to the service.

The recent changes in the armament of our vessels call for a
somewhat detailed statement from the department on that subject.
In many of those most remarkable conflicts in which the Ame-
rican navy won its proudest trophies, it is well settled that the
superiority of the calibre of our guns contributed very much to the
successful overpoweriug of the formidable adversary,

In consideration of the comparative strength of our naval foree,
it becomes vastly important that we should call into exercise the
inventive and suggestive genius of our countrymen; and strive
not merely to keep pace with, but, if possible, in advance of
others in the character of our engines of destruction in war. In
this matter the Ordnance Bureau has not been idle. The progress
in improving, modifying, and enlarging the guns of the service
has been cautious and gradual, yet steady and impressive,

The experimental establishment at the Washington navy yard
has been for many years an admirable adjunct to the bureau.
Having at its head an officer of a high order of intellect and inde-
fatigable energy, aided by a small eorps of assistants, the depart-
ment has found it a shield of protection againet the introduction
of the novelties of visionary inventors. No innovation has been
recommended until subjected to the severest tests; yet progress,
and an eagerness to be in the foreground of improvement, have
been manifest. The recent adoption on the new frigates of the
9, 10, and 11-inch shell guns to the exclusion of shot, was by no
means inconsiderately or hastily made.

It was suggested by Commander Dalghren, in 1850, that he
could “exercise a greater amount of ordnance power with a given
weight of metal, and with mere safety to those who manage the
gun, than any other piece then known of like weight.”

Commodore Warrington, then at the head of the Bureau of
Ordnance, ordered the guns proposed. The proving and testing
continued during the years of 1852, 1853, and 1854. The points
of endurance and accuracy were specially examined. The first
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gun stood 500 rounds with shell and 500 with shot, without
bursting; and subsequently other guns were proved to the
extreme, and endured 1600 and 1700 rounds without bursting.
Shells have been adopted because they are deemed preferable, not
becaunse of any apprehension that shot caunot be used in these
guns with perfect security, that point being settled by actunal
- experiment. This fact is said to be attributable to the circum-
stance of there being thrown into the breech a very considerable
additional weight of metal. If, therefore, it is at any time con-
templated to attack the solid masounry of fortifications, several
feet in thickness, solid shot can be used, although recent develop-
ments in the late European wars will hardly encourage such
assaults to be often undertaken. It is probably true, as alleged,
that as solid shot are driven by a larger charge of powder their
power thereby is proportionally greater; and that on striking s
ehip they may pass entirely through her, thus exposing her to the
consequences of two serious breeches, These openings made by
solid shot, however, are often easily repaired, even during an
action ; but if a vessel is struck and penctrated by one of these
monster shells, which carries within itself the elements of explo-
sion, one can hardly conceive of the crashing of timbers and the
havoc and destruction which must inevitably ensue. And thus the
work of one shell would be more fatal and disastrous than that of
many shot.

In addition to this heavy armament, our national vessels have,
for a few years past, been supplied with boat guns—brass pieces,
12 and 24-pounders. They are truly formidable, and, under the
management of trained men, are often discharged ten times in a
minute. They are so constructed, as to be easily placed in small
boats, which can thus enable an approach to the enemy at points
inaccessible to the large vessel, and when landed can be managed
with facility and fatal effect. The reports of their great service
recently in China, very forcibly illustrate their great advantage
a8 a portion of a ship’s armament.

But I forbear to pursue this subject, leaving it in the hands
of able ordnance officers. The cautious and sound judgment of
the late Commodore Morris approved the new ordnance. The
six new frigates presented at once the question of supplying
them with the guns after the usual old model, or in accordance
with the suggestions of our able ordnance officer, tested by
years of much consideration. After investigation, I unhesitat-
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ingly sustained the recommendation to fit out the new frigates
with their present formidable battery. It is true the guns are
very heavy, but experience and practice, and the aid of labor-
saving inventions daily made, will render them as manageable
as 32-pounders were twenty years ago.

. * 2 8 = « = » » . . »
J. C. DOBBIN,
Seeretary of the Nary.

To tHE PrEsipExT oF THE UNITED StatEs.
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ExrLosIvE projectiles have been variously
associated from time to time with the mortar,
the howitzer and the cannon. At first they
were thrown by hand, and the use of grenades
is not yet entirely discontinued; then followed
their discharge from mortars, which practice is
referred to several periods in the early history
of artillery, by different military writers. For
instance:—

1376—At Jadra, by the Venitians.—M. Meyer.
1521—At the Siege of Mezieres.— Thiroux, 49.
1522—At the Siege of Rhodes by the Turks.—
Durtubie,— Thiroux, 49.
1534—Invented in Holland.— Paizhans, 350.
1542—At the Siege of Bordeaux.— Thirouz, 46.
1580—Used in Holland.— Paixhans, 350.

There is good reason, however, to doubt
whether the modern bomb was understood and
used at the remote epochs thus assigned; or, if
it be admitted that a correct idea of it was then
entertained, there seems to be a tolerable assur-

ance in the sparse and isolated occasions usually
1
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quoted, that its construction and proper mode
of application, were so indifferently compre-
hended, as to interpose a bar to any useful
realisation of its capabilities,

The meaning of the meagre notices left on
record, has been much obscured, by the fact that
the mortar and grenade were in common use
previous to the recognised introduction of the
bomb; but the mortar was applied to the pro-
jection of huge stone balls,® and the grenades
were thrown by hand.t It is indeed exceedingly
improbable, that a means of such formidable
demonstration as the modern bomb, would have
been abandoned or neglected at the periods
above stated, to the extent that the exceedingly
exceptional application of it implies, if anything
resembling it had been, or was likely to be,
attained: for Europe was then desolated by war,
the defence of fortified places was at least on a
par with the attack, and an auxiliary so pro-
mising as the bomb, would certainly have been
employed if available.

The first well known exhibition of its powers,
was followed by an immediate adoption of the
bomb throughout Europe; this occurred in the
contest maintained by the United Provinces of
Holland, against the intrusive and oppressive
prerogative of the Spanish Crown. The army
of the Federation had, by reason of many con-

* Timmerhans, p. 12. t Thiroux, 46, Bonaparte.
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curring circumstances, been brought to a high
degree of excellence under the leadership of the
Nassau Princes, and its condition and operations
were regarded by the military world, as illus-
trative of the most advanced state of warlike
science in that day.

Previous to the truce of 1609, no instance
occurs in which the bomb was resorted to,
though it is plain that about this time its con-
struction and functions had been carefully
studied, and the details matured.

For in 1606, St. Julien published in Holland,
his “ Forge de Vulcan,” in which, among other
matters pertaining to artillery, he notices the
bomb, and gives various particulars concerning
it; from this work the following table is

quoted :—
Calibre of Dismeter of Weight of Empty Powder
Mortars. Bombs. Bombs. Contained.
193 in.  19in. 529 lbs. Avr. 513 lbs. Avr.
13} 123 140 16}
84 8% 374 43
63 63 21} 33

It is also observable, that the work of the
Engineer, Diego Ufano, who served in the
Spanish army previous to the truce, insisted
much on the advantage of mortars for projecting
stone balls and other missiles, but does not
include the bomb.*

* Bonaparte.
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When the truce expired and hostilities were
renewed, bombs were not employed by the
Spaniards in the siege of Berg-op-Zoom, (1622,)
nor of Breda, (1624.) Their first well authen-
ticated use was by the Dutch Prince, Henry of
Nassau, in 1624, at the siege of Grol ; the results
must have been considered highly satisfactory,
inasmuch as a more extended application of them
ensued at subsequent sieges, and in reducing
the Fort of Schink, the Prince employed them
exclusively. Their reputation now spread over
Europe, and they were soon introduced into the
services of other powers,

The unwieldy weight of the mortar and its
bomb (for some of the latter exceeded 300lbs.
even at this early period) effectually precluded
their available use in field operations,—to meet
this purpose, light mortars were cast, and ac-
quired the designation of howitzers. It does
not appear, that this application of explosive
projectiles impressed military men so decidedly
with a sense of its merit as the bomb, and it
consequently lingered for a long while in com-
parative insignificance in some countries. In
Germany it met with most favor,—in England
and Holland the number of howitzers was more
limited; in France none were cast until 1749,—
(Thiroux, 57— Meyer.— Timmerhans, 23, 24,)—
and, though it is stated by some writers (Zim-
merhans, Thiroux,) that the Royal ordinance of
1732, included the 8-in. class of siege howitzers,
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this impression is not confirmed by the copy of
the ordinance given by St. Remy.

To Frederick, King of Prussia, the howitzer
has been indebted for the full demonstration of
its capacity: and the important advantages he
frequently derived from it, caused a great in-
crease of the number of such pieces in all the
services of the Continent.

So far as the mortar and the howitzer were
concerned, it cannot be said that explosive pro-
jectiles ever constituted a permanent part of the
equipment of naval ordnance. The bomb, it is
true, has been used occasionally in attacking
fortified towns on the seaboard, but never in
regular engagements between ship and ship. Its
adaption to this purpose is of recent origin; and
it is evident that the naval authorities of every
country are more or less impressed with the im-
portance of the new weapon, inasmuch as there
is hardly an armed ship of any nation that is
not provided with shells, and cannon cast ex-
pressly of large calibre for their use.

Should the horizontal fire of shells prove to
be as formidable against shipping as generally
supposed, it is difficult to conjecture what revo-
lutions it may occasion in sea engagements. No
doubt the experience of the actual conflict will
point out improvements in the shell itself or in
the manner of using it, and set at rest some of
the issues that have been raised in regard to the
merits of particular devices and systems; though
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on the whole, the long period of peaceful rela-
tions that has subsisted between the great mari-
time powers, has been favorable to a careful
study and disposition of the details required to
give effect to the naval shell; quite as much so
as the twelve years’ truce in Holland was to the
development of the bomb in the seventeenth
century.

‘When the bomb was first introduced, its pro-
jection from the mortar was confined to high
angles of elevation. After Marshal Vauban had
so triumphantly vindicated, by actual trial, his
project of ricochetting shot from them, and de-
monstrated its advantages in the attack of
fortified places, General Lafrézélidre essayed
the application of this practice to bombs. The
success of the experiment induced the casting
of the first French howitzer (8-in. siege) espe-
cially for the purpose, (Puaizhans, note, 386 ;)
and it is probable that ricochet practice had also
been the more common habit with the howitzer
in other services.

To ensure the reflection of projectiles from

_the soil, it was necessary to fire them at a much
lower angle of elevation than usual with mortar
practice, though the elevation was still beyond
that used for cannon; the fire therefore was not
what is commonly termed direct or horizontal,
and lower charges were also employed, so that
the shells rolled along the ground, exploding
above its surface, and this continued to be the
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custom so long as the short howitzers of that
time were in vogue.

Soon, however, appears to have been suggested
the idea of firing shells like shot, horizontally,
or at angles not varying materially therefrom ;
and the object in view seems to have been chiefly
to operate on shipping. A trial of the kind is
recorded as early as 1756, at Gibraltar, and the
idea is also suggested by Gribeauval, in his
memoir on coast defence.®* In 1795, a trial on
a timber target was made at Toulon with 18-pdr.,
2-pdr., and 36-pdr. shells. In 1797, 24-pdr.
shells were fired experimentally into a small
vessel at Cherbourg. In 1798, we have the
inquiry prosecuted on a large scale at Meudon
by a special commission; in the course of which
36-pdr. shells were fired at a target representing
the section of a line-of-battle ship, at distances
of 400 and 600 yards; 24-pdr. shells were also
tried, and the results produced such an impres-
sion on the mind of General Gassendi, who was
a member of the commission, that he immedi-
ately wrote an account of the trial to Bonaparte,
(April, 1798.) In 1803, General Lariboissiére,
at Strasbourg, made some practice upon a timber
target, placed 300 yards from a 24-pdr. cannon;
the shells were fired at it with 6lbs. charges, in
the presence of many general officers.

* In 1782, shells were used from the British batteries against
the celebrated floating batteries, but they seem evidently to
have performed a subordinate part to the hot shot.
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' Meanwhile, the same object had been inci-
dentally approached in England in the course of
prosecuting another purpose. In 1774, General
Robert Melville invented the Smasher, and some
ordnance of this description was cast by M.
Gascoigne, the manager of the well-known
private foundry at Carron. The leading pur-
pose of the inventor of the Smasher, was to
fire 68-pdr. shot with a charge as low as one-
twelfth its weight, and thus to effect a greater
destruction in a ship’s timber by the increased
splintering which this practice was known to
produce,—hence the gun was called a *“ Smasher.”
The use of shells, hollow shot and carcasses, was
also suggested by General Melville.

The first piece of the kind was cast in 1779,
It weighed 31<*; the shot, 68 lbs.; charge,
5} 1bs.; length of bore, 48 in.; diameter, 8
inches. There is now in the possession of
General Melville, a small model of this gun,
with the following inscription :—

“Gift of the Carron Company to Lieutenant-
“ General Melville, inventor of the Smashers and
“lesser Carronades, for solid, ship, shell and car-
“ cass shot, &c. First used against French ships
“in 1779.”

Carronades of smaller calibre did not enter
into the original plan, but were subsequently
cast by the Carron Company, in order to adapt
them to privateers and letters-of-marque, and
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thus create a market for the products of the
foundry. Shells were tried from the ‘Smasher”
on several occasions, particularly in 1780, at
Languard Fort, by order of Lord Townshend,
Master-General of the Ordnance; though in the
following year, when General Melville himself
experimented before the Duke of Richmond,
Master-General of Ordnance, he fired no shells,
but only hollow or cored shot, seemingly to
remove some impressions against them, in case
solid shot of that calibre were found too heavy
for convenient use at sea.

It will be perceived, that the idea of General
Melville included incidentally all the elements
of a naval shell system. The bore of his
“Smasher” or 68-pdr. carronade, was of con-
venient size, being of 8-in. diameter, like that
of the shell-gun now in vogue.

The use of shells entered into the first design
and was made the subject of experiment, but was
considered by the inventor, and by the officers
of the navy generally, as a subordinate feature
in the plan, and far from important. The promi-
nent idea of projecting balls of a maximum
volume with a minimum velocity, overrode and
excluded every other consideration. This of
itself was manifestly as great an error as the
minima masses and maxima velocities of the
long gun system, to which the carronade was
thus directly opposed, and the consequence was,
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that it gradually fell into disrepute, and, after a
varying reputation of fifty years, has been
abandoned.

The redeeming trait in the project of General
Melville, which, if properly appreciated and
developed, might have anticipated the Paixhans
system by half a century, was so little thought
of, that the suggested application of explosive
projectiles, hardly went beyond the first essays.
It may be supposed that this course was due to
policy, and that the British government pur-
posely ignored the shell, avoiding its develop-
ment as a needless addition to a naval superiority
already sufficiently established.® But the diffi-
culty in the way of this supposition is, that the
Admiralty accepted any part of the proposition
at all. It would have been far easier to suppress
the whole project in the germ, by making its
concealment of greater interest to the inventor,
than its prosecution, instead of adopting it in

* “8o0 long as the maritime powers, with which we were
“ at war, did not innovate by improving their guns, by extending
¢ the invention of carronades, or, above all, by projecting shells
“ horizontally from shipping ; 8o long was it the interest of Great
“ Britain not to set the example of any improvement in the Naval
® ordnance, since such imptovements must eventually be adopted
“ by other nations ; and not only would the value of our immense
“ material be depreciated, if not forced out of use, but a proba-
“ bility would arise that these innovations might tend to render
“less decisive our great advantages in nautical ekill and experi-
“ence. Many of the defects which were known to exist, so long
“ as they were common to all navies, operated to the advauntage
“ of Great Britain."—(Simmons, page 2.)
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part and thus pointing out the course to the
remainder. So far, however, from pursuing any
half measures in the matter, we find that a dis-
position was manifested at the first adoption of
the carronade, to carry its application as far as
possible. Thus in 1782, the Rainbow was armed
entirely with such pieces, viz., 20 emashers or
68-pdr. carronades ; 22, 42-pdrs., and 6, 32-pdrs.®
In 1796, the Glatton had smashers for the entire
battery of her lower deck, and is said by their
means to have beat off, with great loss, a French
squadron of three frigates and three corvettes.t
It happened also, that in 1782, the Cambridge,
80, then one of Lord Howe’s fleet, was pro-
vided with carcasses for her two smashers, and
fired them while engaging the combined fleet,
then endeavoring to prevent the English from
relieving Gibraltar.} The shell itself must also
have been furnished to some of the English
ships; for in 1799 they were fired from the
“smashers” of the Tigre, T4, into the French
storming columns at Acre.§ In the course of the
same operations, the Theseus, T4, suffered most
severely from an accidental explosion of some of

* This vessel caused the French Frigate Hebe (18-pdrs.) to
surrender at the first broadside, Sept., 1782.—Alen 1., 847.

t+ Allen, 481. 1 (Ekin’s Naval Battles.)

¢ “Two 68-pdrs. mounted in two djerms lying in the mole,
“ under the direction of Mr James Bray, carpenter of the Tigre,
* threw shells into the centre of the enemy’s column with destruc-
“ tive effect.”—(4lden I, page 509.)
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her own shells ;* but these are said to have been
taken from a French prize. '

It is certain too, that when the war com-
menced with the French Republic, the asserted
supremacy of England on the seas, had not been
so fully established as afterwards by the victories
of Trafalgar or the Nile; and it was far from
being foreshadowed by the indecisive combat of
June, 1794. There seems to be no ground for
the belief, considering the great stake supposed
to be at issue, and the general feelings which
imbittered the contest, that the Admiralty
would have been content or justified, to Crown
or Country, in waiving any advantage that might
occur from resorting to improvements in offen-
sive means. Moreover, it could not have escaped
their vigilant observation, that the French were

* «The Theseus, on the 14th of May, at 9 h. 30 min, A, M., dis-
¢ covered the squadron of Commodore Perrde, off Cesarea, and was
“ about to make sail in chase, when a dreadful explosion of twenty
“ 86-pdr. and fifty 18-pdr. shells took place on the poop of the
“Theseus. Captain Miller was killed by a splinter ; the school-
“ master, two midshipmen, 24 seamen, and 3 marines killed, and 47
¢ persons wounded, including a lieutenant and midshipman, the mas-
¢ ter, lieutenant of marines, the surgeon, chaplain and carpeunter;
“ making a total of 78 killed and wounded. The whole of the
“poop and the after part of the quarter-deck, were blown to
« pieces, and the booms shattered. Eight of the main-deck beams
“ were broken, and all the ward-room bulkheads and windows
“ destroyed ; but the fire was subdued by the exertions of Lieu-
“tenants Thomas England and Summers. In the disabled state
¢ of the Theseus, it was a matter of gratulation that the French
¢ Squadron did not attack her.”—(Alen, 511-12.)
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prosecuting this very inquiry, and that it be-
hoved them to be first on the track.

Be this as it may, it is undeniable that the
idea of using shells as a naval means, did not
receive from the carronade, that development
and expansion which could warrant its being
considered as a system; and so little attention
did its early exhibition attract, that it is difficult
to trace out the few cases in which it was par-
tially resorted to in service, or for experiment.
It was, at best, little more than a vague concep-
tion; its formidable powers unrealized, unnoticed,
were doomed to lie dormant for nearly half a
century after the carronade was invented, and
only attracted the attention of the naval world
when the system, in which it was designed to
enact an insignificant part, was falling into
disuse. :

For more than the third of a century the idea
of firing shells horizontally, had been entertained
by some of the most prominent artillerists of the
day, and it had been sufficiently tested to prove
that a means of offence was at disposal which,
for naval purposes, was more destructive than
any other known. The experiments in France
on targets at Toulon, Meudon, Strasbourg and
on a small vessel at Cherbourg; in England in
1798, and in actual service by that power in
1799, (at Acre,) were most conclusive of the
capacity of shells, and of the practicability of

using them.
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But these elements of a mighty agent thus
revealed were without consequence, without im-
pression on the naval world; for they were
uncombined, and needed the workings of a
master spirit to evoke the terrible energies of
which they were capable.

‘We believe the claim to this distinction is,
by common consent, awarded to General Paix-
hans, and the present naval shell system is
everywhere admitted to derive its origin from
that eminent artillerist.

The sole object of this system is, the hori-
zontal projection of shells from the batteries of
ships ; and the idea is not only closely interwoven
into the whole texture of the proposition, as
elaborated in the publications made by Paixhans
in 1821, ’22, and 24 ; byt it is also stated par-
ticularly, and in order that this fact may have
its due weight, the words of the author will be
quoted :

“Of all the improvements tending to increase
“the effects of present naval ordnance, that
“which will give incomparably the greatest
“power, will be the disuse of solid shot, and
“the substitution of hollow shot loaded with
“ powder so as to explode.” (Page 26.)

Page 78. “ And we shall not only make it
“appear how shells of heavy calibres, such as
“48 and 80 may be fired with effect far superior
“to 18, 24 and 36-pdr. shells, but we shall de-
‘“ monstrate that far from being limited even to
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“ this powerful fire, the effects of sea artillery
“may at once be increased (by firing with power
“and accuracy, like ordinary cannon-shot, the
‘“largest bombs, of such calibres as 150 and
“200,) to a degree of intensity not anticipated
“and which will be decisive; to which we shall
“add some improvements that relate to increas-
“ing the destructive effects of the bombs them-
“ gelves.”

It is not intended to assert that to Paixhans
is due the discovery or invention of each or of
any of the numerous details that constitute the
system ; but his is the merit of assembling and
judiciously arranging the scattered elements into
one whole, so that the adaption of the shell to a
new field of action became, not only practicable,
but we may say unavoidable.

“ Nous n’avons donc rien inventé, rien innové,
“et presque rien changé; nous avons seulement
“péuni des élémens épars, auxquels il suffisait
“de donner, avec un peu d’attention, la grandeur
“et les proportions convenables, pour atteindre
“]le but important que nous nous etions proposé.”
(Page 230.)

It was not a mere suggestion that shells might
be fired directly like shot, but the means of in-
stant execution were furnished with a critical
minuteness very rare in a plan as comprehensive;
so that it only remained to follow the various
conditions prescribed, in order to develop at once
the power of the agent in question.
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To the singularly complete manner in which
the task was accomplished, and the universal
acceptance which it received from the principal
naval authorities of the world, may be attributed
the uncommon uniformity which appeared in the
“ Nouvelle Arme,” whether used by one power or
another. 'Wherever introduced on shipboard,
the shell.gun was recognisable, by its peculiar
form and straight muzzle, from every other piece
in the battery,—and, being the only evidence of
the new system’s constituting part of a ship’s
force that could not be kept from view, but stood
out prominently, so as to attract the attention
even of the casual observer, it was natural that
it should come to be used to designate the system
of which it was so conspicuous a part; and hence
the prevalence of the phrase “Puixhans gun.”
But from being merely a brief and convenient
expression for the essential element, it finally
came to be considered as embodying the main
purpose of the inventor, when, so far from having
any proper claim to this consideration, the pe-
culiarities that distinguished it from other guns
are not even necessary to the development of the
power itself, but only a commodious form for its
advantageous application. It is by no means
indispensable to horizontal shell firing that the
precise contour or class of gun prescribed by
General Paixhans should be followed. On the
contrary, shells may be, and are used from every
class of guns mounted in ships of war; the very
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external peculiarities that distinguish the origi-
nal shell-gun, have been discarded in the later
ordnance of the kind made for the French navy,
(22> of 1842 and 27*™ ;) and with even more
important departures in those made for the United
States navy, (8-in. of 55 °™* and of 63 °**,) and for
the British navy, (8in. of 65°*). It is certain
that the important characteristics of the pieces,
proposed by General Paixhans, were not the
offspring of mere caprice, anxious to impress
upon a design patent evidence of invention
by differing from all else of the kind; on the
contrary, they were dictated by mature expe-
rience, and the soundest judgment, as affording
the relative proportion of metal, and the interior
construction best adapted to develop the power
of the system proposed. It is true, that material
differences have been made, as already stated,
in the pieces designed especially for shell service
in the navies of Great Britain and the United
States; but it remains to be seen whether the
changes are for the better or worse, and it is
certain that one of the ablest English writers® on
ordnance of the present day states very de-
cidedly his preference for the canon-obusier of
80, to the English 8-inch, as we shall have
occasion to notice more at length presently.
Being after all but an accessory to another
purpose, these pieces do in nowise conflict with

* Simmons.
2
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the claims of any other artillerist to a peculiar
form of gun. The interest of those whose names
are associated with carronades, the Congreve gun,
or Colombiad, are not therefore abated by the
fact, that to complete and perfect his general
plan, General Paixhans deemed it requisite to
economise the metal of pieces for throwing
shells, by a certain distribution, so as to ensure
the facility of having the projectiles as large as
possible. With the former, the use of shot was
contemplated partly or entirely, and their pro-
portions therefore necessarily differed from those
of pieces which were solely for shells.

From the very natural interpretation of the
common phrase, “ Paizhans gun,” identifying the
name of the author of the system with a subor-
dinate feature only accessory to the main design,
some misapprehension of the true principle of
the « New Arm” has arisen, which time will no
doubt correct.

We are also inclined to believe, that by ac-
cepting too literally the English rendering of the
term “boulet creux,” an intention has been at-
tributed to Paixhans of using uncharged shells,
for which no warrant can be found in any part
of his system as promulgated by himself. A
writer, whose ¢ Ideas on Heavy Ordnance ” are
justly recognised as embodying most valuable
views, thus expresses himself in this matter:

“Col. Paixhans at first, with much discretion,
“ proposed that his guns should project Aollow
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“ghot; he evidently feared to shock long-estab-
“lished prejudices, by at once proposing charged
“shells.” (77.) In the very first announcement of
his project which Paixhans made to the public,
(Nouvelle Force Maritime, 1821,) he applies the
term boulet creux to the projectile in question,
but he distinctly states that this Aollow shot is
to be “chargé de poudre et dartifice,” (21;) on
the next page the word hollow shot again oc-
curs; but these are to be *bien fuits avec de
charges de poudre ;” and at 78, the hollow shot
are to be “chargés ;” and we are not aware of a
single passage in any of the writings of Paixhans
which, directly or by inference, favors the suppo-
sition that his boulet creux were intended to
be uncharged. So of other French authorities.
Colonel Charpentier, for instance, expresses
clearly in what sense he understands boulet
creux to be generally accepted :

(147.) “And to avoid all confusion by the
“ denominations Aollow shot (boulet creux) and
“ howitzer shells, the first of these will be applied
“to the hollow projectiles specially designed for
“ the Navy, and the latter to the hollow projec-
“tiles common to the land and sea services.”

(164.) «The advantages of hollow projectiles
“are now too generally conceded to require any
“demonstration. By these fragments, dispersed
“in every direction,” &c., &c. The land service
“use howitzer shells, the Navy uses * hollow
“shot,” (* boulet creux.”)
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(303.) “ The service charges for hollow projec-
“tiles are thus regulated,” &c., &c.

Then follows the classification into bombs for
mortars, and hollow shot (“boulets creux”) for
the guns, &c., &c.

Again, in the Aide Memoire Navale, the term
translated ‘“hollow shot” occurs thus:

Page 66. “ Les boulets creux ont un trou de
“ charge par lequel on introduit la charge quand
“les projectiles sont ensabotés.”

Pages 67, 68. Tables of boulets pleins and
boulets creux; the latter for cannon, canons-
obusiers, and carronades.

Page 270. Charging of the * boulets creux.”

In experimenting on the project of Paixhans,
(1824) “boulets creux” were subjected to com-
parison, but it is distinctly stated that they were
loaded; and the application of the term by the
committee seems to have been designed for the
shells of ordinary cannon, 24-pdrs., 36-pdrs., &ec.

It appears, therefore, that by the term—trans-
lated literally— hollow shot,” it was not intended
to convey the idea of an uncharged shell.

As to the use of hollow shot uncharged, it
may be remarked, that Captain Simmons has set
that fully at rest; indeed, it would be difficult to
controvert his argument against the use of hollow
shot, or, to speak more plainly, uncharged shells,
in lieu of solid shot. And, even admitting that
peculiar circumstances might confer an advan-
tage of any kind upon the hollow projectile, it
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seems unaccountable that the cavity should not
be filled with powder, and thus a greater power
conferred, in nowise prejudicial to the supposed
merits of the shell when unloaded.

The use of hollow shot was the obvious defect
of the carronade system, and so well confirmed
by experience, as to lead to the projectiles being
discarded. The substitution of solid shot was
- afterwards found inconvenient in pieces of insuf-
ficient inertia, and led to the final disuse of the
carronade itself.

In the recent Regulations of the U. S. Navy,
there is no such projectile recognised as “ hollow
shot.”
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I.

DIMENSIONS AND RANGES OF U. 8. NAVY CANNON.

Armaments of U. 8. Ships established in 1845.—Modified in 1853.
—New Batteries, 1855-56.— Armament of Steamers.—Dimen-
sions of U. 8. Cannon.—Projectiles.—Ranges of 32-pdrs. of
27 =, 32, 42 ", and 57 *"*.—8-inch Shell-Guns.—Remarks.

TrE ships of the U. S. Navy are armed with
32-pdrs. and 8-in. shell-guns of different classes,
as determined by a Board of Captains convened
in 1845,

By this Regulation there were established six
descriptions of 32-pdrs., classed according to their
weight, viz.: of 57°™*,(or long gun,) of 51°™,
46 =, 42°"+ 32°* and 27 °*; and two classes
of 8-in. shell.guns—63 - and 55

The first-class frigates carry 32-pdrs. of 57,
and four 8-in. of 63 ™ on the gun-deck, with
32pdrs. of 32°*, four 8-in. of 55°*, and
two 32-pdrs. of 51 ™ (for chase,) on the spar.
deck. Onme or two of the heaviest ships have
32pdrs. of 42+ on the spar-deck. The
32.pdr. of 46 was only designed for a few
frigates of inferior rate.

Sloops of war are armed according to their
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size: the largest with 32-pdrs. of 42 “™ and 8-in.
of 63 ™*; the next with 32-pdrs. of 32°™, and
8-in. of 55°*, and the smallest with 32-pdrs.
of 27 =,

In 1853, a Bureau Regulation, approved by
the Navy Department, excluded the 32 of 51,
and 8-in. of 55°* from the Armaments of
Frigates, and directed that ten 8-inch of 63~
should be carried and collected in one division
on the gun-deck.

Line-of-battle ships have their gun-decks,
whether two or three, and their spar-decks,
armed respectively like those of frigates.

Since January, 1856, some of the ships have
been armed in another manner, and the batteries
of the recent screw frigates are composed of new
ordnance, differing in calibre and construction
from the guns previously used. No account of
them has yet been published by authority.

The pivot-guns of the U. S. Navy are the
64-pdr. and the 10-in. shell-gun of 86 =,

The 64-pdr. differs in no material particular
from the English 68-pdr., except that the U. S.
gun has a bore of eight inches, and the British
gun has a ball very nearly of the same dimen-
sions, the latter is, consequently, about one-
tenth of an inch larger than the American and
proportionately heavier.

The largest steamers carry the 64-pdr., and
some of the inferior classes the 10-in. shell gnu.
The new Razee Corvettes, Constellation and
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Macedonian, have one of the latter on the fore-
castle and stern.

The largest steamers have the 8-in shell-gun of
63 ™ in broadside, and those of inferior class
the 8-in. of 55 ™,

The U. S. Naval shell-guns are of two patterns.
The 10-in. of 86°*, and the 8-in. of 63°*
cast previously to 1851, follow the form pre-
scribed by Paixhans; they will be easily recog-
nised by the straight muzzle common to the
French canon-obusier of 22°°, and have no
sight masses; they are not turned on the
exterior, consequently retain the outer crust,
which gives them a rough appearance.

In 1851, some new 8-in. shell-guns of 63
were cast, of the same length of bore as the
other patterns, but following the external form
of other recent Navy cannon. They are turned,
have sight masses, a bell muzzle, and a stouter
knob.

The 8-in. of 55 ° was not introduced until
after 1845. It resembles the new 8-in. of 63
in external shape.



26 DIMENSIONS AND RANGES

DIMENSIONS, &c., OF SHOT AND SHELL GUNS OF U. 8. NAVY.
(From Regulations of Bureau of Ordnance, 1852.)

a I3
Eas Bore. Chargee Weight of
;“l 35._2; Leacth. | Diam. | Dist. | Ord. Mean | Shot ' Lowied
. . Shell.
I inch. | inch. | inch. | lbs. ' Ibs. Ibs.| lbs.  Ibs.
27 l1846| 76.6 | 68.4 | 6.40 4| 4, 3] 3 26}
32 1846 84.0 | 75.10) « 4 4 | T« “
32-Pdr. (| 42 '1847/101.2 | 92,05 « 6| 6) ¢] « “
46 1846/107.44| 97.2 | v| 7| 5f « “
51 '1846/113.4 |104.0 | « 8| 7| 5| w  «
57 1846/117.6 {1079 [ « | 9| 8' 6| « | “
55 .1846(105.7 | 95.4 | 800 T| 7| 6 '....... Posiy
8-ineh.{ | 63 ;1841[111.5 [102,0 [ « 9| 8| 6 ... ;o ou
63 1851(112.01100.3 | ¢ 9| 8, 6 . o
10.inoh. | 86 [1841/117.0 [106.0 [10.00 | 10 | 9 | 8 [we..ons 106
64Pdr. [105 1849137.0 (1242 | 8.00 16 |12 | 8 633 51}

The “length extreme from muzle to rear of
breech plate,” in the fourth column in this table,
gives the real length of gun, excluding the po-
milion, which is a mere appendage. The length
generally given is measured from the base ring
to the face of the muzzle, which does not include
a very material portion of the metal necessary
to the structure of the piece, and may also vary
considerably in different cannon.

The difference between the two dimensions,
length of gun as given here and length of bore,
furnishes a very important item, viz.: the thick-
ness of metal rearward of the charge. This is
not always to be had by the ordinary tables
of dimensions.
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PROJECTILES.

By Regulation, shot and shells which do not
vary more than two-hundredths of an inch,*
more or less, from the prescribed diameter of
any calibre, are received.

"In the practice for range, shot and shells
were selected, not more than one-hundredth of
an inch in excess or otherwise; hence it is
probable that they represented the mean of a
large number with tolerable correctness.

The average weight of 32-pdr. shot is 32} lbs,,
and of 64-pdr. shot 63} lbs,

The average weight of 110 8-inch shells thus
chosen from several thousand cast for service
was found to be 50.03 Ibs; while the average
weight of 4,134 shells of the same description,
inspected by me for the general service, averaged
49.81bs. The content of powder is about 1.85 Ib.

The weight of 10-inch shells averaged 102
Ibs., and the content of powder is about 4 lbs.

# Until 1852, three-hundredths were permitted.
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RANGES OF U. 8. NAVAL CANNON.

By Lieur. J. A. DAHLGREN.

These were reported by the order of the Bu-
reau of Ordnance, and published in the General
Instructions issued by its authority for the use
of the Navy, 1852.

The ricochet, obtained with the ranges, is now
added.
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RANGES OF SHOT
FROM THE

32-Pir. of 271 owt.

Mounted on Spar-decks of 3d class Sloops-of-war.—Bore of
Gun, seven feet above water.—Charge 4 lbs.

Grases on the water.

i | ® ! §5g
3 2 w | 34 | u | e | s folodbn| 5 35,
a ! Yda Yds Yés. Yds, Yda Ydu. ‘ é
P.B| 07 | 250]..... of enenne | crenes ceenee feenranne . 414
2100
10| 1.8 { 545| 9691298 1630{1700|{ to 6|5
. 2500
20| 2.8 | 80012491547 | .cee] ceenne foreerannn 10{9
3° | 8.7 11047 | not taken | ......|..... i P e | 101 7
40 | 4.5 |1278|1536 (1657 .ovvee| coeee oeseeseene | 10 | 8
50 | 6.4 |1469 | 1000 |.iuie| coveee] cnnne [orsncnnns 10 | 8
6° | 6.3 {1637 n0ne |.ieerel cernee]ernensfornennees {10 | 9
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RANGES OF SHOT
FROM THE

32-Pir. of 42 cuwit.

Mounted on Spar-decks of First class Sloops-of-war.—Bore of
Gaun, eight and a third feet above water.—Charge 5 Ibs.

EE
Grases on the water. E gg
Extreme é o
Roll £ %
st | 20 | 3a | 4th | oth|of Ba .§ g E
Yds | Yas. | Yds. | Ydo. | Yau| Vas. | & zg
P. B. " 299| 7011041 ...... [N PO 65| 4
1900
10 1.76| 616 (1061 |1349(1599| 1771 2;80 10 | 10
20 2.8 | 913[1436|1681 . cccecl curuiefocecarnne 10| 8
30 3.9 (1194|1581 (1770{1875|1932]..cce0ces 10 | 10
40 4.8 1420 not taken. | ....iieeecncees 10] 9
50 5.8 {1651 not taken. veessolessenanes 10| 8
et

Charge 6 lbs.

P. B. |occineee 313| 731|1040]..... 1S TN 6| &
10 1.8 | 6721143 |1458].c.cue] ceeres]ercecenns 10 10
20 2.9 | 988| not taken |....e.| coveeefreecensas 10 | 10

sank
30 4.1 |1274|1705 ’1875 veeses| 2010).cucrnnee 10 9
40 5.0 11505 (1643 '1T17T] .coves] vevue]ocenanane 10 9
50 6.0 |1756| no ricochet. . 10|10
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RANGES OF SHOT

FROM THE
32-Pdr. of 67 cwt.
Mounted on Gun-decks of Frigates.—Bore of Gun, nine feet
above water.—Charge, 9 lbs,
a Grases on the water. g Eg
X | Extreme s |52
S 1t | 2 | 34 b | gn [orBan  F |EF
| i K|
3 Yds. | Yas. | Yds, | Yds. | vds | Yds [5 zé
3400
P.B. (... | 357] 782 il |, to . 6| 5
" | 3600 |
10 22| 717013101622 1930|2060 ......... , 33|33
1°(2400
20 8.4 (115416381928 ......1...... to 8| 8
2700
3° | 43 |1449(1792{1962] ...... vevene | eenenens 10| 8
1750
40 | 53 1708 euves [ cover] onnns 20K 4 1 "10 | 10
1960'
50 | 6.6 [1932| no ricochet. |.....|ve.] 10| 9
60 | 77 2144| uo ricochet. |..... I o %
1° | 10.7 2731 ] ...... [P veee] ceemee U vvmveeens Leveedvnns
*
Charge, 7 1bs.
10 ) 241 Tl i [eonnee [ vnens fnnnend] 5 [
20 |........ 1073|1588 1740'......0 covers vevenennd] 10 ’ 10
30 44 |1353:..... ol veeee devenee | veeene L 5 ...
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RANGES OF SHELLS (EXCENTRIC)

FROM THE

8-in. of 55 cwt,

Mounted on Spar-decks of Sloops-of-War.—Bore of Gun, seven
and a-half feet above water.—Charge, 7 lbs.

" Gmees on the water. Ei
g g ¥
[N

§'sutnum¢n:m.“:r“§§':r

[ — Rounds| 8
E Yds. | Yds | Yds. | Yas | Yaa ™
P.B. ....| 283 not taken. |..... Joveeses| 10 10 |........
10 [...| B679{1054 |..ccc|oeeces]ee seneene 12 10 |.........
10” fuse.
20 I...| 869(1517 11815 |..ccccfeeee. el 10 9 | 2050
30 [...]1148{1732 2015 |......|..c.. wee 10 10 2002
40 [...]1413 (1847 (1965 {...ccc]ceeee e 10 9 lieeeee .
50 |.../|1657|17541..... IS T J 10 - I
60 ..., 1866 no ricochet. |..... e 12 11 |....ccee
89 [... 2315 no ricochet. |..... 10 8 esee
10° [...(2600| no ricochet. f.........] 6 6 Jeueeen

————p——
Charge, 8 lbs.

19 [ 602|105 cuce |eenefoseree] B | B [rerernene
50 ...Il7l2 1827 1855 | veutfoveenene 6 | 6 |
8o |..12308].... ... ......0.0 8 | a4 1Ll
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RANGES OF SHELLS
FROM THE

8-in. of 63 cwt.

Mounted on Main decks of Frigates.—Bore of Gun, nine feet
above the water.—Charge, 9 Ibs,

a @Granes on the water. a gs

X Bxtremel ¥ | %3

8 1st o 84 | ofBall. 2

Yas. | Yas. | Yas. | Yau | % |=

P.B.| & 33| 735| 960/........ 7] 6
10 | 1.89 | 662(1138]......| 8416 | 10 | 8 |5 sec. fuses
20 | 8.07 | 966(1650]...... .. — 10/ 8 1{920 4
30 | 4.34 |1264]1820!2031.......... 10 | 10 1500 | ™
40 | 5.32 |1540 | not taken | B T K T

5° | 6.32 {1769(1915|...... [ 1938 | 10 | 10 |......c.cc.cs




OF U. 8, NAVY CANNON. 35

RANGES OF SHELLS
FROM THE

10-in. of 86 cuwt,

Bore of Gun, seven and three-quarter feet above water.

Charge, 10 Ibs.
!
Grases on the water.

Extreme Number

Roll |Number |of rounds

§ Ist | 94 | 84 | 4th | 5¢h | of Ball of forming
é — he Mean

Yds. | Yds. | Yds. | Yds. | Yds. | Yds.

3

The practice of this gun was discontinued by order of the Chief
of Bureau, who decided not to use it any longer in the U. 8. ships.
A pew and heavier X-inch shell-gun has since been introduced.

AY
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The character of the ricochet depends on
the elevation of the gun and on the condition
of the water at the time. The most favorable
circumstances under which it occurs, are where
the angle is least at which the ball strikes the
water and the surface of the water perfectly
smooth. The shot or shell will then roll 3000
to 3,500 yards, rising but little above the sur- -
face,—never as high as the hull of a frigate.
At first the bounds are of considerable extent
—perhaps 350 to 400 yards between the first
and second grazes—they diminish gradually, so
as to leave intervals not exceeding 50 yards as
they approach the end of the range, and finally
roll along the top of the water as if ploughing
it. Long before this, however, they are apt to
curve off to the right or left from the true direc-
tion, so as to make an extreme deviation often
amounting to 100 or 200 yards.

The extreme roll is soon affected by the eleva-
tion of the piece or the roughness of the water,
and likewise the character of the ricochet— for
the ball bounds high just as one or the other
of these is increased—and the seaman must be
governed accordingly; if at the time he cannot
spare any force of the ball, the practice should
be direct—if he can, he may fire direct or on
ricochet —much . judgment and care should be
exercised in deciding on this.

It was noticed in one instance, while firing
in a calm with smooth water, that the length of
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the first bound was not quite 400 yards—the
ball sweeping close to the surface. A slight
disturbance of the water increased it to nearly
600 yards, and the wind rising considerably,
made it nearly 800 yards. With this increase
the extreme roll fell off and the ball rose higher
and higher, at most perhaps more than 50 feet,
which would have made the ricochet firing
entirely useless.

The ricochet of the larger and heavier pro-
jectiles, is always superior to that of the smaller
calibres, and the direction is also less affected
by the wind.

In all cases, except with the long 32-pdr. (and
its full charge) the shot and shells are seen dis-
tinctly in the air for a mile at least from the
gun—provided the observer is placed near the
line of fire.
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II.
MODE OF OBTAINING RANGES.

Orders given in 1848 to fit the U. 8. Naval cannon with elevating
sights.—Compelled to execute the ranges on water.—Instru-
ments required.—Plane-table selected and adapted to the
purpose.—Description of new Alidade and mode of use—Sample
of results.—Triangulation of the Anacostia to obtain stations
for the Plane-table.—Measurement of Base.—Series of triangles.
— Details of practice. — Projectiles, — Elevating quadrant —
Sample of record.

CaNNoON of every class used in the U. S. Navy
were represented at the Battery, and their ranges
on the water ascertained by means of Plane-
tables placed along the shore.

The Bureau of Ordnance having determined
to equip all the cannon of the Navy with sights,
the duty of carrying out its views in this par-
ticular was devolved upon me in 1848,

The first information indispensable to pro-
ceeding with the graduation of the tangent
scales was, however, wanting. No ranges had
been obtained of any of the classes of 32-pdrs.
introduced by the Board of 1845, and none
could be procured, even of the long 32-pdrs.,
that were suﬂiclently reliable for the purpose
in view.
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The preliminary operation therefore, involved
a much more arduous and tedious operation
than that indicated by the expressed wishes
of the Bureau; particularly as it was obvious
- that the ordinary method of obtaining ranges
by measurement on land, was not practicable
at this place. For the shores of the stream
were so winding, that in few places could a
direct line be had extending as far as half a
mile. And even then, gun practice on the
beach or near it would have alarmed, perhaps
endangered the people who inhabited the banks
of the stream, or who frequented the wharves
in small river craft.

There was no alternative but to attempt exe-
cuting the ranges on the water, for which the
width of the stream, and other circumstances,
offered some facilities.

But to do this it would be necessary:—

1st. To select some instrument which was
sufficiently accurate and ready of use.

2nd. To triangulate the shores of the river.

The jet thrown up by a ball in grazing the
water, though of brief duration, is yet suscep-
tible of being made the subject of observation.

This has been done sometimes by placing
buoys at regular intervals along the line of fire,
with observers at suitable locations, who, by
estimating the distance of the jet from the
nearest buoy, could thereby approximate the
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range. The obvious uncertainty of such a pro-
cess made it unsuitable for the present purpose.

In 1843, Major Wade used a contrivance for
angular measurements of the lateral deviations
of shot and shells. But this was not suited to
the means here at disposal, nor to the object in
view.

Similar objections existed to the Sextant or
Circle. All such instruments required a skilful
observer, and even then were necessarily limited
to the observation of a single graze, inasmuch
s it was always necessary to read off one obser.
vation before taking another, and hence it be-
came impracticable in this way for one person
to note the rapidly succeeding grazes of a ball
in ricochet,—which is of too much interest in
naval firing to be neglected.

There is also a manifest difficulty in ob-~
serving with a reflecting instrument upon an
ebject of such transient duration as the jet of
water; and this of itself would probably con.
stitute the most serious objections to using &
Sextant or Circle, if time, trouble, or expense
were of the least consideration.

Angular measurement also involved the sub.
sequent calculation or projection of the work.

Having then no observers qualified to make
angular measurements, or to arrange the results
subsequently, and the amount of work being
manifestly beyond the physical power of one
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individual, it was necessary to contrive some
appliance that was sufficiently accurate in opera-
tion, convenient in yielding its results, and
admitting of use by any person of intelligence
and readiness.

It seemed that the ordinary Plane-table might
be made to meet these conditions, by adapting
to it a convenient Alidade ; that used for sighting
objects in field work being obviously unsuitable,
inasmuch as it was not constructed for quick
movement, and therefore could not be aligned
with the necessary rapidity upon an object so
transient as the jet of water thrown up by a shot.
The scope permitted by the field of a telescope,
appeared to be also too limited to afford the
view sufficient to include the variations in dis-
tance to which shot are liable, even when fired
at the same angle of elevation.

It only remained to remedy these defects by
substituting a proper Alidade, and it then ap-
peared that the Plane-table would offer a reason-
able prospect of successfully accomplishing the
object in view. In the first place, a person
of ordinary readiness and perception could be
taught to use it with facility and accuracy.
Then the direction once taken, was already pro-
jected on the table, could be ascertained at a
convenient season subsequently, and verified if
necessary; with some practice the observation
could also be repeated instantly, so as to follow
the successive grazes made in bounding.
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The new Alidade may be described as follows:

The flat metallic ruler, resting and moving
on the surface of the paper, carries upon it a
light, upright column, at the head of which is
another ruler having a vertical movement only;
its extreme points are fitted with raised sights
(a notch and a point) which collimate with the
bevelled edge of the lower ruler. At the side
of the lower ruler, and about mid-length, is an
extension of the metal perforated to receive the
head of a pin, the centre of which is to coin-
cide with the bevelled edge of this harizontal
ruler.

Near one of the corners of the Plane-table, a
small brass plate is countersunk in the wood .
and tapped, so as to receive a pin about half
an inch long and screw-cut, having a milled
head, above which is a continuation of the pin
two-tenths of an inch in length, turned perfectly
smooth so as to permit the lower ruler to pivot
about it as a centre.

A point along the shore, the distance of which
from the Battery has been ascertained, is selected,
8o that a line drawn from it towards the place
where the first grazes are expected to occur, will
be at right angles to the line of fire, or nearly
so; and while preparation is being made at the
Battery for practice, the observer is sent with a
Plane-table to this station.

The table is adjusted with the small metal
plate over the stake that marks the station,
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levelled, and the screws made to bear as firmly
a8 possible. The observer places his Alidade
on the pivot pin, sights carefully on a given
point at the Battery, and marks on the paper
affixed to the table, the direction assigned by
the bevelled edge of the ruler; each of the
stakes planted in the line *are noted in the
same way, and the observer then makes known
that he is ready.

On the nearest end of the ruler is screwed
a pin with a suitable head for the fingers of
one hand, for the purpose of giving the direc-
tion. On the farthest end is a thin slide
carrying a small lever with a keen cutting
point, which is depressed by the action of a
gpring forcibly enough to make an incision om
the paper; the slide is moved to a convenient
distance on the ruler, and clamped there by
SCrews.

‘When the cannon has been loaded and pro-
perly directed, a preparatory signal is made at
the Battery by hoisting a large white ball,
made distinct by being displayed against a
black ground; seeing this, the observer brings
round the Alidade to the expected direction of
the first graze, extends his unemployed hand
and presses the lever so as to raise the cutting
edge above the paper. The ball is lowered
and the gun fired. The instant the jet takes
place, the sights of the Alidade are aligned
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npon it, and the catting point of the lever
auffered to make an incision in the paper.

A Plane-table is placed rearward of the gun
on a prolongation of the line of fire, and by it
the deviation of the ball from the line of fire
is determined.

The efforts of the person at the Plane-table
in the rear to ascertain the deviation at the
first graze, were frequently rendered unavailing
by the intervening smoke. But.as the line of
sight from the table for range intersects the
line of fire nearly at right angles, the devia-
tions of the projectiles from the line is not
sufficient to cause any appreciable error in
estimating the distance from the Battery om
the assumed line of fire.

The failure, therefore, in this respect, only
involved the less of the lateral deviations,
which was remedied subsequently, so far as
regarded the more important distances, by the
practice at screens through which the shot were
fired.

As these deviations were small proportionally
to the variations in range, an attempt was made
to measure them by means of a Micrometer fitted
to a telescope, the fixed wire being adjusted to
the line of fire, and the movement of another
wire being mede to depart from it, xight or left,
as might be necessary. The fainteat smoke, how-
ever, even when not entirely impervious to the
naked eye, obscured the lenses completely.
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If it had been possible to place a table in the
line of fire beyond the range of shot, the devia-
tions could have been noted without fail; but
the locality put this out of the question.

Very little elementary information is required
to perceive that the line connecting the Battery
and the station, is a base from which is deter-
mined the position of a given point, in the
present case a column of water, and that the
projection of this base on any scale will enable
one to ascertain, in terms of that scale, the dis-
tances of the jet from either end of the base;
that from the Battery being the one in question.

When the work has been completed, the table
is returned to the office, and a projection made
of the line of fire from the base formed by the
station and Battery; in doing which, the pin
used for the Alidade is unscrewed and another
substituted which has no head, and screws with
the upper surface to a level with the paper; on
this the centre is shown by a point. The various
stakes are laid down on the line by means of the
directions assigned them from the station occu-
pied, and the distances from the Battery thus
determined, serve to verify the accuracy of the
observer, they having been previously ascertained
by the Theodolite.

The grazes are then transferred to the line,
and their respective distances read off by a scale,
the bevelled edge of which is divided into

yards.
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The scale found most convenient on a table
of ordinary dimensions is 3743 Hence, one
inch==200 feet, and 1.5 in.=100 yards; the
lowest subdivision=2 yds., but the eye readily
estimates to half a yard. The beam-compass
used for projecting, reads by the vernier to the
hundredth of an inch, and may be estimated to
one-fourth of this quantity.

The accuracy which the Plane-table, thus
arranged, is capable of, may be exemplified by
the following determination of grazes from dif-
ferent bases, one being on each side of the
stream :—

Ohambered 82-pdr. (32 cwt.)

June 1st, July 6th.

D A B G

yards, yards. yards. yards.
535 532 1082 1083
539 538 1073 1074
555 556 1076 1074
570 573 1097 1097
516 517 1159 1157
519 617 - 1098 1097
545 546 1093 1091
519 6519 1058 1057
584 585 1069 1069
563 564 1176 1178

544.5 544.7 1098.1 1097.17
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The difference between the means is alto-
gether immaterial, and that oocurring in indi-
vidual cases may be properly attributable to the
character of the object, which is not always very
clearly defined.

The employment of more complex instruments
- with a view to closer determinations, would
involve the necessity of a more highly instructed
order of observers, and the results would pro-
bably afford no compensation for the trouble.

The arrangement of the Plane-table as de-
scribed, places its adjustment and wuse within
the scope of any one of intelligence and precise
habits, The observations recorded in this report
were made by persons employed in the mechan-
ical department of the Ordnance Workshops,
and initiated with a slight preparatory training.
As a knowledge of the Plane-table was not
within the line of their vocation, it could not be
expected that they should have been conversant
with the rationale by which the results were to
be obtained from its application; but it is certain
that in its employment, they manifested a degree
of dexterity which it would be difficult to excel
In one case, seventeen grazes in ricochet were
taken in succession at one table.

The results are deduced so readily, that it has
rarely bappened in any case, that the operations
were not recorded on the same day an which
they were made; and this with slight exception
was the work of one person.
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In October, 1847, a Plane table was placed at
a convenient point along the shore, while Mr.
Clapham, then Gunner, fired a series of shot
from 32-pdrs. of 32°* and 27°*. The results
were sufficient to justify the statement to the
Bureau that the project was feasible, and ar-
rangements were made for triangulating the
shores of the stream, so a8 to fix with precision
the distances between the Battery and the points
that were to constitute the several bases for the
Plane-table.

Triangulation of the Anacostia or KEastern
Branch of the Potomac.—This small river enters
the Potomac in a south-westerly direction, a short
distance below Washington. Its southern shore
is hilly and much wooded; the northern shore
is cleared, and many dwellings and stores are
scattered along it; a bluff, but not very high
bank, skirts the edge of the shore, along which
winds the channel, varying in width, but never
exceeding 200 yards,

From the left shore, at the distance of about
1000 yards from the Battery, juts out Poplar
Point; beyond which, and distant some two
miles is Giesbery Point, marking the junction
with the Potomac. At the Point opposite is the
U. S. Arsenal, about a mile and a-quarter from
the Battery; the view of it partly hidden by a
long narrow and uninhabited tongue of land,
jutting out from the right or northern shore,

4
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about one mile from the Battery, and known as
Buzzard Point.

The entire distance to the Virginia shore
from the Battery, is less than four miles, afford-
ing range for guns of any calibre. The water
is so shoal from the channel along the northem
shore, across the whole width of the stream, that
the long grass from the bottom extends to the
surface and makes it very laborious to force a
boat through it, even where the depth of water
is sufficient, which in many places it is not at
low tide. No interruption, therefore, is experi-
enced from the passage of steamboats and river
craft up and down the Anacostia; though it is
frequently deemed prudent to delay firing when
vessels going down the Potomac are near the
direction of the cannon, as they are then about
two miles distant and within the roll of heavy
shot or shells fired at very low angles on smooth
water. The light depth on these extensive flats
is convenient, because it admits of planting on
them stakes, to which are attached screens for
practice. .

The only delineations of the shores which
could be had, furnished nothing but the outline
and the positions of a few prominent objects:
they were therefore not available for the present
purpose, and it became indispensable to measure
a Base, and to determine the points by a series
of triangles,

After a hasty reconnoissance, the longest line
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convenient to the river was selected by Lieut.
Blunt on the southern shore, and a suitable base
of verification subsequently obtained in the Navy
Yard.

The site of the principal base was not -of the
best description, lying partly across a low marshy
piece of soil which gave much trouble; the re-
mainder was on cultivated ground, and along
a smooth beach overflowed at high water.

On the 25th of April, the measurement of
this principal base was begun and contined on
parts of the 26th, 27th and 28th, as the weather
and state of the tide admitted. The remeasure-
ment took place on April 29th and May 1st.

Many unfavorable circumstances interposed,
but nevertheless the difference between the two
measurements did not quite equal one foot.
In one instance a bar was knocked over, and
in the remeasurement, fractions of bars were
allowed, which should have been avoided as so
many sources of error.

First measurement, 2567 .474 feet.
Remeasurement, 2568 466 «
Difference, 992 «
Mean, 2567 970 «

The base of verification was measured on
the 22d of April; this lay in the Navy Yard
and nearly east and west; the east end but a
few feet from the ship house; -the west end
near an old gun on the wharf, and both ends
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in line with Station D., the ground nearly level,
firm and unobstructed. The first measurement
gave 1010.227 feet, the remeasurement 1010.197,
the difference about one third of an inch.

The. main series consisted of five triangles
well conditioned. The angular measurements
were made with a theodolite, (Gambey,) belong-
ing to the Coast Survey, for the loan of which
I am indebted to the politeness of Professor
Bache.

This operation resulted sufficiently well for
the purpose in view; inasmuch as the base
of verification proves to be:

By calculation from principal base, 1010.325 feet.
By two measurements, 1010.212 «

leaving & difference of one inch and thirty-six
hundredths.

The Gambey theodolite being required in the
Coast Survey, the angles of the secondary points
connecting with the main series were measured
by a small theodolite of the old English con-
struction, reading no less than 30 sec.

As might be expected, it gave but indifferent
angles, though by frequent repetitions the errors
in them were reduced sufficiently for the object
in view

The measurements of the bases were made by
a simple and speedy process. Two wrought iron
tubes, purchased for rocket cases, were put on
a lathe, and the ends turned with accuracy to
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certain lengths, intended to be ten feet and
fourteen feet respectively, though on close ex-
aniination they proved to be slightly in excess,
The tubes were of the best metal, two inches
exterior diameter and one tenth of an inch thick,
without any perceptible flexure.

Each tube was supported by two stands, that
permitted it to have a vertical movement, and
was thus made horizontal by means of the level
placed on the surface planed for that purpose.

The alignment was preserved by sighting
through the tubes in both directions upon the
pegs that marked the base. The whole arrange-
ment was of the simplest character.

MAIN SERIES.

Base—2567.970 feet.
o ¢ ” ”
Buzzard Point, 53 18 14.0 7.8
Base North - 60 48 1775 115
Base South, 65 53 47.0 418”75 40.7

Buzzard Point-Base N. 2023.5
Buzzard Point-Base 8. 2795.8

o ¢ ” ”

D. 54 18 29 27.6
Buzzard Point, 46 04 57 55.6
Base North, 79 36 38.25 +4-4"25 36.8

D.—Buzzard Point, 3540.6
—Base North, 2592.9
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° ’ n ”
Ver. Base West, 62 44 1125 04.3
D. 63 17 415 408
Base North, 53 58 2225 +21"0 153
Ver. Base W—D. 2359.1
—Base N. 2605.9
o " »”
A. 65 23 09 7.6
Base North, 70 24 41.75 40.2
Ver. Base West, 4 12 1375 + 4’56 122
A.—Base N, 1998.4
—Ver.Base West, 2700.4
o ” »”
Ver. Base East, 85 03 35.62 28.¢
A, 21 53 12.78 05.7
Ver. Base West, 8 03 3275 +421712 25.7

Ver. Base East—A. 2592.9
—Ver. Base West, 1010.325

Verification base deduced by triangulation

from Base, 1010.325 feet.
By two measurements, (mean,)  1010.212
Difference, 1.360 inch.

SECONDARY POINTS.

o ¢ »
B. 94 15 32
Bugszard Point, 43 55 o1
North Base, 41 49 27

B.—Buzzard Point, 1954.9
—Base N. 2033.4
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[o] [ "

B. 90 34 26

D. 51 38 23

Base North, 37 471 11
B.—-D. 1588.8
—Base North, 2033.3

[o] ’ n

Battery Port, No. 4, 56 35 45

Base North, 60 58 65

D. 62 24 52
Battery—Base N. 2752.9
—-D. 2716.1

o "

A, 41 00 16

Battery, 100 28 20

D. 38 31 09
A.—Battery, 2578.1
—_ 4070.6

[e] ’ n

B. 47 57 b4

Battery, 33 15 b4

Base North, 98 46 06
B.—Battery, 8663.1
—Base N, 2033.0

o ]

F. 58 24 30

Battery, 46 58 12

Base North 74 37 80
F.—Battery, 3116.2
—Base N. 2362.5

—14".5

_6"

+127

66

28X

R - PN

56
66
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[e] ! ”
G. 31 4 30
Battery, 29 04 44
Base North, 119 10 18 —28”
G.—Battery, 4568.6
—Base N. 2543.2
° ’ ”
H. 24 31 24
Battery, 24 00 57
Base North, 131 27 21 —18”
H.—Battery, 4970.4
—Base N. 2699.4
[o] ’ »
I 37 42 35
Base North, 109 52 48
Battery, 32 24 39 402
I.—Base North, 24123
—Battery, 4232.5
° ’ ”
Bnzzard, 3 19 12
L 131 35 42
Battery, 12 05 18 412"
Buzzard—I. 1496.4
—Battery, 5344.4
o ’ ”
0. 31 43 36
Buzzard, 121 38 18
D. 26 38 30 424"
O.—Buzzard, 3019.0
-D. 732.7

R&s .,

03
27

48
38

08

14

28
10
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Buzzard,
P—-0.
—Buzzard,

ow

Buzzard,
R—-O.
—Buzzard,

R.
P.
Buzzard,
R.—P.
—Buzzard,

OF OBTAINING RANGES.

<]

32

133

14
1394.9
41084

’
05
41
12

”

Lw¥o

1

2829.2
4866.9

56

217

12
39
24 415"

- 53

108

18
1608.4
4867.3

06
38
14

42
36
54 412

57

®

53

=R 2N

The practice was only executed when the
atmosphere was perfectly calm,
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In order to reduce to the least possible limit
the variations in range due to differences in
diameters of projectiles, the shells for practice
were selected from a large stock, so as to vary
but one-hundredth of an inch from the correct
diameter, leaving the extreme differences two-
hundredths of an inch. They were then carefully
weighed, rejecting all that departed considerably
from the mean weight, as well as those that were
not smooth and spherical. Shells which had no
excentric masses, were floated in mercury, and
those only used which were similar in the
relative position of the heaviest spot to the
fuze-hole.

The projectiles thus selected were arranged in
the order of weight, and when a sufficient num-
ber was obtained to furnish successive sets of
ten, the practice commenced with the shell of
highest or least weight, taking the others in
order.

Like care was given to the size, quality and
weights of sabots and straps; the shell being
fixed so as to have the fuze-hole, if excentric,
and the heaviest spot, if concentric, exactly at
an angle of 45°

The shells were never loaded, save in a few
cases of special practice, as the fragments might
be dangerous to persons at some distance ashore
or on the water—a few ounces of powder sufficed
to blow out the fuze without breaking the shell,
and the remainder of the cavity was filled with
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rice, 80 as to approach very nearly to the weight
of the loaded shell as usual in service.

Primer.—The service primer and perforated
hammer were generally used on guns of all
calibres,

The Hlevation, was obtained by a quadrant
made especially for this purpose.

Its principle of construction is simple. It
consists of a steel bar about four feet in length:
at the end of it is an arc, (12 inches radius,) the
index of which bears a spirit level. Outside of
this is a smaller level, and inside a bar of 13
inches length, but at right angles to the main
bar.

The bar is placed on the lower side of the
bore, and entered into the gun until the cross
bar coincides with the muzzle face.

The cross level is adjusted to the inferior
surface of the main bar, the principal level to
zero on the arc.

The exactness with which the new Navy Ord-
nance are manufactured, ensures the desired
means so far as the gun is concerned, and no
pains were spared to have the elevating instru-
ment executed in the best possible manner.

The first which was made, failed to answer the
purpose. The principal bar was of brass, and
unable to support the arc and its appliances; a
flexure in it was soon indicated by the standard
bar. The divisions of the arc being on silver,
were quickly rendered undistinguishable by the
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fumes of the powder during practice, so that it
became impossible to verify the position of the
index after a few rounds,—the motion of the
tangent screw was imperfect, &c.

Another one, therefore, became indispensable
and was made by Mr. Wiirdemann. As might
be expected from the attainments of this artist,
its character is in all respects of the highest
order. The arc is divided (on platina) into &',
and sub-divided by the vernier to 5’. The cen-
tering, clamping, tangent movement, interior sur-
face of level, and adjustment of level, graduation,
&c., &c., are, in all respects, equal to those of
the best instruments for angular measurements
of like radius.

Previous to the commencement of the practice

on any one day, the quadrant is laid on a stand-
ard bar, the cross level adjusted to the inferior
surface of the main bar and the index level to
zero.
. In practice the main bar rests on the lower
side of the bore, the cross bar coinciding with
the muzzle face. The bubble of the cross level
is brought to its place by gently turning the bar
around in the gun, which is then raised or de-
pressed until the index level indicates the proper
elevation.
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(4 leaf from the Record.)

PRACTICE WITH 8-INCH OF 55 CWT.
Screen (10 feet by 20 feet) at 550 yards.
ELEVATION, 1°
RecuraTioN SHELLS, (GAUGEs=T.84 IN. X 7.86 1v.,) 5 sec. Fuzzs.
D the brasas cume Sp from soath-nceto—rA vorags beight. of

Axis of Gun above the water, 8 feet.— Average recoil on a level
platform, 154 feet.

lot grase. |94 grase.! Whole

Yda, Yéa

587 (1073| 7| 356 |....... 8.1
604 1157 9 ' 4.9 1.4 |......
551 (1090 10 .............. 5.7
547 | 997/ 12 \.......|... SN N .
1051 6 eoveeofoveesnslioveens
584 (1028 | 12 ; 3.5 [.......| 8.4
*513 | 963| 12 | 3.2 |....coeesser..| Expl’d prematurely.*
581 (1026 | 13 '.......|....... 0.8 !
586 [1070 | 16 3.6 | 2.8 |....... Not seen. |
10 | 571 |10111 11 2.4 | 53 |....... |
11 *701 {1170 12 .......|.. FRTN IO Expl'd prematurely.*.
12 | 585 (1040 10: 3.8 | 44 |....... No powder. ,

© Q0 =IO O WD
(3.
©
o«

Each shell weighed exactly 50.13 Ibs. A charge of 0.19 Ib. of
powder was used to show the action of the faze without breaking
the shell ; the rest of the cavity was filled with rice. The powder,
rice, fuze and strap of each shell weighed 2.7 1bs., 80 that the total
weight of each shell was 52.9 1bs. The fuze acted duly except in
Nos. T and 11, both of which took effect at about 200 or 300 yards,
and neccssarily affected the flight of the shell. No. 9 was not
seen. The exact distance where the charges of the shells ex-
ploded, could not be determined, the view from the Plane Table
being obstructed hy a point of land.

* For which reason the ranges are not received.
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DIMENSIONS, WEIGHTS, ETC, OF SHELLS,

Constituents of the shell which affect its projectile and explosive .
properties—typified by the French 22t and English 8-in.—
Concentricity and excentricity, the latter not desirable—but
unavoidable.—Rotatory movement first noticed by Robins,—
Irregularities produced thereby.—Historical sketch of progress
made in ascertaining its cause.—Explained by excentricity.—
Mode of action.—Use of it opposed by Paixhans.—Full exposi-
tion and experiment by Col. Bormann.—Examined by Paixhans,
who advocates the use of it.—Experiments in England.—8ir
Howard Douglas not favorable to the use of excentric projec-
tiles.—Experiments in the United States.—Commonly received
doctrine of the operation of excentricity on the projectile move-
ment.—The presence of excentricity exhibited by floating in
mercury.—On what conditions its quality is dependent—ill
effects on the trajectory—by what means best controlled.—
Compensating mass— preferable distribution thereof—illus-
trated by experiment.—Solid shot liable to effects of excen-
tricity—practical illustration.—Conclusion.—Rifle motion—the
only usefal form of rotatory movement.—Rifles—not of recent
origin.— Principles and advantages expounded by Robins in
1745—not understood or followed.— Round ball used.—Dif-
ficulties that prevented the adoption of rifles.—Removed by
Delvigne, who invented the “carabine @ fige."—Conical ball—
had been used in the United States.—Rifle caunon.—Wahren-
dorf.— Cavalli—description of the Lancaster gun—authentic
details wanting—general theory—trial of the gun in 1851—used
in 1854 to arm the new steam gun-boats—results of service
at Sevastopol and elsewhere unfavorable.— Ranges. — Rifled
shot for smooth-bored cannon.

Tue shell intended for direct or horizontal
firing from cannon, resembles that commonly
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used for mortars and howitzers in having three
components :—

—The hollow iron globe from which it
derives its appellation ;

— The charge of powder contained therein ;

— The fuze, by means of which the flame from
the charge of the gun is received and carried in

- proper time to the charge of the shell.

The character of the projectile will vary with
the relations that exist between the iron shell
and its charge. If the former be very thick,
the density of the projectile is increased, and
with this, its accuracy, range, and power of
penetration; but the charge is proportionally
diminished, and thus the distinctive element
of the shell is more or less reduced. On the
other hand, by increasing the cavity of the shell,
so that it shall contain a greater charge, the
explosive power is proportionally augmented,
but the weight of the shell is diminished, and
with it the important qualities of accuracy, range,
and penetration.

The French and English shells of 8-inch and
22 = exemplify the two modes of proceeding,
and probably to the utmost extent to which it
would be advisable to carry either. The 8-inch
could not be made heavier without manifest pre-
judice to its explosive power; the 22 = could
not be made to contain a greater charge without
the sacrifice of accuracy and penetration in a
most injurious degree.
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The English shell extends its effects to a
greater distance,—but the French shell is more
powerful within the range of which it is capable,
and it has yet to be satisfactorily proven that
the English shell can exercise decisive effect
beyond this range.

It is to be borne in mind that in both services
the batteries are so conmstituted by regulation,
that the shell.guns only serve as auxiliaries to
those which are designed as the principal force.
They are few in number and are associated
with guns assumed to be, whether they are or
not, of far greater effect at distant ranges. On
this account, the French shell may appear to
be better adapted to its purpose, inasmuch as
it does not seem advisable to sacrifice any of
its peculiar power at decisive distances, in order
to perform a feeble and uncertain part at the
extreme ranges which are usually considered as
only preliminary to an assured issue, and are
designed to be reached by the ordnance to which
the shell-guns are subordinated.

The number of the shell-guns admitted by
regulation into the English and French batterics
is, however, so limited, compared to the number
of 32-pdrs., that their relative peculiarities will
not be very prominently exhibited; and the dis-
parity that may exist between different descrip-
tions of shell-guns will nearly disappear in the
general effect of the broadside. It would seem
from the opinion of Captain Sir Thomas Hast-

5
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ings, that this is the view taken of the matter
by the English authorities.®

Whether the 8-in. shell.gun (of 65 %) be
inferior or not to the long 32-pdr., and how far
such consideration should qualify the develop-
ment of its power, will be examined in another
place; it is certainly far less powerful than the
heavy 64 or 68-pdrs., and when associated with
such ordnance, its shell should have the fullest
extent of the explosive capacity.

It may be a matter of reasonable curiosity to
inquire into the effect which would be pro-
duced by modifying the English system after
the French, or the French after the English,—
adhering in each case to the weights adopted
for their shell-guns respectively, viz., 63 °
(7,2801bs.) for the 8-inch shell-gun, and 3,614 *
(7,968 1bs.) for the 22 ==+

Preserving the bores as they are, the weight
of the English shell would be decreased by
assimilating its proportions to that of the French,
and the content of powder increased, but without
equalling that of the French shell; while its

* Inquiry by committce of Parliament.—Examination of Sir
Thomas Hastings, the naval member of the Board of Ordnance.
5026. ‘* At this moment, in vessels of the same class in Admiral

“Baudin’s fleet and Sir W. Parker's fleet (May 1849) in the

“Mediterranean, the armament is as pearly equal as may be?

“ Jes.”

5028. “ But, generally speaking, the French fleet is armed with

« guns of equal calibre and hollow shot? Xes, they may be taken

“as equal powers.”
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previous advantages in regard to force and accu-
racy, would be sacrificed, one or both, with any
arrangement of charge.

On the other hand, to preserve the present
diameter of the French shell, and increase its
thickness proportionally to that of the English
shell, would add materially to the weight of the
projectile, and might necessitate a reduction of
the charge; thus enfeebling the force and pene-
tration considerably, which are already low
enough, and with a positive loss also in the
explosive quality.

It is manifest, therefore, that it would not be
advisable to make the shell of either nation
conform to the proportions of the other, sup-
posing the ordnance to remain unaltered.

Again, if the English shell-gun were bored
out so as to receive a French shell, the charge
appropriated to fire the latter from the 22>
must be reduced yet more, because of the in-
ferior weight of the English piece; .hence less
accuracy and force: indeed, such an operation
would merely transform the 8-inch of 65
into an inferior class of the 22

If the metal of the English gun were so dis-
posed as to preserve the present weight of the
English shell, (51 1bs.) and this shell con-
structed on the French proportions,—the result
is quite as obvious as in the foregoing. Such
a shell must be inferior to the French in its
content of powder, and also inferior to the
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present 8-in. in force and accuracy; because its
greater surface encounters more resistance from
the air, while there would be no greater mo-
mentum to overcome it.

It is palpable, therefore, that no gain and
positive loss would accrue to the English shell-
power, as compared with the French, by modi-
fying it after the French in any manner what-
ever. And the same applies to any modification
of the French shell alone, after the system of
the English.

But the 22 shell-gun might be bored so
as to admit a shell similar in its proportions to
the English, which would be relatively superior
to the English shell in the ratio that the French
gun is heavier than the English gun, thus:

" Weight. Content of powder.
English shell, 51 lbs, 2} 1bs.
French, modified, 55} lbs. 23 lbs.

Whether the advantage that would result
from such an arrangement would be of import-
ance, will depend on the application of the
pieces. So long as they are made to perform
a very subordinate part in the force of the
broadside, it might be that no difference of
moment would result.

But, if the number of shell-guns in the batte-
ries were largely increased; or circumstances
should bring them into operation where the
peculiar powers of each kind would tell dis-
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tinctly, particularly in deliberate fire, far or
near, with shell.guns only; then there is no
doubt that the occasion would make manifest
the differences that have been indicated as due
to the respective powers of one kind of shell
or another.

In the solution of this problem, the navy of
the United States is quite as much interested
as the English, because our own 8-inch shell-gun
and shell, differ in no material particular from
the English.

This may be said with certainty,—at its own
range, which includes most of the distances
where action is admitted to be decisive, the
French shell is clearly more powerful than the
8-inch.

At greater distances, the advantage of the
8-inch begins; and whether this can really be
made effective at such ranges, may need the
experience of actual conflict to determine the
general opinion.

———e

Having decided on the weight of shell which
is deemed most suitable for a given calibre, its
formation next becomes the subject of conside-
ration.

When Paixhans proposed his plan of a naval
shell.armament, he strongly insisted that pre-
ference was due to concentric shells; the practice
of the principal maritime powers has since con-
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formed thereto, and continues to do so, with the
exception of our own service, which, for some
years past has used shells decidedly excentric.

Since the general exposition of the shell
system by Paixhans, in 1825, the effects of
excentricity have been carefully examined by
intelligent officers in many countries.

On scrutinizing the experiments made in
England, France, Belgium, and the United
States, their results and the opinions thence
derived, there does not appear any sound reason
for relinquishing the views most generally enter-
tained with regard to concentric ‘and excentric
shells.

No one can doubt that the former being
necessarily homogeneous, are subject to less
"irregularity of motion while passing through
the air, than those which, by construction, are
unequally dense.

The chief difficulty lies, however, in not being
able to obtain shells in which the metal is of
equal thickness, and therefore equally disposed
about the centre of figure.

It may appear at first sight that a condition
of this nature would be easy of attainment; but
experience teaches another lesson, and one evi-
dence thereof will be perceived in the fact, that
in no country is the founder expected to attain
the exact thickness at all parts, but has certain
allowances made him for failure to do so; and if
he does not exceed these the shells are received.
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For instance,—by our Regulations, 8-in. shells
should be 1.5 in. thick at all parts, except about
the fuze hole,—but when shells are to be re-
ceived for service, such as are not less than
1.45 in,, and not more than 1.55 in. at any part,
cannot be rejected,—that is, there may be a
difference between opposite sides amounting to
one-tenth of an inch, or one-fifteenth of the
entire thickness, The effect of this is more
injurious than might be supposed, because such
differences are seldom due to mere inequalities
of the interior surface, but commonly to the dis-
placement of the core by which the cavity is
formed, arising from #n error of original adjust-
ment, or from being disturbed subsequently, by
the entrance of the fluid metal in casting. This
is manifested by the excess and defect of oppo-
site sides, and as a consequence, a lunular
segment, having the diameter of the shell for
its base, is abstracted from one side of the shell
and added to the other.

The French Regulations allow a departure of
0.07 in. more or less from the prescribed thick-
ness of the 8-in. shell, and in that respect seem
to recognise a greater claim for indulgence to
errors of the founder.

So long then as it is impracticable to avoid
differences in the dimensions of the shells which
render them excentric, there is no occasion to
make an issue in regard to the preference that
may be due to excentric or concentric shells.
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For if the latter cannot be had, the practical
question only concerns the best mode of dealing
with the defect that must be encountered in all
shells.

This will be best understood by stating the
effects that want of homogeneity is admitted to
exert on the trajectory; which statement may
be properly preceded by a brief notice of the
manner in which the current doctrine, concern-
ing this property, has been initiated and finally
established.

About 1737, Mr. Robins observed great irregu-
sarities in the flight of balls, which were not to
be accounted for by the known action of either
of the forces, recognised by theory and experi-
ment to influence the formation of their trajec-
tory:—the propelling power, gravitation, or the
resistance of the atmosphere. To the latter he
himself had first assigned its proper value, so
far as the purposes of artillery were concerned,
by proving conclusively that the resistance was
much increased beyond the ratio due to the
squares of the velocities, when the velocity was
equal to that commonly imparted to cannon
shot. This determined the true configuration
of the trajectory; but Mr. Robins was not slow
in perceiving that the direct resistance of the
air could not explain the surprising deviations
which occurred with every variety of ball,
whether fired from the musket or the cannon.
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Tracing the phenomenon experimentally through
its several phases, he was at no loss to attribute
the result to its exact cause; and pronounced
these deflections from the assigned direction, to
be due to the oblique action of the resisting
medium on the surface of the ball, arising from
its rotatory movement.

No suspicion, however, seems to have been
entertained at that time, of the serious defects
in homogeneity to which the material of cannon
balls was liable; and Mr. Robins had no oppor-
tunity previous to his untimely decease, to prose-
cute his researches to their full conclusion, which
would have undoubtedly led so able and critical
an observer to realize the extent of this defect
and its connection with the rotatory movement;
a result only reached a century after he laid bare
the true source of the inaccuracy in question.

Wherefore, he considered the sphere to be
homogeneous, and that the rotation occurring
about one of its axes was produced by the col-
lision with some part of the bore in passing out.

In 1745, the labors of Mr. Robins were com-
plimented by the attention of one of the ablest
analysts in Europe, (Euler,) who translated his
tracts and discussed the several topics therein
presented. He differed from Mr. Robins, how-
ever, in the opinion that the rotatory movement
of projectiles was the cause of their deviation,
and thought on the contrary that it would have
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the effect of counteracting such deviations as
might arise from a want of sphericity.— (M.
Meyer, 1745, 20.)

In 1771, the conclusions of Mr. Robins re-
ceived remarkable verification from some practiee
for general purposes, executed at La Fere with
a 24.pdr. The elevation was 25°, and a board
was placed 32 feet from the muzzle to show
the primitive direction of the shot; the results
were:—

Perbration In Board
at 33 foet. Range. Deviations
1. §in. to the right. 8765 yds. 230 yds. to the left.
2. }in. to the left. 3848 « 38 ¢ to the right.
3. 1lin. to the left. 4072 « 230 “ to the right.

Anomalies so marked were only to be ex-
plained by the theory of rotatory movement,
as expounded by Robins; but it does not seem
that his solution, if known to the parties en-
gaged, was admitted to be sufficient to account
for the phenomenon so distinctly present.

In 1783, Lombard published his translation
of Robins, with the annotations of Euler, and
his own. He is said® to have agreed with
Robins in regard to the cause of deviations,
and explained those at La Fere by the hypo-
thesis of the rotation produced by the final
collision with the bore.

In 1789, Captain Luther, of the Saxon Artil-

* M, Megyer,
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lery, indicated clearly the existence of excen-
tricity in shells, and suggested the means of
ascertaining its extent. He advised the classi-
fication of shells and bombs according to the
angle formed by the axis through the firze-hole
and that through the centre of gravity,—so that
the centre of gravity might be similarly placed
in the bore of the gun, preferring a position
in its axis for the purpose. By this device, he
expected to obtain more uniform ranges, par-
ticularly in vertical fire. This is probably the
first instance in which any consequence was
attached to the excentricity of projectiles, if
indeed it was known or considered at all. And
curiously enough, Captain Luther thus touched
directly the predominating cause of the rotatory
movement, and its ill effects on the accuracy of
cannon; but he seems to have been utterly
unconscious that the excentricity produced any
such movement.

In 1796 a comparison by eprouvette was
instituted at La Fere, between the Champy and
ordinary gunpowder, under the direction of M.M.
Pelletier and Borda, and General Abeville. The
irregular flight of the balls was thus noticed in
their Report.

« The great deviation of the projectiles induced
“the suspicion that it was not always due to
“errors in pointing, and to their final collision
“with the bore in leaving it. General Abeville
“agsured himself of the facts by the proofs in
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“1771, and repeated them in 1796, while com-
“paring the angular and round powder. He
“placed a small piece of board 18 inches square
“and 6 inches thick parallel to the muzzle-face of
“the piece and about 20 feet distant—the axis
“of the bore being directed at the middle of the
“board, the perforation made in it determined
“the direction of the shot; from which its place
“of fall showed that it sometimes deviated as
“much as 8°,—and this could not be attributed
‘“ to the wind, towards which the deviation often
“occurred. It was thought that it might be
“caused by the rotatory movement of the ball at
“leaving the- gun, but it is difficult to believe
“that this alone could occasion the deviation.”

“ Whatever may be the cause of this lateral
“aberration, it can also act upwards or down-
“ wards, produce much difference in the ranges,
“and occasion great errors in estimating the
“velocity of the balls by the distance at which
“they fall.”—(Aide Mem., 1801, p. 698.)

In 1797 the Treatise of Lombard on the move-
ment of projectiles, was published by his son.
Throughout this work I cannot say that the term
rotatory movement occurs once, and the force it
represents, appears to be entirely unnoticed.
This is singular, when it is considered that the
doctrine of Robins was well known to Lombard,
because he had translated and annotated the
work wherein it was so particularly set forth and
demonstrated, and is said to have approved the
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views of Robins in opposition to Euler, who did
not. Nor does Lombard even notice the in-
creased ratio of resistance, which Robins also
proved incontestably, but proceeds on the doc-
trine of its being proportional to the ¥ as enun-
ciated by the illustrious Newton. Such an
omission is the more remarkable, inasmuch as,
the method of computing the initial velocity from
the ranges by Lombard, must depend entirely
upon a correct estimation of the effects of the
resisting medium in retarding and varying the
course of the ball.*®

We can only understand this seeming incon-
sistency by supposing that Lombard admitted
the theory, but attached no material value to it
in practice. The observations made on the
eprouvette results in 1796 (just cited) would no
doubt have had their influence, but Lombard
must have died before they were made known.

In 1798, the effects of excentricity on the ac-
curacy were so far admitted, as to become the
subject of scrutiny in Hanover. In the practice
then executed, it appeared from firing a large
number of howitzer shells, that the irregularities
of those which were excentric, were double and
treble those of the concentric.—(Puizhans, 191.)

In 1801, the Aide Memoire of that year pub-
lished in detail the trials made at La Fere in
1796 with that part of the Report relating to the

* See Didion, who says that such errors were actually incurred.
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deviation, which has been just cited, and it is
commented on in the following terms:—

. “How is it possible to know from these trials
“that the balls deviated 8°?1 Nothing is said
“ of the part of the board which was struck, and
“that alone is of consequence—for if the ball,
“while in the gun (supposed to be a 12-pdr.),
“sgtrikes one side of the bore so as to graze the
“opposite side in going out, it is clear from the
“gimplest idea of geometry (2:1::240:120)
“that it will pass 10° from the middle of the
“board and therefore will not touch it. If to
“this deflective force is added that which must
“result from the gas operating obliquely on the
“rear of the ball as it goes out, and in the same
“gense, it will not be surprising that though
“the piece were well pointed, the ball should
“be carried very much out of the line of aim.”®
~—(Aide Memorre, 1801, p. 698.)

In 1803, the French Military Committee ob-
serve in their report:—

“ Reinforced howitzer shells have greater
“ranges than those which are not reinforced.”
They do “not deviate more”—*“a result for
“ which we are unable to account.”

Paixhans (in 1849, however,) remarks on
these phrases:—“In that lengthy paper these

* This would now appear to have been a very summary criti-
cism, and was obriously too hasty, as the conclusions were by no
means warranted by the premises,



DINENSIONS, ETC.,, OF SHELLS. 19

“effects are referred to with surprise, and are
“variously explained; but principally by the
“collision with the bore, which is considered as
“the chief cause; or rather, no principle is
“distinctly assigned, nor any application of it
“made. Nevertheless, one important thing was
“then seen, (I know not if it were the first
“time,) and Colonel Clement was of opinion
“that irregularities in extent of range, should
“be attributed to the same cause as the lateral
“ deviations.”— (Puixhans, Const. Mili. p. 241.)

In 1808, Colonel Clement executed some ex-
periments at Pavia, in the course of which he
did not overlook this subject:—

“ He fixed a strong oak plank at a short dis-
“tance from an 8-pdr., its surface being slightly
“inclined to the axis of the gun, and in such a
“ manner that the left side of the ball could not
“fail to encounter the plank and to produce a
“reflection to the right. To be certain of which,
“a sheet of paper was placed beyond the plank
“and these arrangements being made, the can-
“non was fired three times; each time the ball,
“after beginning to deviate a little to the right,
«fell very considerably to the left.”—(Montgery,
1828.

“In the work published this year, Colonel
“Clement examines the experiments of 1803, and
“gays:”—The “ extent and uniformity of range,
« obtained with howitzer shells, is in proportion
“to the distance of the centre of gravity from
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“the centre of figure.”—But he did not indi-
“cate what the respective positions, in the gun,
“of these centres should be.”—(Puizhans, Const.
Mil. 241.

In 1822, General Paixhans published his justly
celebrated exposition of the Nouvelle Arme; in
which he traced with a masterly hand the details
of the system that in a few years was to work a
_total revolution in naval armament. In treating
the question of excentricity and concentricity, he
says, page 141:—

“ The interior form of shells and bombs has
“undergone many variations, yet there is but
“one form which can be reasonably admitted,
“and that is exactly spheric and concentric with
“the exterior sphere, without reinforce;—the
“thickness everywhere equal and the centre of
“gravity in the centre of figure. Every princi-
“ple of theory, every well-executed experiment,
“and every conclusion based on enlightened
“ examination, accord so perfectly on this point,
“that it would be superfluous to enter upon the
13 proof.”

In 1828, Captain Montgery, of the French
Navy, in his Regles de Puintage, noticed the rota-
tory movement of projectiles as the cause of
deviation ; but considers it to arise from the col-
lision of a concentric projectile with the bore,
and abstains from all mention of excentricity
as a partial or principal agent. He quotes the
experiments of Colonel Clement at Pavia.
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The important problem was now verging to
. its solution. It is difficult to know with any
exactness by whom, when, or how it was initi-
ated and prosecuted. The customary mystery
which is purposely thrown about the discovery
of some real or imaginary improvenient in things
of this nature, presents an obstacle to the infor-
mation sought, and in this country the difficulty
is increased by the exceeding scarcity of profes-
sional works on such subjects.

It is stated, however, on good authority,* that
in 1833, certain officers of the Belgian Artillery
were led to some slight experiments in conse-
quence, it is said, of hints received from the
Saxon service. What these were, we are not
informed; but the whole question must have
been so apparent from the premises to the con-
clusion, that it is only to be wondered at that
any hint had been required for a long time
antecedent to the period spoken of.

In 1837, Colonel Bormann submitted to the
Belgian government a project in relation to the
excentricity of projectiles and to the manner in
which it might be made useful, at least so far
as Shrapnel were concerned. A full investiga-
tion followed in 1838, at Brasschaet, on which
occasion it would seem the whole question in
regard to cause, effect and application must have
received an intelligent and thorough treatment;

#* Qolonel Bormann.
6
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as even the brief abstracts, made public by
Colonel Bormann, suffice to explain the pheno-
mena which, till that time, most certainly were
not known by many, if known at all; of which
we have confirmation in the statements of an
eminent artillerist, (Paizhans, Const. Militaire.)
He says that,—¢“In 1838, the cause of devia-
“tions and the means of avoiding them, were
“so little known among us, that M. Poisson,
“ Examiner of Artillery, and a savant of the
“highest order, thus expresses himself in an
“elaborate memorandum:—¢The equation of
“ the movements of a projectile are so compli-
“cated, that it is impossible to obtain from them
‘“the approximate values of the unknown quan.
“tities, with sufficient simplicity to be of any
“utility.” He was obliged to confine himself to
“cases of very trifling deviation; while, practi-
“cally, and especially with shells, they are often
“very great. And with regard to the distance
“of the centre of gravity from the centre of
« figure, his theory did not assign an important
“influence; whilst in reality, this influence is
‘“decisive, as we shall see. In fine, he pro-
‘““duced nothing which materially advanced the
“theory, nor any thing that was practically
“ useful.”

The knowledge of these results having reached
General Paixhans, he conducted a series of prac-
tice in order to satisfy himself in relation to the
remarkable conclusions thus in course of develop-
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ment, more especially with reference to heavy
calibres. And thus he seems to have been led to
an entire change of opinion in regard to the
effects of excentricity, as may be seen by the fol-
lowing remarks, extracted from his Constitution
Militaire :—

“There is in the excentricity of spherical
“ projectiles, a peculiarity which formerly was a
“source of deviation and irregularity in range,
“and which now may be made a means of accu-
“racy, and of increasing or decreasing the range
‘“at pleasure,

“The theory of deviation, difficult, arduous
“and incomprehensible as it has been, even for
« Savants, is thus by these experiments rendered
« perfectly simple and certain.”

In 1843, Major Wade made some experiments
at Boston with Excentric shot and shells,—the
result of which accorded with the views now
generally entertained in respect to the conse-
quences of excentricity on the flight of pro-
jectiles.

In 1848, when the practice for Range was
begun at this place, the shells used in the Navy
were purposely made very excentric; and as
there seemed urgent reasons for examining the
" effects of this property more thoroughly than had
been done when it was adopted, the practice for
this purpose was included among the earliest
operations of the New Battery. Concentric and
Excentric shells, in series of ten at each degree
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of elevation, were fired, and the results laid be-
fore Commodore Warrington at the earliest date.
They were included in the first of my Reports
printed by his order.

In 1850, 1851, and 1852, at the request of Sir
Howard Douglas, a course of firing was executed
at Portsmouth and Shoeburyness in order to verify
the statements in regard to excentricity, which
must at the same time have become pretty gene-
rally known from the practice in Belgium and
elsewhere.

Excentric projectiles were fired from 32-pdrs.
and 8-in. shell-guns, 68-pdrs. and 10-in. guns,*
and the results were in all respects confirmatory
of those obtained in other countries. In view
of which Sir Howard Douglas expresses his con-
tinued preference for the concentric and homo-
geneous projectile, (168.)

This then is the view that presents itself of
the devious and uncertain manner in which this
interesting question forced its way to the light,
so far as I have been able to pursue it by means
of the scanty materials at my disposal. 1Its treat-
ment through so long a lapse of time, may excite
reasonable surprise when the importance now
attached to it, and the seeming difficulty of
avoiding the final conclusion, are considered.
Sometimes contested, at other times neglected,

* A gun of this calibre, weighing 116 = burst at the 54th
round, charge 16 1bs.—elevation, 320—Range 5860 yards.
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and never, until recently, fully comprehended or
appreciated in its proper connection; yet of
itself was it the principal deteriorating influence
that rendered artillery practice the merest acci-
dent, and set at defiance all attempts to raise
gunnery beyond the repute of sheer handicraft.
Not a shot left the cannon that did not offer
some instance of strange irregularity, equally
puzzling to the operator and prejudicial to the
character of his work.

All this may be attributed either to ignorance
of the doctrines of Mr. Robins, or to disbelief
on the part of those who were cognizant that it
embodied an operative principle.

‘We see that General Paixhans bears witness
to the little knowledge generally professed in
regard to the subject, so late as 1838, and from
his position, and high reputation as an artil-
lerist, we could have no better authority.

The doctrine commonly received (and con-
firmed by experiment) in relation to excen-
tricity, and its consequences upon the trajectory
of cannon balls, may be briefly summed, thus:—

‘When the centre of gravity does not coincide
with the centre of the sphere, a revolving motion
is created around the centre of gravity, the direc-
tion of which depends on the position that the
centre of gravity has to the centre of the sphere.

This rotation, during the flight of the projec-
tile, occasions a greater resistance on one side
of the hemisphere which is in front, than on the
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other; because on the former the progressive
and rotatory movement concur, and on the other
they are in opposition.

Hence the projectile is made to incline from
its direct course by the greater pressure which it
sustains on one side; and the aberration thus
produced will be in the prolongation of the plane
passing through the axis of the bore and centre
of gravity, and will occur on the same side of
the trajectory as the centre of gravity occupies
with respect to the axis of bore.

So that, if the centre of gravity be in the
vertical plane, the deflection from the normal
trajectory will be vertical and upwards, or down-
wards, accordingly as the centre of gravity is in
the upper or lower hemisphere. If above, the
range will be increased; if below, decreased, by
the very conditions of the case and without
lateral deviation.

If the centre of gravity lie in the horizontal
plane, the deflection will be entirely lateral, and
right or left as the centre of gravity may lie.

If the centre of gravity occupy some position
between the vertical and horizontal planes, as it
commonly does, then the aberration will be
pertly vertical and partly lateral.

It does not appear that the location of the
centre of gravity in the anterior or posterior
hemisphere, materially affects its operation, if
the angle with the vertical axis be similar; ex-
cept that there is a slight increase of range when
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the centre of gravity is in the posterior hemi-
sphere and in the axis of the bore.

In general, the effect of the rotation on the
trajectory, may be bneﬂy represented thus: De-
parting with any given displacement of the
centre of gravity upwards, and adhering to the
vertical axis, the range will be augmented to the
greatest extent that the excentricity is capable
of, and without effect laterally. Turning the
ball in the bore, it will be found that the range
will decrease as the centre of gravity is moved
downward, whether in one plane or another,
until it reaches the lowest part of the sphere,
when the range will be least,—the lateral devia-
tion will increase with the change of position
from the plane of projection, until it reaches the
axis of that plane, when it attains the maximum,

‘When the centre of gravity lies in the axis of
" the bore, its effect is trifling, and the trajectory
nearly corresponds with that of the concentric
projectile.

The extent of the divergence from the normal
trajectory will be controlled by the position of
the centre of gravity,—by its distance from the
centre of form, and by the celerity of rotation ;—
the quantity of unequal resistance on the surface
of the ball depending on all of these.

The facts already cited in regard to the inex-
actness of dimensions, will convey a fair idea of
the excentricity to which the best made shells
are liable; and its consequences upon the equili-
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bration may be very readily seen by floating a
number of shells, taken promiscuously from a lot
intended for service. For this purpose, the shell
must be closed perfectly at the fuze-hole, and
placed in mercury, when it will at once com-
mence an oscillating movement, and finally rest
with the axis through the centre of gravity in a
vertical position, the pole of which is determined
by suspending a small disc with its lower surface
horizontal and tangential to the surface of the
shell; the disc being coated with paint, allow it
to come in contact with the culminating point
of the shell, and to make a mark which will indi-
cate the pole of the axis in question, sufficiently
near for practical purposes.

In a number of shells it will be found that
this spot will occupy every variety of position on
the surface of the sphere. The extent of the
excentric force may be made to appear by the
character of the vibrations produced when the
floating shell is put in motion; or if desirable,
it may be measured with some precision.

The variations which the operator will expe-
rience in the position of the centre of gravity,
with reference to a fixed point, the fuze-hole for
instance, and in the amount of the excentric
force, will enable him to appreciate the irregular
effects that must thence be produced upon the
flight of the shell, if this cause be allowed to act
uncontrolled. As the fuze must have one posi-
tion when the shell is in the gun, that of the
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centre of gravity will be constantly variabl