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PREFACE

THE proprietors of the Encyclopadia Britannica having determined on printing the
article SHIP-BUILDING as a separate treatise, it is proposed to say a few words
explanato}y of its tenor and scope. The article in the previous edition was written
by Mr Creuze, a member of the School of Naval Architecture, which formerly existed
at Portsmouth under the late Dr Inman. His death at a comparatively early age,
while it was a source of great regret to a numerous circle of friends, was at the same
time a serious loss to the profession of which he formed so distinguished an ornament.
His work was received with the greatest favour as a valuable addition to the works on
Ship-building in the English language. Since it was written, however, great changes
have taken place. The researches of Canon Moseley, and the still more important
researches and works of the Rev. Dr Woolley, have added to the theoretical knowledge
of the subject, and the rapid extension of Steam-Shipping, the general increase in the
size of vessels, the introduction, or perhaps, to speak more correctly, the now general
adoption of Iron as a material for the construction of Ships, and latterly the use of a
casing of thick armour-plates of iron for the protection of men-of-war, all called for
special notice, and for a revisal, and in some respects a renewal, of the article.

To follow Mr Creuze was felt to be assuming no light responsibility ; but, as it was
specially desired to produce a work which should be of a nature to be useful to
practical ship-builders, and as iron ships had assumed so important a position in the
shipping of the country, it became imperative that the work should be undertaken by
one possessed of a practical knowledge of this branch of the subject, the more 8o as it
was felt that the previous article by Mr Creuze afforded so good a groundwork for the
portion on wooden ship-building which would still be required. The writer was
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employed by Mr Fairbairn of Manchester, in 1834, upon two iron steamers constructed
by him to run upon the Humber between Selby and Hull. In 1836 he entered into
partnership with Mr Fairbairn, for the purpose of commencing Iron Ship-building on
the Thames ; and works for this purpose were erected at Millwall, where he was for
some years the sole and resident partner, actively engaged in superintending the
construction, both theoretically and practically, of the iron vessels built there. In
1843 he entered the service of the Admiralty, and since then he has carefully watched
the progress of iron vessels, and, while he has been in a position to do so, he has at the
same time also had opportunities o1 seeing the construction of some of the finest speci-
mens of wooden ships that the world has ever seen, or probably now will ever see.

The history of Naval Architecture, as given in the previous article, has been retained
with but little change ; from that period it has been continued up to the present time.
Since the text was written, however, another change has taken place in the history
of Ship-building in the Royal Navy by the retirement of Sir B. W. Walker from the
position of Controller. The period of his career was an eventful one. Many beneficial
changes in the administration of his office were introduced by him, and many fine ships
were built during the time of his holding the office of Surveyor, and subsequently ot
Controller, of the Navy, a change of name with apparently but little change in power or
responsibility. It is perhaps too early a date, after his retirement, to write an im-
partial history of the occurrences of his time ; but it is to be feared that it has already
become apparent that his term of office was at first a period of retrogression, and
subsequently of only forced, and therefore slow, advancement in the direction to which
everything in ship-building was tending. On those slipways on which the Arrogant,
the first attempt at a Screw Frigate in the Navy, and the Plumper, a forerunner of
the class of Screw Sloops or small corvettes, were built, three-decked sailing ships were
laid down, and on the outbreak of the Russian war the British Navy was conse-
quently found deficient in those classes of small vessels which would have proved the
most useful in any war. If the classes of Minx and Teazer, Rifleman and Sharp-
shooter, Reynard and Plumper, Arrogant, Dauntless, Simoom, and Agamemnon, not
to mention Blenheim, Hogue, &c., as forerunners of Screw Line-of-Battle Ships, all laid
down, and many tried and proved before this period, had been followed up and
improved upon, spending the same amount of money, the British Navy would have
been in a position to have earned more honour in that war. If men have not narrowly
watched the progress of events, it cannot possibly happen that if suddenly put into
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places of active responsibility, they can be such good judges of what is likely to be
most beneficial as others whose minds have been directed for years to the one branch
placed under their control. It is to be hoped that the change in the constitution of
the Board of Admiralty now (1861) under the consideration of a Select Committee of
the House of Commons, will lead to this most important matter being put.upon a
proper footing.

The changes that have taken place in the art of gunnery, and in the nature of the
projectiles used, and the present position of this country behind France, in regard to
the introduction of the system of covering vessels with thick iron plates, to make them
impenetrable to shell and solid shot from the ordinary previously existing guns, or in
regard to the construction of any vessels specially prepared to meet opponents so pro-
tected, seem both to indicate that whatever may be the views entertained, or whatever
may be the decision finally come to, as to the proper classes of vessels hereafter to be
built, the construction of the ordinary classes of wooden vessels has been continued too
long. Doubts may be felt, and they have been strongly expressed by Sir Howard Douglas,
the greatest authority of the present day on naval gunnery, whether these armour-
clad vessels are judicious, and will continue hereafter to be built, and in these doubts
the writer fully agrees. It seems, however, to be generally admitted, and Sir Howard
Douglas himself concurs, though unwillingly, in believing that vessels of this class must
at present be built by us to put the nation on an equality, or rather to keep up our
superiority on the seas over France. From the complete revolution, as before said, that
is now taking place in gunnery, it would seem more especially imperative that the whole
subject of the structure of the future vessels of war should also be taken into immediate
and serious consideration. The dangerous and destructive nature of the shells now in
use would lead to the opinion that a man-of-war should hereafter be built in such a
manner that her sides and upper deck would be impenetrable by them, especially when it
is considered that iron of a thickness of two inches is understood to be sufficient for this
purpose. With respect to rendering vessels proof against solid shot, or even altogether
against shells of the heaviest nature, the utmost that the advocates for armour-clad ships
have claimed for these vessels which are now being built cased with iron 4} inches thick,
backed by timber 18 inches thick, is, that they are impenetrable to 68-pounder shot ; and
this seems to be the greatesf thickness or weight of side that they have ventured to pro-
pose for any vessel. Now, when it is considered that, according to the present system of
gunnery, there is no limit to the weight of a projectile, except, perhaps, the facility of
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handling it by two men, and that this would permit a bolt-formed projectile of as great
a weight as 400 Ibs. to be used, it would appear to be out of the question to attempt to
construct ships absolutely, or, practically speaking, even generally impenetrable. The
subject is a serious one, when it is considered that such projectiles might be fired
against a vessel costing a sum approaching to half a million sterling by a tiny and swift
gunboat.

In 1854, during the Russian war, the subject of rifled mortars for throwing conical
shot or shell of great weight was brought forward and strongly advocated by Lieutenant
Palliser of the 60th Rifle Brigade, and in 1855 the writer saw one of his mortars tried
by the Excellent at Portsmouth, with great success for a first experiment. It is also
well known that at that time the Russians were turning their attention most seriously
to the subject of mortar firing, with a view to meeting the floating batteries which were
then being constructed in this country and in France, with their sides protected by
4-inch plateé of iron', while their decks were left unprotected. In the event of a war,
it is not likely that such means of destroying these vessels would be left untried, and
certainly on our side many of the young officers commanding these small vessels, and
anxious to distinguish themselves, even at a probable risk of their own destruction,
would only be too eager to make the attempt.

After completing the history, the theory of naval architecture was treated of by Mr
Creuze, and the same arrangement has been continued. This portion of the present
article has been rewritten, and is entirely the production of Mr Robinson, Head-
master of the school for apprentices in Chatham Dockyard. The writer believes that
he could not have obtained the assistance of any one more competent to do justice to
the sdbject, knowing that Mr Robinson’s knowledge and acquirements in this respect
have been highly considered by both Canon Moseley and Dr Woolley, the two highest
authorities of the present day upon this branch of mathematical research.

For the investigations respecting the effects of the forces which act upon a ship
when in motion, and the strains to which she is liable under different circumstances,
the writer is himself answerable, as well as for the portions upon the materials used in
ship-building, upon the forms and the construction of the bodies of ships, and upon the
practical operations required therein. On all these points, occasional remarks from Mr
Creuze’s previous work, which was placed by the proprietors at the disposal of the
writer, have been introduced, but they are so mixed up with the general reasoning,
that it was found impossible to separate them, or to give them entire as extracts from
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his work, without hurting the continuity of the argument, and rendering the illustrations
aimed at obscure. The desire throughout has been to produce, in the simplest possible
form, a work which may be useful to the practical ship-builders of this country.

To naval officers, it is at the same time believed that much of the article will be
found useful ; because, while it must be beneficial to them to understand the principles
on which the ships in which they are serving are constructed, they ought also,
certainly, to understand those principles which regulate the strains to which their ships
are exposed under different circumstances, and how these may be modified and lessened
by their management.

In conclusion, the writer desires to express his thanks to the managing Directors of
the Peninsular and Oriental Company, and to the Practical Builders to whom he applied ;
and who, in the most kind and ready manner, furnished him with the valuable specimens
of their works which appear in the plates.

PorrsmouTs, April 15, 1861.
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SHIP-BUILDING.

To a people whose power is essentially maritime it is not
necessary to use any arguments in proof of the importance
of ship-building. Without pausing to dwell on the various
struggles by which England has maintained her position
amongst nations, it must be seen by all who study her his-
tory, that it has been by keeping invaders from her shores,
by means of her wooden bulwarks, that she has withstood
the repeated attacks of the powerful nations of the con-
tinent. And whilst the navy must be looked upon as the
proper means of defence to this sea-girt land, who can visit
the docks of London, Liverpool, the Clyde, or any of her
other commercial ports, and not feel that her very heart’s
strength lies in those forests of masts which bring wealth
to her merchants and manufacturers, and the means of
employment to her artisans, forming, at the same time, a
nursery and a reserve of seamen, who will be ready in the
hour of need to vindicate her claim to pre-eminence on the
ocean? Who, it may also be asked, can look upon the
changes effected by her instrumentality in all quarters of the
globe, and not own that her winged messengers have, under
God’s blessing, been the means of spreading civilization
and truth through a large portion of the world ?

The love of a sailor’s life, common to all ranks amongst
her sons, owes perhaps its origin to their Norman fore-
fathers ; but, however begotten, and however fostered, Eng-
land owes much to it, and to the spirit of adventure which
it has engendered amongst them. Individual enterprise
has led to national achievements, till the name and power
of Great Britain have been so extended that the sun never
sets upon her possessions.

In an age when science is lending its mighty aid to every
peaceful and warlike art, when mighty armies may be sud-
L]

denly concentrated by railroads, and a nation’s fate may
hang on the electric wire, England must not trust in the
multitude alone of her ships. Every fresh struggle for
wealth or power proves that it is the amount of mind and
intellect put forth in that struggle, and the amount of
energy, and of means used to effect the end desired, which,
humanly speaking, ensure success; and, as knowledge is
always increasing, nations or individuals must not rest
upon what has been done, if they desire to keep pace with
the world in its eager rush of advancement and improve-
ment. With regard to ship-building, not only must in-
genuity and skill be brought to bear to assist the artisan in
the practical construction of the fabric, but men of science
must lend their aid, and use their powers of investigation,
to assist in designing a complete whole, adapted to meet
the ever-increasing competition for mastership on that ele-
ment on which not only the welfare of England but of the
whole world seems to hang. 4

The limits of a treatise of this nature are such that a very
general view only of the many branches of inquiry in-
volved in this important subject can be given. It could
not, however, be considered complete without a short out-
line of the rise and progress of the art, or without some re-
ference to the authors from whose works further information
may be obtained. It is always interesting and instructive
in every art to trace the various stages it has gone through
before arriving at its existing state. The retrospect of the
art of ship-building shows that there has been no standing
still in its course without corresponding injury to the pros-
perity and power of the nation which has neglected it, and
that there must be no relaxation of exertion to meet the
demands of a commercial and warlike people.

A
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SHIP-BUILDING.

RISE AND PROGRESS OF NAVAL ARCHITECTURE.

In tracing the progress of naval architecture among the
nations of antiquity, in order to connect it with its advance
in more modern times, the chronological divisions adopted
by that indefatigable investigator, Charnock, in his valuable
History of Marine Architecture, present a very succinct
idea of the probable rise, progress, decline, and revival of
the art, and therefore offer a valuable guide for investiga-
tion. It would not be consistent with the purpose of this
article to enter into the detail that would be necessary to
ascertain the state of naval architecture during the periods
embraced in each of the sections he has assigned to this
subject. Some few facts only will be collected from varieus
authors in illustration of the probable size and nature of the
shipping of the ancient world, with an outline of what little
is known of the rude vessels which, during the darkness ot
the middle ages, bore the marauders of the northern nations
Charnock divides maritime
history into seven sections. The first comprehends the
time previous to the foundation of Rome, until which ke
considers that all history is founded on surmise. The
second section comprises a period somewhat less obscure,
in which the collateral testimony of various authors may be
examined and compared; and therefore there certainly
appears less difficulty in ascertaining facts. It extends
from the foundation of Rome to the destruction of her rival,
Carthage. The termination of the third is at the conver-
sion of the Republic into an empire. The death of Charle-
magne ends the fourth epoch. The fifth extends from
this period to the discovery of the mariner’s compass.
The sixth ends with the discovery of cannon, and with
their adaptation to naval warfare commences the seventh
epoch,
po'I(':he first vessel of which we have any description is the
ark as built by Noah under the directions of the Almighty.
Its proportions possess some interest, because, though not
intended for a voyage, it may be inferred that it was con-
structed to float with as little motion as possible, consider-
ing that it “went upon the face of the waters” for about
five months. It was no doubt exposed to the action of the
winds and waves during thatiperiod, for before it rested
“a wind was made to pass on the earth, and the waters

of the trunk of a tree, require tools or implements for their History.

construction, and were, therefore, no doubt of later intro-
duction.

As early authentic records on the subject of ship-build-
ing, the paintings and sculptures of Upper and Lower &
Egypt may be referred to. These show regularly formed
boats, constructed of sawn planks of timber, propelled by
numerous rowers, and also by sails. Some are represented
as formed with inclined planes, forward and aft in the same
manner as the barges on the Thames, and in this respect
are more correct in theory and in reality as to ease of pro-
pulsion than many canal-boats of the present day, con-
structed of a wedge-like form. The Hebrews in the time
of Solomon must have possessed vessels of considerable
size, as mention is made, in the sacred writings of that date,
of “ stately ships” and of voyages made to bring trees of
considerable size to be used in the building of the temple.
In addition to the trade in the Mediterranean from Jop
and Tarshish, it is also recorded that Solomon despatched a
navy of ships from the Red Sea to fetch gold from Ophir,
the position of. which, though disputed, was probably on
the east coast of Africa.

The Pheenicians were connected with the Hebrews in Phenician
their maritime expeditions, and this people appear to have shipping.

been the most enterprizing in navigation of all the nations
of antiquity. There can be no doubt from the accounts
given by that most pains-taking and careful historian, Herodo-
tus, that an expedition fitted out by this people sailed round
the Cape of Good Hope. They started from the Red Sea,
and after passing Ophir, if situated, as previously supposed,
on the east coast of Africa, and to which they were in the
habit of trading, they rounded the Cape, and keeping by
the shore they entered the Mediterranean through the pillars
of Hercules, or Straits of Gibraltar, and arrived in Egypt in
the third year of their expedition. Vessels capable of per-
forming such a voyage must have been of considerable
size.

them that the latter nation learned in their wars what they
knew of ships and of navigation. Amongst the Grecian
states, the Corinthians appear to have most distinguished
themselves by improving the forms of the galleys, and in-
creasing their size. The people of Tuscany and the Car-
thaginians also became important maritime powers about

The Pheenicians were also engaged, in concert with Grecian
other nations, in wars with the Greeks; and it was from shipping.

asswaged.” Assuming a cubit to be about 18 inches of this time.
our measure, its length was about 450 feet, its breadth =~ The Romans in the earlier stage of their history paid Roman
about 75 feet, and its depth about 45 feet, with an arch or little attention to navigation, until it was forced upon them shipping

round-up of the upper deck of about 18 inches. Its by the necessity of competing with their great rivals the®C:

draught of water must have varied greatly during the
EeriOd of its occupation, as twelve months’ provisions must

ave formed a very large proportion of the original weight,
and these must have been gradually consumed. Its length
is thus seen to have been six times its breadth, and it is per-
haps curious that ship-builders should not sooner have given
this, or a greater proportion of length to their vessels ;
seeing that these were intended for locomotion, with as much
speed as possible, and consequently that an increase of length
must have been proportionally advantageous to them, by
giving them a finer form. The remembrance of this huge
vessel, or floating house, would remain long on the minds
of Noah’s posterity ; but it was not likely to influence them
in the construction of petty floating vessels, to meet any of
their limited requirements. Wickerwork frames of rushes,
or reeds, or of the rind of the papyrus, smeared with mud
or pitch, similar to the ark in which Moses was exposed,
appear to have been at a very early age brought into use,
and basketwork, covered with skin, has continued in con-
stant use among many nations, even up to the present
time. They are still in use in some parts of this and other
countries under the name of coracles. Canoes, formed out

Carthagenians. The galleys of this period ranged from a
single bank up to the quinquireme of five banks of oars.
The oars in these large galleys being arranged in sets or
banks, the number of these could be increased to any
extent by giving additional length to the galley. The
trireme, or three-banked galley, appears to have been gene-
rally open in the middle where the rowers sat, with decks
or platforms at both ends for the soldiers ; but this was not
always the case, as in the representation of a trireme found at
Pompeii, it is decked over for its whole length, and with a
house or inclosed space at the stern. The galleys of
greater size than the triremes appear to have been always
decked-vessels, and the upper or fourth and fifth oars of
each bank were probably pulled from the deck, in the same
manner as the long oars of the present day, called sweeps,
while the three lower oars were pulled through port-holes
by men seated below the deck.

The chief information on the vessels of this period is
gathered from the accounts of naval expeditions and en-
gagements as recorded in the histories of the Peloponne-
sian war by Thucidydes ; the wars of Alexander the Great,
especially the siege of Tyre, by Curtius and Arrian; the
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History. battle between Demetrius and Ptolemy, by Diodorus Sicu-
lus; the first Punic war, by, Polybius, in which a very minute
account is given of the engagement between the Romans
and the Carthaginians; and of the battle of Actium, by

very high and erect, as likewise their sterns, to bear the History.
hugeness of the billows and the violence of the tempests. \ o ~’/
The body of the vessel was entirely of oak. The benches
of the rowers were made of strong beams about a foot in
breadth, and fastened with iron nails an inch thick. In-

Dionysius Cassius. Céesar, in his Commentaries, also gives
an account of the vessels used in the invasion of Britain,
which seem to have been of greater draught of water than
common at that period, as he considers it worthy of record-
ing, that the men on disembarking were breast-high in the
water, and that at last the galleys were ordered in between
these larger vessels and the shore, to protect the disem-
barkation.

The Roman ships were divided into three classes : the
naves longe, or ships of war ; the naves onerarie, or ships
of burthen ; and the naves liburne, which were ships built
expressly for great velocity, and may be supposed to have
been used as despatch-boats, and for making passages with
important personages. There is repeated evidence to prove
that these vessels were invariably built of pine, cedar, or
other light woods, excepting that the bows of those for war
were of oak, strongly clamped and strengthened with iron
or brass, in order to withstand the shock of opposing ves-
sels; the tactics comprising the attempt to sink or damage
the enemy’s vessel, by violently propelling this armed bow
against the weaker broadside of the enemy, or else endea-
vouring to break and cripple the oars. Oak was first ap-
plied to ship-building by the Veneti, on the testimony
of Ceesar in his treatise De Bello Gallico, lib. iii. cap. 13.
Copper or brass was introduced for fastenings, in con-
sequence of the quick corrosion of the iron, about the
time of Nero. This is stated on the authority of Vege-
tius, and also of Atheneeus; and Pliny mentions that flax
was used for the purpose of caulking the seams of the

lank.

P The following quotation is from Locke’s History of Navi-
gation :—* Sheathing of ships is a thing in appearance so
absolutely new, that scarce any will doubt to assert it alto-
gether a modern invention ; yet how vain this notion is, will
soon appear. Leo Baptisti Alberti, in his book of Archi-
tecture (lib. v. cap. 12), has these words: But Trajan’s ship
weighed out of the lake of Riccia at this time, while I was
compiling this work, where it had lain, sunk and neglected,
for above 1300 years ; I observed that the pine and cypress
of it had lasted most remarkably. On the outside it was
built with double planks, daubed over with Greek pitch,
caulked with linen rags; and over all a sheet of lead
fastened on with little copper nails. Raphael Volaterranus,
in his Geography, says this ship was weighed by the order
of Cardinal Prospero Colonna. Here we have caulking
and sheathing together above 1600 years ago; for  sup-
dose no man can doubt that the sheet of lead nailed over
the outside with copper nails was sheathing, and that
in great perfection, the copper nails being used rather
than iron, which, when once rusted in the water, with
the working of the ship, soon lose their hold and drop
out.”

During the dark ages which followed the downfall of
Rome, little progress was made in navigation, and but little
is known of the vessels in which the nortnern hordes made
their predatory and conquering excursions.

The investigations of the Royal Society of Northern
Antiquarians at Copenhagen have thrown considerable light
on the subject of this early navigation, and of the discoveries
of the Scandinavians in the west; and it cannot be sup-
posed that it was in coracles that frequent voyages were
made to Newfoundland, and colonies established there,
which, it appears proved, were in existence as early as
the tenth century. But to recur to the description given
by Ceasar of the ships of the Gaulish Veneti. * Their
bottoms were somewhat flatter than ours, their prows were

stead of cables, they secured their anchors with chains of
iron; and made use of skins and a sort of thin pliant leather,
by way of sails, probably because they imagined that
canvas sails were not so proper to bear the violence of
tempests, the rage and fury of the winds, and to govern
ships of that bulk and burthen. . . . . . Neither could our
ships injure them with their beaks, so great was their
strength and firmness, nor could we easily throw our darts,
because of their height above us, which also was the reason
that we found it extremely difficult to grapple the enemy
and bring him to close fight.” And again, speaking of the
manner in which these ships were eventually taken posses-
sion of: “ They,” the Romans, “ had provided themselves
with long poles, armed with long scythes ; with these they
laid hold of the enemies’ tackle, and drawing off the galley
by the extreme force of oars, cut asunder the ropes that
fastened the sailyards to the masts ; these giving way, the
sailyards came down, insomuch that, as all the hopes
and expectations of the Gauls depended entirely on their
sails and rigging, by depriving them of this resource, we
at |thf same time rendered their vessels wholly unservice-
able.

The account proceeds to state, that many attempted to
escape from this unforeseen means of aggression ; but that
the wind falling, and a perfect calm coming on, they were
obliged to remain inactive on the water, and were taken
possession of, one after the other, by the simultaneous at-
tack of several Roman galleys. It would appear from this
that they were vessels only intended for sailing, and that,
since oars were used, from the mention made of seats for
the rowers, they could have been as very partial accessories
to the sails, or probably even only for steering. Another
fact is mentioned by Ceesar, that the Veneti sailed from
their port to meet tie Roman fleet, and several of the
vessels escaped to their port from the fleet. This, though
not conclusive of the fact of sailing on a wind, is worthy of
notice.

It is probable that it was ships such as these which brought Hengist
Hengist and Horsa to England about the middle of the fifth and Horsa.
century, since it is recorded that their force, which con- 4" 450

sisted of 1500 men, found accommodation in only three ves-
sels. It is hardly to be imagined that the coracles, or skin-
boats of the northern nations, were ever of sufficient dimen-
sions to accommodate a force of 500 men, with arms and
means of active aggression.

The earlier irruptions of the northern barbarians into Rise of
Italy had desolated the Roman province of Venetia, and Venice.

driven a remnant of its inhabitants to the refuge afforded
by the small marshy islands at the extremity of the Adri-
atic. There they are described by Cassiodorus, who assimi-
lates them to water-fowl, as subsisting on fish, and steeped
in poverty, their only manufacture and their only com-
merce being salt. From such humble beginnings arose
the state destined to connect the old world with the new,
and to lead the van of modern commercial and maritime
enterprise. The mercantile prosperity of Venice diffused
its influence throughout the shores of the Mediterranean,
which thus became once again the nursery of civilization

For many centuries Venice was the great school of the arts
connected with navigation, and her shipwrights and seamen
were long the most instructed in Europe. While the north-
ern seas were navigated by the Scandinavian sea-kings, in
their rude and frail boats, in quest of plunder or of a home,
ships floated on the waters of the Mediterranean bearing
the banner of St Mark, which, it is said, were, even as early.
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History. as the tenth century, of the burthen of 1200 up to 2000
\w=, =~ tons. The vessels, however, generally adopted by the Me-
diterranean states were either copies or modifications of
the ancient galley.

It is a fact worth notice, that while the continuation of the
use of this species of vessel in the comparatively tranquil
waters of the Mediterranean fostered the arts of commerce
and navigation, its introduction into the northern seas, to
which it was ill adapted, appears to have checked, in a most
remarkable degree, the maritime enterprise which had
hitherto so characterized the population of their coasts. It
is even probable that the barrier thus opposed to commerce
entailed on the states of Northern and Western Europe
centuries of comparative barbarism.

Alfred was the first ruler of England who clearly under-
stood that the policy of Britain was rather to prevent than
to resist invasion ; and the bygone history of his country
told him plainly that its military strength was not only
insufficient to awe invaders from its shores, but that all the
military resources at his command were inadequate to pre-
serve the liberties of his people. He therefore turned the
energies of his mighty mind to the task of creating a naval
force, which should be more powerful than that of his
untiring persecutors the Danes. In this he succeeded ;
and at length, under the protection of the fleets which his
genius had created, he was enabled to establish that frame-
work of internal policy and government, from the wisdom
of which England has even to this day benefited. It is
historically certain that Alfred himself superintended the
formation of his fleet, and that he gave the design of vessels
to be superior to those of the Danes.

These vessels were galleys, generally rowed with forty
oars, some even with sixty, on each side; and they were
twice as long, deeper, nimbler, and less “ wavy” or rolling,
than the ships of the Danes. The information on this
subject is obtained by Selden from a Saxon chronicle of
the time of Alfred, which is in the Cottonian Library.
Reasonsfor It should be remembered, that when Alfred thus intro-
their intro- quced the Mediterranean galley into these northern seas,
daction.  hig object was not so much to form a vessel adapted for the
purpose of navigating those seas, as to obtain one which
would afford space for a large force of fighting men. For
this the galley was admirably qualified; and indeed it main-
tained its tElace as the appropriate ship for the purposes of
war until the invention of cannon rendered other arrange-
ments necessary.

The immunity which it insured from the attacks of the
Danish marauders caused its general adoption along the
coasts hitherto_open to their incursions, on all of which it
thus superseded the sailing vessels that have been already
described ; and voyages which, until its introduction, were
boldly and successfully achieved, became of rare occurrence
and of hazardous issue during the subsequent ages, until
the galleys once again gave place to sailing vessels. Italso
gradually checked the enterprise of the glorthmen, by the
curb wbich it placed upon their successes.

It is not proposed to give more than a slight sketch of
the naval history of Britain through the line of her Saxon
princes; for little data can be found on which to base
any sseculation even, as to the progress of naval architec-
ture during these The galley of the Mediterranean
continued to be used for the defence of the coasts ; and the
policy of Alfred appears-to have been well understood by
many of his successors—that England only enjoyed peace
from invasion when her fleets were powerful enough to
repel it from her shores. It is also to be inferred that the
use of sailing vessels was not wholly abandoned ; for in the
reign of Athelstan, the third in descent from Alfred, as
recorded by Hackluyt, it was decreed, that “if a mar-
chant so thrived, that he passed thrise over the wide seas

nean gal-
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- ing to Selden, that whoever

of his owne crafte, he was thenceforth a Thein’s right History.

worthie.” . -
This establishes two rather interesting facts: one is, that Mercantile

at so early a period there were merchants of importance shipping.

enough to engage in such a traffic; and the other is, that

from the richness of the reward held out to successful enter-

prise, the difficulty of the task assigned must have been esti-

mated as great. It may be assumed that these long voyages

were made in ships more adapted for the than galleys;

in fact, in the vessels which the galleys had been intended

to supersede. . But the spirit of maritime enterprise had, as Decline of

before observed, evidently received a check, since one of the naval en-

highest rewards in the power of the monarch to bestow was terPrise.

he%d out to the merchant as an incitement to an adventure,

which the vague hope of plunder would alone have been

sufficient to induce that merchant’s progenitors to attempt

and successfully perform. However, it is probable that at

no time was the art of navigating vessels, which depended

rrincipally, although perhaps not wholly, upon their sails,

ost in the northern seas. Gibbon says, that at the early

crusades the vessels of the “ Northmanni et Gothi” (the

Norwegians and Danes) differed from those of the other

powers, among all of whom the ships partook of the charac-

ter of the Mediterranean galley. These northern crusaders

are described by him as navigating * navibus rotundis—that

is to say, ships infinitely shorter in proportion to their length

than galleys.” This was not later than the beginning

of the twelfth century, and therefore not so far removed

from the periods in question as to render the inference

proposed to be deduced from it erroneous, particularly when

referring to times of such slow improvement as the middle .

ages.

The “mighty” fleets maintained by Edgar afford no in- Edgar.
formation on the subject of this article, excepting that the
facts connected with that monarch’s annual circumnaviga-
tion of his territories prove them to have consisted of row-
galleys. They must, however, have formed comparatively
a ‘“mighty” fleet ; for, from a grant of land made by Edgar
to Worcester cathedral, it is found that he assumed to him-
gelf the title of “ Supreme Lord and Governor of the Ocean
lying round about Britain.” That they were but of slight
construction may be inferred from the low state of the navy
so shortly after the death of Edgar as the reign of Ethelred, Ethelred.
who, in order to re-establish it, instituted a regular tax for
providing and maintaining a navy. It was enacted, accord-
possessed “310 hides of land
was charged with the building of one ship or galley; and
owners of more or less hides, of part of one hide, were
rated proportionally”—the hide being, according to the
best authorities, as much ground as a man could turn up
with one slough in a year. But this tax appears to have
been inadequate to the purpose of providing a sufficient
fleet, for all the exertions of Ethelred could not preserve
Britain from again being ravaged b{ the Danes, and, after
the short reign of his son Edmund Ironsides, England was
ruled by Danish monarchs. From the known talent of Canute.
Canute, the first of these princes, and from the crowns of 4-D- 1016.
Denmark, Norway, and Britain being united in his person, it
may be presumed that the naval affairs of England were not
suffered to retrograde. There is, indeed, a record of their
advance during this second Danish rule. It may also be
inferred from the present which was made by Earl Godwin
to Hardicanute, the third Danish sovereign, of a galley,
sumptuously gilt, and rowed by fourscore men, each of
whom wore on his arm a bracelet of gold weighing sixteen
ounces ; not that the mere gorgeousness of the gift would
prove any advance in the art of ship-building, but it may
be supposed, from its nature, that naval affairs found
favour in the sight of this monarch. Of this there is also
other historical evidence, as Hardicanute raised L.11,048,
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History. in the first two years of his reign, for the purpose of build-
==~ ing thirty-two ships; and the taxes he levied for the support
of his navy were so grievous that, Florentius says, scarcely
any man was able to pay them.

The marine of England seems to have been maintained
on a comparatively powerful footing up to the period of the
Norman conquest ; and from the naval resources at the
command of Harold the Saxon, in comparison with the in-
signiﬁunce of the shipping which brought William and his
Normans across the channel, there can be no doubt that
had Harold relied upon his naval strength, the conquest of
England would never have been achieved ; but, by some
fatality, his fleet, which had been long stationed off the Isle
of Wight, was dispersed, in consequence of a report that
William had abandoned his enterprise.

The flotilla of William the Conqueror is variously stated ;
by some at 900, by others at 3000 vessels. Either num-
ber proves their insignificance, as the invading force con-
sisted of about 60,000 troops, which would give in the one
case about 66 men to each vessel, in the other 20 men
only (figs. 1 and 2).

Norman
conquest,
A.D. 1066.

Fleet of
William.

Fig. 1.

The conquest of England being completed, the shores
on either side of the narrow sess between England and

Fig. 2.

Normandy were under the same rule. William, therefore,
claimed sovereignty over them, which right was maintained
by his successors. There can be no doubt that the con-
stant intercourse between the two portions of the empire,
which continued throughout the Norman sway, and indeed
for a period of upwards of three centuries, must have done
much towards fostering a maritime spirit among the popu-
lation of England, and accustoming it to consider that fame
and fortune were the rewards of nautical adventure.

There is but slight evidence as to the state of naval
architecture during the early period subsequent to the Con-
quest. There are a few facts scattered among the records
of these times, from which some vague conclusions as to

Probable
size of

ships.

the probable size and nature of the vessels used may be History.
drawn. When Prince William, son to Henry I, was \«m =~/
drowned, by the loss of the vessel in which he was cross- a.p. 1100.
ing from France to England, it is recorded that 300 souls

perished with him. As of this number a large portion, his-

torians say 140, were men of rank, and as there were many

ladies, since the prince was accompanied by his sister, the

vessel must have been of considerable burthen. A similar

event, namely, a shipwreck, that occurred during the reign

of Henry II., by which nearly the same number of persons
perished, tends to prove that such was about the extent of

the accommodation afforded by the shipping of this period.

Galleys still continued to be used for the purposes ot war ;
but as commerce began to be extended, it became neces-
sary to recur to the use of sails, and they were therefore
gradually recovering their importance, and superseding
oars. Indeed, it is difficult to conceive commerce to be
profitably engaged in when attended with the immense
expense of the crews necessary to propel the larger galleys.

This must have had an important influence in the improve- State of
ment of navigation and of naval architecture, for the com- trade.
mercial intercourse between the portions of the empire on

either side of the channel must have been considerable.

There is constant reference in the early chronicles to the

great extent of the wine trade, and of the commerce in wool

and woollen cloths.

The introduction of vessels propelled by sails for the pur-
poses of commerce would necessarily cause a change in the
constitution of the fleets assembled for the services of war;
and this will be found to have been the case.

The expedition of Richard Ceeur de Lion, in 1190, to Richard
join the crusade to the Holy Land, consisted of nine ships, Ceur de
which are described as being of extraordinary size, 150 Lion.
others of inferior dimensions, and only 38 galleys. After A-D- 1190.
the reduction of Cyprus, and the addition of the vessels
captured there, with others which he had hired at Mar-
seilles and in Sicily, his armament consisted of 234 * tall
shippes, and about three score galliots.” The increase was,
therefore, almost wholly in the ships. This, together with
the recorded fact, that he captured a Saracenic vessel of
such size as to be capable of containing 1500 Saracens, and
a large quantity of military stores, destined for the relief of
Achon, tends to prove that the progress of naval architec-
ture, under the influence of the commercial powers of the
Mediterranean, had been more rapid than in these northern
seas, where the commerce was much more confined in its
nature, and the nations bordering on which were in con-
stant warfare with each other.

The Norman monarchs appear to have been very tena- Sovereign-
cious of their claim to the sovereignty of the narrow seas; ty of the
and not only their claim, but their power to maintain their ***
right, is admitted by the French historians. The Pére
Daniel sanctions the claim of Henry II. to this sovereignty.

In the reign of John the fleets of England were of such John.
importance that the claim was extended; for it was then 4-D- 1199.
enacted, that if the masters of foreign ships should refuse
to strike their colours, and thus pay homage to the English
flag, such ships should be considered as lawful prizes. This
monarch most carefully fostered the naval power of Eng-
land; and it is in the records of the thirteenth year of this
reign that mention is first made of any public naval estab-
lishment. There is in the close rolls, g:blished by the Early ori-
Record Commission, an order, which is dated the 29th of gin of
May 1212, from the king to the sheriff of the county of m:‘:t.l;
Southampton, in which he is directed without delay to cause dockyard.
the king’s docks at Portsmouth to be enclosed by a good
and strong wall, in order to protect the king’s galleys and
ship’s; and also to build storehouses against this wall, for
the preservation of the fittings and equipment of the said
vessels; all of which works are to be performed under the
direction of William, archdeacon of Taunton, and the
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History. greatest diligerice is to be used, in order that the whole may
\w=~/ be completed during the summer.
Edward .  The naval power of England appears to have continued
a.p.1272, sufficient to maintain the sovereignty assumed by John.
' For the occurrence of predatory excursions by some Genoese,
during the reign of Edward I., caused all the nations of
Europe, bordering on the sea, to appeal to the kings of
England, whom they acknowledged to be in peaceable pos-
session of the “ Sovereign Lordship and Dominion of the
Seas of England, and Islands of the same ;” which proves
that their claim was generally acknowledged. This docu-
ment, Evelyn says, was still extant in his time, in the
archives of the Tower. The right to the absolute sove-
reignty of the seas was maintained up to the reign of James
I. Queen Elizabeth insisted on and maintained her power
to refuse or grant passage through the narrow seas, accord-
by Eng-  iDg to her pleasure. In 1634 Charles I. asserted his right
land, and to their sovereignty; and in 1654 the Dutch were com-
spontane- pelled, after a severe struggle, to submit to it, and consent
ously aban- to “strike their flags and lower their top-sails on meeting
dooed.  gany ship of the English navy on the British seas;” which
homage the commanders of English men-of-war were in-
structed to exact from all foreign vessels until so lately as
the close of the last war, when it was judiciously aban-
doned, for the following reasons, as given by Sir John
Barrow. In his Life of Howe, with reference to Trafalgar,
he says, “ That battle, moreover, having so completely
humbled the naval powers of France and Spain, suggested
to the consideration of the Board of Admiralty, with the
approbation of the government, the omission of that arbi-
trary and offensive article which required naval officers to
demand the striking of the flag and lowering of the top-sail
from every foreign ship they might fall in with. That in-
vidious assumption of a right, though submitted to generally
by foreigners for some centuries, could not probably have
been maintained much longer, except at the cannon’s
mouth; and it was considered, therefore, that the proper
time had come when it might, both morally and politically,
be spontaneously abandoned.”
Error re- It is generally supposed that ships intended only for sail-
specting  ing were first built by the Genoese, and that not until the
the use of beginning of the fourteenth century. It is perhaps more
“ll:ms ves- probable, that in the Mediterranean they date from an earlier
sels. period than this; and that although the general adoption
of the galley in Western Europe had much checked the
art of navigation by means of sails, it had never been wholly
lost, but that sailing vessels, though probably very few in
number, and imperfect in rig, had been constantly in use.
To judge from the few hints handed down to us by history,
they were probably luggers, and were adopted for mercan-
tile purposes along the coast of the Channel and the Bay of
Biscay. In the north of Europe sails had never been dis-
continued, but the more warhke galleys of England and
Frauce prevented the incursions of the northern nations
with such vessels into these more southern seas.

The beginning of the fourteenth century is decidedly an
epoch in the histories both of navigation and of naval archi-
tecture, and from it may be dated the general introduction
of sails and many other appliances. It is generally supposed
that the “large ships” mentioned in the enumeration of
the fleets of this period, were ships built only for sailing,
and intended for those long voyages which the invention
of the compass by Flavio Gioio, a Neapolitan, about the year
1300, had rendered of comparatively easy performance.

It has been surmised that the compass was brought to
Furope from the East about forty years previous to this
date, by Paulus Venetus. It is certain that the Portuguese
found the knowledge of the magnetic needle generally and
-ong diffused among the eastern navies. Evelyn says, that
‘it was, near eighty years after its discovery, unknown in
Britain.” This is not improbable, for there does not re-
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main much record of maritime affairs in the interval be- History.
tween the reigns of John and Edward III. N !

The reign of this latter monarch, however, was, after a Edward
most severe struggle with France for supremacy on the IIL
seas, the era of a series of naval triumphs, and both navi- 4> 1327.
gation and naval architecture made most decided advances.

In an engagement which took place in 1340, the French Naval
force amounted to 400 vessels, of which 120 were  large battle.
ships,” these being principally Genoese mercenaries. Ed-
ward IIl.' commanded the English fleet in person, which
consisted of but 260 sail. The French are variously re-
ported to have lost 20,000 and 30,000 men, and 200 vessels
are said to have been captured. The loss to the English
was only 4000 men. Two facts are elicited by the ac-
counts of this engagement ; one is, that there is no mention
of galleys as forming any part of the fleets ; the other is, that
in the James of Dieppe, which was captured by the Earl of
Huntingdon, 400 persons were found slain; consequently
the size of the vessel must have been very considerable.

In 1344 Edward summoned commissioners from all the Royal fleet
ports, to meet in the metropolis, provided with the state of
their “ navies.” The roll of this fleet is inserted in the first
volume of Hackluyt, from a copy in the Cottonian Library.

The total numbers were 710 ships, and 14,151 mariners ;
and there were 38 foreign ships, with 815 mariners. From
this roll it will be seen that it was about this time that gal-
leys ceased to be used by England for war or commerce, as
neither among the king's ships nor among those furnished

by merchants is there any mention of them. This fleet
was that engaged in the celebrated siege of Calais, and it Use of can-
was probably at this time that cannon were first employed non.
by the En ﬂsh. Camden, in his Remains, says, * Certain

it is, that %(ing Edward 1II. used them at the siege of
Calais in 1347.”

Although from the fact of there being a royal dock-yard Sizes of
at Portsmouth so early as the reign of John, it is probable Edward’s
that the kings of England were possessed of a navy almost *hipe-
from the conquest; yet this roll of Edward’s fleet contains
the first enumeration of ships belonging to the sovereign,
and employed in the service of the state, which occurs in
English history ; and consequently it is from the reign of
Edward IIL that the formation of a royal navy must be
dated. The king’s ships were 25 in numbers and were
manned by 419 mariners. It appears that the vessels be-
longing to the sovereign were inferior in force to many
of those which were supplied by subjects ; for the average
number of the crews of the king’s ships were 17 men to
each vessel, while the average of the fleet was rather above
20. Of course these numbers only include the mariners
employed in navigating the vessels, and not the soldiers
to be afterwards embarked on board them. Considering
the simplicity of the rig of these ships, in comparison to
the wilderness of canvas and cordage covering the tall
masts of a modern merchantman, there is more reason to
be astonished at the large number of hands employed, than
at the smalluess of the averages, 17 and 20. There is
good reason to suppose that the addition of the bowsprit
to the rig of ships dates no farther back than late in the
reign of Edward IIL, which is alone quite sufficient to
prove the very imperfect state of the navigation at that
period, and also to excite astonishment that, with such ap-

arently inadequate means, so much was effected; for
Kistory would almost lead us to supoose that, for all the pur-
poses ot war and commerce, fleets as proudly or as in-
dustriously ploughed the main then as now, *“with all
appliances and means to boot.”

In the year 1381, the fourth of the reign of Richard II., Richard
the first navigation act was passed in England, for the en- I ~
couragement of the naval interest and the augmentation of F':i':::;:
our maritime power, by discountenancing the employment &
of foreign shipping. 1t cnacted, * That tor increasing the
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other to 1000 butts. So energetical was Henry V. in all History.

shipping of England, of late much diminished, none of the
king’s subjects shall hereafter ship any kind of merchandize,
either outward or homeward, but only in ships of the king’s
subjects, on forfeiture of ships and merchandize, in which
ships also the greater part of the crews shall be of the king’s
subjects.” This act was not, however, enforced, permis-
sion_being given to hire foreign shipping when there were
no English ships in readiness.

Royalships It has been remarked above, that the royal navy of Eng-
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land must date from the reign of Edward III. There is
proof that it continued to be customary for the sovereign to
possess ships ; they were, however, used both for war and
commerce. This practice, which does not at all militate
against the existence of a royal navy, appears to have
commenced when “large ships” were substituted for the
galleys as vessels for war ; and it long continued to be usual
for merchants to hire shipping from the sovereign for com-
mercial voyages. The proceedings of the privy council,
which have been printed by the Record Commission, show
that in June of the year 1400, Henry IV. ordered his “ new
ship,” together with such others as were in the port of
London, to proceed against the enemy. There is also a
letter in the Cottoniambmy, which has been printed in
Ellis's Collection of Letters, from John Alcetre to King
Henry V., concerning a ship building for that monarch at
Bayonne. The letter is of the date of 1419; and as it
contains more minute details than might be expected to
have descended to us from such an early period, we give
the following extract :—* At the makyng of this letter yt
was in this estate, that ys, to wetyng xxxvj. strakys in hyth
y bordyd, on the weche strakys hyth y layde xj. bemys;
the mast beme ys yn leynthe xlvj. comyn fete, and the beme
of the hameron afore ys in leynthie xxxix. fete, and the beme
of the hameron by hynde is in leynthe xxxiij. fete ; fro the
onemost ende of the stemme in to the post by hynde ys in
leynthe a hondryd iij** and vj. fete ; and the stemme ys in
hithe iiij** and xvj. fete; and the post xlviij. fete; and the
kele y in leynthe a hondryd and xij. fete ; but he is y rotyt,
and must be chaungyd.”

We have also evidence of the existence of ships which
belonged to the monarch, in contradistinction to ships which
belenged to the “‘commons,” in the quaint rhymes of an
anonymous author of the year 1433, which have been
preserved by Hackluyt, termed The Prologue.of the pro-
cesse of the Libel of English policie, exhorting all England
to keepe the sea, and namely, the narrowe sea, showing
what profite commeth thereof, and also what worship and
saluation to England, and to all Englishmen.

¢ And if I should conclude all by the king
Henrie the Fift, what was his purpoeing,
Whan at Hampton he made the great dromons,
Which passed other great ships of all the commons ;
The Trinitie, the Grace de Dieu, Holy Ghost,
And other moe, which as nowe bee lost.
What hope ye was the king’s great intent
Of thoo shippes, and what in minde hee meant :
It was not ellis; bat that hee cast to be
Lorde round about environ of the ses.”

The term dromond is the corruption of a Levantine term,
dromones, imported probably by the crusaders. The dro-
monds were long row-galleys, but the adopted term dro-
mond was applied generally to all large ships.

There is a list of Henry’s vesselsin the fourth year of his
reign preserved in the proceedings of the privy council.
His navy then consisted of three “large ships,” or “grands
niefs,” three “ carracks,” eight barges, and ten balingers. In
1417 it was augmented to three “large ships,” eight * car-
racks,” six other ships, one barge, and nine balingers.

Again, in a letter preserved among the Cottonian manu-
scripts, and printed in Ellis’s collection, it is stated that
the Spaniards offered Henry V. two carracks for sale, one of
which is described as of a tonnage equal to 1400, and the

things relating to his navy, and the consequent increase in \wm ~’

the number of the royal ships during his reign was so great,
as to have led to the error that before his time the sove-
reigns of England were not possessed of vessels, but relied
wholly upon the aid to be gathered from the different ports
of England, or to be hired from foreigners. This is evi-
dently incorrect.

On the death of Henry V. a different line of policy ap- Neglect of
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pears to have been adopted; for in May 1423 the king’s the navy.

ships were all sold at Southampton, under a restriction that
no foreigner could be a purchaser of them. But it appears
that a long period did not elapse before the depressed state
of the naval resources of the kingdom, consequent on this
injudicious measure, attracted the attention of parliament.
The following interesting quotation from the preface of the
fifth volume of the Proceedings of the Privy Council, printed
by the Record Commission, refers to this event:—*In
1443 the attention of parliament was directed to this im-
rtant part of the national defence (the naval force), and a
ighly curious ordinance was made for the safeguard of the
sea. From February to November eight ships with fore-
stages, or, as they were sometimes called then, as now,
forecastles, armed with 150 men each, were to be constantly
at sea. Every large ship was to be attended by a barge
of 80 men, and a balinger of 40 men. There were also to
be ¢ awaiting and attendant upon them’ four ‘spynes’ or
¢ spinaces,” with 25 men each. The whole number of men
in these 24 ships was 2240.”

There is also in the same preface an account of the va-
rious kinds of ships which formed the navies of this period,
a part of which we shall quote, and by the addition of some
further information of the same nature, derived from Frois-
sart, Monstrelet, and other sources, the reader will be en-
abled to form a tolerably correct opinion as to the state of
naval architecture in England previous to and during the
fifteenth century.

Ships. “ The burthen of the largest ships at that period Ships.

probably did not exceed 600 tons, though some of them
were certainly very large,” as, for instance, the vessel built
at Bayonne for Henry V., already mentioned. * One
which belonged to Hull was released from arrest” (she
having been pressed into the king’s service), * because she
drew so much water that she could not approach within two
miles of the coast of Guienne, where the Duke of Somer-
set'’s army intended to disembark;” and several notices
occur of ships of 300 and 400 tons and upwards. Some had
three and others only two masts, with short topmasts, and a
“ forestage ” or “ forecastle,” consisting of a raised platform
or stage, which obtained the name of castle from its con-
taining soldiers, and probably from its having bulwarks. In
this part of the ship it appears business was transacted ;
and in the reign of Edward 111., if not afterwards, ships had
sometimes one of these stages at each end, as ships “ ove
chastiel devant et derere” are then spoken of. Lydgate,
describing the fleet with which King Henry V. went to
France atter the battle of Agincourt, says,
¢ Fifteen hundred ships ready there be found,
With rich sails and high topcastle.”

This is a confusion of terms. The * topcastles” were not
the forecastles, but were castellated enclosures at the mast-
heads, in which the pages to the officers were stationed
during an engagement, in order to annoy the enemy with
darts and other missiles; as is frequently mentioned in
Froissart, and is represented in the illuminations to his work.

Carracks “were vessels of considerable burthen, and Carracks.

were next in size to great ships, in which class they indeed
were sometimes included. Their tonnage may be estimated
by their being in some instances capable of carrying 1400
butts ; and the sail of one afforded Chaucer a strange simile
expressive of magnitude,
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History. ¢ And now hath Sathanas, saith he, a tayl

B e e overhanging topsides for the accommodation of the oars. History.

In the galleon, on the contrary, the topsides “tumbled ‘= ~’

Though occasionally armed and employed against the enemy,
they were more generally used in foreign trade.”

Charnock says that the first carrack which was built in
England was built for a merchant, John Tavenier of Hull,
who was consequently honoured by Henry VI. with distin-
guished favour; and she was licensed in 1449 with parti-
cular privileges to trade through the Straits of Morocco.
The king also ordered her to be called the “ Grace Dieun
Carrack.” The license states her to have been built “ by

home” to s0 extraordinary an extent, that the breadth at
the water was twice that at the topside, a fashion which has
continued, but in a much less degree, to the present time.

Spynes or

were probably used for swiftness. To these must be added
crayers, hulks, gabarres or gabbars, a kind of flat-bottomed
boat, used in shallow rivers” The French still continue

, “now called pinnaces, seem to haveSpynesor
been large boats, capable of holding twenty-five men, and®pyoaces.

to a[i?ly the term “ gabarre” to store-ships.
the help of God and some of the king’s subjects.” *“ Playtes, cogships, whence perhaps cogs and coggles are Playtes
Barges * were a smaller kind of vessel and of different derived; farecrofts, passagers, which were perhaps boatsand smaller

Barges.
used between England and France ; and cock-boats, a small vessels.

Balingers,

Galleys.

Galleas.

construction from ships, though, like them, they sometimes
had forecastles. Those appointed to protect the seas in
1415 were of 100 tons burthen, and contained forty mari-
ners, ten men-at-arms, and ten archers; whilst the ships
employed on the same occasion were of 120 tons, and had
forty-eight mariners, twenty-six men at arms, and twenty-
six archers each. Four large barges and two balingers
were capable of holding 120 men-at-arms and 480 archers
and sailors.”. ‘

Balingers “ were still smaller than barges, had no fore-
castle, and sometimes contained about forty sailors, ten
men-at=arms, and ten archers.” Froissart makes frequent
mention of * balniers,” “ balleniers,” which he describes * as
drawing little water, and being sent in advance to seek
adventures, in the same manner as knights and squires,
mounted on the fleetest horses, are ordered to scour in
front of an enemy, to see if there be any ambuscades.”
Monstrelet speaks of one vessel that was employed by Louis
XI1. to abduct the Count de Charolais, by the two names
ballenier and balayer. It is not improbable that the name
is derived from the French word baleine, and that its origin
was similar to that of our English name whaler. The whale-
fishery in Biscay was of a very early date.

Galleys * are frequently mentioned at a very early
period ; and in the 5th Rich. II., 1381, the Commons
complained that no measures had been taken to resist the
enemy, who had attacked the English at sea with their
barges, galleys, and other vessels. In 1405 Henry IV.
directed his council to apply to the King of Portugal to
lend him his galleys to assist the English navy against the
French.”

In Sir Grenville Temple's Travels in Greece and Turkey
the following description of a Maltese galley, or, more cor-
rectly, galleas, made from an old model preserved there,
will be found :—* These galleys measured 169 feet 1 inch
in length, and 39 feet 6 inches in breadth. They had three
masts with latine sails, and were progelled by forty-nine
oars, each 44 feet 5 inches long. Their armament con-
sisted of 1 thirty-six pounder, 2 of twenty-four, and 4 of
six, all on the forecastle, which in those days had in reality
some appearance of a castle. On each side of the vessel,
aft of the forecastle, were 4 six-pounders.” The total crew,
including galley-slaves, consisted of 549 persons.

The Galleas and the Galleon appear to have been suc-
cessive improvements on the original galley, rendered ne-
cessary by the introduction of cannon into naval warfare.
The artillery introduced on board the early galleys was
placed either before or abaft the rowers, and to fire in the
direction of the length. In the galleas, a description of
vessel first used at the battle of Lepanto, guns were also

laced between the rowers, to fire from the broadside.
Evelyn describes the galleases he saw at Venice (1645) as
being “ vessels to rowe of almost 150 foote long and 30
wide, not counting prow or poop, and contain twenty-eight
banks of oares, each seven men, and to carry 1300 men,
with three masts.” In the galleon the oars ceased to be
the principal means of propulsion, and if used at all, were
only so as occasional aids. The galley and galleas bad

boat which attended upon all kinds of ships. The whole
of these vessels were employed in conveying goods or pas-
sengers, and most of them on rivers or in the coasting
trade. The ships, carracks, barges, balingers, and galleys,
were employed equally for commerce or for war. hen
sent against the enemy, soldiers were put on board of them ;
and it is most likely they were at all times partly manned
by soldiers. In foreign voyages they usually sailed in con-
voys ; and it was a very ancient custom for the masters and
sailors to elect their own admiral.”

In Burchett’s account of the unfortunate action in the Foists or
Bay of Conquet, in 1513, in which the Lord High Admiral, foysts.

Sir Edward Howard, lost his life, four foists are mentioned
as forming a part of the French force. They were proba-
bly vessels of a similar character with the galley, but smaller
in size. About the beginning of the seventeenth century,
“ carracks,” * galleons,” and *tall shippes,” appear to have
become synonymous terms.

The term hulk originally was applied in a different sense Hulks.

from that which is stated in the part of the foregoing
remarks which we have quoted from the preface to the
proceedings of the privy council. Frequent allusion is
made to hulks in documents of the fifteenth and sixteenth
centuries. In a letter from Sir Thomas Seymour to the
privy council, dated the 13th of November 1544, when in
command of the *‘shipes whyche was a poyntede to kepe
the Narrow Sees,” vindicating himself for putting back on
account of a storm, there is the following passage, from
which it might almost be inferred that hulk was a general
name synonymous with ships:—% Thre holkes that come
after me colde nott gett syght thereof (the ¢Eylle of
Wyght’) tyll they warre in a bay on the est syde of the
Eylle, of the whyche Mr Strowd, Bramston, and Battersebe
of the e, God rest their sowles, was in on of them,
whyche holke brake all her ankeres and cabelles, and she
brake all to peses on the shorr, and but 41 of 300 saved a
lyve. The other two rode out the storme, whyche lasted
all that nyght and the next day. My brother (Sir Hy Sey-
mour) and John Roberds of the garde, tryde the sees all the
furst nyght, and the next day cam into Dartemouth haven,
wharre my brothers holke strake on a roke and brest all to
peses; but God be praysede, all the men warre savede,
savying thre; and a nother new holke that tryde the sees
that nyght brake thre of her bemes, and with moche ado
came into the Wyght.”

Again, in a letter from Lord Viscount Lisle, Baron
Malpas, the Lord High Admiral of England, to Henry
VIIL, there is an announcement, that * their is cum into
the Downes 30 sayle of hulkses, whereof sum be tall
shipes.” And again, in a letter from the same to the Lord
Chamberlain, Lord St John, he speaks of having detained
“3 grate hulkes bound, as they say, for Lusshborne, the
leste of y™ 500 tunnes.” And again, from the same to the
same, he speaks of his former letter and the “goodly hulkes,”
and says, “sithens that tyme I have stayed other too, which
in beautye and well appoynting are beyond the others. That
I have last stayed ys a shipe of 600 at the least, and hath



History. 5 toppes, and she ys of the town of Dansick, and ladon in
Flanders for Lusshbourne.”
A.p.1450. The importance of the mercantile shipping of England
State of during the fifteenth century must have been considerable.
mercantile Aboyg the middle of it flourished the celebrated William
;‘:,'.p PI"8: Canynge, a merchant of Bristol, who built the church of St
Cl'l:h'm Mary’s, Redcliff, in that city, in which church he was buried
yne. . .
in 1474. This man appears to have been much in advance
of the rude times in wﬁich he lived. His mercantile trans-
actions were on 50 extensive a scale, and carried on in ves-
sels of such large size, that they must have had an important
influence in improving the navies of the period. The in-
formation which has descended to us respecting him is
therefore not only a fact of much historical interest, but is
one which is intimately connected with, and most materially
affects, our subject. He was a great patron of the arts, a
friend and protector of genius, and eminent for his virtue
and piety. From an inscription upon his tomb, a tradition
has become current, that Edward IV. took 2470 tons of
shipping from him, he having * forfeited the king’s peace ;”
an(f for the obtaining of which again, it is stated that Ed-
ward accepted these ships instead of a fine of 3000 marks.
The Itinerary of William of Worcester, preserved in the
library of Bennett College, Cambridge, gives the names of
Canynge's vessels, among which are the Mary and Jolin of
900 tons, Mary Redcliff of 500 tons, and Mary Canynge of
400 tons. The same authority gives the names and ton-
nage of other large shiﬂs belonging to Bristol merchants,
among which are the John of 511 tons, and the Mary Grace
of 300 tons. If there be any truth in the tradition of the
confiscation of the shipping, it is probable that the inscrip-
tion on the tomb may refer to some act of Canynge’s in
favour of the house of Lancaster, as he appears to have
enjoyed the favourable opinion of Henry VI. Another
account, which, it is said, is authenticated by the original
instrument in the Exchequer, states that this Canynge
assisted Edward IV. with a loan, and received in return a
license to have 2470 tons of shipping free of imposts. In
Corry’s History of Bristol it is said, *the commerce and
manufactures of Bristol appear to have made considerable
progress during the fifteenth century, about the middle of
which flourished the celebrated Canynge. ‘This extraordi-
nary man employed 2853 tons of shipping, and 800 ma-
riners, during eight years. Two recommendatory letters
were written by Henry VI. in 1449, one to the master-
%eneral of Prussia, and the other to the magistrates of
antzic, in which the king styles Canynge his beloved
eminent merchant of Bristol.”
Doubtsas  Some doubt must always remain as to the actual size of
to accuracy the shipping of this remote period, as we cannot ascertain
in estimat- the bulk that was then considered as equivalent to a ton.
p e of It is probable that the tonnage was estimated according to
ips. the number of butts of wine that a vessel could carry. For
we find references to ships sometimes by tonnage, and
sometimes by the ‘“ portage” of so many butts.
This, however, is only a question as to exactness of size.
In whatever way measured, Canynge’s ships must have been
of very considerable dimensions. It is rather extraordinary,
that at the unsettled period in question Bristol should have
enjoyed such a state of commercial prosperity as the owner-
ship of such shipping as that enumerated by William of
Worcester necessarily involves. Bristol, for many centuries,
was only second in mercantile importance to London ; but
the civil wars which distracted the kingdom during a great
part of the fifteenth century must have much retarded the
increase both of the military and the mercantile navy of
England ; and only when order was again re-established by
Henry VIL the accession of Henry VII. to the throne, in 1483, could
e g .
men’s minds revert from the internal excitement of party
strife to external affairs.
In this interval, in which England was torn by the wars
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of the houses of York and Lancaster, naval science had History
made more rapid strides than in any previous period of ‘= ~'
similar duration. The compass was not only known but progress of
was generally adopted. Navigators could take observations naval im-
by the use of an instrument called the astrolabe, invented provement.
by the Portuguese. The Spaniards and Portuguese were Compass.
sufficiently advanced in the art of navigation to sail on a Astrolabe.
wind, and their smaller vessels, at least, were adapted for

this manceuvre. New maritime states had started into
existence. The Netherlands, until then scarcely known, Nether-
was, under the Duke of Burgundy, the most formidable lands.
naval power in the north of Europe. *His navy,” says

Philip de Commines, “ was so mighty and strong, that no

man durst stir in those narrow seas for fear of it, making

war upon the king of France’s subjects, and threatening

them everywhere ; his navy being stronger than that of

France and the Earl of Warwick joined together.” Ve- Venice.
nice, in 1420, according to Denina, in his Revolutions of

Italy, supported 3000 merchant-ships, on board of which

were 17,000 seamen. They employed 300 sail of superior

force, manned by 8000 seamen ; had forty-five carracks,

with 11,000 men to navigate them; and her arsenals em-

ployed 16,000 carpenters. Portugal had pushed her dis-

coveries round the Cape, and Spain had added America to

the world. .

The progress of discovery by the Portuguese to the south Portugal.
and east, and by the Spaniards to the west, in the voyages Spain.
of Columbus, with the consequent rapid increase in the
importance of these two powers, and the influence of their
discoveries on the state of Europe, renders the fifteenth
century probably the most important of modern history. In
it was given the death-blow to the increase of the Saracenic
q?wer, and to that of the Mediterranean states. The

urk, the Venetian, and the Genoese, had hitherto been
the monopolizers of the commerce of the east. The dis-
covery of the passage round the Cape of Good Hope Passage
opened this trade to all nations. The commercial sceptre, round the
and consequently the military sceptre, hitherto shared by (C;;E: {’;
the Turk, passed wholly from the infidel to the believer. ope.
The crescent sank before the cross.

There can be no doubt, also, that the * tormentas”, of the Its influ-
“grao Cabo de boa Esperaga,” were a means of great im- *7°2 o1
provement in naval architecture ; for, in consequence of the gﬂ:c::;e
representations of Bartholomew Diaz, John IL. of Portugal ’
ordered ships to be constructed for the especial purpose of
contending with the stormy seas of the Cape of Good
Hope. The ships were built to form the squadron of Vasco
de Gama, and were of small tonnage, from the very proper
idea that small vessels were more adapted to prosecute re-
searches in unknown seas than those of a large size, and
consequent increased draught of water.

The squadron of Vasco de Gama consisted of three ships Squadron
and a caravella. One of the ships was of the burthen of of Yasco
200 tons, another 120, and the third 100 ; the caravella was ¢ G4
of 50 tons. The largest of the ships was a victualler; the
smallest was intende§ to prosecute discovery up creeks and
shallows ; and the other was for a display of force. As it is
evident that it was not increase of dimensions which was to
be the object in designing new vessels, the direction of im-
provement must have been towards perfecting their forms,
strengthening their frames, and adding to the efficiency of
their materiel. Portugal by these means became the most
advanced state of Europe in knowledge of the art of ship-
building ; for it was long supposed that the e to India
required ships such as the Portuguese alone could build.

Spain, in her career of discovery, conquest, and coloniza-
tion across the mighty waters of the Atlantic, as if to
assimilate the means to the vastness of her achievements,
rapidly acquired the art of constructing ships of very large
dimensions ; and as long as she possessed a marine, her
ships maintained this superiority.

B
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History.  There is a curious instance of the light in which naval may have been altered to adapt her to these new require- History.
==~ enterprises were considered in England at this time, not- ments of an improved system of seamanship ; and it must ‘e '
A.D. 1500. withstanding the earnest desire of the monarch to re- also be said, that she was burned in an action with the a p. 1513,
State of  establish his navy, which had necessarily suffered from the French fleet, which occurred as early as the fourth year of
navalaf- Jong civil wars. ~ A letter from Henry VII. to the Pope is the reign of Henry VIII.

E"I::d. preserved in the Cottonian Library, excusing himself from Though it is out of the question that ships with the Heory
8 sending succour against the Turk, from which the following enormous top-hamper which, on the evidence of all the VIII.
is a quotation :—* The Galees commying from Vennest o drawings extant, still continued to be the fashion, could Sailing on
England be commonly vij. monethes sailying, and some- have made much progress in sailing on a wind, the letters® Wind-

times more ;” and again, * it should be May or they should
be ready to saill, and it shall be the last end of September
or the said shippes shuld passe the Streits of Marrok ; and
grete difficultie to fynde any Maryners hable to take the
rule and governance of the said shippes sailying into so jeo-
pardous and ferre parties.”

Heori There is a drawing extant in the Pepysian Library in

Graced  Magdalen College, Cambridge, of the Henri Grace & Dieu,

Dieu. built by the order of Henry VII., which Charnock has
engraved in his History of Marine Architecture, and argues
as to the general authenticity of the representation. He
says, “this vessel may be termed the parent of the British
navy. This celebrated structure, the existence of which is
recorded in many of the ancient chronicles, cost the king,
by report, nearly 14,000 pounds.”

Early éri-  From this drawing may be traced the derivation of one

gin of na- or two names which have been preserved even to the pre-

val terns.  gent hour ; as, for instance, the yard-arm,” no doubt from
the ends of the yards being armed with an iron hook. The
castellated work from which has arisen the term “forecastle”
is earlier than this; and the buckler-ports are most probably
derived from a yet earlier period, when the bucklers of the
knights were ranged along the sides of the ship, as they
are represented in the illustrations of Froissart, and of the
early chroniclers, and even in the Bayeux Tapestry.

“ The masts were five in number, inclusive of the bow-
sprit, an usage which continued in the first-rates without

teration till nearly the end of the reign of King Charles I.;
they were without division, in conformity with those which
had been in unimproved use from the earliest ages. This
inconvenience it was very soon found indispensably neces-
sary to remedy, by the introduction of separate joints, or
top-masts, which could be lowered in case of need.”

The drawing shows two tiers of ports. The introduction
of port-holes is said to be an improvement due toa French
ship-builder of Brest, named Descharges, in the reign of
Louis XI1., and about the year 1500. It the drawing be
authentic, the correctness of this appropriation of the merit
of the introduction of port-holes may be questionable.

Again, if the drawing be a correct representation of the
vessel, she would have been in danger of upsetting, ex-
cepting in calm weather, and when her course was with the
wind. In fact, as yet the large ships of war of England
were not at all adapted to sail on a wind, and were very
ill provided with such sails as would enable them to do so;
they had therefore nothing to fear from the result of a
measure which could not be put into execution. The
fleets of war seldom ventured out of port excepting in the
summer months, and then only when the wind was favour-
able to their intended course. But very shortly after the
date of the building of the Henri Grace & Dieu, great
improvement took place, and in the reign of Henry VIII.
there is evidence to prove that sailing on a wind formed
one of the qualities of the vessels composing his fleets.
This fact appears to throw some doubt upon the correct-
ness of the drawing, for it must have required ships widely
different from any of which that would at all give an idea,
to have performed the evolution of tacking or wearinﬁ;
and as the Henri Grace 4 Dieu was in all probability the
same ship that on the accession of Henry VIII. was called
the Regent, she must have formed one in fleets which were
capable of performing these manceuvres. It is true that she

of the time extant corroborate the statement made ; for
they begin to contain references to this improvement in
navigation. In a letter from Sir Edward Howard, *“ Lord
Admiral,” to King Henry VIII, upon the state of the
fleet, op. 1513, preserved in the Cottonian Library, and
published in Ellis’s collection, the following passage oc-
curs :—* Ye commanded me to send your grace word how
every shipp dyd sail ; and this same was the best tryal that
cowd be, for we went both slakyng and by a bowlyn, and
a cool acros and abouet in such wyse that few shippes
lakkyd no water in over the lee wales.” The Lord High
Admiral Lisle, in one of his letters (1545), says the small
vessels of his fleet could “lye best by a wynde;” and in
1567 we have conclusive proof that there were “fore and
aft,” indeed *cutter-rigged” vessels on the British seas ;
as in a map of Ireland of that date, published in the state-
papers, two such vessels are represented, for the purpose,
apparently, of indicating regular packets from England to
Ireland.

It has been very generally supposed, on the authority of
Sir Walter Raleigh, that the “knowledge of the bowline”
was a discovery in navigation made shortly before his time ;
but is is probable that there were, even from the time of
the Northmen, craft so rigged as to be capable of sailing
on a wind. Froissart mentions, in several instances, “a
vessel called a Lin, which sails with all winds, and without
danger;” and again, ‘“a vessel called a Lin, which keeps
nearer the wind than any other.” Boats with a rig adapted
for this manceuvre are also represented in engravings of a
very early date. In the plates of Breydenbach’s Voyage
to Palestine, which was published in 1483, boats and small
vessels are represented with lateen sails; and in Braun’s
Civitates Orbis Terrarum, published in 1572, sprit-sails
are met with. It is quite certain, however, that sailing on
a wind was by no means a general quality possessed by the
ships of war, or to any extent even by the greater portion
of the larger shipping, until about the reign of Henry
VIII. One other instance may be adduced in the account
of the loss of the Mari Rose, a ship of the “portage of
500 tons,” not so much to corroborate the fact of sailing
on, a wind as to show that the two innovations, the intro-
duction of port-holes and the “knowledge of the bow-
line,” were in advance of the qualities of the large ships of
war of the time. Sir Walter kleigh says that, “in King
Henry VIIL’s time, at Portsmouth, the Mari Rose, by a
little sway of the ship in casting about, her ports being
within sixteen inches of the water, was overset and lost.”

The loss of this shiﬁx has been the means of giving Loss of the
another interesting insight into the comparatively low state Mari Rose.

of pautical skill in England at this period, namely, the
middle of the sixteenth century. In a letter among the
state-papers published under the direction of the Record
Commission, addressed by the Duke of Suffolk to Sir
William Pagett, “chief secretary to the kinge’s highnes,”
dated the 23d of July 1545, and containing a schedule of
things necessary to be had for the raising of the Mari Rose,
one item is “fifty Venyzian maryners and one Venyzian
carpenter ;” the next item is “sixty Englisshe maryners to
attende upon them.” It would also appear that the attempt
was to be made under the direction of an Italian, as the
conclusion of the schedule is, “ Item, Symond, petrone
and master in the Foyst, doth aggrie that all thyngs must be



SHIP-BUILDING.

History. had for the purpose aforesaid.” The attempts, however, all
‘=~ failed ; the wreck of the Mari Rose remains to this day at
Spithead, and so lately as August 1836, several of her
brass cannon, of most exquisite workmanship, were re-
covered from the sea by the enterprise and ability of an
Englishman of the name of Deane.
Minutie of  Some idea of the detail of ship-building rather before
ship-build- this period may be obtained from an account of a vessel
i““i:; this pilt by James 1V, of Beotland, at the close of the fifteenth
Perio® or the beginning of the sixteenth century. The extract is
from Charnock, but he has not mentioned his authority.
“The king of Scotland rigged a great ship, called the
Great Michael, which was the largest and of superior
strength to any that had sailed from England or France;
for this ship was of so great stature, and took so much
timber, that, except Falkland, she wasted all the woods in
Fife which were oakwood, with all timber that was gotten
out of Norway ; for she was so strong, and of so great
length and breadth, all the wrights of Scotland, yea, and
many other strangers, were at her device by the king’s
command, who wrought very busily in her; but it was a
year and a day ere she was completed. To wit, she was
twelve score feet of length, and thirty-six foot within the
sides ; she was ten foot thick in the wall and boards, on
every side so slack and so thick that no cannon could go
through her. This great ship cumbered Scotland to get
her to sea. From that time that she was afloat, and her
masts and sails complete, with anchors offering thereto, she
was counted to the king to be thirty thousand pounds ex-
pense, by her artillery, which was very great and costly to
the king, by all the rest of her orders. To wit, she bare
many cannon, six on every side, with three great bassils,
two behind in her dock and one before, with three hundred
shot of small artillery, that is to say, myand and batterd
falcon, and quarter falcon, flings, pestilent serpentens, and
double dogs, with hagtor and culvering, corsbows and
handbows. She had three hundred mariners to sail her,
she had six score of gunners to use her artillery, and had
a thousand men of war, by her captains, shippers, and
quarter-masters.”
LargeSwe-  Several of the writers of this period mention the fact of
dish ship. a Swedish ship of extraordinary dimensions being built in
the middle of the sixteenth century, and which was burned
in an action between the Swedes and Danes in 1564.
Chapman has given an estimate of the dimensions of this
vessel. She was called the Makalos (by Charnock,
Megala). According to Chapman, she was 168 English
feet in length and 43 English feet in breadth, an immense
vessel for that period. Her armament was 173 guns, 67
only of which could be considered as cannon, the remainder
being merely swivels.

Henry VIII. was deeply sensible of the necessity of a
perinanent and powerful naval force, and established the
navy office, and also several dockyards for building and
repairing the ships of the royal navy. Among these were
Woolwich, Deptford, and Chatham. He also greatly added
to and improved the dockyard at Portsmouth. He invited
from foreign countries, particularly from Italy, the com-
mercial cities of which were still in advance of the rest of
Europe in the maritime arts, as many skilful foreigners as
he could allure, either by the hope of gain or by the
honours and distinguished countenance he paid to them.
The following extract is from a report made to James I.
in the year 1618, and published in the Archeologia. It
was made in answer to a commission issued by that mon-
arch to the several master-builders.

The minority of Edward V1., and the civil and religious
strife which distracted the kingdom during the reign of
Mary, depressed the resources of the state, and evidently
much checked the progress of its maritime strength. The
report says, “In former times our kings have enlarged

Royal
dockyards.

Edward
\2 8
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their dominions rather by land than sea forces, whereat History.
even strangers have marvelled, considering the many ad- ‘<= ~’
vantages of a navy; but since the change of weapons and 4.p, 1547.
fight, Henry VIIL, making use of Italian shipwrights, and Report of
encouraging his own people to build strong ships of war, to of master
carry great ordnance, by that means established a puissant builders.
navy, which in the end of his reign consisted of 70 vessels,

whereof 30 were ships of burthen, and contained in all

10,550 tons, and 2 galleys. The rest were small barques

and row-barges, from 80 tons downwards to 15 tons, which

served in rivers and for landing of men. Edward VI, in

the sixth year of his reign, had but 53 ships, containing in

all 11,005 tons, with 7995 men, whereof only 28 vessels

were above 80 tons each. Queen Mary had but 46 of all

sorts.”

There is onc peculiarity of ships of war up to this time, Peculiar

which exemplifies the defects of their design in a remark- defect of
able feature. It is, that the ships built for the royal ::npauofm
navy appear only to have been adapted for the lodgment of “3: pf,iod.
the soldiers and mariners, with their implements of war,
and the necessary stores for navigation. The provisions
were carried in an attendant vessel, called a * victualler,”
of which there was one attached to eacb of the large ships
of war in the fleet, or to several of the smaller size. The
hold appears to have been principally occupied by the
“cook-room,” the inconvenience of which arrangement,
though much complained of, was general when Sir Walter
Raleigh, in his Discourse on the Royal Navy and Sea
Service, recommended that it should be removed to the
forecastle ; and even so lately as 1715, several men of war
had *cook-rooms” in their holds. There is also no doubt
that the enormous quantity of ballast which was rendered
necessary by the immense top-hamper of these ships, and
the space which it occupied, from being shingle, left but
little room for the stowage of any quantity of provisions.
In the ships built for commerce, this defect does not appear
to have existed, as in fleets composed of the king’s and of
private shipping, those ships only which belonged to the
royal navy had these attendant victuallers. The cook-
rooms in the merchant shipping were under the forecastle ;
and they had less top-hamper, as less accommodation was
required for officers.

Although the comparative inefficiency of the vessels may Epoch in
be commented on, it will be apparent that that period in the naval ar-
history of naval architecture and of navigation has now been chitecture.
entered on in which, though still in their infancy, these arts
may be considered as perfect in all but the maturity to be
acquired by the experience of years. The mariners com-
pass was known ; the theory of taking observations was
understood, and the practice of it in the course of being
perfected ; and therefore the longest voyages could be
undertaken with comparative certainty and safety. Besides
this, the ships, though still imperfect, were becoming gradu-
ally manageable machines, and had ceased to be the cum-
brous masses of the preceding ages, which, with few ex-
ceptions, were capable of little more than of being driven
before the wind.

If the contents of the foregoing pages be considered, Three
there will appear to be three epochs in the maritime history epochs in
of England; the first commencing with the introduction of :?;e“ri’:‘
galleys by Alfred, and ending with the reign of Edward (,y o¢
I1I., before whose time these galleys and vessels, propelled England.
by oars, were the chief instruments of navigation; the
second ending with the reign of Henry VIL,, during which
period, though sailing vessels were used for the purposes
both of war and commerce, they were comparatively at
the mercy of the winds, and, speaking generally, could sail
only when they blew both fairly and gently; the third
epoch has been already noticed.

From the extract of the report of the builders, the state
of the navy during the reigns of Edward VI. and of Mary
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commissions were appointed to inquire into the state of the History.
navy. From that of the year 1618 a very voluminous \= -~/
report emanated, of which the following is an extract, that 4.p. 1603.
affords an example of the state of knowledge on naval archi- james I.
tecture at that time :—*“The next consideration is the Reportof
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History. will be seen. It is known, therefore, that when Elizabeth
\w =~ ascended the throne, the marine of England, both military
4.p. 1558. and mercantile, was in a very depressed state. The suc-
Elizabeth. cessful enterprise of Drake, and the fear of the Spanish

Actionwith Armada, aroused the energies of the country, and the force ot

Bpanish
Armada.

collected to resist the invasion amounted to 197 vessels of
various descriptions, of the aggregate burthen of nearly
30,000 tons, 34 of which, measuring together 12,600 tons,
composed the royal navy. It is true, that by far the larger
portion were of small force. One only, the Triumph, was
of 1100 tons ; another, the White Bear, was of 1000 tons ;
two were of 800 tons, 3 of 600, six of 500, and five of
400; sixty-six were under 100 tons; and fifteen were
victuallers, of which the tonnage is not mentioned. There
are also seven other vessels included in the 197 which have
no tonnage assigned them; but they must have been of
smal size, the number of mariners on board the whole
seven being only 474. We have very conclusive means of
comparing the Spanish with the English ships, and also of
judging how very little naval arrangements were then
understood, from their imperfect state even on board a
fleet which had occupied the whole attention of the Spanish
authorities for a space of three years, exemplified in the

following anecdote. Burchett, in his account of the action
of the 23d of July 1588, says, “ The great guns on both
sides thundered with extraordinary fury, but the shot from

the high-built Spanish ships flew over the heads of the
English without doing any execution ; one Mr Cock being
the only Englishman who fell, while he was bravely fight-
ing against the enemy in a small vessel of his own.”

manner of building, which in shipps of warr is of greatest
importance, because therein consists both their sayling and
force. The shipps that can saile best can take or leave (as
they say), and use all advantages the winds and seas does
afford ; and their mould, in the judgment of men of best
skill, both dead and alive, should have the length treble to
the breadth, and breadth in like proportion to the depth,
but not to draw above 16 foote water, because deeper
shipps are seldom good saylers, and ever unsafe for our
rivers, and for the shallow harbours, and all coasts of ours,
or other seas. Besides, they must bee somewhat snugg
built, without double gallarys, and too lofty upper workes,
which overcharge many shipps, and make them coeme faire,
but not worke well at sea.

“ And for the strengthening the shipps, wee subscribe to
the manner of building approved by the late worthy prince,
the lord adm"., and the oﬂgcers of the navy (as wee are in-
formed), on those points.

“1. In makeing 3 orlopes, whereof the lowest being
placed 2 foote under water, both strengtheneth the shipp,
and though her sides bee shott through, keepeth it from
bildgeing by shott, and giveth easier meanes to finde and
stopp the leakes.

2. In carrying their orlopes whole floored throughout
from end to end, without fall or cutting off y* wast, which

Three- The Spaniards appear to have been the first to introduce only to make faire cabbins, hath decayed many shipps.
f:;"“‘d a third tier of guns, the earliest mention of a three-decker “3. In laying the second orlope at such convenient
pe- being the Philip, a Spanish ship engaged in the action height that the portes may beare out the whole fire of

off the Azores in 1591, with the Revenge, commanded
by Sir Richard Greenvil. The following armament of the
Philip is extracted from a most spirit-stirring account of this
tremendous action, which was written by Sir Walter Raleigh,
and has been preserved by Hackluyt. “ The Philip carried
three tire of ordnance on a side, and eleven pieces in euerie
tie. She shot eight forth right out of her chase, besides
those of her stern portes.”

The English do not appear to have followed the example
set by the Spaniards ; for, during the long reign of Eliza-
beth, the ships of the royal navy were not much, if at all,
increased in their dimensions, which was probably owing to
the triumphant successes of her fleets, though they were
composed of ships generally much smaller in size than those
opposed to them. From the list of the royal navy at the
time of her death, in 1603, given by Sir William Monson
in his tracts, of 42 ships composing the navy, there were
then only two ships of 1000 tons, three of 900, three of
800, two of 700, four of 600, four of 500, and there were
eight under 100 tons burthen. Two of these ships, the
Triumph and the White Bear, are rated in this list each at
100 tons less burthen than in the list of the fleet in the
year 1588, already noticed.

The mercantile marine was also greatly improved and
increased during the reign of Elizabeth. This wise monarch
did all in her power to encourage foreign trade ; and she
honoured Drake by knighting him on board his own vessel at
Deptford, after his return from circumnavigating the globe.
The celebrated Sir Walter Raleigh, under a charter granted
by her in 1584, commenced tracfing with America, and his
successes, with those of others, in trade, as well as in the
capture of richly laden Spanish merchantmen, prove the
superiority of the English ships of this period. In 1600
the East India Company obtained their charter from Eliza-
beth, and merchant-ships, which proved the precursors of
a fleet of the finest merchuntmen, were immediately built
by them for this distant traffic.

Shortly after the accession of James to the throne, several

ordinance in all seas and weathers.

“4. In placeing the cooke roomes in the forecastle, as
otherr war shipps doe, because being in the midshipps, and
in the holds, the smoake and heate soe search every corner
and seame, that they make the okam spew out, and the
shipps leaky, and soone decay ; besides, the best roome for
stowage of victualling is thereby soe taken up, that trans-
porters must be hyred for every voyage of any time ; and,
which is worst, when all the weight must bee cast before
and abaft, and the shipps are left empty and light in the
midst, it makes them apt to sway in the back, as the Guard-
land and divers others have done.”

This commission was followed by several others during
this and the succeeding reign, and from their reports arose
many regulations tending much to the improvement of
the navy, although the expenses incurred were, ostensibly
allt least, in part the means of causing the subsequent revo-

ution.

In the early part of the reign of James I. the mercantiie Mercantile

navy of England was reduced to a very low state, most of shipping of
The this pe-

the commerce being carried on in foreign bottoms.
incitement offered by the advantageous trade which the
Dutch had long engaged in to India at length aroused the
nation, and the formation of the East India Company, whica
was the act of James, was followed by the building of the
largest ship that had yet been constructed for the purposes

of commerce, at least in England. The king dined on board Trade's In-
of her, and gave her the name of the Trade’s Increase. crease.

She is reported to have been of the burthen of 1200 tons.
The impetus once given, before the end of the reign of
James an important mercantile navy was owned by British
merchants.

Another interesting fact connected with this reign is the Ship-
founding of the Shipwrights’ Company, in the year 1605, wrights’
and which was incorporated by a charter granted to the Company

‘“ Master, Warden, and Commonality of the Art or Mys-
tery of Shipwrights,” in May 1612. Mr Phineas Pett was
the first master. The draughts for the ships of the royal
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navy were subsequently ordered to be submitted to this

\<=. ~~ company for approval previously to being built from. They

A.D. 1610.

Draught of

ships of

royal navy.
Royysl )

Prince.

Phineas
Pett.

The Petts.

First fri-
gate.

Peter Pett.

Firstthree- was the first three-decker built in England.

decker.

also had jurisdiction over all builders, whether of the royal
navy or of merchant-shipping.

In 1610 the Royal Frince was launched ; she was the
argest ship which at that time had been built in England,
and was also a most decided improvement in naval archi-
tecture. The great projection of the prow, a remnant of
the old galley, was for the first time discontinued, and the
stern and quarters assimilated more to those of a modern
ship than to any which had preceded lier. She is thus de-
scribed in Stow’s Chronicles —* A most goodly ship for
warre, the keel whereof was 114 feet in length, and the
cross-beam was 44 feet in length ; she will carry 64 pieces
of ordnance, and is of the burthen of 1400 tons. The great
workmaster in building this ship was Master Phineas Pett,
Gentleman, some time master of arts at Emanuel College,
Cambridge.”

The same gentleman, Mr Phineas Pett, continued the

rincipal engineer of the navy during the reign of Charles.

he tamily of the Petts were the great instruments in the
improvement of the navy, and, if the term may be allowed,
of modernizing it, by divesting the ships of much of the
cumbrous top-hamper entailed on them from the castel-
lated defences which had been necessary in, and which yet
remained from, the hand-to-hand encounters of the middle
ages ; and it is probable that, but for the taste for gorgeous
decoration which prevailed during the seventeenth century,
this ingenious family would have been able to effect much
more ; as it was, they decidedly rendered England pre-
eminently the school for naval architecture during the time
they constructed its fleets. This family can be traced as
principal engineers for the navy from about the middle of
the fitteenth century to the end of the reign of William I11.

Evelyn, in his Diary, relating a conversation, says,
“Sir Anthony Deane mentioned what exceeding advan-
tage we of this nation had by being the fitst who built
frigates, the first of which ever built was that vessell which
was afterwards called the Constant Warwick (built in 1646),
and was the work of Pet of Chatham, for a trial of making
a vessell that would sail swiftly. It was built with low
decks, the guns lying near the water, and was so light and
swift of sailing, that in a short time she had, ere the Dutch
war was ended, taken as much money from privateers as
would have laden her.” The dimensions of this vessel are
Eiven in Pepys's Miscellanies as follows: length of the

eel 85 feet, breadth 26 feet 5 inches, depth 13 feet 2
inches, and 315 tons burthen ; her highest number of guns”
32, and of crew 140.

Peter Pett, who built the Constant Warwick, was the son
of Phineas Pett. He caused the fact of his being the in-
ventor of the trigate to be recorded on his tomb. He was
also the builder of the Sovereign of the Seas, in 1637, which
Her length
over all is stated to have been 232 feet, her length of keel
128 feet, her main breadth 48 feet, and her tonnage 1637.
Heywood describes her in the following terms :—* She hath
three flush deckes and a forecastle, an halfe decke,a quarter
decke, and a round-house. Her lower tyre hath thirty
ports, which are to be furnished with demi-cannon and
whole cannon throughout, being able to beare them. Her
middle tyre hath also thirty ports for demi-culverin and
whole culverin. Her third tyre hath twentie-sixe ports
for other ordnance. Her forecastle hath twelve ports, and
her halfe decke hath fourteene ports. She hath thirteene
or foureteene ports more within board for murdering peeces,
besides a great many loope-holes out of the cabins for musket
shot. She carrieth, moreover, ten peeces of chase ord-
nance in her right forward, and ten right aff; that is, ac-
cording to land service, in the front and the reare. She
carrieth eleaven anchors, one of them weighing toure thou-
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sand foure hundred, &c.; and according to these are her History.
cables, mastes, sayles, cordage, which, considered together, \wm ~~’
seeing Majesty is at this infinite charge, both for the honour 4.p, 1637.

of his nation, and the security of his kingdome, it should
bee a spur and encouragement to all his faithful and loving
subjects to bee liberall and willing contributaries towards
the ship money.”

Of this ship, Fuller, in his Worthies, says, “ The Great
Sovereign, built at Woolwich, a leiger ship for state, is the
greatest ship our island ever saw; but great medals are
made for some grand solemnity, while lesser coin are more
current and passable in payment.” She was afterwards
cut down one deck, and remained in the service, with the
character of the best man-of-war in the world, until the
year 1696, when she was accidentally burnt at Chatham.

About this time, 1650, appeared the first work connected 8ir Walter
with naval improvement ever written in this country, and Raleigh's
by no less celebrated gn author than Sir Walter Raleigh, works:

It is very probable that his two discourses, the one on the

Invention

Invention of Shipping, the other Concerning the Royal ;,-,‘g ,.p-g.,,.-
Navy and Sea-Service, had great influence in creating the cerning che
interest which was evidently taken about this period in the Royal Navy
improvement of the navy. Sir Walter says, * Whosoever and Sea-

were the inventors, we find that every age had added some-
what to ships and to all things else. And in myowne time
the shape of our English ships hath been greatly bettered,
It is not long since the striking of the top-mast (a wonder-
fully great ease to great ships both at sea and harbour) hath
been devised. Together with the chaine-pumpe, which
takes up twice as much water as the ordinary did, we have
lately added the bonnett and the drabler. To the courses
we have devised studding-sayles, top-gallant-sayles, sprit-
sayles, top-sayles. The weighing of anchors by the
stane is also new. We have fallen into consideration of the
length of cables, and by it we resist the malice of the
greatest winds that can blow ; witnesse our small Milbroke
men of Cornewall, that ride it out at anchor half seas over
betweene England and Ireland all the winter quarter; and
witnesse the Hollanders that were wont to ride before Dun-
kirke with the wind at north-west, making a lee-shore in
all weathers ; for true it is that the length of the cable is
the life of the ship in all extremities; and the reason is,
because it makes so many bendings and waves as the ship
riding at that length is not able to stretch it, and nothing
breaks that is not stretched. In extremity, we carry our
ordnance better than we were wont, because our nether-
overloops are raised commonly from the water, to wit, be-
tweene the lower part of the port and the sea. We have
also raised our second decks, and given more vent thereby
to our ordnance, tying in our nether-overloope.

“ We have added crosse pillars in our royall ships to
strengthen them, which being fastened from the kelson to
the beames of the second decke, keep them from settling
or from giving away in all distresses.

“ We have given longer floares to our ships than in elder
times, and better bearing under water, whereby they never
fall into the sea after the head, and shake the whole body,
nor sinck sterne, nor stoope upon a wind, by which the
breaking loose of our ordnance, or the not use of them,
with many other discommodities, are avoided. And to say
the truth, a miserable shame and dishonour it were for our
shipwrights, if they did not exceed all other in the setting
up of our royall ships, the errors of other nations being farre
more excusable than ours. For the kings of England have
for many years been at the charge to build and furnish a
navy of powerfull ships for their owne defence, and for the
wars oniy ; whereas the French, the Spainards, the Portu-

Is, and the Hollanders (till of late), have had no proper

eete belonging to their princes or states.

* Only the 5enetians for a long time have maintained
their arsenal of gallyes, and the kings of Denmark and
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Sweden have had good ships for these last fifty years. I

\« = say that the forenamed kings, especially the Spainards and
.. 1650, Portugalls, have ships of great bulke, but fitter for the mer-

Ships of

chant than the man of warre, for burthen then for battaile.
.+« . Although we have not at this time 135 ships belong-
ing to the subjects of 500 tuns each ship, as it is said we
had in the 24th yeare of Queen Elizabeth, at which time
also, upon a generall view and muster, there were found in
England, of all men fit to beare arms, eleaven hundred and
seventy-two thousand; yet are our merchants’ ships now
farre more warlike and better appointed than they were,
and the royal navy double as strong as then it was. . ... We
have not, therefore, lesse force than we had, the fashion and
furnishing of our ships considered ; for there are in England
at this time 400 saile of merchants fit for the wars, which
the Spainards would call gallions ; to which we may add 200
saile of crumsters or hoyes, of Newcastle, which each ot
them will beare six demi-culverins, and four sakers, need-
ing no other addition of building than a slight spar-decke
fore and afte, as the seamen call it, which is a slight decke
throughout. The 200 which may be chosen out of 400, by
reason of their ready staying and turning, by reason of their
windwardnesse, and by reason of their drawing of little water,
and they are of extreame vantage neere the shoare, and in
all bayes and rivers to turn in and out; these, I say, alone,
well manned and well conducted, would trouble the greatest
prince in Europe to encounter in our seas ; for they stay and
turn so readily as, ordering them into small squadrons, three
of them at once may give their broad-sides upon any one
eat ship, or upon any angle or side of an enemy’s fleet.
hey shall be able to continue a perpetuall volley of demi-
culverins without intermission, and either sink or slaughter
the men, or utterly disorder any fleete of crosse sailes with
which they encounter. '
“1 say, then, if a vanguard be ordained of these hoyes,
who will easily recover the wind of any other ships, with a
battaile of 400 other warlike ships, and a reare of thirty of
his majestie’s ships to sustaine, relieve, and countenance the
rest (if God beat them not), I know not what strength can
be gathered in all Europe to beat them. And if' it be ob-
jected that the states can furnish a farre greater number, I
answer, that his majestie’s forty ships, added to 600 before
named, are of incomparable greater force than all that Hol-
land and Zeeland can furnish for wars.”
In the foregoing extract there is strong evidence that

royal navy the ships of the royal navy were generally inferior to those

inferior to

merchant-
ships.

employed by the merchant-service, in the essential qualifi-
cations of being weatherly. This is exactly the conclusion
that might be arrived at from the consideration, that a pri-
vate individual would dispense with all that superabundance
of top-hamper which was entailed on the ships of the royal
navy, by the accommodation required for the numerous
officers and gentlemen generally embarked on board them,
and also by the mania for gorgeous decorations. This mania
is well exemplified by the fact, that of the Sovereign of the
Seas it is stated, “ She beareth five lanthornes, the biggest
of which will hold ten persons to stand upright, and without
shouldering one another.”

Sir Walter Raleigh; in his Discourse on the Royal
Navy and Sea-Service, adverts to the same subject. He
says, “ We find by experience, that the greatest ships are
lesse serviceable, goe very deep to water, and of marvellous
charge and fearefull cumber, our channells decaying every
yeare. Besides, they are lesse nimble, lesse maineable,
and very seldome imployed.  Grande navio, grande fatica,
saith the Spainard; a ship of 600 tons will carry as good
ordnance as a ship of 1200 tons; and though the greater
have double the number, the lesser will turn her broad-
sides twice before the greater can wend once; and so no
advantage in that overplus of ordnance. Andin the build-
ing of all ships, these six thingsare principally required :—

1. First, that she be strong built; 2. Secondly, that she be History.

swift; 3. Thirdly, that she be stout sided; 4. Fourthly,

that she carry out her guns all weather; 5. Fifthly, that , | c00

she hull and try well, which we call a good sea ship; 6.
Sixthly, that she stay well when bourding and turning on
a wind is required.

“1. To make her strong, consisteth in the truth of the
workeman and the care of the officers.

2. To make her sayle well, is to give a long run forward,
and so afterward done by art and just proportion. For, as
in laying out of her bows before, and quarters behind, she
neither sinck into nor hang in the water, but lye cleare off
and above it; and that the shipwrights be not deceived
herein (as for the most part they have ever been), they
must be sure that the ship sinck no deeper into the water
than they promise, for otherwise the bow and quarter will
utterly spoile her sayling.

3. That she be stout, the same is provided and performed
by a long bearing floore, and by sharing off above water
even from the lower edge of the ports.

“ 4, To carry out her ordnance all weather, this long
bearing floore, and sharing off from above the ports, is a
chiefe cause, rrovided alwayes that your lowest tyre of ord-
nance must lye foure foot cleare above water when all
loading is in, or else those your best pieces will be of small
use at the same in any growne weather that makes the
billoe to rise, for then you shall be enforced to take in all
your lower ports, or else hazard the ship.

“5. To make her a good sea ship, that is to hull and
trye well, there are two things specially to be observed;
the one that she have a good draught of water, the other
that she be not overcharged, which commonly the king’s
ships are, and therefore in them we are forced to lye at
trye with our maine course and missen, which, with a deep
keel and standing streake, she will performe.

“ 6. The hinderance to stay well is the extreame length
of a ship, especially if she be floaty and want sharpnesse of
way forwards; and it is most true, that those ovet-long
ships are fitter for our seas than for the ocean ; but one
hundred foot long, and five and thirty foot broad, is a good
proportion for a great ship. It is a speciall observation,
that all ships sharpe before, that want a long floore, will fall
roughly into the sea, and take in water over head and ears.

*So will all narrow quartered ships sinck after the tafle.
The high charging of ships is it that brings them all ill
qualities, makes them extreame leeward, makes them sinck
deep into the water, makes them labour, and makes them
overset. Men may not expect the ease of many cabbins,
and safety at once, in sea-service. Two decksanda half is
sufficient to yield shelter and lodging for men and mariners,
aud no more charging at all higher, but only one low cabbin
for the master. But our marriners will say, that a ship
will beare more charging aloft for cabbins, and that is true,
if none but ordinary marryners were to serve in them, who
are able to endure, and are used to, the tumbling and rowl-
ing-of ships from side to side when the sea is never so little
growne ; but men of better sort and better breeding would
be glad to find more steadinesse and lesse tottering cadge
work. And albeit, the marriners doe covet store of cabbins,
yet indeed they are but sluttish dens, that bread sicknesse
in peace, serving to cover stealths, and in fight are danger-
ous to teare men with their splinters.”

In Fuller's Worthies, there is also a short summary of pyjier’s
the comparative qualities of the ships of different nations in Wortases.

the middle of the seventeenth century. It is as follows:
“ First, for the Portugal, his cavils and carracts, whereof
few now remain (the charges of maintaining them far ex-
ceeding the profit they bring in); they were the veriest
drones on the sea, the rather because formerly their seeling
was dam’d up with a certain kind of mortar to dead the
shot, a fashion now by them disused.
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History.  “The French, however dexterous in land-battles, are
‘=~ left-handed in sea-fights, whose best ships are of Dutch
4.p. 1650, building. The Dutch build their ships so floaty and buoyant,
they have little hold in the water in comparison to ours,
which keep the better winde, and so outsail them.

¢ The Spanish pride hath infected their ships with lofti-
ness, which makes them but the fairer markes to our shot.
Besides the winde hath so much power of them in bad
weather, so that it drives them two leagues for one of
o}l:rs to the leeward, which is very dangerous upon a lee-
shore.

* Indeed the Turkish frigots, especially some thirty-six
of Algier, formed and built much nearer the English mode,
and manned by renegadoes, many of them English, being
already too nimble heel’d for the Dutch, may hereafter
prove mischievous to us, if not seasonably prevented.”

During the early part of the seventeenth century, the
Dutch navy rapidly increased in importance. Their suc-
cess in having wrested from the Portuguese a share of the
commerce of the east, emboldened them, in the then de-
pressed state of the Spanish marine, to make a similar at-
tempt on the west, and endeavour to establish settlements
in South America.

The wars with Spain, in which they were consequently
engaged, had such an important effect in establishing their
maritime power, that in 1650 their navy consisted of 120
vessels fitted for war, seventy of which had two tiers of
guns; and their fleet was in all respects the most efficient
in Europe.

Evelyn, in his tract on Navigation and Commerce, speak-
ing of the fisheries, says “ Holland and Zeeland alone
should, from a few despicable boats, be able to set forth
above 20,000 vessels of all sorts, fit for the rude seas, of
which more than 7000 are yearly employed upon this oc-
casion. ’Tis evident that by this particular trade they are
able to breed above 40,000 fishermen and 116,000 mari-
ners, as the census (1639) has been accurately calculated.”

The tremendous struggle in which they were enabled by
these means to engage with us shortly after this period, in
consequence of the injurious operation of the navigation act
on their commerce, had a most influential effect on the
improvement of our navy, which at the commencement of
the contest was very unequal to that of the Dutch ; and it
is probable that this war was the means of enabling us to
contend triumphantly against the immense and unexpected
attempts of Louis XIV. to wrest the sceptre of the seas
from our grasp.

The sovereigns of the house of Stuart, without excep-
tion, appear to have devoted much attention to the improve-
ment of the navy. Charles I. may be almost said to have
lost both crown and life in consequence of these efforts;
nor would it be doing justice to Cromwell to omit mention
of the energy with which he took advantage of the all but
despotic power which he possessed to increase his naval
force. For this purpose not only many ships were built
during the protectorate, but numbers of merchant-vessels
were bought for the service of the state.

After the Restoration, Charles II. paid great personal
attention even to the minutiee of his navy, as shown by the
following curious extract from a letter of his to Prince
Rupert, preserved in the state-papers, and also by con-
tinual references to his naval predilections in Evelyn’s and
Pepys's memoirs and writings. The letter is dated 4th
August 1673. It says, “ I am very glad the Charles does
so well ; a gerdeling this winter when she comes in will
make her the best ship in England ; next summer, I believe,
if you try the two sloops that were builte at Woolidge that
have my invention in them, they will outsail any of the
French sloops. Sir Samuel Mooreland has now another
fancy about weighing anchors; and the resident of Venice
bas made a model also to the same purpose. We have
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not yet consulted them with Mr Tippet nor Mr Deane; History.

but hope when they are well considered, we may find one ‘e ~’

out of them that will be good.” A.D. 1666.
1n Pepys’s Diary, 19th May 1666, there is the following 8ir Antho-

notice relating to one of the gentlemen mentioned in the ny Deane.

above letter :—* Mr Deane and I did discourse about his

ship the Rupert, which succeeds so well, as he has got great

honor by it, and I some by recommending him. The king,

duke, and everybody, say it is the best ship that was ever

built. And then he fell to explain to me his manner of

casting the draught of water which a ship will draw before-

hand, which is a secret the king and all admire in him ; and

he is the first that hath come to any certainty beforehand

of foretelling the draught of water of a ship before she be pirgt o

launched.” This gentleman appears therefore to have been plication of

the first who applied mathematical science to naval archi- mathema-

tecture in this country. Pepys also says, “ another great tical calcu-

step and improvement to our navy, put in practice by Sir L‘:\',‘:'l’ o

Anthony Deane,” was effected in the Warspight and cpiectare.

Defiance, which were “to carry six months’ provisions,

and their guns to lie 4} feet from the water.” This was

in 1665.

The foregoing extract probably indicates the date of the
first practical application to a useful purpose in this country
of the famous discovery of Archimedes. It is well known
that he was called upon by his king to test the purity or the
adulteration of the gold of the royal crown, and the dis-
placement of the water of his bath by his own immersion
therein suggested to his mind the means of solving the
problem. He saw that a body immersed in water displaced
its own bulk of water, and that by immersing the crown, which
was correct in weight, and measuring the water displaced by
it, the increased bulk necessary to make up the weight, if
the gold had been adulterated by any lighter metal, could
bedetected. After this the knowledge followed that a body
floating in a fluid displaced its own weight of that fluid.

In this historical sketch the probability that the mer- gir Robert
chant-shipping of England were superior in their sea-going Slingeby.
qualities to those composing the royal navy, has been ad-
verted to in a Discourse touching the Past and Present
State of the Nary, by Sir Robert Slingeby, knight-baronet,
and comptroller of the navy, dated 1669, there is the
following interesting statement, which points to a reason
why this superiority of the merchant-shipping may have
existed. “But since these late distractions began at home” Decay of
(the Commonwealth), ¢ forraigne trade decayed, and mer- mercantile
chants so discouraged from building, that there hath been navy dur-
scarce one good merchant-ship built these twenty yearspast, ing the
and of what were then in being, either by decayes or acci- we‘;:','f“"
dent, there are very few or none remaining. The merchants :
have found their private conveniences in being convoyed
att the publick charge; they take noe care of making
defence z)r themselves if a warr should happen.” Yet he 1ts subse-
says, in the time of Charles I., “ the merchants continued quent im-
their trade during the wars with France and Spain, if there provement.
could but two or three consort together, not caring who
they met,” they being little inferior in strength or burthen
to the ships of the royal navy. '

About 1684 Sir Richard Haddock, comptroller of the gir Rich-
navy, adopted the recommendation of Mr, afterwards Sir ard Had-
Anthony Deane, at that time surveyor of the navy, and dock.
directed an inquiry to be made as to “the number of cube it ana-
feet that are contained in the bodyes of several draughts iysis of the
to their main water-line, when all materialls are on board royal navy.
fitt for saileing.” The result of this inquiry was a very
voluminous statement of the weights which made up the
whole displacement of the fourth, fifth, and sixth rate ships,
including minute details of their masts, yards, armament,

&c., accompanied by perfect drawings of each ship. The
following table contains the dimensions and displacements,
&c., of each class :—
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History.
Table of Dimensions, from a Manuscript dated 1684. -
First F he A Second | A Sixth- | A Sixth.
Arat:'ltzn;ut?o noer e diman| of the nreee. | A First Sixth- (A Second Sixth- [rate of the| ‘rate of
la.r.:g;:’l.men- llon:;;f" ;l:; Ad-| dimensions. rate. rate. l:;‘n?izl?a‘: :’:%?.}:'
Length n deck i he rabb Feet. In. Feet. In. Feet. In. Feet. In. Feet. In, Feet. In. | Feet. In.
engthon the gun- rom the rabbitt
of the stem to the rabbitt of the pust } 12¢ 6 116 6 103 9 87 8 70 0 92 6 |93 0
Maine breadth to the outside of the
outboard planke......... ceerrasernssenaas 3.0 32 9 28 8 23 6 21 6 8629
Depth in hold from the seeling to the
upper side of the beame................ 14+ 0 13 2 1 4 10 9 910 119 10 0
Breadth at the afte side of the maine
transome .....ucovuerreniirnninennniranenns 2t o 18 4 18 0 140 13 0 140115 0
Height on the gun-deck from uf:ore ....... 59 6 0 5 9 5 7 5 6
lanke to planke midships... 6 0 6 0 6 0 es
P P seieieeenns | abafte 6 6 6 3 6 7 6 3 6 2
fore.... | mast from the 13 6 12 9 9 10 76 6 6 10 0 9
The center
of the maine.. rabbitt of the 69 0 62 0 54 6 465 0 36 0 50 0 |49 6
**** \ mizion. stern........... 102 0 9 9 84 0 71 0 57 0 73 0 {74 O
afore 14 6 13 6 12 0 9 8 8 6 10 0 8 0
Draft of water............ corerene {.baft., 15 10 15 0 13 o 10 8 9 6 1 o 9 0
Number of tuns, tunage.............c......... 885 580 362 R 230 220
Number of men (in warr) . 260 180 135 85 70 90 29
Number of guns................. . 50 44 34 24 18 22 24
Cube feet in the several draughts to
their main water line...............u..... 29,814 22,346 13,195 8906 6790 t
Weight of b ship’s bull dall Ts. cwt. qr. 1b,|Ts. cwt. qr. 1b. Ts. cwt. qr.1b.| Ts. owt. qr.1l. Ts. cwt. qr. 1b.) Te. Ts.
eight of each ship’s hull, an man-
ner of materials on board.............. [ 5o 16 2 8638 9 016377 0 0 32564 9 016194 0 0 0 ..
Each ship’s hull at first launching........ 1418 0 0 0314 0 0 0160 0 0 0]120 0 0 0/ 98 0 0 0 .
Burthen in tuns, what she will really | 155 15 5 glags 9 016216 0 0 o134 9 016 ... 135 | 130
No. of months’ provisions and water....... 4 i 3 3 2 2

James II., from having <o long and so gloriously filled
the office of Lord High Admiral while Duke of York, was
perfectly aware of the requirements of the navy; and during
his short reign he paid great attention to increasing its effi-
ciency. He also especially directed inquiries into the
question of the durability of timber for the construction of
it, and carefully accumulated both materials and stores for
its maintenance. It is not a little curious that it was pro-
bably the attention which the monarchs of the line of
Stuart had bestowed on the naval service, which enabled
it so triumphantly to resist the persevering attempts of
Louis XIV. to recover for them the throne of their an-
cestors.

Though England was at the Revolution possessed of an
efficient fleet, manned by experienced seamen, who had all
the confidence arising from a series of naval triumphs, it
must be remembered that for a long period no opposition
to her naval superiority had been anticipated from any other
power than Holland ; and consequently the fleets of England
were composed of ships which had many of them been built
to adapt them to this service, for which small dimensions
and light draughts of water were essential qualifications, on
account of the shoalness of the Dutch coast.

William was too cautious a monarch to have neglected
s0 important a means of national defence as was the navy,
when engaged with such an ambitious and energetic oppo-
nent as Louis XIV.; and we find that the naval force was
considerably increased, both numerically and in dimensions,
during his reign. But the triumphs of our armies under
Marlborough having for a time diverted the attention of the
nation from naval affairs, it fell into decay during the reign
of his successor.

When Louis XIV. determined to dispute with England
the sovereignty of the seas, he was not only without a navy,
but without the means of forming one. The military and
commercial marine of France had ceased to exist. The
sanguine temperament of the monarch, and the wisdom of
his minister Colbert, removed all obstacles; commerce
began to flourish on the quays, merchant-vessels to crowd

the ports ; dockyards, harbours, and shipping appeared Rise of
simultaneously to start into existence; and the nation, French na.

which almost for centuries had been essentially military,
felt constrained to turn its energies to commerce and to
the sea. A navy which, in 1661, consisted of some four or
five small vessels, in little more than ten years bearded and
baffled the combined fleets of Holland and of Spain, and
asserted the sovereignty of the Mediterranean. In 1681
her fleets consisted of 115 line-of-battle ships, manned by
36,440 men, with 179 smaller ships, the crews of which
amounted to 3037 men ; and in 1690 a fleet of eighty-four
vessels of war, out of which three were of a hundred guns
and upwards, and ten others were above eighty-four guns,
with twenty-two fire ships, was cruising in the British seas.
It is true that these mighty armaments failed in fulfilling
the ambitious designs of Louis. But the severity of the
struggle, which at length ended in the annihilation of his
hopes, and in our triumphant assertion of our naval supe-
riority, must always serve as an example of the danger we
may incur by too great confidence in that superiority.

val

power.

The following comparison between the French and Bri- Compari-
tish ships of about this period, is from an official contem- son be-

porary paper, by a gentleman of the name of Gibson :— ‘?;“l‘i‘.b
“ Our guns being for the most part shorter, are made to dgFren b

carry more shott than a French gunn of like weight, there- ghjp,,

fore the French guns reach further, and ours make a bigger
hole. By this the French has the advantage to fight at a
distance and wee yard-arm to yard-arm. The like advan-
tage wee have over them in shipping; although they are
broader and carry a better saile, our sides are thicker, and
better able to receive their shott; by this they are more
subject to be sunk by gunn shott than wee.” v
The paper also complains much of the injudicious ma-

nagement of our shipping, by which it says, “ many a fast

¢ Injudicious

sayling shipp have come to loose that property, by being ment of
over-masted, over-rigged, over-gunned (as the Constant royal navy.

Warwick, from twenty-six gunns, and an incomparable
sayler, to forty-six gunns and a slugg), over-manned (vide
all the old shipps built in the parliament time now left),
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History. over-built (vide the Ruby and Assurance), and haveing
great tafferills, gallarys, &c., to the making many formerly
a stiff, now a tender-sided shipp, bringing thereby their
head and tuck to lye too low in the water, and by it takeing
away their former good property, in steering, sayling, &c.
The French by this defect of ours make war with the
sword (by sending no small shipps of warr to sea, but clean),
and wee, by cruseing in fleetes, or single shipps foule, with
bare threates.”

In a letter from Sir George (afterwards Lord) Rodney,
dated the 31st May 1780, to Mr Stephens, the secretary of
the Admiralty, is 8 passage which goes to prove the truth
of the above statement. ** Nothing could induce them (the
French fleet) to risk a general action, though it was in their
power daily. They made, at different times, motions which
indicated a desire of engaging, but their resolution failed
them when they drew near; and as they sailed far better
than his majesty’s fleet, they with ease could gain what dis-
tance they pleased to windward.”

One great cause of the inferiority of our ships arose from
the practice which prevailed during the first half of the
eighteenth century, through a mistaken idea of economy,
of “rebuilding” old ships, without reference to the opinions

Lord Rod-
ney.

Cause of
inferiority
of English

ships,
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of practical men, so that the forms and dimensions of the History.
previous century passed down, in many instances, into the ‘< ==’/
succeeding one, and justice was not done to the ship- , p 1745
building knowledge of the surveyors.

The French system of improvement was followed by the French
Spaniards, and the capture of the Princessa, in 1740, of system fol-
70 guns, 165 feet in length, and 49 feet 8 inches in breadth, lowed by
when our ships of the same force then building were SPoic:
only 151 feet long and 43 feet 6 inches broad, caused an
appeal to be made by the Admiralty to Admiral Sir John [mprove-
Norris. The surveyors of the navy of that date who had suc- ::":e:';)
ceeded Sir A. Deane were men of no note, because no op- ypg Ad.
Yortunity of showing their powers had been allowed them. miralty.

n consequence of the inquiries then made, the several
master-shipwrights of the dockyards were directed to send
in proposals for the future established dimensions of the
navy; and, in 1745, Sir Jacob Attwood being surveyor of
the navy, the Admiralty issued a new establishment for the
dimensions of the several ratings of ships. The following
table, taken from Derrick’s Memoirs of the Royal Nary,
contains the various established alterations from time to
time, from the reign of Charles II. to this of 1745, which
was the last :—

;i\g‘/ferent times, for Building of Ships.
a .

Extracted from Derrick's Memoirs of the Royal Navy.
Establishment of Proposed in Establish-
ment of
1671. 1691 1708, 1719, s, 1741 1745,
Ships of 100 Guns. Ft. Jn. | Ft In. | Ft. In. [ Ft. In. | Ft. In Ft. In. | Ft. In
Length on the gun-deck ...........c...... 165 0 e 174 0 174 0 175 0 178 0
Length of the keel, for tonnage.........| 137 8 140 7 140 7 142 4 144 6}
Breadth, extreme......c.ccceeuueeen. 46 O oo 50 0 50 O 650 0 51 O
Depth in hold .......... cessrees el 19 2 20 0 20 6 21 0 21 6
Burthen in tons...... cerenssservanes sneesene 1550 1869 1869 1892 2000
90.
Length on the gun-deck ............... e 158 O e 162 0 164 0 166 0 168 0 170 0
Length of the keel, for tonnage......... .ee 132 0 132 6 134 1 137 0 138 4
Breadth, extreme ................ 4 0 s 47 O 47 2 47 9 48 0 48 6
Depth in hold .. 4 18 2 . 18 6 18 10 19 6 20 2 20 6
Burthen in tons ..........cceeeerinneiennnn| 1307 1561 1566 1623 1679 1730
80.
Length on the gun-deck ........ oreense 156 0 166 0 158 0 158 0 161 0 165 0
Length of the keel, for tonnage......... ves 127 6 128 2 127 8 130 10 134 10¢
Breadth, extreme.......... sesesseacareanas . 41 © 43 6 44 6 45 & 46 0 47 0
Depth in hold «....evveeiniiinnnarncennnnnn.. 17 4 17 8 18 2 18 7 19 4 20 0
Burthen in tons ...... covenee errasesrneesees 1100 1283 1350 1400 1472 1585
Length on the gun-deck ............ veeess| 150 O e 150 0 151 0 151 0 164 0 160 0
Length of the keel, for tonnage... . 122 o 123 2 | 122 O 125 & 131 4
Breadth, extreme .... 3 8 e 41 O 41 6 43 6 4 0 45 0
Depth in hold .. 17 0 17 ¢4 17 4 17 9 18 11 19 4
Burthen in tons SepT revane 1013 1069 1128 1224 1291 1414
0.
Length on the gun-deck .................. 144 0 144 0 144 0 144 0 147 0 150 0
Length of the keel, for tonnage......... 19 0 117 7 116 4 119 9 123 04
Breadth, extreme .............cocouenininnen 37 6 38 0 39 0 41 & 42 0 42 8
Depth in bold ....... 15 8 15 8 16 & 16 11 18 1 18 6
Burthen in tons g 900 914 951 1068 1123 1191
Length on the gun-deck ............. 130 0 13¢ 0 134 0 140 0 144 0
Length of the keel, for tonnage......... . 108 O 109 8 108 3 113 9 117 83
Breadth, extreme ......... v reed . . 3% 0 36 0 38 6 40 O 41 0.
Depth in hold .. v 14 0 15 2 15 9 17 2} 17 8
Burthen in tons ..... crneaieniiranees . 704 756 853 968 1052
40.
Length on the gun-deck .................. 118 ¢ 124 0 124 0 126 0 133 0
Length of the keel, for tonnage......... . 97 6 101 8 100 38 102 6 108 10
Breadth, extreme ............... cones . 32 0 3 2 35 8 36 0 37 6
Depth in hold ....... . 13 6 14 0 14 6 15 5} 16 0
Burthen in tons . 631 594 678 706 814
20.
Length on the gun-deck ............ cone e . 106 0 106 0 112 o 13 o
Length of the keel, for tonnage.. . . 87 9 85 8 91 6 93 4
Breadth, extreme.........ccc0uueee. . e 28 4 30 6 32 0 32 0
Depth in hold .. . 9 2 9 6 10 11 0
Burthen in tons ..........ceveeineinnn. 374 429 498 508
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The ships built after the establishment of 1745 are re-
ported to have been stiff, and to have carried their guns
well, but were still inferior to those of the French; and,
consequently, about ten years afterwards an alteration was
made in the draughts for the several ratings, and the di-
mensions were also slightly increased. It may not be un-
interesting to remark, that the proportional breadths in the
establishment of 1745 considerably exceeded those of more
modern ships. Their length varied from 3'49 to 385 of
their breadth ; while the lengths of most of our line-of-battle
ships, built shortly afterwards, are within the limits of 361
and 3-83 of their breadths.

The Royal George was the first ship built on the in-
creased dimensions, which were the result of the before-
mentioned inquiry. She was laid down in 1746, and
launched in 1756 ; and rather more than ten years after-
wards, that i, in 1758, Thomas Slade and William Bateley
being the surveyors of the navy, the Triumph and Valiant
of 74 guns were built on the lines of the Invincible, a
French 74 gun-ship, captured in 1747.

The dimensions of these ships are given below, as they
were manifestations of an improved system, which, however,
was not persevered in ; for, with the exception of occasion-
ally building after a French or Spanish model, the English
ships were scarcely altered from those built at the com-
mencement of the century.

George III.

There was still a very essential distinction between the History
navy of England and of either France or Spain, which ‘e =’
was this, that until after 1763 neither of these nations had 4 p. 1763.
any three-deckers in their fleets. Their largest armament Grand dis-
appears to have been eighty-four guns on two decks, while tinction be-
we had third-rates which were three-deckers, as the Cam- :"':‘“ E"g'
bridge and Princess Amelia, launched in 1754 and 1757, fi'"i:
and carrying only eighty-four guns, our naval officers of ,,yvies.
that period having advocated a high battery, and the naval
architects having designed some very fine ships of this new
class. The capture of the Foudroyant, a French eighty-four
on two decks, in 1758, caused a change in this respect,
by furnishing the English with a model for a very superior
class of men-of-war, which was adopted. Derrick, in his
Memoirs of the Royal Navy, says, that “no eighty-gun
ship with three decks was built after the year 1757, no
sc;venty-gun ship after 1766, nor any sixty-gun ship after
1759.”

During the peace that preceded the war with America, French-
which commenced in the year 1768, the French had in- built three-
troduced three-deckers into their fleets, having found their deckers.
eighty-fours on two decks to be no match for the more
powerful of our three-deckers. Their first-rates were at
this time generally of 110 guns on three decks. The Bre-
tagne, one of these ships, was, according to Charnock,

196 feet 3 inches long on the water-line ; and her moulded
breadth was 53 feet 4 inches. Her displacement, it is

George. |and Veimme | stated in Sewell's Collection of Papers on Naval Archi-
tecture, was 4640 English tons.
Length on the gun-deck...........oonn.... e o | 5t A In 1786 the establishment of the French fleet was fixed Establish-
Length of the keel, for tonnage............ 143 53| 138 8 by an ordinance of the government, as according to the fol- ment of
Breadth, extreme........... R weel 61 94| 49 9 | lowing table, which is extracted from Charnock, and some French
Depth in hold ............... e . 21 6 21 3 very fine vessels of each class were built upon these dimen- 3%
Burthen in tons..... vereeans wrecaesecsesenns 2047 1826 sions ;—
. N Adrice-
Ships of 120 | Ships of 110 | Ships of 80 | Ships of 74| Ships of 64 F"“"’,J Frigates | Corvettes [boats, oar-
ans. (gl.lnl. uns. uns. uns. ?;ﬁu'e‘m ?:;{3:,:' of 20 Guns, ;yg:g nrsl::‘
Peet. In. | Feet. Feot. Feet. In. | Feet. In. | Feot, In. | Feet. In. | Feet. In, | Feet. In.
ll;ength from head to stern.......| 196 6 | 186—185 | 184—180 | 170 O [ 156 O | 144 0| 136 0| 112 © 80
readth from outside to out- .
side of the frame.. } 50 0 49 6in.| 48 Oin) 44 6| 41 0| 36 6 34 6 28 4 24 0
Depth in hold........ [STPPRRN 25 0 24 6 23 9 22°0| 20 O 18 0| 17 6| 14 4 12 0
D"ﬁ';%‘:‘“‘"“’ sbeftwhenl) 37 ¢ | 17 4 |17 0 | 15 8| 14 6| 12 6/ 11 3| 9 6| 8 4
D’;‘;{';‘“;zt_ff‘_‘_‘ff__ff""';’.';’f 140|138 |120 |1010/121 87| 86| 85| 80
Draught of water abaftwhen} | o5 o | 248 | 226 | 21 6| 19 9| 16 of 15 4| 13 3| 11 6
Draught of water forward
when laden...........c........ 2 8 22 2 21 o 1910 18 9| 15 2| 13 © e 10 0
Total weight of the ship and
stores when victualled and Tons. Tons. Tons. Tons. Tons. Tons. Tons, Tons, Tons.
furnished for a six months’ 5246 4910 3825 3548} 2300 1479 1162 646 266
CTUiBe. .. .ciuiieiriienraianrnnen 3 ’
Weight of the hull and masts... 2500 2400 1804 1437 1120 665 583 266 141

The ships of England continued throughout the wars of

and George the reign of George IIL inferior to those of France and

1v.

Spain.  The skill of our commanders, and the indomitable
courage of our seamen, eventually succeeded in these, as
in all former contests, in annihilating opposition, and in
triumphantly asserting our naval supremacy. It cannot
be denied that their task would have been comparatively
easy, accompanied with less loss of life and expenditure of
treasure, had their ships been more upon a par with those
of their opponents. Eifhe French officers, however, after
the war, to save their vanity, attributed our successes at
sea to the superiority of our ships, and they commenced
building after our models.

Although so much attention appears to have been directed
at various times to the improvement of the navy, not only

by the servants of the crown officially connected with it, Reasons for
but by the sovereigns themselves, we have seen that an the con-
inferiority of our ships in sailing to those of our opponents tinued in-
has been repeatedly asserted on undoubted testimony. The faegfi::" of
reason that all the attention thus bestowed failed in pro- gpipning,
ducing a corresponding beneficial effect appears to have

been that in England the speculative ideas of men, un-
doubtedly of sense and judgment, as may be seen from the
quotations of their opinions which have been given, but

men uninformed as to principles, were taken as the rules

for guidance. In France, on the contrary, the aid of

science was called in, and some of the greatest mathema-

ticians of the time turned their attention to the improve-

ment of the shipping of that country, and worked harmoni-

ously with the naval officers who were to use the ships, as
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History. well as with the practical men who were to construct them,
=~ modifying their theories by the practice and experience of
4.0.1794. the others. Colbert employed an engineer of the name

of Rénau d'’Elisagary, a protégé of the Count de Verman-
dois, whose first essay was in the adaptation of ships to
carry bombs, to be used in the then projected armament
against the piratical states of the Mediterranean. Under the
enlightened direction of Colbert, the French ships which,
by the ordinance of 1688, were much restricted in dimen-
sions, were increased nearly one-fourth in size, and every
means taken which the then state of knowledge could sug-

t to insure a proportionate improvement in their qua-
ities ; while a corresponding increase in size was not made
in English ships till the commencement of the energetic
surveyorship of Sir William Symonds in 1830. Rénau
was, we believe, the first French author who wrote on the
theory of ships. He was followed by the Bernoullis, by
Pére La Hoste, by Bouguer, Euler, Don Jorje Juan,
Romme, and a host of others, the effects of whose writings
may be traced in the progress of the improvements intro-
duced into the navies of France and Spain, and which the
navy of England was forced to imitate. The only English
treatise of that period on ship-building that can lay any claim
to a scientific character was published by Mungo Murray in
1754 ; and he, though his conduct was irreproachable, lived
and died a working shipwright in Deptford dock-yard.

Instanceof A palpable instance of the ignorance or neglect of all the

ignorance.

Razee of
the Anson.

Improve-
ments in
naval ar-
chitecture
in this
country.

principles of naval architecture among the authorities who
were charged with designing our royal navy, even up to
the close of the last century, may be quoted from an arti-
cle in the Papers on Naval Architecture, as given by Mr
Wilson then of the Admiralty.

Mr Wilson, speaking of the cutting down of the Anson,
a sixty-four-gun ship, to a frigate of thirty-eight guns, says,
“ she was cut down in the year 1794 ; and although in all
other maritime states the science of naval construction was
well understood, yet so culpably ignorant were the English
constructors, that this operation, so well calculated, when
properly conducted, to produce a good ship, was a complete
failure. Seven feet of the upper part of the top sides, to-
gether with a deck and guns, making about 160 tons, were
removed, by which her stability was greatly increased ; but,
by a complete absurdity, the sails were reduced one-sixth
in area. In her first voyage the rolling was so excessive
that she sprung several sets of top-masts. To mitigate this
evil, in 1795, her masts and yards were increased to their
original size ; but as there were no decrease of ballast, she
was still & very uneasy ship, and, as a necessary result, her
wear and tear were excessive.

* Other sixty-fours were cut down, masted, and ballasted
in exactly the same manner, and, it need scarcely be added,
experienced similar misfortunes; and although they were
improved by enlarging their masts and yarﬁs, they were
still bad ships. Had their transformations been scienti-
fically conducted, a class of frigates would have been con-
tinued in the navy, capable, from their size, of coping
with the large American frigates; and thus the disasters
we experienced in the late war, from the superior force of
that nation, would, without doubt, have been not merely
avoided, but turned into occurrences of a quite opposite
character.”

The subject, however, of the improvement of ship-buildin
was by no means lost sight of in this country at that periotf
The investigations and experiments which were made were,
as usual in l&'.’:)ghnd in comparison with France and other
contiaental nations, more of a practical than of a theoretical
nature. Attwood’s papers, read before the Royal Society
in 1796 and 1798, form almost a solitary exception to this
remark. In 1785, and subsequent years, Mr Miller of
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Dalswinton, in Dumfriesshire, made many experiments, ex- History.
pending as much as L.30,000 of his own private fortune for \«m '
the advancement of naval architecture. In 1788 he was , p 1300,

induced, by a Mr Taylor, to allow Symington, a working-
engineer, to place a steam-engine on board a pleasure-boat
on his lake at Dalswinton, for the- purpose of propelling it
by a paddle-wheel, and he thus became the originator of
steam-navigation.!

In 1791, “a Society for the Improvement of Naval Beaufoy’s

Architecture” was instituted, mainly by the exertions of experi-
This society numbered amongst its @e0ts

Colonel Beaufoy.
members the then Duke of Clarence, afterwards William
IV, and many noblemen and gentlemen of great influence.
They conducted a most valuable series of experiments be-
tween 1793 and 1798, but a first report only of the results
was ever published by the society. The funds at their
disposal became exhausted, and the experiments were thus
terminated, the interest of the public having flagged on
account of the necessarily tedious nature of the proceedings.
A detailed account of the whole of the experiments was
subsequently published, in a most patriotic spirit, by Mr
Henry Beaufoy, at his own private expense, and presented
gratuitously to scientific societies and parties connected
with naval architecture. Some valuable practical results
were deduced from them, and these will be discussed here-
after, when treating of the resistances and other qualities of
differently formed vessels.

At the commencement of the present century the mer- Increase of
chant-shipping of this country had increased to such an merchant-
extent as to be of great importance. From the returns *bPPing:

prepared by the Registrar-General of the Board of Trade,
the total number of British merchant-vessels in the year
1801 was 19,711, with an aggregate registered tonnage of
2,038,253 tons, employing 149,766 men. In 1811 the
total number of merchant-vessels was 24,106, with an
aggregate registered tonnage of 2,474,784 tons, employing
162,547 men.

In the Honourable East India Company’s service there East Indis

were at this period 67 ships, each carrying 30 to 38 guns,
81 ships of 20 to 28 guns, and 52 ships of 10 to 19 guns,
thus forming a powerful addition to the warlike resources
of the country. Additional attention was also attracted to
the subject of ship-building in the early part of this century
by the institution of the Royal Yacht Crub. It was joined
by many influential and wealthy noblemen and gentlemen,
and they gave much encouragement to the production of
superior fast-sailing yachts.

Company’s
shipping.

Another important effort to improve the scientific know- School of

ledge of naval architecture, was the establishment, in 1811,
of a school for naval architecture in Her Majesty’s Dockyard

ments and recommendations contained in the report of a
commission of naval revision, appointed in 1806, to examine
into the management of the dockyards. The commissioners
found that the practice of permitting the master shipwrights
and their assistants to take private apprentices, receiving
high fees with them, had been at that time disallowed and
discontinued. By this system young mien of superior early
education, and of superior standing to the ongnary ship-
wright apprentices, had been trained in the higher branches
of the profession, and their further scientific and theoretical
education had been attended to, while at the same time
they had acquired a knowledge of practical shipbuilding
by being employed amongst the workmen. The commis-
sioners therefore considered it expedient that soine means
should be adopted to supply the future demand for such
men to fill those higher civil situations in which scientific
knowledge is indispensable for the due performance of the
duties. The school was accordingly instituted, but upon

1 Sketch of the Origin and Progress of Steam Navigation, Bennet Woodcroft, 1848.

Naval Ar-
chitecture

o at Ports-
at Portsmouth. ‘This school was the result of the state- mouth.
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the late Dr Inman, though he confined his labours to too. History. -
limited a sphere, and did not follow out the investigations of ‘=~
the French mathematicians. Many valuable papers on 4.p. 1832.
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History. 80 large a scale, and with so little consideration of the real
‘= =~ requirements of the service, that in a very few years 42
a.D. 1813, students were educated there, while the whole number of

places in the Admiralty service, requiring such education and
training, did not exceed 25 or 26. The necessary result
of this was, that they were put into inferior positions for
‘which their previous standing and training had not adapted
them, they failed in the duties of men required in these
positions, and the school was considered to have been a
failure. Much increase, however, of sound scientific know-
Jedge resulted from the labours of the principal of the school,

naval architecture have also been published by different
members of the school, and the article Ship-building, in the
previous edition of this work, and from which much of the
present article is taken, was written by the late Mr Creuze,
one of its most talented and distinguished members.

The following table, taken from the navy list of 1813,
will show the force of the royal navy at that period, distin-
guishing the number of ships in each class :—

Extent and Disposition of the British Naval Force in 1813,

8loo; Bombe, Schoonm.l

SraTtioxns, Line. 50-44 Frigates. ...3' Fire- Brigs. Cutters. | Gun-ves.,

Yachts. shipe. Lug., &e.
Downs....c..o.iuvenraenirennnenninniininien. 4 0 1 4 0 20 ] 6 40
North Sea and Baltic..........ccccuenne.nee. 12 2 8 5 8 50 1 9 100
English Channel and coast of France... 15 0 16 15 0 23 7 13 89
Irish station.......cccceevvinionennininnnnnns 0 0 5 3 0 6 1 7 21
Jersey, Guernsey, &c........cccceunrnennnnne 1] 0 1 0 0 2 2 2 7
Spain, Portugal, and Gibraltar........... 15 o 11 6 2 14 4 1 53
Mediterrancan and on passage............| 27 -] 33 10 2 26 1 2 106
Coast of Africa........coeuerriiiiinennnennsd 0 0 0 1 0 0 0 0 1
Halifax, Newfoundland, &e............... g 2 23 13 0 23 1 (] ”
Leeward Islands......... 1 10 8 0 6 2 4 33
Weat Indies { Jamaica and on passage 6 1 11 7 0 8 0 0 32
South America........cccuvvieiniininiinee. 4 1 8 7 (] 4 0 2 24
Cape of Good Hope and southward...... 1 0 3 ] 0 2 0 0 9
East Indies and on passage............... 4 0 16 3 0 4 0 0 27
Total at sea..............ccoeevennnnnn. 98 12 146 85 7 187 34 52 619
In port and fitting...cccc.eeeeeneanncencanns 24 9 24 21 0 26 9 9 121
Guard-ships...........ccoeeiiniininannnnned 5 1 4 ] 0 0 0 0 15
Hospital ships, prison ships, &c.......... 32 1 3 2 0 0 o V] 38
Total in commission.................. 159 23 177 111 7 212 43 61 793
Ordinary, and repairing for service.. .... 72 11 80 87 4 12 1 3 220
Building......cccvveneennes veerereree creaane 28 4 25 9 0 7 0 [ 73
Totals.ceuveueinniiniencerniinnennne 259 38 282 1567 11 231 44 64 1086

In 1832 the Navy Board was abolished, and it was de-
termined to place the construction of ships under one
head, continuing the name of surveyor of the navy, but
altering the nature of the office by the appointment of a
naval officer instead of a naval architect and ship-builder.
Captain (afterwards Rear-Admiral Sir) William Symonds
was the officer selected. He had early distinguished him-
self amongst his brother-officers by the attention he had
paid to the sailing properties of boats and vessels. It was
said of him that he could take any one of the boats in turn,
of the vessel to which he was attached, and make her beat
any of the others. His habit of observing the peculiarities
of the different ships, whose properties he had an oppor-
tunity of witnessing, led him to draw certain conclusions
respecting the forms of vessels; and, while holding a civil
appointment in Malta, he built a yacht called the Nancy

awson, in accordance with these preconceived views.
The great speed of this yacht gained him notoriety, and
procured for him the patronage and support of several in-
fluential and patriotic noblemen. Through their influence
he obtained the sanction of the Board of Admiralty to build
a corvette, the Columbine, and as this vessel was very
favourably reported of, his character as a designer was
proportionally raised. These successes led to his appoint-
ment as surveyor of the navy. It is not proposed here to
discuss the propriety or otherwise of this office being filled
by a naval officer, though in Sir William Symonds’ case it
led to important changes in the construction of the ships of
the royal navy, and to much acrimony-of feeling on the
part of the shipwright officers of the service. One point is
quite certain, that no man can be qualified to control the

different forms of the various classes of ships, more espe-
cially of new classes that may be required in the navy,
without long and careful study of the subject of naval
architecture, both practically and theoretically. It is equally
certain that a naval officer of experience is the most com-
petent judge of the general proportions and qualities of the
ships that will be most useful in the service, and that he is
best able to point out the faults at sea of any ships that have
been so tested.

Sir William Symonds was the first constructor of the
English navy whose standing enabled him to claim the
power legitimately due to his position, that he should be left
unrestricted as to dimensions, and he was consequently en-
abled to introduce into the service ships which undoubtedly
bore very high characters as men-of-war. He also practically
demonstrated the possibility of ships of war obtaining suf-
ficient stability witggut the aid of ballast—a very important
advantage, and one which has been productive of much
benefit. He was in error, however, a8 to the true principles
on which the stability of floating bodies is dependent, in order
to secure as great freedom from rolling and as great ease of
motion as possible. His ships had great statical stability,and
therefore great power of carrying sail, and hence were gene-
rally very successful in trials of speed in sailing. But this ad-
vantage was not obtained without, in many instances, in-
curring a compensating disadvantage from uneasiness of
motion. This appears to have been a very general fault in
ships of his construction, some of them being marked ex-
amples of the uneasiness attendant on a stability which

depends almost wholly on breadth at the load-water section
and above it, to the neglect of the form of the solids of
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views rendering him unable to go beyond or aﬂply to History.

His ships, however, were very
general favourites in the service amongst the officers in

a.D. 1832, eommand of them, who in their reports made light of any

faults, and bore any personal inconvenience and want of
comfort cheerfully and willingly, on account of the speed
of their ships and their success in the sailing matches.
The country is much indebted to Sir William Symonds for
many improvements which he introduced into the navy,
especially at the commencement of his tenure of office.
He failed, however, to keep pace with the improvements of
his time, his want of scientific education and of enlarged

steamers, or any new class of vessels, the ideas w
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ich he \«= s

~

had imbibed in his earlier years, and to which he adhered 4.p.1837 -

with a pertinacity amounting to obstinacy.

The following table contains the dimensions of the
various classes of ships which Sir William Symonds in-
troduced into the British navy, as well as of one or two
other English ships built to compete with those of his
construction. The dimensions according to which the
ships of the French navy were at that time built are also
given:—

Dimensions of English Ships of War at the period when Sir W. Symonds was Surveyor of the Navy.

Length of
Names of Ships and of their Designers. Guns. Keel for l!im m‘“ qurg;: in
Gun-Deck. Tonnage.
First Rate. Feot. Inch.| Foet. Inch.| Feet. Inch.| Feet. Inch.
110 on
([ Queen...cueceecrerrenenen S eeteerereirenns { oA ch} 2046 0 |1668 5 | 60 o | 23 o | 3099
- Becond Rate. -
| VaDguARd v wf|enl) |90 o {185 s | s8 o | 23 4 | 2s89
g Third Rate.
g Boccawon{ f,‘:&:’} 18 0 |46 8 | 64 o | 22 & | 2212
bl Fourth Rate.
VOrnon ..cceeenereccnnenancnnennen veresunenisrisanne voneed 50 176 0 [144 63| 52 83| 17 1 2082
Fifth Rate.
B PiQUe icierieeirunnnriieniennnninniiniinneninenioisensnes 36 160 0 131 O 48 8 14 6 1622
™ Bixth Rate.
» Vestal ..o..oiieninrennncencernantersnsestassacancaccnnstnns 26 130 0 [108 9 40 73| 10 6 913
L] 26 130 0 | 108 10 40 O 10 6 011
E. 18 113 0 80 13| 85 & 16 9 590
g Calypeo.. 18 120 0 99 &) | 37 6 18 o 731
Columbine 16 105 of| 84 o0 | 83 63| 7 11 492
Serpent 16 102 6§ 79 10 32 3 15 o0 434
Racer ..., 16 100 8 78 93| 82 43 14 10 431
\ Pantaloon 16 91 10 71 4 29 4 12 8 323
London } ........................ %2“0:’ 2 } 205 6 170 4 54 4 23 D) 2598
(077171 5 N . . 36 159 O 133 7 43 0 13 "6 1283
Inconstant, Admiral Hayes............ 36 166 6 133 &¢ 46 6 13 7 1422
Modeste, Admiral Hon. G. Elliot....... 18 120 O 98 7 3:2; g z 1:) gg:
Sapphire 28 119 0 |100 73
Orestes } Professor Inman.................. { 18 109 11 92 104 | 30 6 7 6 459
Dimensions of French Ships of War, as built in 1837.
I Line-of-Battle. Frigates. Corvettes.
Number of Guns....ccccevnieneeennes casensene 120 100 20 60 52 32 24
Feet. Inch. | Feet. Inch.| Feet. Inch.| Feet. Inch.| Feet.Inch.| Feet.Inch.| Feet. Inch,
Length on gun-deck between rabbets 209 5 206 0} | 198 6 178 13| 172 1 138 73| 125 4
Moulded breadth.......... 65 33| 6411} 63 54| 47 7 45 23| 86 o} | 32 7}
forw: 24 113 23 103 23 4 19 11} ves 14 9 13 64
Draught of water, { aft. 26 83 26 0} 25 4 21 3§ 16 38 14 10
mean.... W 25103 | 24 nj| 24 4 20 74| 20 8 15 6 14 2
Load, displacement in tons............ e 4940 4393 4013 2542 2267 999 738

The introduction of vessels propelled by steam for prac-
tical purposes dates its origin in the year 1812, when Henry
Bell started the Comet steam-vessel on the Clyde, for the
conveyance of passengers. In 1815 there were 10 steamers
in existence, with an aggregate registered tonnage of 1633
tons. In 1825 this number had increased to 168, with an
aggregate tonnage of 20,287 tons, and in 1835 the number
was 538, with an aggregate tonnage of 80,520. Some
interesting and valuable experiments were made about.
1832, by i‘lr Scott Russell, on the Forth and Clyde Canal,
with a view to introduce steam on canals. These were not
successful in their object, but a class of very long and finely-
formed boats for quick passenger traffic on canals were in-
introduced at this time. hese were drawn by two

horses, and were expected to travel at the rate of 9 or 10
miles per hour, but it was found that if they were not at
once put to this speed, but started sluggishly or gradually,
a wave was formed in front of them, and continued to pre-
cede, washing over the banks of the canal and over the tow-
ing-path. Under fhese circumstances the horses were much

distressed with the labour which they had to perform. If, on .

the other hand, they were urged into a speed of 9 or 10
miles an hour at once upon starting, no wave was formed,
and the boat seemed torise on the surface of the water and
to be propelled with comparative ease so long as that speed
was maintained ; but if they flagged, and their rate of travel-
ling fell to 6 or 7 miles an hour, the wave was formed, and
it then became necessary to reduce their speed to a walk,
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deniable, but the progress of the screw in the navy was History.
very slow for many years, owing to the opposition of Sir ‘s =/
William Symonds, and to the frequent changes of the 4.p, 1846.

History, till it disappeared, and then to start them again at once
\w=_~ into the higher speed. This peculiar result was no doubt
4.p.1837. mainly caused by the confined space of the canal, but no

scientific investigation to account for it has yet been given.
The lines of these boats were called wave-lines by Mr
Scott Russell, and for ease of rropulsion in smooth water
they are undoubtedly beneficial. Lines of a similar cha-
racter were also used about the same time by Mr Fearnall
in fast-passenger steamers on the Thames. Their advan-
tage was made very apparent by the construction of the
Vesper in 1837, a passenger-boat from London Bridge
to geravesend. This boat went through the water at a
speed of about 12 miles an hour, with scarcely any wave
or even a ripple at her bows, while her competitors were
carrying a heavy wave and swell before them. Other
vessels with lines of a similar character were built subse-
quently by Messrs Fletcher and Fearnall, by Mr Ditch-
burn, who had been in their employment, and also by
others.

Up to 1836 the mercantile marine had laboured under
the disadvantage of a tonnage law for the charging of dues,
which, by the mode of measurement enacted, held out
a premium for the construction of inferior ships. In this
year a new act was passed, and a better system introduced.
By this act the internal capacity of a ship became the mea-
sure of her tonnage, and the serious objections to the former
law were obviated.

It was about this period that iron began to be used to
any great extent as a material for ship-building. Its merits
for this purpose will be discussed hereafter, when treating
of the practical construction of ships. Mr Manby, Mr
Laird oF Liverpool, and Mr Fairbairn of Manchester, were
the first constructors of vessels of any size of this material.
Mr Fairbairn, in 1833 and 1834, built two passenger-
steamers of iron to ply on the Humber, between Selby
and Hull, and in 1836 he commenced the business of iron
ship-building, in company with others, with the writer as
the resident managing partner, at Millwall, on the Thames.
In 1837 Mr Laird built an iron steam-vessel, the Rain-
bow, for the General Steam Navigation Company at
Deptford, and from that time the use of iron has rapidly
increased.

The next important step in the history of ship-building
was the introduction of the screw-propeller. Many pro-
posals had been made, and patents taken out, for propellers
of this nature ; but a small vessel fitted with a propeller,
patented by Ericsson, was the first brought into practical
use. A small experimental vessel called the F. B. Ogdon
was built in 1837, and fitted by Ericsson with one of his
propellers, and the Lords Commissioners of the Admiralty,
attended by their surveyor, Sir William Symonds, took
a trip in her in that year. They, however, failed to see
the advantage of such an invention to men-of-war, and
refused to entertain any proposal for its introduction into
the navy. Mr F. P. Smith also built a small experimental
vessel during this year, and fitted her with a screw propeller.
Ericsson, on receiving no encouragement from the British
government, took steps to bring his invention before the
Americans, and a small vessel, the Robert F. Stockton,
was built by him in 1838, in this country, with this view,
and made the voyage safely to America. Mr Smith, in
the meantime, induced a number of influential men to form
a company to carry out his invention, and in 1839 the
Archimedes was built by them, to test and demonstrate its
value. The success of this vessel was such, and the ad-
vantages likely to accrue to men-of-war from the introduc-
tion of the screw were so apparent, that the Rattler was
then ordered to be built in one of the government yards.
This vessel was on the same lines as one of the Admiralty
paddle-wheel steamers, but its stern was lengthened to fit
it to receive the screw propeller. Her success was un-

Board of Admiralty. Some progress, however, was made
in the introduction of screw-ships into the navy, several
small vessels being built to the designs of Mr Fincham,
the master-shipwright of Portsmouth yard. This officer
was in favour of its introduction, as were all the officers of
the engineering department under the Board of Admiralty,
and they were supported by the Right Hon. Mr Corry, the
secretary of the Admiralty at that time. The Arrogant and
Dauntless, two screw frigates, were afterwards built by Mr
Fincham ; and, at the same time, the Termagant, also a
screw-frigate, was built by Mr White of Cowes.

After this time, the growing dissatisfaction with the ex-
cessive rolling of Sir William Symonds’ ships, his obsti-
nate adherence to his own forms of construction, together
with his unwillingness to co-operate in the introduction of
screw-steam ships into the navy, led the Board of Admi-
ralty, of that date, to order that a committee of reference
should be constituted, to whom [all designs for ships should
be submitted before they were laid down. This led to Sir
William Symonds resigning his office, and Sir Baldwin
Walker, the present surveyor, was appointed as his suc-
cessor.

Sir Baldwin Walker had not given his attention to the
study of naval architecture theoretically, and the Board of
Admiralty announced that they should not expect him to
originate the lines of the vessels to be built, but that these
should be designed by naval architects attached to his
office. The construction of the ships of the royal navy was
thus placed on a proper footing; and if this arrangement
had been carried out, and the naval architects had had full
power given to them, and been at the same time com-
petent men, the country ought to have reaped the benefit
of 80 judicious an arrangement.

With respect to the class of ships ordered to be bnilt at
this period in the dockyards, no change in accordance with
the advancing state of screw propulsion took place. The
naval members of the Board of Admiralty were men who
had long looked upon the noble line of battle-ships of the
navy as not to be surpassed, and they could not apparently
make up their minds to desecrate them, as they seemed to
consider it, by the introduction of steam-power. The re-
sult of this somewhat romantic feeling was, that early in
Sir Baldwin Walker’s administration a number of sailin
three-deckers were laid down, in opposition to the expraseﬁ
opinion of the leading civil professional officers attached to
the Admiralty. Not one of these vessels has been launched,
or will be launched, as a sailing vessel. They have all been
converted, or are under conversion, into screw-ships, by being
lengthened in midships, at the bows and also at the sterns.
The greater proportion of the other sailing three-deckers are
also beingrazéed and converted into two-decked screw-ships,
their sterns only being altered. These important changes
on the last-mentioned vessels are being carried out, while
two of the members of the late School of Naval Architecture
are the assistant surveyors; and a repetition of the errors
committed at the end of the last century,-on the occasion of
a similar operation upon several ships, will no doubt be
avoided. The errors committed at that time have been
described by Mr Wilson, as previously quoted, and are as-
cribed by him to a want of sufficient scientific knowledge ;
but as this is not the case at the present time, the country
n":?y now expect a very fine class of vessels to be the re-
sult, -

It may also be remarked, that the introduction of the
system of distilling the necessary supply of fresh-water on
board the ships, and thus obviating the necessity of carry-
ing so great a weight of fresh-water, has materially facili-
tated the arrangements for these alterations,
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Table of the British Navy, extracted from the Navy List, October 1859 .

Pro- g' In ‘m“.d l!ub‘lmr”B 4
Class. pelling | Guns, | SF | PATT.And | Neato s (ERIC
power, £ ror:‘rv?e‘;- &c." i
Three-decked ships,Screw [110to 181 2 4 2| 8
Do. 0. |Sails (110to120 9 1 1 . |1
Two-decked ships....Screw | 60to100| 34 12 10 | 56
Do. do. ...[Sails 72to 84| 12 238 35
Frigates .......cceeenee «Scroew | 36 to 50| 19 18 e 5 | 42
DO, .ocvriienerenene[Sails 40to 50 12 70 e 82
Corvettesand sloope'Screw | 4to 21| 29 11 [ 10 50
Do. do. .../Sails 14to 26| 20 45 65
Frigates and sloops, Paddle| 3 to 22| 46 18 . 64
Transports ............ Screw 7 3 10
Despatch vessels ...[Screw | 2 to 4 16 4 2| 2
Gun & other vessels/Screw 2to 4 8 3 o 1 12
Yachts, tugs, &hc. wo{Paddle 87 16 e 53
D:'Suew...f.!..f..} Sails o 12 17 e d 2
Floating batteries...|Screw 16 8 8
Total.cernueens] .. . | AT
Gun-boats...............|Screw 2 . . | 160
Frigates, iron-
cased, not yet
in avy ~list— oon ven e aee o oo 4
buailding............
Grand total ..| .. 711

By a Parliamentary return published during 1859, it
appears that the total number of ships of all classes belong-
ing to the navies of other kingdoms was then as follows : —

4481 Holland Prassia.. . 85
I Greoce .. 26
Turkey.. 9
Brazil ..
Austria Peru

.120 | Portugal ......ececeececeen 87
weeee 79| Sardinia -}

The history of ship-building in the royal navy up to the
present time (1860), cannot be closed without reference to
the class of small gun-boats and of iron-cased floating bat-
teries and vessels which are now being introduced into the
service. The gun-boats are of three classes, varying slightly
in size and horse-power. The greater proportion of them are
106 ft. long between the perpendiculars, 22 ft. beam and 8
ft. deep, and are fitted withr[:igh-pressure engines of sixty
horse-power. They are of 233 tons burden, and their
draught of water, when ready for sea, is about 6 ft. The
importance of this class of vessels as a protection against
invasion cannot be overrated. The introduction of steam
as a_mechanical agent for the propulsion of vessels, inde-
pendent of wind and tide, brings back almost the same state
of things as existed when hostile fleets were composed of
rowing galleys. The supremacy on the ocean which this
country has so long held by means of the experience of a
large portion of her population as seamen, must now depend
on other sources of strength besides this; and it behoves
the nation to make preparations suitable to meet the altered
circumstances. If our fleet were to suffer any reverse, and
thus leave the sea free to an enemy ; or if an enemy came
to a determination to try and evade our fleet, and land an
army on our shores, that army might be embarked at many
different points, and, with steam as an agent, the different
portions of it might, with almost perfect certainty, meet at
any appointed time at any spot. When once upon our
coasts, they could move along them with a rapidity far be-
yond that at which any troops on shore could follow them,
if they were confined to the ordinary means of transport.
If, however, our shores were iron-bound by coast lines of
railroads, sa that troops could be moved along them and
concentrated rapidly at any spot, with the assistance of the
electric telegraph our power of resisting the landing of any
foreign force would be immeasurably increased. The art
of war has been said by the highest authorities to lie mainly
in the power of suddenly concentrating men on any one
point; and if our railroads and telegraphic communications
can be made available for this purpose, the importance of
keeping ui: a large and effective force of steam gun-boats,
lying, in the time of an expected invasion, in every bay and
creek of our indented shores, is evident. For the construc-
tion of a fleet of such vessels, iron is fortunately the most
valuable material, as the evils attending its use in large
men-of-war will not militate against its use in these vessels.
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If they should be struck by shot, the men will be above History.
the splinters; and by building them with their frames very e =’
far apart, and with a strong inner and outer sheathing, both , p, 1860

water-tight on every frame, they may be made almost un-
sinkable. The chief advantage, however, of iron for such
vessels is its durability, if they are constructed in such a
manner, that all the parts may be kept painted, and care be
then taken that they be periodically c{:med and painted.
Iron vessels g0 constructed and hauled up on shore, and thus
attended to, might be considered as almost free from decay.

The applicability for purposes of war of iron vessels
constructeg in the ordinary way early engaged the atten-
tion of the writer; and in 1845, in concert with the late
Major-General, then Colonel Dundas, of the Royal Ar-
tillery, one of the officers of the arsenal at Woolwich, he
arranged some experiments to test the effects of shot on
such vessels. So little importance, however, was at that
time attached to the subject by the authorities, that at first
no official notice was taken by the Admiralty of these ex-
periments, the targets, representing a portion of the side
of an iron vessel, being constructed in the dockyard at
Woolwich under merely verbal sanction from the Cap-
tain Superintendent of that yard. By these experiments
it was at once shown that iron plates of half an inch or
five-eighths of an inch thick were easily penetrated by solid
32-pounder shot; that the hole made was no greater
than the size of the shot; and that the injury was merely
local, and easily repairable. These experiments also proved
that the shot, in striking plates of this thickness, was fre-
quently, though not invariably, broken, and that the portion
of plate taken out by the shot was broken into a number
of small and most dangerous splinters. Targets made of
plates of the best Low Moor iron were tried in comparison
with targets made of common boiler plate; but the differ-
ence of the quality of these two kinds of iron made no dif-
ference whatever in the splintering or in the general effect.

To guard against the risk of a ship being sunk by the
clean hole thus shown to be made through the iron by a
shot, the parasol shot-plug was introduced at this time by
the military officers. This plug is composed of thrummed
sail-cloth, or of India-rubber cloth, in the form of an um-
brella or parasol with a long handle, and is intended ‘to be
pushed out through the shot-hole, and then opened and
drawn back on the hole, so as to cover it, and prevent the
entrance of water.

Layers of timber, varying in thickness from 8 and 4
inches up to 15 and 18 inches, placed behind the iron, were
then tried, with a view of callecting and stopping the splin-
ters, It was found that this was not effected with less than
about 14 inches of thickness. Wadding and packings of
various kinds were tried, with an inner sheathing of plate
on the ribs to sustain it, but no beneficial result was found
to be obtained from any course of this kind. A layer of a
mixture of saw-dust and Indian rubber was subsequently
tried, and this was found to answer well, but it required to
be of nearly as great thickness as the solid wood.

An experiment was also made with a target placed at an
angle with the line of fire; but the thickness of plate of
which these targets were composed was found not to be
sufficient to make a 32-pounder shot glance when fired
from a distance of 200 yards with the ordinary charge for
short ranges. The shot struck between two ribs, and kept
its course, making a long slot, or elongated hole.

To test the effects of a spent shot, a shot was merely
pitched against the target from a gun brought within a
short range, and fired with the smallest possible quantity
of gunpowder. The shot was not broken, and it went
through the target, making, as in other cases, a hole no
larger than itself; but the edges of the plate round the
periphery of the hole were bent backwards with ragged
radiating points.
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History.  The inside of the target was also fired at, to represent
==~ the effect of a shot passing through a ship, and striking the
A.p.1860. off side ; the effect was the same as before, except that the

great attention to the subject of artillery, conceived the
idea of encasing a ship in thick plates of iron, as in armour, \ e =’
to resist shot. In 1853, this idea seems to have been , ;. 1g69.:

rivets within a circle of about 2 feet to 3 feet radius, which
attached the plates to the ribs, were shaken, and the heads
of some of them were bhroken off.

In 1845 and 1846, the Admiralty of the day, with a view
of testing the efficiency of iron for men-of-war, after
having had the Dover packet, built of iron, for some years
in their service, and subsequently the Birkenhead iron
paddle-wheel steamer, ordered the Minx, two guns and
of 303 tons, and Sharpshooter, eight guns, and of 503
tons, and several frigates, to be built of iron. Of these
latter, the Simoom, of 1980 tons, built by Mr Robert
Napier of Glasgow, is always quoted as the type. The
Ministry of the country, however, having changed, and
with it the Board of Admiralty, before the completion of
these frigates, they were ordered to be converted into troop-
ships, and the views of their original proposers unfortunately
were not carried out with them, nor, still more unfortu-
nately, with the smaller class of vessels. If the foresight
of Sir George Cockburn and Sir Charles Adam, and those
associated with them at this time at the Admiralty, in at-
tempting the construction of vessels of these small classes,
had been followed up, the country would not have been
without them at the beginning of the Russian war, when
they were so much wanted, and when a fleet of them had
to be constructed, without experience as to the best form
and size, in great haste, and with much loss both of money
and of credit to the country.

The experiments at Woolwich in 1845 having shown
the necessity of guarding against splinters, the sides of the
iron frigates, between the main and upper deck, opposite
where the men fighting the guns would be chiefly collected
in the time of action, were ordered to be lined with wood,
whilst the other portions were intended to be left unpro-
tected, as splinters from them would be of less importance.
This, however, did not satisfy the new Board of Admiralty ;
and with the view of confirming the correctness of their
decision in ordering these frigates to be converted into
troop-ships, a further set of experiments were ordered to
be made in 1848 from the Excellent at Portsmouth, by
firing against targets made to represent portions of the
Simoom. These experiments corroborated all the results
previously obtained by those at Woolwich Arsenal, and seem
to have further proved an important fact, which did not then
sugiest itself, and was not tested, that plates of 5-8ths inch
thick prevented any shells then known from passing through
and exploding inside the ship. This fact, however, was
not made known to the House of Commons or to the public
generally, and the tide of public opinion was thus strongly
directed against the use of iron ships for purposes of war
by the amount.of information on the subject officially pro-
mulgated.

Some years previous to 1848, other experiments against
iron had been tried, with a totally different object in view,
but from which results of much importance to ships of war
have followed. These experiments were made at Ports-
mouth against a target composed of fourteen thicknesses of
half-inch boiler plates, bolted together so as to form a mass
7 inches thick. This was found practically to be sufficient
to stop 32-pounder shot. A much more important and
elaborate series of experiments on this subject were made
about this time in America; and from these it was found
that a thickness of 6-inch solid hammered iron was practi-
cally invulnerable against the power of any ordnance then
in use.

After these experiments, Napoleon III., who has paid

publicly broached by him; and in 1854, the governments
of England and France both constructed vessels on this
principle, to be brought into action against Russia. They
were called floating batteries, as they are mere barges, built
for the purpose of carrying their guns and their armour-
plates, with a small amount of steam-power sufficient to
give them the power of motion, so as to put themselves
into position after having been towed to the field of action.
They vary from 1535 to 1954 tons burthen, and carry 14
to 16 of the heaviest guns, and their draught of water does
not exceed 9 feet, so as to enable them to approach the
forts against which they were intended to act.

Those built in France having been completed at an
earlier date than those built in England, one of the French
batteries was brought into action against the Russian fort
of Kinburn, and with the most complete success. After
this, the French immediately set about carrying out the
idea to a greater extent, and in more perfect ships. In
England, also, the subject was pressed upon the considera-
tion of the Admiralty ; and in 1857, the late Captain Moor-
som' published a pamphlet upon it, finding himself unable
in any other way to obtain attention to the views which he
held, and to rouse the Admiralty to the importance of the
matter under discussion. In it he advocated and proved
the feasibility of taking the two upper decks or tiers of
guns off the three-decked ships of the fleet, and converting
them into iron-cased frigates, by protecting the remaining
lower deck with a covering of iron plates, 4 inches thick.
He failed, however, in being able to influence the Board
of Admiralty, or the Controller of the Navy; and it was
not till the close of the year 1858, and the beginning of
1859, that four iron-cased vessels were ordered to be con-
structed in this country. .

The French, in the meantime, had been more energetic,
and the result was, that.in 1860 of iron-cased vessels they
had launched two first-rates, and had also on the stocks
four second-rates, four third-rates, and five gun-boats, all
to be cased with iron plates, and all well advanced. It
has also been said, that orders have been given by the
same Government to proceed with the construction of ten
more first-rates, on the model of La Gloire, one of those
already completed and tried, and found to be successful
both in speed and in sea-going qualities.

In England, at the same date, the two first-rates of this
class of vessel are both launched, the Warrior and the
Black Prince ; but they are not yet completed nor ready to
be tried. The two second-rates are not yet launched, and
no vessels of a lower class have as yet been designed or
ordered to be built. A third first-rate is ordered to be
built in the dockyard at Chatham, but has not yet been
commenced. :

La Gloire, the French iron-cased first-class frigate, is
built of wood, and is said to have been designed upon the
model of one of their most successful line-of-battle ships,
acting upon the views advocated by the late Captain
Moorsom, in his pamphlet of 1857. She is 252 feet 6
inches long between the perpendiculars, and 55 feet beam,
draws upwards of 27 feet of water, and is said to have ob-
tained a speed of 114 knots under steam. She carries her
ports about 6 feet 6 inches out of water, and her armament
at present is said to consist of thirty-four rifled guns, 54-
pounders, and two shell guns forward, all protected, as
will be seen by the annexed sketch of her. She is built
with an upright or rather receding stem, prepared for run-
ning down an opponent. Mr Cunningham, from whose

., 1 Inventor of the percussion-shell now in use in H. M. service, and who served in command of the Naval Brigade at the siege of Se-

vastopol, and in whum the country lost a most valuable artillerist.
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History. hand-sketch of her on the spot, the annexed wood-cut is battery on deck prepared to enfilade the deck in case of History.
\w= ~ made, states that he was informed that her upper deck is her being boarded, though how this is to be done, if the ‘=’
bomb-proof'; and he was also led to believe that thereis a boarders are to be opposed by the crew in a hand to hand

La Gloire.

The Warrior.

fight, without the destruction of detenders as well as assail-
ants, is not apparent. From the sketch it will be observed
that the foremast is very far aft, and that the mizenmast is
very far forward. The position of these masts, therefore,
will tend to ease the ship very much in pitching and
scending ; and the moderate height of the masts, and their
simple rig, will tend to ease her rolling. The rigging is
carried very far aft, probably for the purpose of supporting

the masts, in the event of the ship running stem on against
an opponent, and having her way stopped.

The Warrior and the Black Prince, the English iron-
cased first-class frigates, are built of iron. They are 380
feet long between the perpendiculars, and about 420 feet
long over all, 58 feet beam and 41} feet deep from the
spar deck, and of 6173 tons burden. The armour-plates
with which they are sheathed are 4% inches éhick. They
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History. are not laid directly on the iron sheathing of the ship, but

tion will be understood by the annexed section of the Hi 2
\e~~ teak, 18 inches thick, is interposed between them and the y e of com ‘am

Black Prince, and by the explanation of the mode of con- ‘=

sheathing, with a view of supporting the armour-plates by
a little elasticity behind them, and also to prevent the
joints of the sheathing from being started by the concus-
siun when the plates are struck by shot. The construc-

structing iron ships, as given in the portion of this article
devoted to practical shipbuilding. The engines of those
frigates are of 1250 nominal horse-power, and they are ex-
pected to realise a speed of 13} or 14 knots an hour.

Section of Black Prince.

Section of Black Prince.

It is not proposed lere to enter upon the question of the
relative value of the system of interposing a mass of timber
between the armour-plates and the sheathing of the ship,
compared with making the armour-plates themselves thicker;
but it may be remarked, that the introduction of this ele-
ment of decay is much to be deprecated, if it could possibly
be avoided ; and the fact, that the resistance of iron plates is
increased in proportion to the squares of their depths, seems
to indicate that increasing the thickness would be the better
course to pursue. On a ship clothed as the Warrior, armour-
plates of 6 inches thick could thus be used without any in-
crease of weight, and their resistance, compared with that
of a 4}-inch plate, would be nearly double; and it does
not appear to have been yet proved that any evil effects
would follow from the adoption of such a course.

The Warrior and Black Prince are constructed to carry
40 guns, 34 on the main deck, all 68-pounders, and on the
upper deck 2 pivot guns, 68-pounders, and 4 Armstrong
guns. The ports are intended to be about 9 feet above
the water when the ship is ready for sea, with everything
on board. The thick armour-plating of these ships does
not extend for the whole length from stem to stern, but for
a length of about 213 feet in the middle, and for a height
of 22 feet vertically, 16 feet above the water-line, and 6
feet below it; 26 guns are protected by this extent of
armour. Near where the armour-plating ceases, and a
short distance within it, water-tight bulkheads, protected
by similar armour-plates, are carried across the ship. The
finely formed portions of the bow and the stern are con-
structed in the same manner as those of any strongly-built
iron vessel, as explained hereafter, when treating of prac-
tical building. They are divided into a great number of
water-tight compartments, the bulkheads or divisions run-
ning both fore and aft and athwartships. On a minute
examination of all the details, it is believed that great credit
will be found to be due to the designers for the way in
which the safety of the ship, and all the varied require-

N

ments of a man-of-war, have been provided for, and also for
the way in which the many contingencies to which such
ships are subject have been provided against. It is quite
evident that every one, conversant with the subject of naval
architecture, and the various contending influences that
have to be met, who will examine into the details of the
Warrior or the Black Prince, must be satisfied that great
thought and consideration have been given to the subject,
and that, on the whole, the conclusions arrived at have
been judicious. Though it is not apparent in the same
way from the sketch, these vessels are equally able with La
Gloire to run down an opponent, if a desirable opportunity
to do so should present itself. It is argued by some, that
the English ships are too long, and that they will therefore
take too long a time, and too much room to turn, to be able
to run down any vessel that sees their - intention before-
hand ; but the difference between them and La Gloire in
this respect is not so great ; and any one who has ever been
present at a boat regatta, and has seen a duck or punt hunt,
will know well, that a sharp and fast man-of-war’s gig, be it
a little longer or a little shorter, is not the class of boat that
will catch the duck; and no more would La Gloire, under
similar circumstances, get a chance of running down our
gun-boats, if we were to surround her with the number
that might be built for the sum of money that such a vessel
as she is must cost. Frigates, corvettes, and ?m-boats,
might be constructed at very moderate cost, of plates suffi-
ciently thick to make them safe against all known shell, and
therefore against fire ; and with sufficient divisions to make
them almost unsinkable by any number of solid shot likely
to strike them; and they might be armed with guns, or
rifled mortars, or carronades of extraordinary calibre, with
both guns and crew safe under Captain Coles’s shields, as
hereafter explained. Gun-boats so constructed and so
armed would be serious opponents to these huge mail-clad
ships. They could also be supplied with buoys carrying
pieces of rope or chain, prepared to foul the screw pro-
peller of their great opponent, and which, if thus deprived
of her speed, would be very much at their mercy.

The stems of the Warrior and Black Prince below water
project forward beyond the line of the knee of the head,
which forms an exterior or false stem beyond the real
stem, which latter rises up perpendicularly in the interior,
and is supported by a fore-and-aft bulkhead. It is thus
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History. that they are equally prepared with La Gloire to run stem

on into an adversary. It is not to be supposed, that in the
event of a general close action of two fleets, such vessels
would “run a muck” into the enemy’s fleet, armed, as of
course every vessel would be, with at least one or more guns,
capable of injuring them in their vulnerable polnts, which
would no doubt be known ; and if the fleets once came to
close action, and the ships were without way, all chance of
running each other down would for the time be at an end.
It is not the legitimate purpose of this article to discuss
naval tactics, but these few remarks will perhaps be pardoned,
as bearing upon the question so important at this time, as
to what cfus of vessel it is most judicious for this country
to build, in addition to a sufficient number of mail-clad
shigls, to meet the extraordinary, and (as at least one high
authority® thinks) perhaps the passing circumstance of the
construction of a certain number of ships of this class by
the present Emperor of the French.

The general importance of the whole subject of naval
warfare is at present much felt throughout the country, and
the improvement and efficiency of the navy, as its best de-
fence, have in consequence been much discussed both by
civilians and professional men. The opinions of the late
Earl of Dundonald on this point must carry great weight ;
and in his memoirs, lately published, the following im-
portant passage will be found. “In short, immoveable
stations of defence, as a protection against invasion, are not
only costly and of doubttul utility, but a reliance on them
is, in my mind, an indication of a declining state. It is
little short of national imbecility to suppose that, because
we erect imposing fortifications, an enemy will come to
them, when he can operate elsewhere without the slightest
regard to them, and the more so, as the common expe-
rience of warfare will tell him that numerous fortifications
are in the highest degree national weakness, by splitting
into detail the army which ought to be in the field against
him, but who are compelled to remain and take care of
their fortifications. Yet half the sum required for fortifi-
cations as defences in case of war would suffice to place
the navy in a condition of affording far more effectual pro-
tection. There is no security equal to that which may be
obtained by putting it out of the power of an enemy to
execute hostile intentions. This can never be effected by
forts, but ma{ be accomplished by adoption of proper mea-
sures, which I shall at present refrain from commenting on.”

In consequence, therefore, of the general interest felt
upon this subject, proposals of various kinds have been
made, with a view to make our ships less vulnerable than
they now are, and thus to make them more formidable
against any opponents. Amongst these the proposal of

Captain Cowper Phipps Coles seems to ‘deserve especial
notice. He places two guns side by side, under a (K)eme-
shaped shield; constructed of wrought iron of such thick-
ness as to be invulnerable. The muzzles only of the guns
are visible on the outside, arrangements for their training
and for their elevation or depression being made in the
interior, and they are placed with their covering shield on
a revolving platform, moved by machinery, so that they
¢an be pointed in any direction. He has by models and
explanations very clearly demonstrated the feasibility of
his proposal, and the practicability of the mode he has in-
vented for carrying it out, but at the same time it is ne-
cessary that the ship which carries his invulnerable shield
should be herself as far invulnerable as possible.

An important proposal has also been made by Mr Jones of
Liverpool, to build iron-cased frigates with their sides in-
clined inwards at an angle of about 52° from the vertical
line, with a view to maEing the shot glance, by which a
less thickness of iron plating might be sufficient, Though
the target provided by him was perhaps more successful in
resisting shot than any other experimented upon by the
Excellent at Portsmouth, there yet appears to be many
objections to the introduction of his system. The first and
most obvious is the greater amount of surface on the incline
required to protect the same amount of vertical space on a
ship’s side against the usual horizontal firing ; and to such
an extent is this the case, that a coating of iron on the
angular or inclined system, of 3} inches thick, at an angle
of 52°, will weigh as much as a vertical coating of 53
inches thick. Considerable inconvenience in the working
of the guns will also arize from the angle of the side; and
the rolling of the ship will tend, at certain periods of each
oscillation, to lessen the angle of inclination, and therefore
diminish its power to make the shot glance. Captain Coles
has proposed to adopt this principle in the construction of
the ships to carry his invulnerable shields. He places his
shields on the upper deck, and carries up an upright side
on his ship outside the angular plated side, and by this he
obviates the objections to the form of the ship proposed by
Mr Jones, as being likely to produce uneasy rolling.

On the whole, it is believed that an increased thickness
of armour plates, with the ports for the guns protected, or
their size diminished to the greatest possible amount, on a
ship of the best known form for insuring steadiness and
speed, will be found the simplest mode of increasing its
invulnerability to any practicable degree.

It will now be n to return to the mercantile ma-
rine, and notice shortly the progress made therein within the
last few years, leaving this part of the subject, however, to
be more largely treated of under the head of Steam-Ships.

Extract from Return of British Merchant- Shipping by the Registrar-General of the Board of Trade.

Number and Tonnage of New Vessels tal Number of Registered Merchant-Vessels belonging to the British
BT un Regored s tbe Bridan || Total Nomber of Regstersd Morshang Yol belongingtothe
Year. Salling Vessels. Steamers. Sailing Vessels. Steamers, Total. Men.
Number.| Tons. Number. | Tons. Number. Tons. Number. Tons. Number. Tons.
1840 1904 - | 285,289 77 10,639 || 28,138 | 3,215,731 824 95,807 28,962 | 8,311,538 201,340
1846 1183 154,783 73 11,950 30,805 | 3,582,859 1012 131,202 31,817 | 3,714,061 224,900
1850 1381 229,603 81 15,527 32,938 | 4,045,331 1350 187,631 | 34,288 | 4,232,962 | 239,283
1856 1319 | 305,113 263 84,862 || 33,782 | 4,842,263 | 1910 408,290 | 35,692 | 5,260,653 261,194

In the merchant-service, the screw, for some time after
the trials of the Archimedes and the Rattler, though they
were generally looked upon as prognosticating success,
made but little progress. A company trading to Rotterdam,
Messrs Laming and Company, were amongst the first to

adopt it ; and the mercantile marine owes much to their
enterprising spirit in this respect. Their vessels were
very successful, and attracted much attention from the
time of their first introduction ; and doubtless much of their
immediate success may be attributed to men of high stand-

1 Sir Howard Douglas has expressed this opinion in a letter addressed to the Institution of Naval Architects, and in which the
writer is inclined to agree with him though differing from bim in his opinion in favour of wooden ships. .
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History. ing in their respective grofessions of ship-builders and
‘<= ,= engineers being employed in their construction, and being
left unfettered to work out the end that was desired. From

his yacht, the Titania, built by Mr Scott Russell, to com- History,
pete with her, and thus give her an opportunity of showing ‘s, =’

that time screw-vessels, constructed of iron, began rapidly
to supersede paddle-wheel steamers and sailing vessels,
especially for the conveyance of perishable merchandize,
such as fruit and provisions; and the great capability of
combining sailing and steaming which the screw affords,
will no doubt tend to the continued increase of auxiliary
steamers. The preceding table of the merchant-shipping
of the country shows the extent to which the substitution
of steamers for sailing vessels is taking place.

Reference has been previously made to the beneficial
influence of the yacht clubs throughout the country. The
English vachts were supposed to be unrivalled in speed;
and in 1831 a challenge cup was given, open to the whole
world for competition. A yacht from America, however,
came over to this country, and carried off the prize. She
soon showed such great superiority that the favourite
English yachts at once gave up the contest, and it appeared
likely that she would be allowed to walk over the course.

To prevent this the late Mr Robert Stephenson entered -

the extent of her superiority, and on what points that supe-,
riority was greatest. Representations of these two yachts are
given in Plates V4, & VL, and their relative performances
and qualities will be examined hereafter. Though the intro-
duction of steam has done much to lessen the interest taken
in yachting, yet it is to be hoped that the valuable encour-
agement given to naval architects, and to the maritime
predilections of the country by yachting clubs will be con-
tinued, and that many will follow the example already set
by a few spirited men, of placing a small amount of auxi-
liary steam-power in their yachts with screw-propellers.
This is done without impairing their beauty, and renders
them certain in their movements when desired.

In connection with this subject, and as a means of form-
ing a taste for it, the rowing and racing boats of the youths
at sublic schools, and of the young men at the universities
and elsewhere, may be mentioned. The following may be
taken as the average performances of such boats at the pre-
sent day. The drawings and the dimensions are from boats
built by Messrs Searle and Sons of Lambeth, London :—

Rawpax Gra, 28 Feet Long.

A Pleasure Boat for three Pairs of Soulls; or for a Pair of Scnll; in ;he. m‘liddle, and with a single Oar or Scull forward and aft in addition
when desired.

= &P

 m— 7
- -
A SooLrinGg OUTRIGGER, 30 Feet Long.
New Style for Racing in Smooth Water.
E10HT-OARED OUTRIGGER, 60 Feet Long.
New Style for Racing in Smooth Water.
- A AN A A A A —
Pl e
E1GET-OARED CUTTER, 60 Feet Long.
The Old Style of Racing Boat, or for Water for which the Outrigger is considered of too slight a Build.
Maximum
Description of Boat. Length. Breadth. Depth. Weight. .I peed | :.l;::.r
QUTRIGGER RACING BoaTs— Feet. Ft. In. Ft. In. 1b. Miles.
Outrigger sculling boat ...........covueriieneanennne 32 010tol 2 8§ in. 30 to 40 6
»”» pair-oared .....ccoiiiniiiiiiinnininnnnn. 34 1 3tol 6 9 to 1l in 45to 85 63 to 7
” four-oared .. | 42to 45 110to2 3 1 foot. 100 to 112 8 to 9
» six-oared ...... .4 50 to 54 2 0to2 4 1, 150 to 190 9 to 9%
»  eight-oared ...t 57 to 65 2 2t02 4 1, 280 to 330 9% to 10
RACING BOATS OF THE OLD 8TYLE— Ft. In. Ft. In
Sculling boat ......... “ e cerens 30 3 4t03 6 1 0tol 2 55 to 60 5%
Randan wherry...... e 32 3 4103 6 1 0tol 3 100 to 140 6
Four-oared cutter ... 40 to 42 3 6to3 8 1 1tol 3 224 to 280 74to 8
Bix-oared catter..... .| 46 to 50 3 6to3 8 1 1tol 3 336 to 376 8
Fight-oared cutter......c...ccouvivrnnaniiiiciennnns 54 to 58 3 6to3 8 1 1tol 3 520 to 600 84to 9
THE LIGHTER KIND OF PLEASURE BOATS—
Pair-oared gig ......ceenee eretierertareaeeteiararstnes 23 to 25 3 6to3 8 1 foot 4 in. 180 to 260 4 to 4}
Randan gig......... el 27 t0 30 3 6to3 8 1, 4, 200 to 224 ]
Four-oared gig ......... 40 to 42 3 4t03 6 1, 3, 250 to 300 63to 7
Bix-oared gig .......... ....|] 55to48 3 403 6 1, 3, 350 to 400 7
Eight-oared gig ....cccoeetenniiiiininniiinniiiiniie. 54 to 58 3 2t03 4 1 ., 2, 560 to 620 7%

To pass from these diminutive but beautiful specimens
of naval architecture, the last great work which requires to
be noticed in this brief outline of the history of the rise
and progress of ship-building is the construction of the
Great Eastern, Plate VIII. The dimensions of this vessel,
as given on the plate, are so far beyond those of ordinary
vessels, that it is necessary to draw particular attention to

them. At the period of writing this article she has not
been to sea except for one or two trial tri Her per-
formances will be discussed hereafter, but the results pre-
dicted by science as to her speed, with a given amount of
steam-power, appear to have been realized. How far mer-
cantile enterprise will be benefited by the construction of
vessels of her magnitude remains to be proved.
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‘==~~~ The labours of the numerous men of science who have
Theory. devoted either the whole or a portion of their attention to
the various problems embraced in the theory of ships, have
left but few of its abstract principles uninvestigated ; most
of the proportions of a ship have been examined, and the
laws on which they depend clearly defined, either by the
aid of mathematical demonstration, or by experimental in-
duction. There are, however, some questions which,
though sound in theory, still depend on the results of
physical experiments for perfecting their practical applica-
tion.

Many of the elements of naval construction are dependent
on the known laws of nature ; and it may now be said that
the principal difficulties of these are surmounted, and are
familiar to the instructed naval architect. These are of
themselves sufficient to insure the attainment of a certain
and considerable degree of excellency in a ship, to give it
a preponderance of any given quality, to discover the causes
of any bad quality, and to point out the means of providing
a remedy for the faults discovered.

The forces which act upon a ship in motion, in a fluid,
even though the fluid be at rest, are as yet but imperfectly
defined by mathematicians ; and the elements of naval con-
struction dependent on the laws regulating them are, there-
fore, less known and less certain in their application. The
form of a ship's body need not, however, remain imperfect,
because the curve of the solid of least resistance is uncer-
tain, since enough has resulted from the consideration of
the nature of that solid to prove its inapplicability to vessels
in general ; and theoretic perfection of the science in this
particular would, therefore, be of no practical utility.

A very unphilosophic mode of reasoning is frequently
applied to the question of the application of the exact
sciences to naval architecture. It has been argued, that
because men without any great amount of scientific know-
ledge have produced good ships, therefore the exact sciences
are not necessary for the advancement of naval architecture.
In such instances the success has resulted in some cases
from chance, in others from induction after a succession of
failures, but more frequently from the results of observa-
tions on other good ships; and in all these cases, wherever
the changes from a foregoing example have been of any
moment, the result has been a matter of doubt until tested
by trial after completion. It is true that the scientific
naval architect cannot effect, by any mathematical process,
the synthetical composition of a perfect ship, but he may,
by the application of the principles fully established and
known to him, produce one with a full confidence of its
possessing a preponderance of those qualities which he has
considered it desirable that it should possess. The mistake
is in the assumption that men of science consider that the
theory of naval architecture is already perfected, and is a
definite science, whereas this is far from being the case;
and it can only be advanced gradually to a greater degree
of perfection by an analysis of the actual performances of
ships at sea, collected and registered, and the abstract
sciences then brought to bear upon them. In every science
a perfect theory is the result of the perfection of the science.
The time is gone by, when a theory was first formed, and
facts were then warped or twisted to suit the pre-con-
ceived theory.

It is now proposed to proceed to show, in as concise a man-
ner as possible, the method of performing the calculations
necessary to determine the essential elements of the design
of a ship’s body, and which are required in the course of pre-
paring the original draught or drawing. The rules to find

-~
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the areas of plane figures, bounded by straight lines and Calcula-
curves, will first be given ; and afterwards those for finding tions inci-

the volumes of solids, bounded by planes and curvilinear g"“"‘."’
spaces. esigning

a Ship.
To find the area of a plane area, bounded by straight lines
and a curve.

ART. 1. If the area is symmetrical in regard to the line A, A, Simpson’s
that is, if a line A; A, can be found to divide the area into two rules for
equal parts, as A, a, and A, by ; — finding the

Divide this line (or axis)into a convenient number of equal areas of
parts, taking care to have an even number of such parts, then draw plane sur-
thelines A, a,, A, a,, Ay ay, &c., Ay a, at right angles to the line faces.

A, A,, through the points A, A, A,, &c., A,, and meeting the
curve in the points a), a,, ay, &c., a,, these lines being called
ordinates ;

The second, A, a,, fourth, A a,, &c., are called the EVEN ordi-
nates. The third Aqay, fifth A, a,, &c., are called the oDD ordi-
nates (the first and last being omitted).

Then, if these ordinates be measured on the same scale
as the equal distances A, A, A, A, &c., the following rules
will give the area of the figure :—

RuLe 1.—T0 the sum of the first and last ordinates add
Jour times the sum of all the EVEN ordinates, and twice the
sum of all the opD ordinates (omitting the first and last) ;
multiply this final sum by the common distance between the
ordinates, divide by 3, and the result will be the area
(nearly).

Note 1.—The following is the usual demonstration given to this

rule, which is due to Thomas S8impson, who was Professor of Mathe-
matics at Woolwich, about the middle of the last century :—

a as
ay 2 ap
az
aQ;
i
i |
A Az $1As Ae¢ I A; Ap
e l’n
Fig. & ‘

Referring to fig. 3,
Put A o, =a), Aga, = &, Ajag=a;, &, A, G =ay,
AAy=AjA = AjA &, Ay _ A=A
We suppose a parabolic curve, the equation to which is
y=A4+Bzs+C22 . . . . .. .. @
to pass through the thres points a,, a,, ay; for since (1) contains
three arbitrary constants A, B, C, we can, as is well known, make
the curve (1) pass through three given points. Now, since (1)
passes through a,, we know (if A, be taken as origin) that y = a,
when z=o0; when 2 =h,y=u; = A a,, and y = a3 = A ay
when z=2A ; hence we have the following equations:—
m=A..(2a;=«;+Bh+Ch2..(8) ay=2a,+2BA

(
+4lChz..(4) between (3) and (4) we readily determine B and
C, viz.:—
—ty—e-3e
B_————2—h——......(5)
_ = -2, 4+ «
C_u_‘2h' B (0]

Introducing these values into (1), we obtain_
doy—a—3a  H-2x+e
Zh 2t o
But by the Integral Calculus we know that the area of a curve is
represented by

y dz, taken between proper limits, In the present case these
limits are o and 2A.

n —ay—
<. area of A) a,, or/ ydz = 2e, h+(‘-‘-’-‘-’—-:2-3")h ’
J 0

y=a +
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6ht 3
a little reduction.

Again, by making a parabola of the same form as (1) pass through
the three points a,, a,, a;, we obtain a result precisely similar to
the above, that is,

A
area Ay a; = 5(¢,+.'+4.‘), and

ﬁ_—2""2‘1-)10', or ares of A, a, =-h—(.1+l;+“g)v after

A
area A; a, =3 (o5 + o7 + 4uy),

A
aretA...,a.:i(a._,+ za 4 dug—g).
Adding these areas we find

A
(L) Area A2, = {a1+-+4(a,+u‘+-.+&c., ay_,)

+2 (g + &5 &C., & mp) }

It ought to be observed that in the application of this, and the
following rules, an odd number of ordinates are always to be taken,
and the nearer the ordinates are taken, that is, the lees the common
interval, the more nearly will the final result approach the true
area of the figure.

For those who are not familiar F
with the Integral Calculus, another
demonstration may be obtained, as
follows :— c

Through the point a4, drawa tan- 3
gent to the parabola which passes &,
through a,, a,, a,, and produce A,
a, A; a,, to meet this tangent in
the points ¢ and d ; join @, a,; in-
tersecting A, a, in b; through a,
and ¢ draw ¢ ¢ and a; f parallel to
A, A,, then it is shown in all works - e
on Conic Bections that a, a, is pa- Az 5
rallel toc d. Hence by Euc. I. 35— Fig. ¢

Paral™ a, d = paral™ ¢ f, because they are on the same base and
between the same parallels A, ¢, A, d.

. Now, A,b:ﬁ#ﬂ and Aja, = a,

4
a2y

¥

as

Ay

. " area of parabola a, ba; a;a, = §plul'." a,d= gpanl'." ofl

= %(., - '-'l‘;—”-)x%,tlnceAlA,:af:m.

A A
Also area of trapezoid A, a,a, Ay = (—a‘—'!:z——?—a!)Al A,

= h(a;+uy).
Adding these two areas, we obtain that of the whole figure

A
A a,a,a, A, =§ {3¢l+3a,+4a,—2a1-2¢, }

=g—{.l+4.,+l’3-}

By repeating this process for the area of the figures A, a, a, a,
A, &c., &c., and adding the results, we obtain for the whole area
A, a, the same result as before.

If «, were less than «, the parabola would be convex towards
A, A, ; but the same rule would still apply, for Azb would then be

equal to 'i;"l_.’, and this introduced into the form for finding

the area of the parabola, leads to the same result as that already
btained.

° Another demonstration, on different principles, will be given in

Note (3.)

RuoLE I1.—To the sum of the first and last ordinates, add
THREE TIMES the sum of the second, third, fifth, sixth, eighth,
ninth, &c., ordinates, and TWICE the sum of the fourth,
seventh, tenth, thirteenth, §c., ordinates (omitting the last

ordinate) ; multiply this final sum by three times the com-
mon distance between the ordinates, divide the product by
8, and the result will give the area (nearly).

Note 2.—To obtain what naval architects call the “ Second Rule,”
we suppose a parabola, the equation to which is

y=A+Bs4Cz*+Dz* .. . ., ., . . .. . . (1)
to pass through the four points ay, a,, a, a, (fig. 3), the four con-
stants being determined by these conditions; that is, when  takes

the successive values o, &, 2A, 34; y becomes «, a5 &, and & ;
hence the following equations:

M=A.....cc0.0.0.(2)whenz=o0 y=e
& —ay==BA+Ch*+DA® . . ... (8) . whenz =4, y=a,
ay—u,=2BA4+4CA®4+8Das . ., . (4) A whenz=2k,y=.,
«,—u, =3BA+9CA* +27DA% , , (5)-. whenz =34, y = «, ,

(4)—(3) x 2 gives &y —2a,+ &, == 2CA*46DAS . ., ... .. (6) -

(5)+(3)=(4) x 2 gives , — 2uy +a, == 2CA* +12D4s . . . . . (7)

(7)—(8) gives 6DA® = &, — &, 4+ 8a;~&; .. ...... .. (8)
From (6) and (8) 2CA* = o tday—bagt2; ... ... (9)

From (3), (8) and (9) 6BA = 2¢,—9; +18a;— 11, . . . (10)

3h
 Butares, or, 3"’d,=‘/ {A+Ba+Cc'+Dn'}d.-
° °

(we write the limits of @, 0 and 34, because at A,,sis0,andat A,
= is 34).

- Ares A a =3 { 8A+12BA+24Ch 464 Dis. |

Introducing the values of A, B, C, and D, given by the above
equations, we find, after some obvious reductions,

AmA,a‘=3Tb{a,+c‘+3-,+3c,} . . . (11)
In like manner, by making a curve similar to (1) pass through
the points a, a,, d,, a,, we have

A
An.A‘a\,=as— {u‘+~,+3a.+3-.} .. . (12)

35
AmA,am.-.—.-s- {-,+aw+3a.+3u,} B ¢ & B

’ 3
AmA._,a.:i {g._,+~+3¢._,+3¢._,} . . (N)

Adding equations (11), (12), (13), &c., (N), we got
(IL) Area Aja, =

8h
5 {-. toat3(mgtatotegtc,a,.,
+oa— )+ 2 (o + o+ +&c-v--a)}

It will be seen from the foregoing method that we may mako a
curve of the form

¥y = A4 Bx4Ca? +Da® + ExA+ &c., Nz, ,

pass through w points, taking care that the equation shall cont:in
n arbitrary constants, to be determined by the conditions that the
curve may pass through a), a,, ay, a,, &ec., an (fig. 3, page 140), when
s and y are respectively =0, s = k, # = 2, &ec., 8= (n-1)A,
Y=o y=ay y=uy, &c, y=u,

a), &, &, &c.,and A, having the same interpretation as before ; the
ordinates being taken at equal distances apart, as on this hypothesis
the calculation of the area is much simplified.

Rules obtained after this manner for any given number of ordi-
nates will, in general, give us the area of the figure more correctly
than if we employed the preceding rules, because in the latter case
we suppose & continuous curve to pass through the given points,
whereas, in the former cases, we have a series of curves passing
through the given points, and the curvilinear boundary is itself
supposed to be a continuous curve. Such rules (for many ordinates)
give rise to & great deal of labour in obtaining them, and entail
almost as much labour in their application. In the latter case,
moreover, logarithms will assist us to some extent, and in the former,

1 The equation to a parabols being y3 =4 m z, ory=2mizd .,

r) ™ '
. t:l/‘ydz=2n:/ ﬂdz:‘—";—ﬂ= Egy—by(l)
[ o
2

oy

.’ Brea ==

L]

@)

circumscribed parallelogram,
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Calcula- there are some remarkable properties of the natural numbers con- 0
tions inci- nected with the determination of the arbitrary constants, and on + (;—‘ - si‘+ ns - giz) ? f‘ (’-‘ _ 10 3.2‘._“.;" t?dc';l;c;
dental 0 which perhaps more light may hereafter be thrown. We have re- 4 8 2)l234" \6 8 4 3 donlm to
designing marked some curious properties of the squares, cubes, &c., of num- 24 2 Ate de.:;gni

a 8hip. bers connected with the eliminations. There can be no doubt that + 2 s o Shi; g

\w =’/ many other rules of a very simple kind may be obtained on the

condition that any number of the constants may disappear from the
general equation, which is equivalent to as many conditions.

Emerson, in his Arithmetic of Infnites, published by Nourse in
the year 1767, gives the following formulm, obtained by the fore-
going processes—from one up to nine ordinates,

Area=he, . . . . . . . ... .* for one ordinate.

=;(.I+.,) e e e e e e e . for two ordinates.

-

(l)=; (x,+&y+4e) . . . . . . for three ordinates.

(2= 3—8" { «+e +3 (;‘+.3)} . for four ordinates.

®= .2"3 ICEINEECICRENEREP } for five ordinates.

@) =g { 19 (xy+#0) +75 (ay+2g) 50 (a4 »p) sz do.

O =1 { A1 (m, + &;) + 216 (a3 + ug) + 27 (g o) +272 }
for seven ordinates.

O= a5 {781 (0,40 #3577 (o) 41323 (o )4+ 2989

(ay+ 4) } for eight ordinates.

T = 1—:‘1% { 989 (a, + &) + 5888 (a, + &,) — 928 (a, + &,) +10496
(% + og) — 4540 &, } for nine ordinates.

Where extreme accuracy is required, these may be combined in
sach & way as to give the area, For instance, if there were fif-
teen ordinates in a figure, (6) and (7) may be combined, remember-
ing that the last ordinate of (5) becomes the first in (7), &c., &c.

When seven ordinates are considered sufficient, the following
elegant rule, due to the late Mr Thomas Weddle, of the Military
College, Sandhurst, may be employed :—

RuLE I11.— When S8EVEN ordinates are employed.' To five
times the sum of the EVEN ordinates, add the fourth, or
middle ordinate, and all the odd ordinates ; multiply this
sum by THREE TIMES the common distance between the ordi-
nates, divide by 10, and the result will give the area
(nearly).?

Note 3.—The Calculus of Finite Differences may be advanta-
geously employed to approximate to the areas of surfaces, lengths
of curves, volumes of solids, centres of gravity, moments of inertia,
&c. For triple integrals may generally be reduced to integrals of

the form
f .
uds
&,

1
where  represents a function of 2, or f (z), us it is usually written,
and z;, &, represent the limits of the integral.

Now, if we suppose & to vary by the constant difference Az, we
may suppuse 3 = é. and if «), ; a,, &c., &5 be the values of w
when =0, 1,2, 3, &c., n, we have, by Taylor’s theorem,

Al A’
==, +:a=, +2(:=1) —ﬁl, +2(s-1)(s-2) izt &e., .. (1)

But by hypothesis Az is constant, and according to the] notation
we have previously employed, we may suppose it =& .. ;::,md
fhi= ds. Multiplying each side of (1) by these differentials, and

integrating, we have
1 P 3 gt A% s¢ 38 22
?ﬁ“="n+§“n+(sf;) T2t (T"'é"""é')
A
123

12027\ A%,

(t_'- 15:‘+8531 -225:¢+274‘. 120 2\ %,
2 |6

776 "8 T T4 3

#2147 17548 736+ 16246 176453 72043
+(s""’s 5""4"‘3*2)

%

4 (P28, 3227 19608 67600 131324 1306888
- S 5 "1 T3
5040 2

o)

(z'° 36 ° 546 5% 4536 «7 224490 5 67284

-9 * 8 7 T % 5
41181244 1005844 40320 %) A%
4 3 2 IT
. A1 g5 g0 + 570° _ 94508 632737 269325 8
11~ "16 9 "8 Y7 -—%
72368025 117270074 102656762 362880 52
or 1o, sros_ o
3 2
alog
|10
12 55411 1320410 1815059 1577735 90206557
1211 10 9 T8 ~——7%
341693028 8409500:5 12753576:4 10628640 23
t—s -7 ¢ -
r 3
+3szs§oo:= lal;?
1366312 1926511 32670210 4+ 3674234 _ 263755847
13~ 12 11 10 9 8
1333954627 459957302° | 1062588762 15091797658
+ - +
7 [ 5 ry
12054384023 35916800 2\ al%
+ 3 - 2 ]_12_‘.
+ &, + &, ... . ... . (2)

The coefficients in each of these terms are readily obtained by
multiplyiog (p = 1) (p—2) (p = 3) (p = 4) (p—6), &c. (p — n) to-
gether.

If we take this integral between the limits z = 0 and s =2,
which correspond to £ = 0 and & = 25, after multiplying by A.

2h 1 1 1
‘/ “dn:h{?‘l +2“1+§A"l-%“'l +30— ata, —
°

37
3780 A%, + &c}
But by the principles of the Calculus of Finite Differences :
Ax, = &, - &,

Atx, =&, — 2&, + &,

24 1 1
/ uda:%{al-l-hz, + 2, — g5 ate, + 55 Ate, —
°

87
m A't, + &c.}
Now, if we add similar expreasions for the area included between

z=2handz=4h; s =4Ahend s = 6h, &c. 2= (n—2)Aand
@ = nh (n being an even number).

1 Seven, thirteen, nineteen, &c., ordinates, may be employed on the same bypothesis, as is mentioned hereafter.
2 The fourth ordinate is considered among the eren ordinates.
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dental to °
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—_— ;_6 (&%, + Ala, 4 Ate, + &c. Ale,_,).

+ % (8%, + Atay + A%a, + &c.  Atas_,).

7
— ]%6_6 (A‘-‘ + Ata, + &c. &ec. ).
+ &ec. &ec. &e. } coee (8)

The first line corresponds to the Rule we have already obtained
(L.) by supposing a parabola to pass through the extremities of the
ordinates «,, «,, «, ; and another through «,, «,, ,, &c.

The following terms are the correction of the first line; hence,
when great accuracy is required, the following results may be taken
into account.

To obtain Rule (IIL.), we only have to suppose the integral (1)
taken between the limits s = 0 and z = 6, or x = 0 and 2 = 64,
as was done by Mr Weddle in his demonstration, given in the
Dublin and Cambridge Mathematical Journal for February 1856,
which is similar to this:

123,4
:/\-IA m:lg{&:‘ + 18 A, + 27 A%e, + 24 8%, + Wd -
“Jo .
33 11
+ 0 Atey + 140 A%, + &c'} ............... . (4.)

And we may suppose sixth differences comstant, and then all the
41
140

the small fraction —l—; hence, instead of AL we may write a2

42
terms after A%, in (4) will vanish ; but differs from 140 by
1
140 140 140
or % without material error. Replacing as, by a; — &, A"« by
a;—2a; + «,, A%, by «, — 3ay + 3a,—«, &c., after some obvious
reductions (4) becomes
b ode — 3
o T ~l+-;+u,+-,+5(a,+-c)+6t.}

3h
ﬁ)[ﬁ+“3+l¢+l5+¢1+5(':+"l
+ea)} oo (B)

¢ From the foregoing investigation, it is clear, that formula (5.)
gives the esact ares, when fifth differences are constant, while it

differs (in excess) from the true value by iTlﬁ A, when sizzh, or

even scventh, differences are constant. In other cases it will give
the area very nearly, providing the differences, beginning at the
sixth, are small.” 1

As many rules as we please may be obtained by integrating (1.)
fromz=0tos=1,5s=0t0s=2,5s=0tos=3,s=0¢t
s =4, &c.: from 2 =0 to s = w, and, neglecting small quantities,
as has been done by Mr Weddle, and by supposing the (n—1)%
order of differences constant, 2

Rule (IL) may be obtained by integrating equations (1.) from
s = 0 to s = 3, which will be the same as supposing a series of
parabolas to pass through the extremities of &), ay, ay, &, ; «,, &5, «;,
@,, &c., as was the case in formula (3).

In these rules, if the curve passes through A, or A,, the
first or last ordinate must be considered O.

Some examples will now be given on the application of
the preceding rules.

(1.) Find the area of a figure, bounded by right lines and

acurve, the ordinates of which are taken at 3 feet apart,
and measure 1, 2, 3, 4, 5, 4, 3, 2, and 1 feet respectively.

By Rule (1.)
Ordinates. Even Ordinates. 0Gdd Ordinates.
1 1st ord. 2 3
1 last do. 4 5

- 4 3
2 sum of 1st and last ord. 2 —_
48 four times sum of even do. — 11 sum of odd ord.
22 twice sum of odd do. 12 sum of even ord. 2
4

72 —_ 22 twice sum of do.
1=} common distance. 48 — four times do.
72 =area.
By Rule (I1.)
Ordinates. Ordinates. Ordinates.
1 first ord. 2 second ord. 4 fourth ord.
1 last do. 3 third do. 3 seventh do.
- 5 fifth do. -
2sum of 1st and last ord. 4 sixth do. 7 sum of do.
4g [ —thricesum of 2d, 2 eight do. 2
3d, 6th, 6th, &c. — —
14 twicesum of 4th, 7th. 16 sum of do. 14 twice sam of do.
— 3
64

9 = 8 times com. dist. 48 three times sum of do.
8)576

72 = area, which agrees exactly with the area obtained by
Rule (I.)

(2.) Find the area of a figure where the ordinates are
10, 12, 13, 14, 13, 12, and 10 feet, respectively, and the
common distance 2 feet.

By Rule (I.) Am=§{ 10 4+10 +4(12 4+ 14 +12) + 2
(13 + 13)} = 149§ feet.

By Rule (IL.) Am=i%‘3{1o+1o +3(124184+13 4
12) + 2 x 14} = 148§ foet.
By Rale (IIL) Am=3_1’%_2{1o +13 414 +18 410 45

, (12 + 14 + 12)} = 160 feet.

(3.) Find the area where the ordinates are 20-75, 21-78,

22:56, 23:79, 22-64, 21°51; and 21°51, the common dis-
tance being § feet.

By Rule (1) Area = g{zo-u + 2161 + 4 (2178 + 2379
+ 21'51) + 2 (2266 + 2264)}
= 80196 feet.

6x3

By Rule (IL) Area = .—8—{20% + 2151 + 3 (2178 +
22:56 + 2264 + 21'61) + 2 x
2379} = 799-4475. .

By Rule (IIL) Ares = 32 { 2075 + 2256 + 2379 + 2264
+ 21'51 4 6 (2178 + 2379 +
21:51)} = 80897

®

As is stated in Note (3.), Rule (IIL) a; % 7
can only be applied to obtain a very near @y
approximation to the true area when the ay
sixth and seventh ordinates are alike, or
differ by a very small quantity. as

By applying these rules to find
the area of the quadrant A, ay, the
radius of which is 6 feet, it will be
seen how much the results differ A; Az A, A, A; Ag Ay
from the true area. Fig. 5.

i The Dub. and C. Math. Journal, Feb. 1854,

3 The coefficients of the various orders of differences have been extended, in order that the reader may obtain some of these rules for

himself.
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Divide the radius A, A, into six equal parts (Fig. 5), and erect

tions inci- the ordinates A, a,, A, ay, &c. observing that A, @, = 0.

dental to
designing
a Ship.

Displace-
ment.

Aga,=Y(A, a)" = (4, A,)* = V6165 = Vil = 33163
A, ay =V (&, a)" — (A Ay)* = V674" = V20 = 44721
A, a, = VB3 = /27 = 61961

Aga, = VBT _2% = /32 = 5:6568 .
Aja, = V611 =36 = 59160

Ay q =6

The area found by Rule (I.) = 27-9901 feet.
» (IL) = 279285 ,,
» (111.) = 28-0401 ,,

Apply formula (5.) given at the end of Note (1)
Am=i’;_o{u(., +oa) o+ 216 (my + o) + 27 (m + &) +
272 &}

Where A = 6, @, == 0, &, = 33163, &, = 44721, &e.
And ares = 28:05 feet.
) 3-
But true ares of quadrant = u—‘-ﬂ = 28:2744, so that

Rule (1iL.) and formula (5.), in the present case, give the area
almost accurately.

(4.) The ordinates of a curve taken 6 feet apart are, 20,
22, 24, 25 ; 24, 28, and 21 feet, respectively : find the area
of the figure.

* By Rule (L) Am=§{2o+21 +4(22+254+23)+2

(24 + 24)} = 834 feet.
By Rule (IL) Am=‘”‘T°{2o 21 + 3 (2242 + 24
+23) + 2 x 25 = 8325 feet.

By Rale (IIL) Am=‘-’_;‘°_°{zo + 26425 +21 + 5(22 +

25 4+ 23} = 8352 feet.
By forn.ul: (5.) Ares = 1%0{ 20 4 21 + 216 (22 + 23) + 27

(24 + 24) + 272 x 25} = 8355
feet.

(5.) Find the area, when the ordinates, taken 4 feet apart
measure 0, 2:275, 3476, 4-567, 5673, 6-451, 5:341, 4-236,
8254, 3065, 2:784, 1-876, and O, respectively.

By Rule (L) Area = 1746293,

(6.) Find the area by Rules (II.) and (IIL.) when the
ordinates, taken 1 foot apart, measure, 0, 1-7684, 2:3457,
84567, 3214, 2:97654, and 2:8543 feet, respectively.

By Rule (II.) Area = 15:2556, &c.
By Rule (I11.) Area = 1586367

Arrt. 2. DEF.—By the Displacement of a ship is meant
the volume of water which the ship displaces when floating
on its surface.

Now, by the principles of Hydrostatics, it is well known
that the weight of a body floating in water, or any other
fluid, is :gual to the weight of the water or fluid displaced.
Hence, after obtaining the displacement of a body, it is only
necessary to multiply the volume (say in cubic feet) of the
dis(l)laced fluid, by the weight of a cubic foot of the fluid, in
order to obtain the weight of the floating body.

Der—By a plane of flotation is meant that section
of the vessel, in any position, made by the surface of the
waler.

Several general rules have been given to determine the displace-
ment of ships, which can be but approximations to the true re.
sults, since the outlines of ships differ so widely, and it is there-
fore not considered necessary to give them.

In order to find the displacement, the ship is supposed to be di-

vided by any number of equi-distant horisontal planes, that is, Calcula-
planes taken parallel to the load-water line, and also by any con- tions inci-
venient number of equi-distant vertical planes, intersecting, of gental to
course, the former series of horizontal planes at right angles. gesigning
These planes are generally projected by the draughtsman on the 4 Ship.
three plans of the vessel, viz., the body plan, the sheer plan, and o~
half-breadth plan. (See Plate 1.)
As is seen in the half-breadth plan, the ship is divided into two
equal portions by & vertical plane, running from stem to stern ; and
the perpendicular dist red on each horizontal plane,
from their intersection with this plane to the ship’s side, are con-
sidered as ordinates.
Thus, in the half-breadth plan (Plate L), F 7 is the projection
of the vertical plane which divides the ship into two equal parts,
and Fs Ee are the ordinates in the horizontal plane, F, 7., any
number of these horizontal planes may be taken, and for the pur-
poses of calculation they may be numbered 1, 2, 3, 4, &c.; and
A.B.C. &c.
The small portions, fore and aft, are usually calculated separately,
the horizontal and vertical planes being taken much nearer to each
other in consequence of the greater curvature of the vessel at these
parts.
The calculation of the displacement may be proceeded with in
two ways :—
1st, By finding the areas of all the horizontal sections, and em-
ploying these as ordinates in Rule (L.) or (IL)
2d, By finding the areas of all the vertical sections, and usiug
these as ordinates in the same rules.
These two results ought to agree.

Or, the rule may be enunciated as follows, ordinates on
the half-breadth plan being understood :—

Ruie IV. To the sum of the FIRST and LAST horizontal
sectional areas, add FOUR times the sum of all the EVEN
horizontal areas, and TWICE the sum of all the oDD horizon-
tal areas; multiply this sum by ONE-TBIRD the
common distance between these horizontal planes, and this
result gives one-half the displacement.

We could not, from what has already been done, @ priori, con-
clude that “ SBimpson’s Rule ” would enable us to find the volume
of & solid, bounded by planes and a curvilinear surface. The fol-
lowing demonstration, however, proves that it holds true.

Note 4—Let A, c, represent a portion of such a body, bounded
by the planes A, C,, C, a,, A, a,, C, a,,C, ¢,,and by the surface
a, c,, We take the planes A, a5, A, ¢,, and A, a,, as the three
planes of referencs, vis., (2 y), (v 5), and (z 2), respectively.

.' '
By
[ \
Cs
L
b a
%
As
s
3s
B, N
C; Cs Cs
Fig. &

Bisect A, A,, A, 0, C, C,, A, O,, In the points A,, B;,Cqy
and B,, respectively ; join A, Cy, and B, B, ; through these right
lines let planes A, o5, B, b,, be drawn at right angles to the plane
A, C,, then

Assume A, A,= A, A, =B, B,=B,B,=C, C,=C,C;=4
A, B, =B, 0, =A;B;=B,Cy=4,B,= ByCy=h
A o, =«,B b =8,C0, =17
Aja, =&y, Bd, =By Cyo =9
Aja, =&y Byby =P8y Cye3 =7

We may then imagine a surface of the form (1.) to pass throngh
the nine points, a,, a; ay, b, by by, €4, €5 €3¢

£=A + Bs + Ca® + B,y + C,y* + Day + Es*y + Eqy* +
CIM® v v v v e v o e e e e e e (L)

E
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Calcula-  Since it contains nine arbitrary constants, A, B, C, B, C,, &e,,
tions inci- observing that the s are measured along A, A,, the yealong A, C,,
dental t0 ypg the 55 are A a,, A a,, A a,, B b,&c Hence we have

d:ﬂsg:ii;g the following equations :—

o’/ (1.) &, = A...ccne.....when 8 =0, y= 0,7 =au,...by (1)
(2)e,—a, =Bh 4+ ChI.......e=h, y= 0,s=A,a,=u¢,
(3.) ey —&, = 2BA 4 4Chr....... a=2hy= 0,s5=A,a,=«,

(4)B,—«, =Bk 4+ Cjx?.......8=0, y= Le=B, b, =58,
(6.) y,—a, =2Bjk+ 4Cik*.....2=0, y=2ke=0C, ¢, =9,
(6.) By — a3—B, + «, = Dhk + EA%k + Ehk? 4 GAZE3...by (2.) and
[ U sa=M y=k s=Bp, =5,
(7.) By—ay— B, + &, = 2DAL + 4EA%k + 2EAR? + 4GATEL...by (3.)
and (4.).0eeeneneen seentenesrearican @=2hy=k s=B b, =48,
(8.) yo—ag—y, + «, =2DAk 4 2Eh*k 4 4PAk® 4 4GAtk?.. by
(2)and (5.)...cccevirennannnnn. wd=h, y=2ks=Cpec, =y,
(9.) y,—&y—~y, + «, = 4Dhk + 8EA*k + 8EAk® 4 16GA*k...by
(8)and (5.)..ccciveereceiiennend = 2h,y = 2k, 2 = Cye, = 9,
Now, B, C, B, and C, are readily determined from equations
(2), (3), (4), snd (5), and D, E, F, and G, from equations (6), (7),
(8), and (9) ; their values are—
A =g
B = 4"2_;‘.‘;:

=u—2e + e
¢ = 2h%

B, = 38 —-3n-7,
1= 2%

_ =28+ 9,
o= agts

D = 168; + 9% + 3uy + 3y, + 7,—120,=128, 4B, — 4y,
4hk

E= 6a, + 48, + 48, + 29,—3%, —3ay—88,—y, ~ ;.

4h%k

F= 4y + 68, + 28y + 4y, —3x, —ay—~83,—3y, —gy
4hi?

Gt &+ 46+ 7 + yy—20-26, - 29,25,
4h2k2

Ip order to find the volume of a solid, we must integrate the
equation ///dx dy dz, as shown in most works on the Differentisl
and Integral Calculus, or, what amounts to the samething, /s ds
dy, where ¢ is given by the equation to the surface, and the inte-
grations in regard to z and y are to be determined by the condi-
tions of the question. It is evident that, in the present case, the
limiting values of = are 0 and 24, those of y being O and 2k. Hence

2h [ 2k
ﬁj/m:dxdyf/‘ dsdy (A 4+ Be + Ce? + By +
oo oS o

Ciy? + Day + Es% + Esy? 4 Ga¥y%) = ’g‘{su + 36 BA+48

CA? + 36 B;h 4 48 C,k3 + 36 DAk 4 48 EA%k 4 48 Ehk? 4 64
GA%?}. Introducing the values of A, B, C, &c. slready found, wo

get, after obvious reductions, volume A, ¢ = %"{ « + duy +
tAB + 4B+ B 4y +ln k) Lo L L (1)

On examining the equations, we perceive thn; (« + 45, +
2,) represents the area of the section A, a, (Vide Equation I, p.
141)."“1;- (8) + 4 By + By) represents the area B, by ; also, -g- (n

+ 493 + y9) that of C, ¢5. Writing for the area of A, ay, A;;
for that of B, by, Ay; for C, cq, Ay (Equation II.) becomes

k
VolnmoA,eazg(Al+4A,+Aa) e e o o o« o (IIL)

By making similar paraboloidal surfaces pass through ¢,, ¢,, ¢,
and six other points, &c. we have

Volume A, ¢, next portion = ; (As + 4A, +A).
" » = g‘ (A + 444 + A,

E .
» last portion =§ (Aas + 4Aa; + A,).
Adding these—
k
Tohlvolume:-a-{ A+ AL+ 4(A + A+ Ay + & +

Av_  +2(Ag + Ay + &+ A9} . ... .. @)
We might have rogsrded%(ul + 4 B; + ) as the area of the

section A, ¢, or By, as we sball denote it, & (ag + 4 By + ) that

of Aq ¢5 &c., or B, &c., and then

A
5{ B, + B, + 4(By + B, + &c. + B,_)) +
2 (By + By + &c. Bu_j3)}. Multiplying these volumes by 2, we
get the total displacerent of the ship.

A Rule similar to that of (II.) Note (2) may be found by making
 surface, the equation to which is of the form s = A + Bs 4
Ca? 4+ D28 + By + Ciy3 + D)y® + Ezy + Es?y + Goy? 4
H:%2 + ISy + Kzyd + Lay? + Ma%3 + Nz3S pass through
sixteen points, since the equation contains this number of arbitrary
constants, which are determined as before, and the integrations are
taken from x =0 to # = 3A, and y =0 to y = 3k. We shall leave
this work for the student, and proceed at once to

Observe that vertical areas may be employed in the place
of horizontal areas, and care must be taken to omit the first
and last areas from the odd ones in each case.

Rule (I1.) might have been employed ; but the following
is the neatest, most concise, and at the same time suffi-
ciently accurate, that has yet been given. Itis by the Rev.
Joseph Woolley, M.A., LL.D., Her Majesty’s Inspector of
Schools, to whom naval architects are under great obliga-
tions for the attention he has given to this branch of
science :—

Rure V. (1.) Add together all the EVEN ordinates in
the FIRST and LAST horizontal planes.

(2.) Add together all the EVEN ordinates in the 3d, 5th,
Tth, &c., sections, omitting the FIRST and LAST, and multiply
the sum by 2.

(3.) Add together all the FIBsT and LAST ordinates of all
the EVEN horizontal planes.

(4.). Take TWICE the sum of all the ordinates, omitting
the FIRsT and LAST of all the EVEN horizontal planes.

Then, add together the results of (1), (2), (3), (4), and
multiply this final sum by TWO-THIRDS of the product of
the common distances between the horizontal and verticul
planes, and this result gives the displacement.

Note 5.—Not having sesn the demonstration by Dr Woolley to
this rule, the editors beg to offer the following, which must be
somewhat similar in principle.

Dr Woolley supposes fig. 6 to be divided into two portions by a
plane passing through C, By Ag ag b,y ¢;, and the equation to the
surface passing through a, b, ¢, b; a3 as may be assumed as

s=A+Bs4+C24+By+Cy?+Dyy .. .. (1)
And the limits are # = 0 and & = 2A, and since, A} C;, = 2k, at

h—
any point y, we must have y = (2 ’)k.

A

k E
%) %h-2)
fy( ’“.d;d,:ﬂ ')"d.d,(A-n-na.a-

Ca? 4+ By + Cjy* + Dazy).

Volume =
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square of the distance. Under these circumstances, then, Calculs-
the centres of gravity of bodies are calculated. This point tions inci-

2k 2h

ety () v ()

+§|£’(4h’-41.. + :’)4_%_&_3( 8A% — 123z + Ghe? — a.-‘)

2 A2 s

Di2z /442 — ghz 4 22
*— —Tz—')}

2DAZk?

2 3, 4B Ak 4CARS
4BA%k  4CASk i Lo 3 (IL)

8 3 3 3
Now, since the surface (I.) passes through the six points already

mentioned, we readily determine A, B, C;, &c., as in the last note
Their values are

= 2Ahk +

+

A= «
2BA = day — a3 — 3u)
2CA2 = . - 203 + o«
2Bk = 48, — v, — 3&
2Ck3= u -2+ n
Dik= & + B — -5
Writing these values in (IL) it reduces to

Volume = %{a, + 8 + B,}
In the same way, we find the volume of the figure C, ¢, b, ay Cy

2hk :
=F{ntaral
Adding these results, we find for the whole volume A, ¢y
2hk
—3—{.2 + 8, + 253 + By + 73}
With similar expressions for the other portions of the ship.
. Whole volume = ?;_"{ By + B + 2(8s + By + By + &)

+(‘z+7’+.‘+7‘+&¢-)+2(ﬂ’+p‘+ﬁg+ﬂg+&c.}

To find the Centres of Gravity of Bodies.

ARrT. 3. As a knowledge of the centres of gravity of
bodies is of so much importance in the calculation of sta-
bility, it has been thought advisable to introduce the sub-
ject here at some length.

Various definitions have been given of the centre of
gravity of a body. It is shown in almost every work on
Statics, that there is a point in (sometimes without) every
body such, that if the particles of the body be acted on
by parallel forces, and the point already mentioned be
fized or supported, the body will remain in equilibrium,
no matter in what position st is placed ;' and when the
forces herein mentioned are replaced by the weights of the
elementary portions of the body, or bodies, this point is
known as the centre of gravity of the body or bodies.?

Gravity, or the force which attracts bodies towards
the earth’s centre, is supposed to act on every particle of
the body in parallel and vertical directions. This force is
supposed to be constant at the earth’s surface, and there-
fore attracts all bodies with an equal intensity. The reader
will readily perceive that this hypothesis cannot differ ma-
terially from the truth when he compares the earth’s radius
with the dimensions of all bodies at its surface, and re-

members that this attractive force varies inversely as the -

.

cannot be obtained, however, without the aid of the Integral
Calculus, except in the case of a few plane surfaces and
solids. We shall premise that when bodies are Aomogene-
ous, or of the same density throughout their parts,—that is,
having equal weights, comprised under equal volumes,—we
may then replace weights by masses, and conversely.
Thus, if M represent the mass of a body, d the density of
a unit of the body, V the volume, W the weight, then
M=dxV. . (1)
=gxdxV=g @.)

When a body is not homogeneous throughout its parts,
the determination of the centre of gravity becomes some-
what more difficult.

To find the Centre of Gravity of an Area similar to fig. 8.
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ARrT. 4—RULE VI. Multiply the ordinates, beginning Centre of
at the first by 0, 1, 2, 3, 4, &ec., respectively, and employ grsvity.

these as ordinates in Rule (1.) ; multiply the result thus
obtained by one-third of the common interval squared,
divide by the area of the curve, and the result gives the
distance we are to measure along A, A,—ie., A gt

Having obtained the distance A,g, we may obtain the length of
the perpendicular Gg (G being the centre of gravity of the figure,
and g the point where the perpendicular drawn from G intersects
A, An) by

RuLe VII. To the sum of the SQUARES of the FIRST and
LAST ordinates, add FOUR times the sum of the squares of all
the EVEN ordinates, twice the sum of the squares of all the
oDD ordinates ; multiply by one-third the common inter-
val, and divide this result by twice the area, the quotient
gives the perpendicular height of the centre of gravity above
the azxis A A,.°

Similar rules apply for finding the centres of gravity of the
displacement of a ship.

ART. 5. To find the centre of gravity of the displacement of

a ship floating in the water, and in a state of equilibrium—

The horizontal sections are taken at equal distances apart and
parallel to the plane of flotation. The vertical sections are also
taken at equal distances apart and parallel to the midship section.
The ship is then cut into two equal portions by a plane running
fore and aft, and at right angles to the two planes just mentioned.
In the following rules, Aalf areas and Aalf volumes are to be under-
stood.

RuLe VIIL Find the areas of all the horizontal sections
(such as those shown in the half-breadth plan) and multiply
these, beginning from the first, or plane of flotation, by the
consecutive numbers 0, 1, 2, 3, 4, &c., respectively ; intro-
duce these products as ordinates into * Simpson's Rule ;*
multiply this result by one-third of the square of common
distance between the sections, divide by the volume, and the
quotient gives the distance of the centre of gravity below the
plane of flotation.*

RuLe IX. Find the areas of all the vertical sections,
multiply these, beginning from the first® by the consecutive
numbers 0, 1, 2, 8, 4, §c., respectively, and work as in the

last rule ; the result thus obtained gives the distance of the

centre of gravity from the first vertical plane.

} Pratt’s Mechanical Philotophy, 2d edit., pp. 18 and 19.

3 Ths centre of gravity has also been defined as that point within or without the body, from which, if the body be conceived to be sus-

pended, it will remain in equilibrium in any

ition.
3 « g, or ¢ the accelerating force of gnvity,rio:uniform, and is the same for all substances, and in the latitude of London = 32-18 foet.”

(Earnshaw’s Dynamics, 3d edit., p. 42.)

¢ Care must be taken not to multiply by one-third of the common distance, as is mentioned in Rule I.
% The last ordinate must not be reckoned among the odd ordinates in these and the following rules.
€ Either the first vertical section of the main body nearest the bow or stern may be taken as the first.
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Calcula-  These two distances fix the position of the centre of gravity of g x d appears both in numerator and denominator. The proposi- Calcula-

tions inci- the main body. Since a ship is symmetrical iu regard to the plane 4ion js also true for areas. Therefore,

dental to which divides it, fore and aft, into two equal parts, we know that
designing the centre of gravity must lie in this plane.

a Ship. No account is here taken of the small portionsat the stem, stern,
\we= ~=/ and that between the keel and last horizontal section. These are
Centre of usually calcalated separately, and in the same way as the main

it body. Having obtained the centres of gravity of all these por-
gravity. tions, we readily obtain the centre of gravity of the total displace-
ment by the rule which follows, observing, that if we consider the
Jfirst vertical plane to be that nearest the bow, the volume of the
small portion forward multiplied by the distance of ita centre of
gravity from the plane just mentioned must be subtracted. Or, in
other words, if we consider all horizontal distances, measured in
the opposite direction (from the first vertical plane) to the centrs of
gravity of the main body as negative,and all dist measured in
the same direction as positive, we have then only to add the products
algebraically, and this is to be understood in the following rule (one
product being always negative in Rule XI.) All results will be posi-
tive in finding the distance of the centre of gravity below the plans

of flotation.

RuLe X. Multiply each of the volumes by the perpen-
dicular distance of its centre of gravity from the plane of
Sotation, and add the products ; divide this result by the
sum of all the volumes, and the quotient is the distance of
the centre of gravity of the total displacement below the
plane of flotation. Also,

Rore XI. Multiply each of the volumes by the per-
pendicular distance of its centre of gravity from the first
vertical plane, and add algebraically (observing that one
result will be negative), divide this result by the sum of all
the volumes, and the quotient is the distance of the centre of
gravity of the total displacement from the first vertical

lane.
F One of the properties of Guldinus is also of great use in
finding centres of gravity when the necessary data are
supplied.

Rove XIL. Any solid of revolution is equal to the area
of the surface which generates this solid, multiplied by the
circumference, which s described by the centre of gravity
of the latter.

Without attempting to demonstrate formule (1.) of this
article, since a demonstration may be found in almost every
work on Statics, we proceed to lay before the mathematical
reader the principles on which the centres of gravity are
calculated.

Nots 6.—If we consider, in the first place, a system of material
points having weight, and connected in an invariable manner, the
weights of these points may be considered as so many vertical forces
acting in parallel directions. If, moreover, we take three fixed
planes, mutually at right angles to each other, their point of intersec-
tion being the origin (as is done in Geometry of three dimensions) let
) be the weight of the first material point, and its co-ordinates #,,
y1» 7)) measured along the three co-ordinate axes: wy, #5, y5, 53, the
weight and co-ordinates of the second point, &c. &c.; also, let
%, v, ¢ represent the co-ordinates of the centre of gravity of the
system of weights measured along the same axes, then we have

= ,(N|JL+ %y + wgTy + &c)

B(w + g + wg + &ec. &c)
=_ 3(ogy + wpvy + wgys + &c.) 1
Y T (e F g + g + &C) P ( B
= (w3 + wy2y + wyzg + &e.)

2+ wy+ o+ &)

Remark.—These formul® would be equally true if we suppose ,,
&g, wg, &c. to represent the weights of any bodies whatever, and
connected in an invariable manner, providing we supp these
weights to act at their respective centres of gravity, and 2y, v, ¢,, &¢.,
to be the co-ordinates of thess centres of gravity, Next, if we suppose
the density of the weights to be uniform throughout, we can re-

Tdace the weights by their respective volumes v, v,, vg, &c. since

areas

® (o2 + 0,7y + vgzy + &) }
3(v; + o5 + vy + &)
or 3= 3(A1m + Agzy + Agry + &c)
3(A; + A + Ag + &)

2 (ny1 + vvp + vgys + &e)
3(v + vy + o3+ &e) 2
ory= 3 (A + Ay + Ay + &e.)
3(A; + A; + Ay + &c)

3 (o5 + vgey + vyzy + &)
2(v, + 93 + vy + &e)

or r= 3(Ayr+ Agry + Agey + &e)
3(A; + Ay + Ay + &)

If the centres of gravity of the weights, volumes, or areas,
as the case may be, range in a right line, the first equation
gives the distance of their common centre of gravity from
the origin. If the weights, or areas, &c., are in the same
plane, the four former equations are all that are necessary
to determine the centre of gravity.

Premising that the centre of gravity of a ball, or sphere,
is at the centre of the body, we shall proceed to give two or
three examples on these formule.

y=

Ce e @)

(1.) Four cannon-balls have their centres in the same
right line at 2, 8, and 4 feet, respectively, apart, and weigh
68, 32, 12, and 8 lbs. respectively ; that is, the “32” is 2
feet from the “ 68,” the “12”is 3 feet from the “ 32,”
&c. Find the distance of the common centre of gravity
from the centre of the * 68 ” (supposing their centres to be
in the same horizontal line).

Taking the origin at the centre of the © 68,” we have z; = 0,
g =2,03=2+383=06,2,=2+ 3 + 4 =29 feet.

) —_68x0+32%x2+12x5+8x9

(1) o= G8+32+12+8
That is, if the balls were connected by an indefinitely fine rigid rod,
without weight, passing through the centres of the balls, the whole

might be suspended, and remain in equilibrium, at & point distant
1:63 feet from the centre of the * 68.”

= 163 foet.

(2.) Five cannon-balls, whose weights are 2, 8, 12, 32,
and 68 Ibs., lie on the floor of a room, at the respective per-
pendicular distances 3, 4, 5, 6, and 7 feet from the side,
and 1, 2, 8, 4, and 5 feet from one end of the room; find
their common centre of gravity from that corner of the room
where the side and end (from which these distances are
measured) intersect, supposing the centres of the balls to
lie in the plane of the floor.

2x8 +8x44+12x8 +32x%x6 + 68x7
248+ 12 + 32 + 68 -
628 feet nearly.

2x1 +8x2+12x3 + 32 x4 x68x6__
248+ 12 + 32 4 68 -

4-28 feet nearly.
But distance from corner = A/#? + y?

=V(EBF + (428 =

7°6 feet nearly.

Here s =

y=

(3.) Four cannon-balls, whose weights are 1, 8, 32, and

if A}, A, Ay, &c. represent tions inci-

dental to
designing
a Ship.

68 lbs., are suspended in a room (of the form of a parallel-

opipedon), their vertical heights from the floor being 2, 4,
6, and 5 feet, respectively, and their perpendicular distances,
from an end and side of the room, are 2, 4, §, 6 feet, and
3, §, 6, T feet, respectively ; find the distance of the centre
of gravity of the balls, from that corner of the room where
the side and end, herein mentioned, intersect.
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Here the side, end, and floor of the room are the planes of refer-

tions inci- ence, and the origin at the corner, mentioned in the question, the
dental to line where the side intersects the floor may be taken as the axis of
designing , and the intersection of the end and floor as the axis of y, or, vice

a Bhip.

versd, the intersections of the end and side being the axis of s.
- 1x2+8x4+565x382+6x68
. Z= =6 ly.
ooz 1T+8+32+68 5:523 ft. nearly.
1%x3+8x5+32%x6+68x7
1+ 8+ 32 + 68

1x‘2+8x~1;-o-32x6+68x5=_.5.192
1+ 8 + 32 + 68 »

Again, it is easily shown that the distance of & point ;, y., Py
from the origin is—

d= Va2 4 2= N(6628)3 + (6523)3 + (5192)% =
10 feet nearly.

For if XOY be the plane of the c
floor, XOZ the side, and YOZ the
end of the room,__G the centre of -
gravity. Draw GZ | tothe plane
XOY; and from 7 draw ZX and
2y mpocti_:ely,_l_to OX and X
(_)Y;thenOX:n,OY:y,GZ: X
2 in the above eimtiona, and since v
thetriangles 0XZ, OZG are right-
angled,

063 = 027 +GZT=0X3 +
XZ3 4 GZ7, and X%3 7
= 0Y2.

.. 06 =V0X1+0Y2 + 68 w—S—F
We might have determined the
centre of gravity of any system of c2
material points, or balls, not situ- w
ated in the same line, or plane, Fig.&
and rigidly connected in the fol-
lowing manner: W,, W, W, &ec. representing these material
points and their positions, join W, Wg, and let G, be their common
centre of gravity, then these two points will act in the same man-
ner as if their weights were collected at the point G,. Join G,
Wy, and let Gy be the centre of gravity of W, W, acting at G,

and of Wy ; then W}, W,, Wy, may be conceived to act at G5. Join
G, W, &ec. &ec.

<]
il

=652 ,,

|
i

Note 7.—The principles made use of in equations (1.) may readily
be extended to any body, or system of bodies; for, suppose the
body referred to three co-ordinate planes mutually at right angles
to each other, their common point of intersection being the origin,
and z), y), 2), the co-ordinates of any point in the body; then it is
shown, in most works on the ¢ Calculus,” that the volume of an

These equations are to be taken between proper limits, and if Calcula-
the body is homogeneous, 3 will appear in both numerators and de- tions inci-

nominators, and the equations may then be written : dental to
designi

V=//fdadydz .sﬂ:‘

(2) ;=fffn$adydz';=[l!yvdﬁdvdz’;= \——

JSSS3dudyds
v .

We may obtain a clearer idea of these integrals from the follow-
ing considerations. Let us take the first of the latter set of equa-
tions, and integrate, first, in regard to s, and next in regard to y,
observing that in these integrations & is constant, we may then

write
:=/{"ffvd""}a..

Where the quantity within the brackets represents the product of
# by the area, A, of a plane section of the figure, perpendicular to
the axis of #, and at a distance & from the plane of zy.

o=t Av"’d" and similar expressions may be obtained for y

If it be required to find the centre of gravity of any ares, &c.
we have ouly to suppose it to lie in the plane of xy and formule
(2) reducs to

A =/f dsdy = [y da (if we integrate in regard to y)

() \z=/SLadedy [zyde - [/y dsdy=‘fv’d-'_

=T7Tax T A A

Remark~—In many cases it is convenient to employ polar co-
ordinates to find centres of gravity, and we have for the transfor-
mation

e=rsindcosp,y=rsinssin 9,2 =rcos ),
Formul® (2.) become
JSSS r3sin "3 cos pdr.dl.de
JSSS 2sin 4dr.dl.d¢ ’
JSSS 3 sin -2 sin - @ dr d9d¢
JJ/f Zein-sdrdide '
JSJS 3 sin - 4 cos 4 dr di dp
[/ Bsin-ddrdide ’
where f / /13 sin * # dr d/ d¢ between proper
limits gives the volume.
We shall at once proceed to show by formulm (3.) how to find
the centre of gravity of an area, similar to the horizontal or verti-

cal sections of a ship, premising that the notation is the same as
that employed above (p. 29).

<
]

)

Nots 8.—To find the centre of gravity of the portion A, s, the

infinitesimal lpm-allelopipedon, at that point, is represented by Az,
% Ay; X Azl Also, if 3 represents the density of a unit of volume
at that point, the mass of the particle is 3, . Az, . Ay, . 4z), and its
weight is g3, Anl Ay, az;. But as g is constant, it follows that we
may either employ the weights or masses of the body in finding
its centre of gravity, and

M =30 a=). oy, .83 + 3, oz ayg 425 + &c. &)
7 = 3= o5 oy, 825 + 23 3; Apy By 02 + o)
M

;=ﬂ1’14"1A!’1”1 ;9132‘\‘:‘71”:"'&”-)

7 =33 a7 oy, a5 ;’ziz“z“z“z'*'&c-)

But at the limit A»), Ay), A2, become d=;, dy,, dz,, and dropping the
suffixes, and extending the summation, or rather integration, to all
the elements of the body, we obtain

(1) M=/ fdadyds.3.

‘Where 3 is given by an equation of the form 3 = f (a, v, 2).

Honce 5 — S/ [ = dzdydz 3 f1fydzdyde}d -
- M M ’

[[[2dxdydz3
-

J;=

quation to the parabola passing through a,, a; ay, being (A the
common interval).

¥=A + Bs 4 Cz3, 7, denoting A, g, and y;, G, gy

24
fzydz_[ z(A + Be + C2%) dz

Sfyda— 2k
[ (A + Bz + Ca?) dx

{6A + 8BA + lch}
= {6A + 8BA + 12CA3
{GA + 6BA + sc:.z} 6A + 6Bh + 8CA% J°

n=

ol ¥R ¥

But by Note (1), formuls (2, 5,and 6) A = «,B = 22— %= %%
and C = :‘;%M. Writing these in the above, we get
= __ 2h(2a; + &)
n= ® + ay + [T

In the same way, the centre of gravity of Ay A, alosg the line
A, A, is found to be

2h (2, + «
Asg’=.l7(;_:ﬁ_4:‘). oo Alg,=AlAs+A,g,=ﬂh+

1 a3, Ay,, az;, represent the respective increments of z,, y;, 3;.
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Calcula- 2 (& + &) - = _ _ day — 3u; — « — 2, + .
dental to ' dental to
designing L=+ 2h (2e, + &) _ 2h (& + Bx, + 2a) as was shown on page 29, Introducing these values, we find — designing
a Ship. - g + & + dey ¥ w, + d4a, \
—— Lo mTREH Tk 2Cute) 48 ) +2 (k) (LN
T=th 4 2k (205 + &) _ 2h (205 + 10a; + 3u;) @ tdaytay+ 4B 4+ B) tntinty
&+ &+ dag ot o+ g

And if g be the distance along the line A, A, of the centre of gravity
of the whole figure, we have by formula (2), since the areas may be
supposed to be collected at their respective centres of gravity, G,
Gy, Gy, &c.
Area AjasX Ag; +areaAqa, X A gy + area Aja, X Ajgs+
Ares A, a3 + u;a Ajag + area Aga, +
c

3

Agorz =

AT+ AT+ Azt &e + Avn
A+ A; + Ay + &c. + Aq
Introducing the values of A, A,, Ay, &c. Z;, 7 Zy, &c. alread
found, this re%neeato por Ty v s i
(L. Z2=3{0+ (n=1) e + 4(a; + 3u; + 5ag + Tag + &e.
® + &y + (g + & + a5 + a5 + &c.)
+ 2(2a3 + day+6n, + &ec.) }
+2(.3+.‘+‘1+&c-).
Next, to find Gg, or;,we have
2h

cofo pa

=323 =y =~

26 2h
y ds
[ 0

But = (A + Bz 4 C23)?; and this integration, added to the
work connected with the substitution into the form

y=A1§| + Ay, + &

A+ A + &
would lead to an immense amount of labour, which may be avoided
by observing that the integral /y3 dz may be taken to represent
the area of a curve, the ordinates of which are the squares of those
at given points of the curve, as a, a3, &3, &c. With this under-
standing, we readily find, by employing “ Simpson’s Rule,”
o + &l + 4 (a? + &2 + a2 + &c) +
« + a3+ 4(ny + & + «g + &c) +
2 4 o2 2
22('(’.3 :_ :: _::,7 ++&‘:;') ; whence the centre of gravity of the
curve is completely determined.

Note 9.—We next proceed to show how the centre of gravity of
the volume of a figure similar to fig. 6, page 33, may be found, its
equation being

£=A+ Bz + C2 + Biy + C,3* + Dzy + Ez?y + Eny? +
G, 22 y%

By formule 2 if we integrate in regard to s,

=L mdxdy
fadzdy «

L)y = } of

j‘zh 2k
0 o zdzdy (A + Bz + C2% + By + Cy* + Dry +

721./21:
o ¢ dzdy (A + Bz + C22 + By + Cy® + Dy +

Ezly + Ezy? 4+ Gz%y?)
Ealy + Exy? + Gz%?)

Ak
T,{ 36 Ah + 48 BA? 4 72 CAS 4 36 B, Ak + 48 C, Ak +
Ak

{36A+868k+48,Ch’+363,k+480,b’+

48 DA%k + 72 EASk 4 64 FA%2 4 96 GASE2}
36 Dhk + 48 EA% + 48 Fhk3 + G4 GA2e2}

2 2%

y = LSy dzdy [ /: dzdy y(A + Bz + Cz* + By
W—/m/u

[ o dzdy(A 4 Bz + Cz23 + By

+ C1y? + Dzy + Ea%y + Ezyd 4 Ga3y3)

+ C y* + Day + By + Foy + G2? yl)’

{ 36 Ak + 36 BAk + 48 Ch%k + 48 B,k 4+ 72C, B

o|F|elF

{864 4+ 5680 + 480w + 98B,k + 480, &0

+ 48 DAR3 4+ 64 EA%L3 4 72 FhkS + 96 GA3 £
+ 36 DAk 4+ 48 EAk + 48 Fak? + 64 GA% &
troducing the values of the constant, and reducing, becomes
2(28, + 7)) + 8 (28; + 73) + 2 (28, + %) }
o +dastay +4(5 T4+ ) tn tintnl’
Also,
3= JS #dzdy
S S adxdy’
But, as before, we avoid the labour of integrations, &c., if we
ider the expr J .S 28 dzdy as the volume of a figure, ths
squares of the areas of which may be introduced into “ Simpeon’s
Rule.”

We should obtain similar expressions for the centres of gravity
of the volumes of the other solids, and by introducing the results
into the formulses—

} ; which, after in-

,v7=k.{

Vo + Vot V2 + e
Vit Vi + Vs + &e
Vi 51+ Vays + Vs ys + &e.
Vit Vit Vst &
we obtain the,rule, in common use among naval architects,
namely :—

If A, Ay, Ay, &c., represent the areas of half the horizontal sec-
tions, or the sections shown by the half-breadth plan, and A the com-
mon interval between those sections, we know thatthe centresof gra-
vity of the whole horizontal sections in question lie in the planes of
these arcas at distances 0, 3, 2h, 34, &c., respectively, from the origin.

A x 0 4 (n=1) A, + 45 (A3 4384, + 5A, +
A FA+i(A+A+
6A, -+ &c.) 4 2k (244 + 4A, + 6A, 4 &c.) .
K F &) F2(A+ A, T &, + &)
(n—1) Au + 4 (A; 4 3A, + 5A, + &e) +

At A+4(A+ A+ A+ &)+
2(2Ag + 44 + &e.) }
2(As + A, F 4, T &)

In like manner, if A}/, Ay, Ay, &c. represent the half aress of
the vertical section, and % the common interval between them.
(n=1AS 4 4A) + 3A, 454, 4 &)

A+ A+ 4Ay HA+ A+ 8e)
+ 2(2A4 + 4A, + &c.) } .
F2(@y + A/ + &)

Hence the centre of gravity of the displacement is determined ;
for we know that it will lie somewhere in the plane which cuts the
vessel into two equal parts, :nd the value of » gives its distance
beiow the load-water plane, y gives its distance from the origin,

&

v

(IIL) s 2=

orz=0~hA.

(IV) Then y = k {
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Calcula- which may be taken for convenience at the point of intersection of
tions inci- the load-water plane, the plane just mentioned, and the first verti-
:e:in;.nlht; cal plane next the bow, or stern (as the calculator pleases). We
a Ship.  Will suppose the former, and that the centres of gravity of the small
=/ portions, fore and aft, and below the last horizontal plane, are not
taken into sccount. Let Vp, V,, Vi, be their volumes, zy, z,, 21,
_y}, ;., ;., the distances of their centres of gravity from the origin.
Therefore, for the whole ship, V representing the volume between

the first and last vertical sections,

Va4 Vizi  Voza=Vy 2,
V+ VitV +V,

Vy4-Ve i+ Vayat Vyy,.

V4 Vet Va4V,

Observe that V,;, has a negative sign because it is in the oppo-
site side of the origin to the other quantities, that is, z is negative.

]

Y

Nots 10.—The mathematical reader will at once perceive that
these are not the only rules which might be obtained to calculate
the centre of gravity of & vessel. As has been remarked before,
the Calculus of Finite Difference again comes to our aid ; and, by
neglecting small orders of differences, we may obtain any number
of rules we please. As an instance, let us take the case given by Mr
Weddle for a curve passing through seven points, and suppose
sixth differences constant. We have for z, using the same notation
as in Note 3,

:=jcydzukenbotween proper limits; andy =a 4 2 42

2
s s—l)lA—.E.-I-&.c.; where s = =

i Multiplying this by zdz =

,:;‘,',weh.ve:or%ﬁyaz=f {a:dx-l- (#d2) sa + (2-1)

Ala a 22 23 z* 23 Al a
o fgtee | =247 mt (T'_—:s)Tz'

23 34 23 \ Ada 28 625 112¢ 623
(?“T"‘T %"'(T"T"‘T"T)

57 1028 3555 5024 2423
+(T-T+T"T+T)
2744

i 1527 8528 2262 1203
+(§—7—+T——s—+—4 i )"

a8 a
———1_2'3_4'5_6+&c.&c.

ada
2°3°4°5

2t a
. 2-3-4

Taking this integral from s = 0 to s = 6, or » = 0 to z = 64,
and multiplying by A3, we find, after considerable reductions,

&= {18z + 72 aa + 126 a3a 4 806 5, o 657

{¢+ + ‘+6A¢+NA‘.+

639 123
had PN ] i |
35 + 70 4 s}

We might obtain a tenth rule by neglecting small quantities ;
but we shall simply write down the total result, leaving the reader
to obtain any other rules he may think proper.

a=ea
Aa = ag — a)
a%a = ay — 2a;3 + a,
&ec. &c.

39

Introducing these values, and reducing Calcula-
M tions inci-
.=%{se.,+9.,+1ae.‘+1s.~,+1so.,+51.,)} dental to
designing

a 8hip.

A3 (28 5
=5 {2 -k (ag + ey 4 B+ oy 20y 4 e s
4«;)}; which will give a result much more accurate than that ob-

tained by * Simpson’s Rule.” The result for y may be obtained
by ‘ Simpson’s Rule,” or by squaring the value of y, given above,
and neglecting the squares and products of higher order of differ-
ences.

Nota 11.—The reader will have no difficulty in obtaining for Property of
any plane surface ! Guldinus.
SSydady

Syda ’

oryx A= 4/ (Y,3— Y 2) ds; if A represent the ares of the
surface, and Y, Y, denote the limits of y. Multiply both sides
by 2«.

y=

W AxX2ey=wfY2de—w« [ Y 2dz

The left hand side 1s the area of the surface multiplied by the cir-
cumference described by its centre of gravity, and the right hand
side denotes the difference of the volumes of revolution described
by the plane surfaces comprised between the axis of =, the extreme
ordin;ntaa, and the curve which terminates the generating sur-
face.

(1.) Find the centre of gravity of an area, similar to fig. Fxamples.
(3.) page 29. the equidistant ordinates measuring 2°5,
3,35,4,5,6, 55, 5,4,3,2, 15 and 1 feet, respectively,
the common interval being 2 feet.

18, To find the Area by * Simpson’s Rule.”

Ordinates. Ordinates. Ordinates.
25 first ordinate. 3 second ord. 35 third ordinato.
1:0 last » 4 fourth ,, 50 fifth »
— 6 sixth ,, 56 seventh ,,
3:5sum of first and lastord. & eighth ,, 4Oninth ,,
8 tenth ,, 2:0 eleventh ,,
1-5 twelfth ,, —
—_— 20 sum of odd ord.
22:5 sum of ,, 2
4 I
| — 40 twice sum of ord.

90-0 four times sum of ordinate,
40-0 twice sum of odd »»
3-5 sum of first and last ,,
1335
2 common interval,

3)267

89 = area.
2d, To find the Distance of the Centre of Gravity from A;.

1st, 256 X

2d, 3 x

34, 35 x
4th, 4 x
6th, 5 x
6th, 6 x
7th, 65 x
8th, 5 %
9th, 4 x
10th, 8 x
11th, 2 x 10 =20
12th, 16 x 11 = 16-5)
18thy 1 x12=12

ordinates multiplied by 0, 1, 2, 3, &e.

DRI BRWN~O

© ©0 GO by
ﬂggwocwvuo

1 This and other properties are due to Pappus, and were published by Guldinus, a Jesuit, who was Professor of Mathematics at Rome,

in the middle of the seventeenth century.

# 8ee any work on the Calculus for the interpretation of the expressions on the right hand side.
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Calcula- By ¢ Simpaon’s Ruls.”
tions inci- Results. Results. Results.
dental to 0 first result. 3 second result. 7 third result.
designing 12 last 12 fourth ,, 20 fifth ,,
a Ship. — 80 sixth » 83 seventh ,,
\ao~ =~ 12sumof ,, 85 eighth ,, 32 ninth ,,
27 tenth o 20 eleventh ,,
165 twelfth ,, —_—
— 112 sum of odd results.
123'6 sum of even results, 2
4 —_—
—— 224
494 four times ,,
224 two times »»
12 firstandlast ,,
730
2 common interval.
38)1460
48666
2 common interval.
973 8
. . 973-3
.. Distance of centre of gravity from A; = 55 = 12:4344.
(263 = 625 600 1225
3 = 9 16-00 25-00
(36 =12:25  36:00 30-25
4* =16-00 2500 16-:00
52 = 2600 9:00 400
62 = 3600 2-25 —
(552 =38025 —— 87 5
52 = 25:00 97-25 2
42 =1600 4
8 = 900 —— 175 twice sum of odd ord. sqd.
22 = 400 389 four times sum of even ord. squared.
(152 = 225
12 =1 626
1

7+25 sum of first and last ordinates squared.
389-00

1756-00

571-25

By last process, we have

.. Perpendicular Gg =

Exercises
for prac-
tice.

57125x 3, R

(2.) Find the centre of gravity of a figure similar to the
above, when the ordinates are taken 3 feet apart and mea-
sure 125, 235, 4:56, 7'87, 897, 965, 10-54, 997, 863,

7-54, 6:34, 7°43, 542, 453, 4'23 feet respectively.

Distance along the axis from A,

= 20-82.

Distance above the axis at the above point = 3:945.

(8.) Find the same, as in the last example, when the

uidistant ordinates measure 20, 20-3, 21, 22, 22°5, 23,
245, 25, 26; 25, 24, 23; 23,225, 21, 20; 19, 18, and 17
feet, respectively, and are taken at 6 feet apart.

Distance along the axis from A, Ay from A,

= 52-82.

Perpendicular distance above ditto at the above point = 11-18,

(4.) Find the same, as in the former examples, when the
ordinates are 0, 2, 3, 3°5,4'5, 5, 6, 7'5, 8, 85, 9, 8, 7, 6,
55, 4'5, 4, 35, 8, 2'5, and 2 feet, and their distance apart

is 2 feet.

Distance along A; An from A,

== 20 feet nearly.

Distance above A, A, at the above point = 3-0506.
(5.) Find the same when the equidistant ordinates mea-
sure 17, 18, 185, 19, 195, 20, 205, 21, 22, 23, 22, 21-5,
20, 19, and 18 feet, their distance apart being 4 feet.

Distance along A; A from A

= 28-605.

Distance above A; Ay at the t%ove point = 10-134.

Ezamples on the Calculation of the Centre of Grarity of
Displacement.
Half Horizontal Half-Areas
Areas n square Tolarned | DAt multiplied
eet, foun h 1, .
Simpson’s 7 by 0’&',“' 8,; square feot. rzlpoetively.
Kule. g :gg: x (1) = ooog
28925 X 0 = 00000 x = 49
30006 X 1 = 80005 g 5200 x 2 = 10400
32500 X 2 = 650 5426 X 8 = 16276
40025 X 3 = 120075 | 8 [5645 X 4 = 22580
$140825 X 4 = 16n00 | (7848 X & = 892:15
B 45065 X & = 225325 | §)6000 X 6 = 86000
8147075 x 6 = 2824°50 6525 X 7 = 38678
5149000 X 7 = 843000 4865 X 8 = 38920
549525 X 8 = 396200 | » [4700 X 9 = 42300
§)60000 X 9 = 450000 [ S|4576 X 10 = 457°50
3)48765 X 10 = 487650 | H|4350 X 11 = 47850
E 47085 X 11 = 517605 | §[4228 X 12 = 50676
| 46065 X 12 = 562780 4023 X 13 = 52236
g 45075 X% 18 = 585975 3821 X 14 = 53494
(4352 X 14 = 6093:50 | Volume by Simpeon's Rule = 764328
40015 X 15 = 600225 nearly.
39000 X 16 = 624000
37595 X 17 = 637925
35000 X 18 = 630000
764328 = volume by Simpson's Rule.

1st, Beginning with the results in the right-hand column of the
horizontal section :—

Results, Resulte. Results.
0000000 300-05 650°00
6300000 1200-76 1621-00
—_— 2253-25 282450
6300:000 sum of 1st and last 343000 3962:00
450000 4876-50
5176-05 552780
5869-75 6093-50
6002-25 6240-00

6379-25 ————— [results.

————— [results. 31795:30 sum of odd
35101-35 sum of even 2

4

—_— 635906 twice do.
140405'4 four times do.
63690-6 twice sum of odd do.
63000 sum of first and last do.

210296

1 common interval.
3)210296
70098:6 result obtained by “ Simpeon’s

Rule.”

Therefore, distance of centre of gravity of main body delow the
700986 _ 700988
plane of flotation — Volume — 764323 = 917 feet.

2d, Taking the results in the right-hand column of the vertical
section :—

Results. Results, Results.
00000 first result. 49956 104-00
534:94 last  do. 162:76 225-80
392:16 360-00
534-94 sum of do. 386-76 389-20
42300 457-60
478'50 506:76
522:86 [results.
[results. 204326 sum of odd
2415°96 sum of even 2
4
408652 twice do.
9663-84 four times do.
4086°62 twice sum of odd do.
534:94 sum of first and last.
14285:30
10-56 common distance.
857118
714265
1428630
38)150852:768

1 The calcalator will always have a check on his work by observing the length of the axis A

An, and observing also whether or not

the ordinates near the beginning differ widely from those at the end. If the ordinates do not éiﬂ'er widely in this sense, the centre of
gravity will be determined by a line perpendicular to the axis near its middle point. If the ordinates are greater near the beginning
than at the end, the centre of gravity determined along A, A, will be nearer the first ordinate than the last, and vice versd.

Calcula-
tions inci-
dental to
designing
a Bhip.
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Calcula- 50284266 result obtained by * Simpson’s
tions inci- 10-56 common distance. [Rule.”
dental to 301705536
designing 251421280
a 8hip. 502842560
531001-74336
.. distance of centre of gravity from first vertical section = 573—:23%
: = 69-47 feet.
We shall suppose the first vertical section 49-75 to be that nearest
the bow, and

234:25 cubic feet, to be the volume of the portion below the last
horizontal section, or the portion just above
the keel.

22-5 feet, the distance of its centre of gravity
below the plane of flotation.
70- ,,  from the first vertical plane.

824-75 cubic feet, the volume of the portion defore the first verti-
cal plane, or between this plane and the
bow.

10 and 7 feet, the respective distances of the
centre of gravity from the same
planes as above.

57600 cubic feet, the volume of the portion aft of the last verti-
cal plane, or lying between this plane and
the stern.

8 and 160 feet, the respective distances of the
centre of gravity from the planes
already mentioned.

Then, if dy, d,, be the distances of the centre of gravity of the

total displacement from the planes of flotation and first vertical,
we have

__ 764323 x 917 + 23425 % 225 + 324-75x 10 4 576x 8
- 7643-23 + 23425 + 32475 + 576
=9-48 feet below the plane of flotation.
do= 7643-23 x 69-47 4 234-25x 70 4 576 X 160 — 324-75 x 7
764323 + 23425 4+ 576 + 32475
=718 nearly.

d,

The reader will perceive that all the quantities are added
in obtaining the former result, and that the last one is sub-
tracted in Lghe latter case. The reason for this is, that in
the latter case, the portion forward lies on the opposite side
of the first vertical plane to all the rest, or is measured, what
we have called dackwards. Now, it we had considered the
first vertical section, 49°75, as being taken at the stern, then
324°75 x 7 would have been added, and 576 x 160 sub-
tracted, in consequence of the portion aft lying, in this case,
on the opposite side of the first vertical plane to the other
portions. In the first result, all the portions lie below the
plane of flotation. We also perceive that the centre of
gravity lies between the sixth and seventh vertical sections
inasmuch as their common distance is 1056, and 1056 x 6
=6336; also, 1056 x 7=7392; therefore 718 —63'36
=844 feet abaft the sixth section.

MOMENTS OF INERTIA, &c.

ART. 6.—As the calculation of Moments of Inertia arc
of the greatest importance in the determination of the
stability of' a vessel, we proceed to furnish the reader with
a short sketch of the subject.

DEr. (1.y—The sum of the products of the mass of each
particle of any system into the square of its distance from
any straight line is named the MOMENT OF INERTIA of that
System about the given line.

Der. (11.)—If % be a quantity such that the moment of
tnertia=MR’, then R, the distance at which we may sup-
pose the whole mass, M of the body, collected so as not to
alter the moment of inertia, receives the name of the Rarius
OF GYRATION.

Thus, if m,;, m,, my, &c., be the masses of the particles, and r,,
rq, rg, &c., their respective distsnces from a line about which the
budy or system revolves,

Then 13 = ™ rtm, rlim r 04 &e, - 3(m r3)
m, +my 4 my + &c. 3(m)
_JSSer?dzdyds
= [f/edzdyd:

¢ representing the density, and , y, z, the co-ordinates of any point
of the body or system.
In the calculation of the motion of a rigid body, or system of bodies
invariably connected, we meet with the fullowing expressions : —
3mz, 3my, Ims
2mzy, Imrs, Imys
Inz?, Tmy?, Ims?
Now if M represent the total mass of the body, or system, of
which m represents a particle, 4, y, 3, the co-ordinates of the centre

of gravity, then

Mz = 3mz, M; = 3my, M: = 3ms

Note 6, p. 36. :

If we select a plane passing through the centre of gravity for
one of the planes of reference, that of xzy for instance,

then Mz =o .". Imz =o.

If we select for the axis of z, a line through the centre of ginvity,
and take the origin of co-ordinates at that centre, then we have
simultaneously

& =0,y =0,z = o, and therefore
3Inz = o, Imy = o0, Imz = 0.
In general for any body, or system of bodies, the ares of co-ordi-
nates may be so seiected that
3Imzy, 3mrz, and 2mys become separately = o.

Der. (III.)—Axes so chosen are called the Principal
Axes of the body at the point which is taken as origin.

Prop. (1.)—The moment of in-
ertia of any system about any y
axis is equal to the moment of
inertia about an axis through
the centre of gravity parallel to
the former ; PLUS the product of ¢
the mass of the system into the
square of the distance between

two axes.

For, let p be a particle whose mass
is m, and A and G be the traces of
two lines (passing through p at right
angles to each other) on a plane, the : ’
latter one being drawn through the /4
centre of vity G of the beody. A G
Drawpp’ | to AG, or A G produced Fig. (A)
and joinpA, pG.

Then pA2 = pG2+ AG3+2AG . Gp’ (Euelid, II. 13),
And 3(m . pA%)=3(m.pG3)+2(m . AG3+3(2m . AG . Gp').
But as above, 3mGp’ = 0 ... 3 (2mAG . Gp') =0,

And 2(m . pAZ)=2(m . pG2)+3(m . AG2).

If A be the distance between the two axes here mentioned, and &
the radius of gyration about an axis through G, the moment of
inertia about the axis in question = M (A?+ k?) and VAZ+ &2 is
generally named the radius of gyration about the given axis.

Prop. (I1.)—The moment of inertia of any plane area
about a perpendicular axis is equal to the sum of the
moments of inertia about any two lines at right angles to
each other in the plane of the area passing through the
point in which the axis meets the area.

Referring to the figure in the last article where Ay is at right
angles to Ap’, and pq perpendicular to Ay.

- Ap? = pg® +pp'?
oo 3(m. Ap?) =2 (m . pg?)+2 (m . pp'?)
Which establishes the proposition.

DEF. (I1V.)—The moments of inertia of a body about its
principal axes at any point are called its principal moments
at that point.

1f we take the principal axes for the co-ordinate axes and repre-

sent the principsl moments by A, B, C, then if P be the moment of
inertia about an axis whose direction cosines are «, 8, 7, then
P=Aa?+ B2+ Cy3
where «2 + 6:492=1
o (A-P)&’+(B=P) 24 (C~P) y2=0
¥
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Moments then oneof the quantities A—~P, B—P,or C—Pmust have a negative right angles to the axis; 2d, about the axis; 3d, about a Stability
of Inertia. 8ig, and therefore P must lie between the greatest and least of the [ne through its vertex at right angles to its plane. of Floating
\we =’/ quantities A, B, and C. Hence, of all moments of inertia about Then y? = 4m. Bodies.

axes through a given point, the. moment of inertia about one of the lst. - rad.of tion about live theeagh vertex at right angles
principal axes is greatest, and about another the least.! to ":l'. ln?inz.hegi) Tmei;p(::ab::: roug! x ght angles ="

Exsmples.  (1.) Find the moment of inertia of an indefinitely thin N 2
rod about an axis in its own plane at right angles to its 2rfzPydz  2m f‘da 7k '
length and passing through an extremity. = = = 40
' . . 2
Let z be the distance of any point p from the axis, « the indefi- YA 2 3
nitely small thickness of the rod, and ¢ its density, suppoeed uni- 2efyd= 2m’ [z'ds g &
form, then

Take this from z = 0 to z = a and the result is 3 ad,

= —e= 7
MEt=¢r &% de= 3 where a is the length 2d, If 2b be the double ordinate, a the abscissa,

° .
But M:efzaz 2{,/(:,_ z) yidy Ka_ i’;) y2dy
o k2=_§. —

Rad. of gyration about axis =

- 2

(2.) Find the moment of iner- A %_,) dy /(a_ 74%; ) dy
tia of a circle about an axis in N 20 amy? 3,8
its own plane passing through its ! =§5%'7:——_16? +C.
centre, »2 y=

A B the diameter or axis about But m = v and if we take the integral between the limits y =1
which we wish to find the moment of D ¢ 7 B and y ==b we obtain
inertia. 1

Take a lamina pq parallel to the rad. of gyration about the axis =Eb’
given axis Cr=a, pr=y. Then, 7 84, rad. of gyration about an axis through vertex, at right angles

24y?=a? . . . . (D) B to the plane ofpmboh:i; ad4+ %b’ + « « « (ProP.IL)

b ==radius is th ti . . . .

bripgh -t e equation to Fig. (B). (8.) Find the radius of gyration of the lic area

If « be the very small thickness of the circle, ¢ its density, wo ¥~ +Bz+Cz’ bounded by the double ordinates 2a, 2a,.
h q Note 1, p. 29.-—About the axis A, x, also about an axis parallel

have for the mass of the lamina 2¢rydz. 1%
to the former at a distance ¢; hence, deduce the moment of in-

ertia of the plane of flotation about its longitudinal and verse
2{'/" da x &t /";yd' ﬁ e a7t axes througl? its centre of gravity. g s
= STABILITY OF FLOATING BODIES.
2"‘/”;' ﬁd‘ ﬁ’ Vai-e ARt. 7.—Various definitions have been given of the rheory.
S (a?=s?)} ale ot g stability of floating bodies. The reader will probably com- geperal
TR e G T prehend the term from the explanation and definitions principles.
= . — o +C which follow.
3 mq-? sin. ‘;' Euler, in his Theory of the Construction of Vessels, &c.,

a2 as translated by Colonel Watson, observes, that, ¢ As soon
Take this between the limits z=a and s =-aand #*=—.  as a vessel becomes ever so little inclined, or displaced from
. . . its state of equilibrium, three consequences may happen :—
(8.) Find the radius of gyration of a circular area about 1s¢, Either the vessel remains in the inclined state ; or, 2dly,
a straight lipe parallel to its plane at a distance ¢ from its It re-establishes itself in its preceding situation, when its
centre. equilibrium will be permanent, or rather, it will be endowed
e=22a .. ... (Prop.1) With a stability which may be great or little according to
.4 . . circumstances ; or, 3dly, The vessel, after this inclination,
(4.) Show that the radius of;gyratu;n of an ellipse about  yil| be completely overturned. This equilibrium is called
unstable, or ready to fall. We can see, evidently, that
neither this last case nor the first can have place in vessels ;
(5). The radius of gyration of a circle perpendicular to and with respect to the second case, a sufficient stability is

. 1 d passing through i _a? absolutely necessary.”?
its own plane and passing through its centre=—7-, and about " The last remarks here made are not altogether true
. . . 1 when a vessel is inclined through considerable angles by
a similar axis for the ellipse= 4‘(‘1""5’ )« « (Prop.IL) jmpulsive forces. We shall therefore proceed to investi-

(6.) The radius of gyration of a triangle about an axis 8% the different kinds of stability.
perpendicular to its plfr?e and passing thrgugh its centre of _ DEF. (1.)—STATICAL STABILITY is defined to be the mo-  gpy;cy)
) 1 ment of FORCE (or effort), by which a floating body endca- giabilisy.
gravity =z (a*+ 8 +¢°), and about an axis at right angles vours ¢o regain its upright or vertical position, after having
been deflected from that position.
DEF. (11.)—DYNAMICAL STABILITY is defined to be the

=é (8a*+ 35— ¢*) where c is the side opposite the angle amount of work’ done on any body, in order to deflect it

. . . a )
its major and minor axes are 7 and 7~ respectively.

to its plane and passing through one of its angular points

. . through any angle from its upright position.

through which the axis passes. As has already been statetf?t is shown in books on Hy-

(7.) Find the radius of gyration of a parabolic area, 1st, drostatics, that when a body floats in equilibrium, the fol-
about a line and its plane passing through the vertex at lowing conditions must be fulfilled :

1 Griffin’s Dynamics of a Rigid Body, p. 9.

3 Vide chap. iv., sect. 22, of the work here mentioned.

3 By the amount of work here alluded to, is meant the weight of the body, in pounds avoirdupois, multiplied by the vertical height,
ir feet, of the sum or difference of displacements of the centres of gravity of the body and of the water which it displaces,
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L, . . geVa=gM, or simply (Vu=M, .

of Floating where M represents the mass of the floating body, V4 the volume
Bodies. of water displaced, ¢ the density of a cubic unit (say a cubic foot)

-

of water, and g the accelerating force of gravity.

2d, The centres of gravity of the body, and of the water which
it displaces, must lie in the same vertical line—that is, in a line at
right angles to the plane of flotation.

From the first condition, namely V4= %{, it is at once manifest,

that in many bodies, such as some of the solide of revolution, this
will furnish us with an infinite number of positions of equilibrium,
for all of which the second condition will be fulfilled.

When & body is inclined through any angle from its upright
position, the plane of flotation will differ in position from the
plane of flotation in the former case; and for every plane of floata-
tion the centres of gravity of the vessel and its displacement will
in general have different positions. If we suppose the vessel to
roll and pitch? uniformlg through any finite angles, the centre of
gravity of displacement Ga, or centre of buoyancy, as this point is
sometimes called, will describe a portion of a surfacein the interior
of the vessel.

It will readily be comprehended by the reader, that a vessel
may possess a great amount of both kinds of stability specified in
the definitions up to a certain point, that is, through & given angle
from its upright position, and then instantaneously become un-
stable. BSufficient attention has not been paid to this fact, inas-
much as writers on stability, as applied to ships, generally neglect
to discuss the case of unstable equilibrium. It is a well-known
fact, that ships have been capsized through unforeseen impulsive
forces, as in the case of the Royal George.? When the vessel has
been inclined through any angle, it has been always customary to
assume that the volume of the portion which is emerged is equal to
that which is smmersed. This is not accurately true, on account of
the inertia of the vessel and the water, as well as on account of the
effect of the wind in the sails, which may tend to increase the total
displacement.

ARrt. 8. TBEOREM I.—The line joining the centres of
gravity of the displacement of the body in anry two positions
1s parallel to the line joining the centres of gravity of the
immersed and emerged portions due to these positions.

- For, let FKL' repreeent a transverse section of the body, made
by the plane of the paper, and G4, G'4 the projections of the centre
of gravity of displacement in the two positions, g,, ¢; the projec-
tions of the centres of gravity of the emerged and immersed volumes
due to the two positions.

Then the immersed portion of the body in the two positions will
have the common part

Vi~-v
(the section of which is shown by F'PLK), where v represents the
volume of the part emerged or immersed.

Liet O’ be the projection of the centre of gravity of the volume
Va4—v on the plane of the paper, then by the principles which have
been already enunciated (Art. 4, p. 36, &c.), the centre of gravity
G, is determined from ,

Gyg,xv=0G,0x(Vg=v). . . . . . (L)
and the centre of gravity G, in like manner from
9:;Gyxo=06,0x(V,=v) . . . . . (2)
By (1.)and (2.)g,G;x G';0' =g¢,G';x G, 0;
or, 9.64:6G40'::9,G',:G'40;
hence G; G’y is parallel to g, g;. (Euclid. vi. 2.)

Next, if we consider the volumes immersed and emerged to be
infinitely small, or, in other words, the two planes of flotation, of
which FL, F'L/, are the projections, to be indefinitely near, the
centres of gravity of these two volumes may be considered as situ-
ated in the plane of flotation (FL). In this case G4 G'4 becomes
parallel to FL, that is, G4 G’¢ becomes a tangent at G4, to the curve
traced out by the latter point in the plane of the paper. This is
rigorously true at the limit, no matter in which direction we sup-
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pose the body to revolve (through an infinitely small angle) ; it fol- Stability
lows, therefore, that all the tangents drawn through G, are parallel of Floating

to the plane of flotation ; hence

Bodies.

THEOREM 11.—The TANGENT PLANE,® drawn through the ==~

centre of gravity of displacement in position to the sur-
Jace traced out by this point during the rolling and pitch-
ing of the vessel, is parallel to the plane of flotation cor-
responding to that position.

ART. 9.—If G (fig. 7) denote the centre of gravity of the float-

/ wy

Fig. 7.

ing body, and Gg that of the water displaced, then in positions of
equilibrium G4 G is 8 normalé to the surface described by the
latter points. For, by the second condition of equilibrium, given
in Art. 7, G4 G, is necessarily perpendicular to the plane of flota-
tion, and is therefore perpendicular to the tangent-plane at the
point G4, since the latter plane is parallel to the former. Let
us suppose the surface traced out by G4 to be actually described,
then if from G, the centre of gravity of the body, we draw all
the normals which it is poesible to do from this point to the sur-
face, we shall determine as many portions of G4 as there are nor-
mals, and consequently as many planes of flotation, for all of which
there will be equilibrium of one kind or the other—that is, stable
or unstable.

A rolling motion will be sufficient to establish the following
principles : —

Let us suppose the plane of the paper to be that transverse
vertical section of the vessel which contains the centres of gravity
of the vessel and its displacement when floating a¢ ress. Next let
the body bé made to roll through any angle, and the point Ga
will describe a curve in the same plane, which is represented by
AG9 B.

Let Gy, G'q (fig. 7) be two consecutive positions of the centre of
gravity of displacement (that is, two positions indefinitely near to
each other) ; draw normals through these two points to the curve
AGYB, and let them intersect in M, the latter point in geometry
and analysis receives the name of the centre of curvature ; but in
regard to the floating body it was named by Bouguer the meta-
centre, and the circle described through G4 with radius MG, is
called the circle of curvature, or times the lating circle.

The curve described by the centre of gravity of displacement
(centre of buoyancy) has been d the met ic cwrve. Mr
Read, late master-shipwright of H. M. Dockyard, Sheerness, pro-

1 By a rolling motion is understood a motion about s longitudinal axis, or from stem to stern. By a pitching motion is to be under-
stood the motion of the veesel about an axis at right angles to the former axis, or about an axis which lins in & transverse vertical
section. During a rolling motion only, the centre of gravity of the vessel will remain in the same transverse section ; and during a
pitching motion only, the centre of gravity will remain in a vertical section at right angles to the former. When the motion is due to
10lling and pitching combined, the vessel will revolve about an instantancous azis, which may be determined.

2 And in all probability many other vessels.-

By a tangent-plane is here meant a plane which touches the surface described by G* at a given point, and which, if produced. does
not intersect this surface. For the general definition of a tangent-plane and its properties, ses Hymer's and Gregory, and Walton's

Geometry of Three Dimensions.

By a normal to a surface at a given point is meant the line drawn at right angles to the tangent-plane at that point.
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Stability posed to call it the metacentric involuts, and the curve described by

sf Floating M the matacentric evolute,! which terms are strictly in accordance
Bodies. with mathematical theory.

\wm =/ It will be seen hereafter that the position of the metacentre is

The integn:,/; dz is sometimes named the moment of inertia of ofsl?‘llt;?:gg

the load-water section FL, about & horisontal axis throngh the _Bodies.

centre of gravity. \-\,‘-/

of the greatest importance in the determination of the stability
and times of oscillation of vessels. Its height above the centre of
gravity of displacement may be determined as follows—

" ART. 10.—The notation and figure remaining the same as in the
previous article ; the ordinates measured on the Aalf-breadth
plan st the load-water line being employed.

RuULE XIV.—Cube the ordinates measured on the half-
breadth plan, introduce these CUBEs as ordinates in Rule
1., p. 140, and proceed as therein stated ; divide the result
thus obtained by the volume of water displaced, and Two-
THIRDS of the quotient gives the distance of the metacentre

JSrom the centre of gravity of displacement.

Let the vessel be slightly inclined from its upright position, we
may consider the areas FPF’ and LPL’ to be two equal sectors of
the same circle ;3 then g, g;, the line joining their centres of gravity,
will bisect this angle. Draw g, p, g;q, perpendicular to }'L’, and
G4R perpendicular to MG'4.

Let r = FP = F'P = LP = L/P, and it is well known that the
centres of gravity are determined by

Po =P __2r.chord FF/__ ?_r.chord LL'
$=TSE TF e FF . Sarc LI/
¢

4rsin -

=34

But acea of sector FPF/ or PLL/= '—;79 And

¢

Pp,=Pg, = Pgs. conl= Py .cos= 2

4 L4 Je.cos =1 g; .co85-= 3¢ =3¢

Also moment of sector FPF/, or sector LPL/, = area FP'F' x Pp,
r2o 2rsing

. — ’ _— ¥
=area LPL'xPg¢; = 7 X 3p

5 e e e (L)

Now, since the solids emerged and immersed are supposed to be
equal, and that these solids may be conceived to be cullected at
their respective centres of gravity, it is clear that the centre of
fore.vity of the volume of water emerged has been moved from p,

¢y in the direction F’L’, while the total volume of water dis.
placed by the vessel has been transferred from Gg to R in a
parallel direction. Hence taking moments, we have, by elementary
mechanical principles,

GdRxex Va=p g xexo. . .
Or, GgR.Va=p,q,.0.

But the angle FPF' = angle GdMG’q between two consecutive
normals

, ¢ being = < FPF

e
2 _ 2rsinp?

4 r sin-- cos

_r3sing

« .. )

.. MGg sin ¢ = G4R
=P 109
From (IL.) MGg = Vasin ¢’
Now, if we imagine a plane drawn parallel to the plane of the
paper, or to the section shown in the figure, and at the infini-
tesimal distance A&, the moments of the volumes of the solids
emerged and immersed will be represented by

lm_Tp 33 A o, from (L), or 'igy;’dt;
by employing the notation of the Integral Calculus, observing that
the integral here given must be taken from stem to stera,

. _2sing 1
< MGg= 3 .V—dlin?/;‘d" . « o from (IIL)

2
=§—q/:-‘dz.......... av.)

¢+ . . (L)

It ought to be observed that, though we have here obtained the
position of the metacentre of the vessel when in & vertical
position, this point may in like manner be obtained, by employing
the same rule, when the vessel is inclined through any angle,
providing we substitute the ordinates of the inclined load-water
section for those of the load-water section of the vessel when in an
upright position.

ART. 11.—Having obtained the position of the metacentre, we
are now in a position to determine the natwure of the equilibrium
when a vessel is in any position ; for, if we call the lengths of the
lines drawn from G, perpendicular to the curve described by Gg,
NOBRMALS, then

TrEOREM III.—Positions of STABLE equilibrium cor-
respond lo MINIMUM normals, and positions of UNSTABLE
equilibrium correspond to MAXIMUM normals : also these
no;'ma{c will have alternately maximum and minimum
values,

Various demonstrations ef this theorem have been given in
books on Hydrostatics, and the reader will ind the subject dis-
cussed in the Mechanic’s Magazine, a periodical which contains
many valuable papers on shipbuilding. The following exposition
of t;l:e principle may be found sufficient for the mathematical
reader.

If (fig. 7) M be the centre of curvature corresponding to G4, and
situated at first above G, the osculating circle at Gg will lie both
within and without the curve AG4B in the immediate neighbour-
bood of G4, and the circle described from G as & centre, with
radius GGq, will lie entirely within the curve in the vicinity of
Gd, and the normal GGq will be & minimum among all those drawn
from G to the points of the curve in the neighbourhood of Gd;
that is, GG4 will be less than GG’g and GG”q. If M lie below G,
we learn by the same reasoning that GG4 is greater than GG’q and
GG"q, since the circle described from G with radius GG4 lies en-
tirely without the curve AGg4B; that is, the contact is of the
third order.8

These normals are alternately maxima and minima, since be-
tween two maximum values there is a minimum, and a maximum
between two minima. There are as many maximum as minimum
values; hence the number of positions of equilibrium, neglecting
the kind, is even. Moreover,

THEOREM IV.— When the metacentre lies ABOVE the
centre of gravity of the vessel, the equilibrium is STABLE.

For, if we incline the vessel in such a manner that G4 shall be
at G'4, indefinitely near to Gd, the normal at G’q will pass through
M (since the latter puint is the intersection of two comsecutive
normals) ; then the weight of the water displaced applied at G’a
will be parallel to MGad and will act upwards, whilst the weight
of the body at G’ will act downwards in the direction parallel to
MG¢ and it is evident that the effect of these two forces will be
to bring the points M and G'4 into their original position.®

THEOREM V.—When the melacentre lies BELOW the
centre of gravity of the vessel, the equilibrium s UNSTABLE.

For, inclining the vessel as before, through an indefinitely
small angle, the effect of the two forces just mentioned will be to
bring G’ and M into a vertical position; and since G is above Al,
the vessel will be capsized.®

THEOREM VI.— When the metacentre coincides with the
centre of gravity, the equilibrium is said to be indifferent
or neutral ; that is, the vessel will rest in the position in
which it is then placed.

ART. 12.—Having obtained the kind of stability, we may

1 The metacentric curve is that made by any plane (a transverse vertical one in the preseni case) with the metacentric surface.
3 It is not necessary to consider the sectors as equal, providing we bisect the angle FPF’; and with centre P and radii PC, PC’, we
describe arcs of circles intersecting the two planes of flotation (the projections of which are FL and F/L’), the same result as is obtained

below may be shown to hold true.

3 B Lo
ecause 2 sin o cos 2

6 See Hall's Calculus, p. 200.

=sin ¢

¢ Marimum and minimum mean greatest and least values.
¢ The axis about which the vessel rolls is here not supposed to pass through the ceatre of gravity.



SHIP-BUILDING.

Stability at once obtain the analytical condition for the NATURAL
°f;"|:l:ﬁns STABILITY of a body after having proved the following :—
es, -

\wm =’ TuEOREM VII.—Tke centre of gravity of a plane of flo-

tation lies on the line of its intersection, with a plane of flo-
tation indefinitely near to the former plane.

Let PQ represent the intersaction of the two planes here men-
tioned, g, ¢/, the centres of
gravity of the areas EPQ
and LPQ, the areas being
denoted by A and A’.
Now, the centre of gra-
vity of FPLQ is obtained
by dividing g ¢’ into two
parts reciprocally propor-
tional to those areas. Let,
then, ¢ be the infinitely
small angle between the
two planes of flotation, 2
and ¥ the perpendicular
distances of g, ¢/, from
PQ. As the wedge-like
portions emerged and im-
mersed are exceedingl

Fig. 8

.Tull._v;o may apply the principle of Guldinus, given at page 36,
VIZ. :

Volume F'FPQ = Alg, and volume LL'PQ = A'l'g; and since
these volumes are equal

s Alp=Algor Al=A"Y;

thatis, 2:20::A:A . . . .. o0 . )
From the similar triangles gAO, g’A'0, we have,
1:07::90:90 . . . .
honce by (1) and (2),

)

90:90::A":A;
that is, O is the centre of gravity of the plane of flotation.
It is clear that the point O will trace out a carve in the plane of

the paper, provided the body be made to revolve through a finite °

angle in this direction, and F'L’ is a tangent at O to this curve.
Moreover, the vessel might be made. to revolve in any direction,
and the point O would then trace out what is called the surface of
fotation. From the manner in which we have obtained the result
Just given, we arrive at Euler’s theorem, viz.,—

The point of contact of the plame of flotation with the surface of
Sotasion is the centre of gravity of that plane.

Moreover, if we conceive (aA,) to represent an elemental portion
of the plane FPQF, and r, the distance of this element from I'Q,
then ¢ (aA )r) will represent the corresponding volume of the
portion FPQF/, assuming it to be a solid of revolution, and the
total volume is got from

v=0{(a4)) r; +(aA)) rg+(8A,) ry+ &c.} = g3 (aA) .

We .lmow from the formula for determining the centre of gravity
of bodies (p, 85), that -

= p{(aA)ri?+(aA)r, 3+ (aAy) ry? + &e.}
e{(ad))r +(aAy) r+ (8Ag) ry +&c. }

_93(AA)r? _ 'fdA"’.

Te2(ad)r T efaA.r

By employing the notation of the Integral Calculus, and bearing in
mind that these integrals are to be taken between proper limits :—

Now, [ dA .13 is called the moment of inertia of the plane
PQF in regard to the axis PQ, the density being unity.(See Art6.)

& g0 = f;ﬁl, . k, representing this moment of inertia ; also,

90 = "Tf? , where k, represents the moment of inertis of the
Pplane LPQ, in regard to the same axis.
ok +k) ok .
Butgy’ =90 + g0 = .—7—2- = -, k being the moment of

inertia of the plane FPLQ in regard to ’Q. Returning again to
fiz. 7, where g, gi, represent the centres of gravity of the inde-
tinitely small volumes emerged and immersed, we have shown that
Js gi is parallel to Gd G'q.

8aG'q_Va_ ok~
gegi v~ Va’
and ¢ being the angle between two consccutive normals, then
MGy = 34¢'¢__ GdG'a .
Ga= ine — , since ¢ is exceedingly small, and the

sine may be taken equal to the arc, and g, g¢ is the same as the
value of g ¢’ (given above) at the limit ; hence

Mea=v,=4r « . .. @)
We have seen that the condition of stable equilibriam is MGg
=>GGg; so that if A denote the distance GG 4, the condition is

Vi‘>n,or{$>x R 13

TreorREM VIII.—The moment of inertia of the plane of
JSlotation must be greater than the product of the volume of
water displaced, and the distance between the centres of

gravity of the body and its displacement.
The value of ¥ may be found by Art. 6.

From (L) G4M = GGg+GM = ‘4}

LA
Va=

GM=$——GG¢ C e e e e e s . (L)

ART. 13.—To determine the line of intersection of the
plane of flotation of the vessel, when in a vertical position
with the plane of flotation, when the vessel has been inclined
through any angle ; or to determine the point P (fig. 7) of
the intersection of FL and F'L'.

Through O (ig. 7), the middle point of FL, draw /1, making the
angle FOf = LO! =given angle ¢. Let the volumes, of which
FOf and LO! are sections, be represented by V, and V, respec-
tively; also, leto, and o, represent the volumes of which lfPO/ and
LPO! are sections, and v = volume emerged or immersed ; then

Vy=v+y,;
and V,=v-y,;
oo Vg—Vi=v,+v,
=area of plane 1 x OE (nearly) where OB
is drawn perpendicular to F'L’.

But OE =OP sin ¢

_ Vy—V.
i OP—mphneﬂ-ino ceee o ()

Various methods have been recommended for the calculation of
the solids V4and V; as well as for the volume o, all three of
which are obtained in the same way. The following plan will
guide the reader to find v:—

1st. Join FF' and LL’, and the areas of the triangles FPF';

’ ’
or LPL'=FP .F PlinQ; or LP. L2P lln'.

2d. The curves FCF’ and LCL’ may be considered as parab-

olas, and the areas lying between FI” or LL’ and the curves
H H YRV

equal to 2FF.x perpendlcnlar;elght of segment FCF , and

2 LL/' x perpendicular height of segment LC'L’

3 or we may employ

3
38d instead of 2d to find the areas of the segments just mentioned.
8d. When ¢ is very large, ordinates may e measured at right
angles to FF/ and LI’ (seven wiill always be sufficient), and at
equal distances apart, and the area found by Rule (IIL) Art, 1.
(or by Rule I.)

4th. Baving found the areas FPF’ and LPL’ made by each ver-
tical section, introduce these as ordinates in Rule (.), and proceed
as therein stated.

Remark.—Several writers have proposed to draw the ordinates,
mentioned in (3), parallel to the plane of flotation. There is, how-
ever, little labour saved by such a plan.

For a very large number of vessels, which are full below the
load-water plane, the folowing method may be applied, and will,
it is believed, be found almost as accurate as those just recom-
mended. Bisect the sngle FPF’ by the line CC’, and with radii
PC, PC’, describe the arcs HCH’ and NCN’; then the sectors will,
in general, be very nearly equal in area to the portions FPF’ and
LPL'. If CP =r, and C'P = s, then the area of the sector HPH"

2
=';‘zi’l, and area NPN' = '2-1—9. Summing these areas (by Rule

1 We here suppnse that the volumes emerged and immersed are solids of revolution, that is, solids described by the revolution of the
pranes FPQ and LPQ round PQ. This assumption will be accurate enough when the angle ¢ is very small, as we bave assumed it o be.
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¢ We will suppose, by the falling of the tide in the dock, the Stability
after-extremity of the keel to come first in contact with the blocks; of Floating
then, as the tide continues to fall, the after-body is gradually for- Bodies.
saken by the water, and the fore-body further immersed, a constant N~
equilibrium being maintained between the total weight of the ship
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Stability I.) from atem to stern, and writing r|, 7, , ry, &c., for the 1st, 2d, 34,
of Floating &c., radii, with similar expressions for s, &c., we have

\ Bodies. ; Volume emerged =h-6'¥ { r2 43 4 (g 3+ &)+ 2(r?

+ g+ &)} ;zg the p;-ensure of the water against the immersed part of the

__he s y, until the ehip is aground fore and aft. At any intermediate

Volume immersed = 3 33+ 0?4052 + 27 + &)+ 2(57  jpecant the ship may be considered as a lever of the second kind, of
+ 024 &)} which the fulcrum is the transverse line or point of contact of the

Calling the lines CP, C’P, measured on each vertical section,
ordinates, we have the following approximate rule to find the
volumes of the solids emerged or immersed : —

RuLe XV.—To the sum of the squares of first and last
ordinates add four times the sum of the squares of all the
even ordinates, and twice the sum of the squares of all the
odd ordinates ; multiply this result by the common distance
and by the angle through which the ship has rolled—
divide by 6, and we obtain the volume required (nearly).

ART. 14.—Returning to Art. 8, and referring to fig. 7,
Draw GT parallel toMGdand GG parallel to GgR.

Then, GIR ‘e V‘=i)lq'| .é.b;

And GG’ = GgR — GqT

—p 1118V G4
P Ve dsin@.

v ¢V, GG’ =pg,.¢.9—-GGq.¢.V, sing;

Or, W.GG =(p,q, - w—GGq.Wsing) . . (1)
w representing the weight of water emerged or immersed; For-
mula (I.) measures the statical stability, Def. (L) of a vessel as
given by Atwood in his paper published in the Transactions of the
Royal Society for the year 1796.

ARrT. 15.—The rule most frequently used by naval archi-
tects to determine the centre of gravity of a vessel, when
fully equipped for sea, is due to Chapman, and is as fol-
lows :— .

Suppose any weight (or weights) W, either on the upper deck
or elsewhere, is moved from its position at W, (fig. 7) to another
position, as W’;, and that by this change of position the ship has
been inclined throagh the angle . From W, (the centre of gravity
of the weight or weights) draw W',E parallel to F'L’, and W,E
perpendicular to W',E; then W/,E = W; W'} cos =0 cos 4; if
W, W =e.

So long as the disturbing weight W, remains in its new position
W’|, the vessel will remain in equilibrium, and therefore its centre
of gravity must lie in the line G’4M by the second condition of equi-
librium. Hence it has been transferred a distance GG’ parallel
to the plane of flotation F'L’, while W, has been moved through a
distance W/,E in a parallel direction. ''aking moments, we bave

W.GG' =W, ccos o

From Equation I. of last article—

)P w—GGq. W sing
GG = W

Writing this latter value of GG’ in the former equation, we get

P19y vy —cW) cos ¢
GGy= Wsing
which determines the centre of gravity of the ship, when the centre
of gravity of displacement has been determined.

Mr Abethell, master-shipwright of H.M. Dockyard, Ports-
mouth, proposed the following method, in the second volume
of the Papers on Naval Architecture:—

« Tt is applicable whenever a ship is taken into dock with the
under side of her keel deviating from parallelism with the upper
surface of the blocks. This is almost always the case; and it also
not unfrequently occurs that ships are docked ‘all standing,’ and
with so large a portion of their armament and stores on board, that
the correction mnecessary to be made to the result which would be
obtained by the experiment and investigation about to be described,
in order to make that result agree with the circumstances of any
additional armament and equipment, would be comparatively easy.
We will now quote from the article in question.

keel and after-block, and the power and weight, the weight of the
immersed volume and that of the ship respectively, each acting in
the vertical line passing through its centre of gravity. As we can,
by mensuration and calculation from the draught of the ship, easily
find its weight, that of the immersed volume, and the perpendicular
distance of the line of pressure from the fulcrum: in the equation
of the moments, the distance of the vertical line passing through
the centre of gravity of the ship is the only unknown quantity,
which is therefore readily determined. AN (fig. 9) represents the

\ [

Fig. .

water-line corresponding to the floating position of the ship. and
KL the observed water-line just previously to the fore-part of the
keel touching the blocks. The line PBO, perpendicular to AN,
passes through the centre of gravity of the displaced volume AFMN,
and consequently through that of the ship. Draw QH through
the centre of gravity of the volume K FML, perpendicular to KL, and
FG through the fulcrum F, parallel to QH. Then, putting the
total displacement AFMN =V, KFML =v, and GH=b; if the
line SEO, parallel to QH, be drawn at the distance GE from G

equal w-‘l‘;, it will, as well as PBO, pass through the centre of
gravity of the ship, which will be in O, the point of their inter-
section.

«« o obtain from these considerations a general expression for
the perpendicular distance of the point O from the water-line AN,
draw AD perpendicular to EG, and meeting it, when produced, in
D; and having calculated the values of AB and GE, put AB=a,
DE or DG4GE=d, and the angle of inclination between the

1
water-lines AN and KL = a; then BO= (——d-—wa>-—;
cus tan A
which must be set off upon the perpendicular PBO, above or below

AN, according as 4 greater or less than a.’ ”
cos A

Dynamical Stahility.

ART. 16.—When a vessel is inclined through any angle
by a force acting parallel to the surface of the water, the
centre of gravity of the body and its centre of budyancy
will generally, as has already been stated, receive vertical
displacements. If during the motion we use the same con-
vention in regard to signs as is done in the determination
of Virtual Velocities, our results will be attended with
greater simplicity. That is, if the point of application of
any force is moved in the same direction as that in which
this force acts, then the distance through which the point
of application has been moved must be considered positive ;
whereas, if the point of application is moved in the opposile
direction to that in which the force acts, the distance this

point has been moved during the motion must be considered

negative.

Let h and  be the absolute vertical displacements of the centre
of gravity of the vessel, and its centre of buoyancy respectively,
after the ship has been hesled through a given angle, then

1 See Moseley's paper, p. 619.
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& WA is the work done on the vessel due to its weight, the upper

of Floating #ign being taken'when the centre of gravity descends, and the lower
Bodies. 8ign when the centre of gravity ascends.

\’\f.}

-Likewise, &= W1 is the work done by the upward pressure of the
water, the upper sign being taken when the centre of buoyancy
ascends, and the lower sign when it d ds. Consequently, the
total work done in heeling the vessel through the given angle,

’ =W (£ h+]l),
the signs depending upon the directions of the motions of the centre
of gravity and the centre of buoyancy.

Make the same construction as in fig. 7, and draw GX and G.Y
perpendicular to £, meeting F'L’ in x and y respectively ; through
G'q draw G'4Z, parallel to F'L/, intersecting YG'4, produced in Z.

Here it is easily seen, that while W, the weight of the water
displaced, has been moved through the distance G'4R, the weight
of that portion of the water emerged has been moved througha
distance

gep1+0iqy in the same directionl. Taking moments,
G'qR. W =w (9,p,+9:q)) = wz, (if t=g.p, +9:q;) - (1.)

Then, in the case in which GO is greater than Gz, we have

GO0 -Gz =GO—-(GX—Xz)
=G0 —-GO cos ¢+ Xa

If GO be less than Gz, then

Gx—GO =GO cos p—GO—-Xa»

Hence = (GOversg+Xs) . . . . . . . (2)
is the vertical distance through which the centre of gravity has
been moved.

Also, when G’4U is greater than GO,

G'qU =G40 = Gay+Gq4% — G40
=G4R+Gy—Xz—G40
=G'4R+G,40 cos p—GO—-X=»
=G'4R—-G O vers p— Xz

And when G'4U is less than G40

G40 —G'gU = G40 vers o+ Xz-G'4R

*{ G'.R—(GO vmﬁ-xz)} .. @)

is the vertical distance through which the centre of buoyancy has
been moved.

Hence the total work done on the vessel is, where Ug represents
the dynamical stability,

Ui=W [* (GO vers. ¢+ Xx) = { G’4R—(GJO vers. o+ Xz) }]

*)
Suppose the centre of gravity of the vessel to ascend, and the
centre of buoyancy to descend, then
Ua=W (GGq vers p—G'4R)
by taking the sign + in the first and — in the second member of
the right-hand side, and if we take the contrary signs
Us=W (G’4R—GGq vers ¢)

=W { (021 +9i01) 3 ~ GOa vers ¢

= wz—~W.GGgvers 9. . . . (5.)
We may readily obtain a relation between the dynamical and
statical stability, for by Equa. 1, Art. 14, the statical stability

U,=W.GG’' =(p,q;.w—GGq4.W sin. ¢)

_Pw- U,
GGs= W sin ¢

And if we employ Equa. 5, and write this value of GGy therein

(P19 w—U,) (1 —cos ¢)
sin @

Uy=sw—

=m—p|q,wt&n%+U,tnn%
KR Ug-TU, tan %:zw—p,q,wun—;- N (3]

Canon Moseley, in his paper on Dynamical Stability, gives
U(¢, " =—~WGGq + wz
a8 the vessel’s stability in regard to rolling or pitching. He takes
a prismatic element of the emerged volume, the base of which
=dx dy cos ¢, and height = y sin ¢; then w.g,p,, in respect to
the element just mentioned, = -i—yz sin? @ cos ¢ dx dy, and in re-

gard to the whole space represented by the sections E'PQ and
1/PQ, by

ielii:’peo-t/‘y’dady

=}esin2@cos gl
‘Where I represents the moment of inertia of the inclined load-
water plane, about an axis through P, and inclined st the angles

n and %—q to the principal axes of that plane, where  denotes
the inclination of line through P (in which the planes FL and
F'L/ intersects), to that line about which the plane F/L’ is sym-
metrical. If A = the perpendicular distance of the line through
P from the centre of gravity of the plane F/L’, and A and B de-
note the moments of inertia of the same plane about its principal
axes, A’ = area of this plane, and y the value of ws in regard to
the spaces FQF', L'Q’L
wz=-f7hin’¢cos¢+¢
where I = A cos? 4 + B sinZ 4 + A’A3

s U =% W.GGyvers ¢ + -g-(A cos? w4 B sin3 0 + A’ A?)

csinfQeosp+y . . . .. . (T)
the minus sign being taken when GO is greater than G40.

Time of Performing an Oscillation.

ARrr. 16.—There is much difficulty attending the investi-
gation of the times of rolling and pitching of vessels through
large angles, inasmuch as the axis about which the motion
takes place is instantaneous. This axis can, however, be de-
termined at any instant, providing the direction in which the
ship is rolling or pitching be given.! All methods hitherto
given are incomplete, yet all tend to show, that no matter
what may be the amplitudes (the angles through which
the vessel revolves, providing the position of the ballast,
cargo, and other weights retain their original positions), the
time of performing a complete oscillation, in smooth waters,
is the same.

Writers on Hydrostatics, in investigating the time of an
oscillation, have usually considered the plane of flotation
as constant throughout the motion. The Rev. Canon
Moseley. in his paper already quoted, endeavoured to obtain
new results for the time of performing an oscillation, as well
as for the dynamical stability of the vessel. Notwithstand-
ing that several corrections have been made in the paper,
as published in his second edition of The Mechanical Prin-
ciples of Engineering and Architecture, the results are
still open to the same objection, since they are made to
depend upon the moment of inertia of the plane of flotation,

Ml

G
Fig. 1L

which is itself a variable quantity throughout the motion.
It would seem that the Calculus of Variations might be ad-
vantageously applied to the question, or, at all events, Canon
Moseley’s paper might be made available, providing we
were to calculate the amount of probable error in assuming
the plane of flotation constant within given limits.

1 Bee Moseley’s paper.
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ART. 17.—As we shall have to refer to the motion of a

performing simple pendulum, we shall here lay before the reader the me-
an g"“u“' thod by which the time of a complete oscillation is obtained.

In the case of a simple pendulum oscillating in vacuo,
we imagine a heavy particle suspended from a fixed point
by means of an inextensible string without weight.

Let G (fig. 11) be the lowest position of the particle, GM ver-
tical, G’ the initial position of the particle from which it sets out
with the velocity v,, G” its position after any time ¢, MG =1,
< GMG’ = &, < GMG"=¢, arc G’ G"=a. Then the tangential

2
com t of the lerating force is expressed by "-:‘; , both in

1 4

regard to magnitude and sign, the sign + referring to the case
where s increases, and — to the case where 2 decreases.

ds do d% d?p
Now, s =1(a—@) .~ c_i?=—l¢§' and 52=-I:i?i , and the tan-
gential component of the weight being g sin ¢, we have
do___9g .
de-' =-7 sin [3

Multiply by 2 32, and integrate

. f1\=2o2
-~ (5)_21 cos ¢ + C.
¢ 29

d v,
But when ¢ = «a, -ld—‘=vo, ..C=_l‘?[-_i.¢o.,,

d¢ ,_—‘ "az “_’_!L
ldp
And dt= — H
V2, +2g1 (cos p—cos &)’
or, if we sappose the initial velocity zero,
d=-,/L 90
29 4/ cos ¢—cos «
= —},\/ L___de .. . 20
————————r— " cos @ ==1 —28in ]
v sin? :—gin .22. 2
2
= - L 9 , when the angles « and ¢ are vel;y
gVai—¢*
small.
e nf T2
e b= a ol =gt
T -t
= /! g_'_c’
9 ®

when, t=0,p=4, . C=0

e /1
and, z=-2-,\/;,

which gives the time for a semi-oscillation.
1
o T= T
; (T)

Though the amplitudes have been here considered small, it is not
absolutely necessary to make this assumption, as the integral may
be found approximately for given values of @, from tables inserted
in Legendre’s Traité des Fonctions Elliptiques; the result of the
integration in a series is—

LIVA] 1 a\? 13 . %
t=_"V = —gin = 22 gin — )2
3 ,{l+(2ein2)+(2_4sln2) + &c. }

e\ —3 . 2
But, (1 —sin ?) =1+ % sing— + ;% sin f +&e.
Hence we perceive that the terms which enter into ¢ are the squares
of the latter terms, and we can thus conclude that the expression
for ¢ is a convergent series.

Remark.—The only Tantochronous curve, or the curve in which
the times are all equal, whatever may be the amplitudes, gravity
only acting, is the cycloid, whose equation from the lowest point is

yzvm+aven-l%.
Compound Pendulum—When a rigid body oscillates
about a fixed horizontal axis, not passing through the centre

;)f gravity, the time of an oscillation is determined as fol-
OWs

Let C A D (fig. 12) be a section of the body made by the plane of Time of

performing
an Oscilla-
. tion.

N

Fig. 12
the paper, which is supposed to pass through the centre of gravity
G, and intersecting the axes of rotation at right angles on A. Let
P be the projection of any particle on this section, Az vertical, AG
=h, AP=r, <GAz=¢. PAz=¢', then, by well known prin-
ciples,

d?¢ _ moment of forces
did ~ oment of inertia

If Mi3 be the moment of inertia about an axis through G, and
parallel to the given one, then M(A%+X%) (Art. 6, prop. i.) is the
moment of inertia of the body about the axis through A, and the
moment of the forces about the axis = WA sin ¢ = Mghsin ¢;

d%__ Mghsing _ gsing i l_h3+kz
de = T M(kZ+4%) [] a7

Multiply by 2 :—f-, and integrate
L P\ =¥
oo (a = -T cos ¢+C,

de _ —a 0=
:ndlfd—‘_o,wbenp_.u,..c— 7 c08 .

d 5 . [% 2 20
BBV ooeo—co--)—«/T(2 my "’"“?)
_—_—,\/ %(ﬂ—p’), when « and ¢ are small.

T=‘\/f70/:—.~7:7%="\/§7="\/’? 1)

Whence we conclude that the oscillations of such a body are per-
formed in the same manner as if the body were a material particle,

2
and oscillating at a distance,! = k :kz from the axis.
. h34+ k3 .
Now, if AO= P then A is the centre of suspension, and O

the centre of oscillation.
If L= length of the simple isockronous pendulum.—that is, the
simple pendulum which oscillates in the same time,—

B¥4+062 k2 E2 4 h?
t.hen,lil_—o———ur _l——_h-}-l—h. i =1
lh—h?
=T +l—-h=1

whence we conclude that the centres of suspension and oscillation
are reciprocal,—that is, if the body be conceived to oscillate about
an axis through O, and parallel to the former axis, then A becomes
the centre of oscillation.

The following manner of obtaining the time of an oscillation of
a vessel in rolling is due to the Rev. Dr Woolley, and will be the
most intelligible to the practical man; and if the times of rolling
through different amplitudes be nearly isochronous, as Dr Woolley
states, the result is exceedingly simple :—s = 3-14159, &c.

« Suppose GG’ to be an arc described by the centre of gravity,
corresponding to the half-angle through which the vessel rolls, and
let M, M’, be the limits within which the normals to the curve cut,
G M, the former corresponding to the upright position of the ves-
sel, G the centre of gravity of the vessel, then the time of rolling,
supposing M to be fixed during the motion, is too great ; and if M’
were the point of suspension, the time would be too small; but
taking intermediate points, and calculating the time for each, sup-

d fixed, let T be the true time, &, ay. &y, &c., the errors, ¢y, iy,
ty, &c., the calculated times, then— .
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T+e =t
T+eay=t,
Ttag=ty
T4an=1in

tl+zz+c,+ac.+m_-l+.,+-,+&c.+.
n n
Now, since some of these errors are negative and some positive,
we may make this result as small as we please, by taking n suffi-
ciently great.

o T= ‘ligi'l'—:fﬂ , very nearly.

‘When the distance between M and M’ is very small, as is the
case in most vessels for a moderate amplitude, then the question is
reduced to the case of & simple pendulum, the length of which is
GM. Therefore K being the radius of gyration of the ship round
a longitudinal axis through its centre of gravity.

= «K

— . I.

/9.GM ()

K s obtained by multiplying each of the elementary weights of
the vessel by the square of its distance from the horizontal axis
through the centre of gravity, snd extending the summation
throughout the whole ship. Divide this result by the total weight
of the ship when ready for ses, and extract the square root of the
quotient, which gives K.

We see from (L), that the time of a natural oecillation varies
directly as the radius of gyration, and inversely as the square root
of the distance between the centre of gravity of the vessel and
its metacentre. Hence, by increasing K, which may be done by
moving the weights on board further from the axis about which
the ship revolves, the time of oscillation is increased ; also K re-
maining constant, if GM be diminished, T is also increased, and
vice versd.

Dr Woolley hers supposes the centre of suspension to move in a
straight line, but & more accurate way of considering the question
is as follows :—

Suppose the metacentric evolute to be found, and the curve de-
scribed by the centre of gravity is known, we have then to calculate
the time of an oscillation of a simple pendulum, whose centre of
gravity moves on the metacentric evolute the length of the inexten-
sible thread, which has a material particle at its other extremity,
varying between given limits.

The general solution of this question is attended with great diffi.
culties ; but, in particular cases, the time of an oscillation may be
sccurately obtained.

The following is a very similar question, except as far as the re-
action of the curve and string is concerned :—

An inextensible flexible thread, of given length, and without
weight, is fixed at a given point on the arc of a given curve, which
lies in a vertical plane, and to the other extremity is attached a
heavy ; find the time of an oscillation, the particles being
acted on by gravity only.

The following is the method given by the Rev. Canon Moseley
to find the time of an oscillation when the body is rolling. Let D

sT=
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(fig. 7) be the projection of the axes about which the ship is roll- Time of
ing, and O’ the centre of curvature of the surface traced out by the performing
planes of flotation at the point where the plane F/ L/’ touches this an Oscilla-
l::fneo.m;ut:mo R = this radius of curvature, then since the axis  tion.
about w! e ship is rolling is dicular to the plane of the \ o e/
paper, its moment of inertia is perpen P
d. 1
W{H+ (H, ~ R) sin%} (d—f)
where H, represents the depth of the centre of gravity in -
tical po-iltlon of the ship. ¥ gravity tn aver
And from the principle of ¥is viva,

W(H, — Hy) (008 p—co 9,)-+ £ A (con g — con ) = W{&3+

a-wran) (2

‘Where H, is the depth of the centre of buo when the shi;
isin an npri’ght position, vy oo

. _1pr+e k24 (H, — R)¥sin Zp d
--‘(01)—.2/ A ¢
=01 Y (H)—H,)) + S (cos p+cong,) (congp —cosp)

If cos @+ cos ¢, = 2, or ¢ and ¢, be small,

__l_/~t+pJ k24 (H;—R)sin?%
2 A »
() % - (Hr—Hz)""z‘W (cos p—cos ;)

1
20 (8, - + & ‘/_ " N EE L = Rpindy

vers g, —vers ¢
and if R be supposed constant between the limits — g, and ¢, We get

i L HH -REEE 2 }
t, = 14— sin}
4/ 2
o Q(Hl"nz)*'% { o
And since sin ’—;1 is small,
wk

&(p) =

A
V H, -H2+‘W) g

and the oscillations are nearly tantochronous.

Throughout these investigations, ¢ = weight of cubic unit of water.
But H, = GO, and H;=G.0, dlo“% =G¢M by form (III).

Theorem VIIL p. 156 ;

" tpy) = - _ wk _ =k

S ) S G0—Ga0+GaM)y Y (Gad—Gab)g ¥g.GM

which agrees exactly with the result obtained by Dr Woolley ; and

since ¢ is independent of the angle, we are thus led to the tanto-
chronism of the oscillations which he has assumed.

TasLe I.—Calculation of the Displacement of a Yacht similar to the Titania. (See Plate V.)

SMALL PORTION AT THE BOW.

MAIN BODY.
Calcula-
s Horizontal Ordinates taken at 58125 feet apart. . I tion of the
3§ Vertical Ordinates taken at 2 feet apart. Hort- § | Hortsontal and Ver. gg Displace-
g i ical Ordinates, each
-1 Areas, g taken 1 foot apart. E< | ment of a
Eﬂ g [sfc[r[uvfa[u[m|[D)|x |48 |1|.|nx g =3 | Yacht.
-~ “d
:gaé 14 1275 45 63 4| 94 | 109 | 1075| 1075 | 10-75| 104 95 77545 | 5 | 621744 EE 2 (8|5 ]|9 14 246
g [ 15(19 | 38 50 | 65| 77 8 97 917 95 85 | 7778 40 |14 ] 3 | 485828 E—t 0514|710 1683
3518 4| 8| 17 25 | 85| 44 5 86| 55 53 44 276| 125| 3| 0 | 250519 0] 0525|175 1116
€258 | o| 5| 8| 19 |14| 17| 2 [ 20] 20 175/ 15| 13| 10 | 0|0 | 96878 s |o[o|vs|sls| 4
- 0|0 k] 38 9 1 14 14 14 10 9 8 15| 010 61419 - 0 |0|0|0 |2 0
v Volume [Vertical Volume}
Teas 346/93 | 13:86| 246 [316| 3786| 4106 4663 | 4663 | 449 | 4006 | 344 196 |7-13] 66 |= 2343 Teas. -185| 25| 90 (186303 | =445
SMALL PORTION AT THE STERN. 93433 == half volume of main body.
1945 = volume of small portion at the bow, including knee, &c.
d 20464 = volume of small portion at the stern, including rudder-post, &c.
g‘g. Horlzontal and Ver- gg 100000 = volume of small portion above the keel, including the keel
3 tical Areas, each = 2483214 = half volume of water displaced.
E o |tkeaslfotapart | Sq 2
o 4966428 = displacement.
3- Sslesl1l0]|0] 53 64 = 1bs. weight of 1 cublic foot of sea-water.
] ,'}) -‘1’ 3‘ g 3 31‘ Number of Ibs. in 1 ton = 2340)318363392(142 = number of tons of Water displaced = weight of vessel as she
- olojoflolo]| o floats at the load-water line.
0/0 |[0|0}|0 0
Vertical Volume] Rxxarx.—The reader will have no difficulty in understanding the above calculaticns, and the manner in which
reaR 43(916/ 1 |0 Io = mdlnnu-mmwnudonthephnoﬂhehorlwnhlvm-llnuglvenlnPhhv. The sectional areas are
found by Rule L page 29, and these areas are introduced into Rule 1V. page 3.

G
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Tasie IL—Calculation of the Centre of Buoyancy.

MAIN BODY.
- Horisontal Areas multi- Funo- ~
plied by 0,1,2,8, &c.  tions. V:t:mpl S Fun
621744 x 0 = 000-000 01,3034,k tione

485-828 x 1 = 485'828 846x 0 = -000) , These functions in-
260-519 x 2 = 501-308 . 930x 1 = 9-300 | introduced into Rule
96:875 x 3 = 290-625 1386x 2 = 27732 | VIIL. art. 5, page
61:418 x 4 = 245-672 2460x 3 = 738800 | 35, bearing in mind
000-000 1st function. 485828 2d fanction. 501:038 94 function.  S1'60x 4 =126:640 | that the common in.
245672 last  do. 290-625 4th do. 2 f;.gg: g = 52% § volume of water
245°672 sum of 1st and last. 776-452 sum of even functions. 1002076 twice odd do. 4663 % 7 — 326410 disphe:g f._t 2343l3

4 46:63x 8 =873:040 (gives 42 feet near!
8105-812 four times even do. 44.9(): 9 = 404-100 | for the distance oyf
1002-076 two do. odd do. 4006 x 10 = 400-600 ] the centre of gravity
245'672 first and last 84-40 x 11 = 878400 | of the displacements
4353560 1960 x 12 = 285-200 | of the main body
4=(common interval)?. 713x 13 = 92:690 | from the first vertical
Displacemant of maln__ TTATAZA0 86x 14 = 12040 secton, marked No.

body = 2343-4)5804-746(2-47 ’ *

Calculating the centres of gravity of the small portions at the bow, stern, and near the keel in the same way, we obtain

Horizontal distance of main body from the section marked No. 24

at the BOW ...cccecicinincacecnnicecnrinnccnnns eeseereanaen = 42 feet.
Horisontal distance of includ-

ing rudder, port, &C......c.cceieeniiinrisaniiiinieninnns = 85 ,,
Horizontal distance of portion :t the bow, including

KDEO, &C. ceerrreerrcriecioraionraornonsassassrssssseansens =-3,
Horisontal distance of portion above the keel, includ-

ing keel....... esssesnennnes ceerenieeiranttnniineniennaanee = 60 ,,

Vertical distance of centre of gravity of main body below lo.d-

Water 8eCtiON .. .c.ovvierriiiieiiiiiiretneertiineiiiseesenaaenns = 247
Vertical distance of centre of gravity of portion at

stern, including rudder, &c....c..c..cevviirreennnancinnans = 500
Vertical distance of centre of gravity of portion at

bow, including knee, &c.........eeeereeroreemeeraraesasens = 300
Vertical distance of centre of gravity of portion above

keel, including keel, &c..........ccceereeeerens crevenan veees = 9740

J

.

s B

., 2343 247420464 % 64100 x 94+ 1945 x 3

2433 % 42420464 x 85+100 60 — 1946 X8 _ o o
2483214 = =

Distance of centre of gravity of displacement from first section
at bow.

2483214 = 27 foet =

Vertical distance of centre of gravity of displacement below the
load-water section.

Tasre [II.—Calculations necessary to determine the Point P (See Fig. 7.)



SHIP-BUILDING.

TaBLE IV.—~Calculation of the Metacentre when the Vessel is in an Upright Position, also when the Vessel
has been inclined through an angle of 20°.

UPRIGHT POSITION. INCLINED POSITION.
v
Tasus 1. Tastz IL. Tasrx III.
ates on Ordinates mea- Ordinates mea-
the Half- Cabes of Ordi- sured from P | Cubes of Ordl- sured from P’ | Cabes of Ordi-
th P nates to Two on the inclined | nates to two on the inclined | nates to Two
at the Load- | pigces of Deci- Plane of Flota- | Places of Deci- Plane of Flota- | Places of Deol-
s s o |
et & a|
feet apart. part.

14 27¢ 7 34 L] *13
b (] 20-80 19 6-86 14 74
45 9113 30 8100 by 1065
a3 250-06 *~ 8518 390 2700
80 51200 53 14061 +b 8113
4 83100 . [ ] 23833 46 734
103 106000 71 85791 68 1986-11
X 1342-30 78 47485 o8 31443
1075 194230 82 561-37 70 4300
1076 1M230 87 65850 74 40672
1040 112000 ol 756857 87 65850
950 85100 4 83058 0 72900
776 46548 s ] 830-38 3 77869
+50 9113 93 4 830-38
50 ‘13 87 65850 0 72900
85 61412 88 68147

82 561-87 86
78 42187 83 56187
70 34800 80 812:00
60 21600 70 34900
50 12500 60 316-00

>0 2700 50
5 1563 40 64-00

The cubes of the ordinates given in the first of these tables in- .- 28829-58 - 27816-95 = 56146:53 = the moment of inertis of

troduced into Simpson’s rule, gives 4480081 ; this result multi-
plied by 4, and divided by 24832, or half the displacement, gives
123 feet nearly for the distance between the metacentre and centre
of buoyancy. (8ee Rule XIV., p. 44.)

It has been more convenient to take the ordinates at 3:3 feet
apart in the second and third of these tables.

The cubes of the ordinates in Table II. introduced into Rule I.
p. 29, gives 28829-58.

The cubes of the ordinates in Table III. introduced into the same
rule gives 27316:95.

the inclined plane of flotation.

Honce, - 2X 8614663 _ 2 x 56146:53
* §xjdisplacement 8 x 4966°428

centre above the centre of buoyancy when the ship has been inclined
through an angle of 20°. The latter centre must be calculated in
the same way as was done in Table II.; whence the position of the
metacentre in the inclined state of the vessel becomes completely
determined.

= 7-53, height of meta-

TasLe V.—Calculation of the Volume of Immersion when the Ship is inclined through an angle of 20°
" Nat. Sin 20°="342 — Ordinates at 33 feet apart.

51
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Observa-
tions on
the preced-
ing Tables

SHIP-BUILDING.
TasLE VI.—Calculation of the Volume of Emersion.
L 2]|sa]|e]|6o] & 7 8 9 10. 1. 12. 13. 1w | 1 16
[ J

g |8 ¥ 3 p 54 a4 R z
4.4, sg[s2 |2 ¢ | B 3 £ | o4 54 |3 3
H 2 |38 ;2.8 % | 2 i zE 2 | 39| 395 |s3 |3 .| 2.
R REHEHE D 53 22olds| & (B2 Z8
$si3s| | 8|82 T E 3 Be | 42| &z [s3e|E | i
'HEH® a1 il |ER : se | 5B | s3 [s¥s|sa | EE
EIEHERRER ':E ] i ;“n g iz %2 | 2% 3§ |32 |5 &5
BRI R B 5| B8 lsa| 0 |dmrlEel g
HERE T EIE R R L 3 | & |EB| B | FE|EC 2
S |38 |5 |aT|a " |& & & & = = ] a |8 8
6| 5| -3{-00] 4| -60| -051 | -000 -051 *000 020 000 020 | 89| -370 -019
14| 14| 8| 06| 9| 142 335 | -027 -362 -362 302 | -038| 340 | 94| -892 -323
23| 222( 13| 10| 14| 214 ‘865 087 952 1-904 1211 | -186| 1397 | 146 |1-385 1-219
33| 30| 14| ‘10| 20| 304| 1693 | -093 1-786 5368 3386 | -283| 3669 | 205 {1944 | 3452
42| 45|15 ‘10| 28| 424 | 3232 | -100 3:332 13328 9050 | -424| 9474 | 2842693 | 8973
52| 46| 20| ‘12| 32| 485 4090 -160 4250 21:250 13-:088 | -776| 13864 | 3-26 | 3092 13-141
58| 58| 25| 12| 88| 6575 | &752 | 200 5952 85712 | 21-858 | 1:150| 23-008 | 887 {3670 | 21:844
67| 68| 30| 14| 44| 666 | 7791 280 8071 56-497 34:276 | 1'865| 36°141 | 4-47 | 4-239 34-213
75( 70| 30| 16| 48| 726 | 8978 | -320 9-298 74384 | 43094 | 2-328| 45417 | 488 | 4628 | 43031
80| 7-4| 30| 18| 52| 7-87 | 10123 | 360 | 10-483 94:347 | 52:640 | 2-833| 55473 | 529 | 5017 | 52:693
85| 87| 32| 20| 58| 878 | 12645 | 427 | 13072 130720 | 73:341 | 3-749] 77-090 | 590 | 5596 | 73151
89| 90| 34| 20| 60| 904 | 13697 453 14'150 155650 82:182 | 4095| 86277 | 609 | 5776 81:730
93| 92| 34{ 30| 62| 942 | 14631 | 680 | 15-311 183732 | 90712 | 6:406| 97118 | 6:34 [6-013 | 92-065
94] 94| 40| -30| 62 942 | 15110 800 15-910 206-830 93-682 | 7-536/101-218 | 6-36 | 6-032 95-969
91| 90| ¢0| -30| 60 912 | 14004 800 14-804 207256 84:024 | 7-296| 91:320 | 617 | 5-852 86-633
87| 88| 38|20 58| 878 | 13092 | -507 | 13599 203985 | 75934 | 4451 80-385 | 591 [5-604 | 76°209
85(86|37|-20| 56| 848 | 12500 | -493 | 12-993 207-888 | 70-000 | 4-181| 74181 | 571 (5416 | 70-367
75| 82| 86| 20| 50| 758 | 10520 | 480 | 11-000 187-000 | 52:600 | 3-638| 56:238 | 511 [4:846 | 58706
70| 80| 30| ‘15| 50 7-56 9:576 300 9-876 177-768 47-880 | 2:268| 650-148 | 508 | 4818 47-583
60| 70| 20| ‘12| 44| 6.65| 7182 | -160 7-342 139498 | 31-601 | 1-064| 32665 | 4:45 |4-221 | 30991
60| 60( 20| 10| 88| 674 | 6130 | -133 5:263 105260 | 19494 | -763| 20257 | 385 |3652 | 19122
40| 60( 16 -10| 32| 484 8420 | -100 3520 73920 | 10944 | -484| 11-428 | 324 |3-073 | 10817
25| 40/10/-00 2 | 300| 1710 | o000 1710 37-620 3420 | 000 3420 [ 2:60 |1-897 3244

Volume by Distance of 0181748

Simpson’s Rule| centre of gra- 600

= 600 feet wgq =|vity from a ver- = 503 foot.

17-1 tons. cal section

= 416 feet.

Observations on the preceding Tables.

It ought to be remarked, that in the foregoing tables
extreme accuracy has not been aimed at, either in taking off
the lines of the yacht, or the multiplications, &c.: the results
are offered to the practical man, merely as illustrations of
the rules already given. No remarks are needed on tables

Fig. 9

I. and IL,, except that in the latter, the centres of gravity
of displacement of the small portions near the bow, stern,

and keel, have been assumed instead of calculated ; but it
will be found that the distances given therein are very
nearly correct. Table III. determines the position of the
point P (vide Art. 12, p. 45). The reader will under-
stand how the necessary data are obtained from the obser-
vations appended to Table V.

Having determined P, set off a distance OP'= QP (vide
fig. 7), and through the points P and P’ draw the lines o'n
and on’ respectively, making angles of 20° with the line
FL., then referring to Table V.

The first column is obtained by measuring, on the
same scale, the ordinates Pa, PS, Py, &c. up to PL, and
then by measuring P'F, P'§, P'o, P'm, up to Pa.

Column (2) is obtained by measuring the ordinates Pa,
Pb, Pc, &c., up to Pn, and then P'o, P'p, &c., up to P’z.

Column (8) is got by measuring the right lines aa, 86,
¢y, &c., up to nL, and then FO, &, &c.

Column (4) is obtained by measuring the perpendicular
heights of the small parabolic segments, aa, 68, &c.

Column (5) is got by bisecting the tifht line joining Ln,
joining the point of bisection to P, and measuring all the
bisectors of the triangles Paa, PbB, and by taking two-
thirds of these results from stern to stern, as was done in
columns (3), (4), since the centre of gravity of a triangle
lies in the bisector of a side at a distance of two-thirds of
the length of the bisector from the vertex.

In column (6), it has been assumed that the centres of
gravity of the parabolic and triangular areas lie in the same
right lines, namely, the bisector of the bases of the triangles
(produced for the parabolee). This sufposition will be very
near the truth. If; then, we add the length of each bisec-
tor to two-fifths of the height of each corresponding para-

Observa-
tions on
the preced-
ing Tables.
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line, for in the present case all our calculations have been Observa-

bola, we obtain the results contained in this column. The
centre of gravity of a bola, it ought to be observed, is
at three-fifths of the length of the axis from the vertex,
and, consequently, at two-fifths of the length of the axis
from the point where the double ordinate cuts the axis.

Column (7) is obtained by taking the product of the cor-
responding horizontal numbers, given in columns (1) and
(2), and multiplying the result by 4 the natural sine of 20° =
- =°171. Because the area of a triangle=} the pro-
duct of any two sides, multiplied by the natural sine of the
included angle.

Column (8) is got by multiplying together the corre-
sponding numbers in the horizontal rows of columns (3)
and (4), and then taking two-thirds of the products, since
the area of a parabola = two-thirds of the circumscribed
rectangle.

Column (9) is obtained by adding together the corre-
sponding areas in columns (7) and (8). These areas are
introduced into Rule I. for the volume.

The results in column (10) are obtained by multiplying
the results of column (9), by the numbers 0, 1, 2, 3, 4, &c.,
and these numbers are introduced into Rule VIII., in
order to obtain 40°1 feet for the distance of the centre of
gravity of the immersed wedge-like portion from the first
section at the bow.

The results of column (11) are the areas of the triangles
multiplied by the distances of their respective centres of
gravity from the axis passing through P.

The results of column (12) are the moments of the para-
bolic areas about the same axis.

The results of column (13) are obtained by adding to-
gether those of columns (11) and (12), thatis, m, x, + m, z,
where m,, m, represent the areas of the triangle and para-
bola respectively, and x,, z, the distances of their centres
of gravity from the axis.

The results given in column (14) are obtained from the

formula E:"L;l'—:_%f’, where m,, m, represent the areas

1
of the triangle and parabola respectively, and z,, z, the re-
spective distances of their centres of gravity from the axis,
and z the distance of the centre of gravity of the whole
area from the same axis.

The results given in column (15) furnish us with the
distance of the centre of gravity of each mixtilinear area
measured along the inclined plane of flotation Pa.

Column (16) gives us the moment of each of these areas
in re to the same plane of flotation, and these results
introduced into Rule (I.), and divided by the wedge of im-
mersion, gives 515 feet, the distance of the centre of
gravity o§ the whole volume of the wedge of immersion
measured from the axis along the inclined plane of flota-
tion Pn, that is the distance p, ¢,

In Table VL. the same methods are pursued as in Table
(V’.B, the ordinates Pa’, Pb, &c.; P'o’, P'p/, &c., being taken.

he reader will readily perceive how the work in co-
lumns (15) and (16) may be curtailed, since each horizon-
tal row is multiplied by the common factor ‘9484. He will
now have no difficulty in calculating the dynamical stability
of the vessel when inclined through the same angle. The
results of such calculations are too laborious and lengthy to
introduce into the present work after what has already
been given.

Adggng the results given at the bottom of Tables (V.)
and (VL)

Column (16) we obtain p, ¢,=10°18 feet.

We have next to ascertain the exact position of G, the
centre of gravity of the ship, as she floats at the load-water

based on this assumption.

53

tions on

“ The position of the vessel’s centre of gravity G de- the preced-
pends partly on the construction and partly upon the dis- 128 Tables.

tribution of the lading and ballast, which circumstances
therefore determine the distance GGy, or the distance be-
tween the centre of gravity of the vessel and that of the
displaced volume.”!

The centre of gravity may be found by the method
enumerated in Art. (4); but as the centres of gravity
ought to lie in or a little below the load-water section, we
shall assume it to be one foot below that section. Then,
since

MG,=123 feet, vide Table IV.
and OG = 27 ,, ,, Tablell

s MO = 96 ,, and MG=96+1=106 feet.

and GG, = 2:'7-1=1'7 feet.

It will readily be seen, from these results, that equations
(1), (IL.), (II1.), Art. 11, are satisfied, and hence the ves-
sel is in a stable portion of equilibrium after she has been
inclined through an angle of 20°.

Atwood, in the paper just quoted, takes GG’ as the mea-
sure of stability ; hence, by ﬁquation (1), Art. 4,—

GG'= 2 w—-GGgq.Wsin ¢
- W

w L

=p q.( ;) -GGysin¢
_1018x 176
=T 1

tons is taken for w,—that is, the mean value of the weight
of the volumes of water emerged and immersed,

~ GG'=12638 - 5814 ="6824 feet.

If we multiply this result by the weight of the vessel, we
obtain the moment of the vessel’s stability.

Atwood states that, in some vessels built in his time, the
distance between the points G and G4= }th of the greatest
breadth at the load-water line.?

The determination of the stability herein given refers
to the rolling motion only of the vessel, though, generally
speaking, when a vessel is in a sea-way, there will be both
a pitching and rolling motion.

- 1'7 x 342, where 176

“ The force, or measure of stability here givén, is en-

tirely independent of the water’s resistance, which co-
operates with the vessel’s stability only while it is inclining,
and wholly ceases as soon as the vessel has attained to the
greatest inclination, at which it is supposed permanently to
remain in a state of equilibrium; the inclining force being
exactly balanced by the force of stability.”?

The time of an oscillation may readily be obtained from
Equation (1.), Art. 17.

wk
For T 77.GM
= _81416xk_
V/322x106’
when % may be calculated when the position of the weights
on board are known, inasmuch as the axis about which the
vessel is rolling is supposed to be known.

ARrT. 18.—Naval architects employ a method for deline-
ating the immersed portion of a ship by means of a curve
of vertical sectional areas, as well as for determining the
position of the centre of buoyancy, &c. The principles
employed are those enunciated in Rules I, II,, VIIL, IX.,
&c., where the areas, moments, &c., are set off at their re-
spective distances on the base-line,—that is, the load-water

1 Atwood’s * Disquisition on the Stability of Ships,” PAil. Trans. of 1798.

3 Ibid,, p. 296.

3 Ibid., p. 305.
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line, divided by a constant quantity corresponding to the

sions de- depth of the volume of water displaced.

duced from

Theory.
\‘\~

Length.

Breadth.

hus the displacement is considered as divided longi-
tudinally into two equal portions, which is equivalent to
B

L A

Fig. 10

dividing the base-line of the sectional areas into two equal
portions. Thus, if FL (fig. 10) be the load-water line,
which is bisected in A, FBL A F is taken to represent
half the displacement. If we set off the vertical areas as
ordinates at equal distances apart, the curve F B L, passing
through their extremities, will be that of the curve of sec-
tional areas, and the centre of buogmcy may be deter-
mined by the usual methods. See Peake’s Rudimentary
Treatise on Shipbuilding ; London, John Weale.

Conclusions deduced from Theory applicable to Ship-
Building.

Before a naval architect lays down the’ lines of a ves-
sel, he is aware of the purposes jfor ,which she is in-
tended; he knows the armament, cargo, &c., which it is
intended she should carry. These being known, as well as
her weight at launching, since the specific gravity of the
materials of which she is composed is known, the first re-
3uirement is to make the total weight and correspondin

isplacement, when ready for sea, agree with the require

draught of water. We know that the displacement de-
pends on the product of the three dimensions, length,
breadth, and depth ; the naval architect therefore proceeds
to form a rough design, probably in comparison with some
well-known ship of the same class, and he will then pro-
ceed to adapt this design, as far as practicable, to his own
calculations, at least as far as is necessary.

One of the first dimensions he ought to fix on is the
length ; but great care is here required, as one of the
dimensions cannot be determined, without, to some extent,
determining the others also, in order that the requisite sta-
bility may be secured. When the length is too great, there
is a great difficulty to be overcome in steering, owing to
the effect of the winds and water on the bow, stern, and
hull generally.

If care is required in fixing the length, still greater cau-
tion is required in fixing the breadth, inasmuch as, to a
great extent, though not entirely, her stability during a
rolling motion dc:lpends on this dimension. Dr Inman, in
his notes appended to Chapman’s Architectura Novalis
Mercatoria, p&‘ 273, 274, says that “ a straight of breadth,
extending as far as rossible fore and aft, and‘ above and be-
low the load-water line, is no doubt the most advantageous
to the stability at any finite angles of heeling,” and also
that the vessel ought to be stiff at a small angle, and neither
increase too rapidly nor too slowly in the resistance to
heeling at larger angles. |,

If the breadth is not sufficiently great, the weights on
board could not be removed sufficiently far from the axis
passing through the centre of gravity, and, during a rolling
motion, the time would thus be diminished, inasmuch as
the moment of inertia of the vessel about the same axis
would be diminished, other things remaining the same.
(See Equation I., art. 17.) In consequence of this uneasy
rolling, it might become necessary in a heavy sea to cut

away the masts, &c., in order to ease the ship, since their Conclu-
times of oscillating would not synchronize with those of sions de-
the vessel. On the other hand, when the weights are duced from

placed at a greater distance from the axis of rotation, the
moment of inertia, and therefore the time, is, ceteris pari-
bus, increased. Generally speaking, the rolling under these
circumstances will be easier than in the former case, as the
times of oscillation of the masts, &c., will more nearly syn-
chronize with those of the vessel. (See below.)

Theory.

Much, too, depends upon the draught of water of vessels, Draught.

for a vessel with too great a draught of water must neces-
sarily meet with great resistance from the pressure of the
water on the lower part of the bottom, especially on a wind,
and she will therefore tack and wear with difficulty and un-
certainty. A greater draught is generally given at the stern
than at the bow, since a finer run is thus obtained, and the
rudder becomes more deeply immersed in the water. More-
over, in sailing-vessels, the effect of the wind on the sails will
generally be to immerse the fore-body more deeply than
the after-body, and thus to counterbalance the increased
draught of water aft.

Having assumed a length, breadth, and draught of water,
the constructor must in the next place determine the posi-
tion and form of the greatest transverse or midship section.
Every naval architect will adhere to his own opinions in
regard to the position of this section ; but as the vessel has
to cleave her way through the water, the position and form
of this section, as well as the form of the fore and after
bodies, ought to be such as to transmit the displaced fluid
with the greatest facility to the right, left, or to the stern.
It was with this object in view that Mr Scott Russell pro-
posed his “ Wave-Line Theory,” by which plan he endea-
voured to throw each particle of water, as it came in contact
with the vessel, just far enough to the right or left, so as to
admit of the midship section of the vessel passing through
without the same particles of water again coming in contact
with her sides. A vessel ought to be so constructed, that
when it is made to roll through small angles, all the centres
of gravity of the planes of flotation should lie in the midship
section ; which section should also contain the centre of gra-
vity of the ship, and that of the displaced fluid ; for, if these
conditions be not fulfilled, the vessel will not roll about an
axis parallel to its length ; and then for every rolling motion
there will also be a corresponding pitching motion.!

As has already been remarked, the straining of a vessel
depends upon the oscillations of the various portions of the
vessel synchronizing with each other, and upon the times
of rolling or pitching. Ceteris paribus, the more slowly
a vessel rolls, the less strain will there be on the masts and
timbers ; because in quick rolling the masts, on account of
their inertia, are not put in motion at the same time as the
ship; and by the time the vessel begins to roll back again
the masts are still being carried forward, so that this cause
will often account for the masts and yards being carried
overboard in a heavy storm. In order to make a vessel
roll more slowly, the weights ought ta be removed to a
greater distance from the axis about which she rolls—by
running up the yards, for instance ; and the more quickly
will she roll when the weights are brought nearer to the
axis, as when the guns are run back in a heavy sea.?

We see by Equation, Art. 17, that the time of rolling de-
pends on the moment of inertia of the ship, and the dis-
tance between the metacentre and centre of gravity of the
ship. This time varies directly as the former, and in-
versely as the square root of the latter. Four cases will
thus present themselves when the same vessel is immersed
to the same draught fore and aft :—

(1.) “ The time of natural oscillation may be increased
both by reason of the increase of K, Equation (L), p, 47,

1 See Moseley’s Paper on Dynamical Stability.

3 Ibid.
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and the raising of the weights of the ship. This can scarcely
in the case of a very broad vessel with
comparatively high masts and yards.

(2.) The time of a natural oscillation may be dimin-
ished by the diminution of K, and increased by raising
the weights of the ship, and in that case there may result
little or no change in the time. .

(3.) It may be increased by the increase of K, and di-
minished by the lowering of G, the centre of gravity.
Here, again, there may be little or no change in the time
of oscillation.

4.) It may be diminished both by the diminution of K,
and by the lowering of the centre of gravity.

A ship laden with a very heavy cargo—iron or copper,
for instance—will roll more rapidly on both these accounts,
if the iron or copper be placed in the hold near the kelson
than if raised on a stage; and if it be stowed near the
sides of the ship, this circumstance will tend still further to
make the vessel roll more slowly.

If G is fixed, it is evident that G G4 will be smallest in
those vessels which are full about the water-line and lean
below ; such ships must therefore, ceteris paribus, be quick
rollers. If G Gg4 be increased by lowering Gg—i.e., by
making the vessel comparatively full below, and therefore
of less depth—M G will be diminished, and the -time of
oscillation is increased. It is hence evident that the form
of a vessel below the water-line must naturally affect its
rolling qualities.”!

Canon Moseley remarks,® “ That form of vessel in
which the surfaces subject to immersion and emersion,
when intersected by planes perpendicular to the vessel’s
length, have circular sections, having their centres in a
common axis, is, ceteris paribus, eminently a stable form ;
because, in a vessel of such a form, the centre of gravity of
the portion of the displaced fluid which is included within
the solid of revolution formed by all these circular sections,
does not in the act of rolling rise.

“ If it be not practicable to give to the vessel, throughout
its whole length, a form subject to these conditions, this is
practicable with regard to the midship section, which is the
governing section.”

On the whole, as might have been expected, vessels
with paddles may be built of less breadth than those fitted
with the screw, as the paddle-wheels will tend to increase
the stability when inclined through a finite angle. This
remark ought, however, to be received with some caution.

There cannot be a doubt that, as far as speed goes, the
best form of vessel has not yet been obtained, though daily
experience seems to show that naval architects are gra-
dually advancing in this respect. To prove this we need
only instance the performances of the new Dublin and
Holyhead, and Dover and Calais steam-packets, as well as
the performances of other fine vessels, as given hereafter in
this article, and also in the article STEAM NavigaTION.

Some further remarks on these points will be found when
treating of the forces acting on a ship in motion.

The Forces which act upon a Ship in motion, as they in-
JSluence her general dimensions, form, and qualities.

The methods by which the displacement of a ship is
found, and those by which the positions of her centres of
gravity are determined, having been described, and the
principles on which her stability depends having been
pointed out, it is now proposed to consider the forces which
affect her speed through the water.

It was at a very early period pointed out by mathema-
ticians, that the velocity with which water will run “out
through a small orifice in the bottom of a vessel is the same
as that which would be acquired by a body falling from a
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height equal to the depth from the surface of the water to Forces

the hole.

The truth of this has been at various times sffecting a

tested by many experiments, and has been confirmed by all Ship in
that have been made. Euler, in his work, Theorie Com- ™4™

plette de la Construction des Vaisseauz, took this as the
basis of his investigations of the theory of the resistances
whichsolid bodies moving in afluid haveto overcome. A pas-
sage in the English transltaion of his work is giventhus :—
“ We know, both from theory and experience, that the water
contained in a vessel, whose height is = &, will run out through a
bole in the bottom with the same velocity that a body falling from
the same height, A, would acquire. And if the letter g denotes the
height through which a body falls in one second, we also know
the velocity will be such that it would run through a distance
= 2#/gh in the same time. Since, therefore, this velocity is su
posed =¢, or 24/g}, = ¢, and, by taking the square, 4gh =c3;
whence we have the height sought, h=-4—g; consequently, the

force of the resistance which a supposed plane surface =/.3 will
oxp:ri:nee by moving in water, with the velocity ¢, will be

=%-; and by this force the surface will be acted on, in a direc-

tion contrary to its motion. Hence, we see that this resistance is
always proportioned to the square of the velocity, and also propor-
tional to the area of the surface itself, so that by this means the
resistance is perfectly determined.”

The truth of this fact may also be made apparent by ordi-
nary reasoning. For if a body be moved in water with a
velocity of 1 foot per second, a column of water having the
same area for its base as the direct surface or midship sec-
tion of the body in motion will be moved out of the way,
or impelled with a velocity of 1 foot per second, and the
weight of this quantity of water will be the measure of the
resistance ; but if the body be moved with a velocity of
2 feet per second, the column of water will not only be
2 feet long, but each foot in length of fluid must now be
moved in half a second, as each particle is moved with
double the former velocity. The measure of the resistance
therefore is first doubled on account of the doubled velo-
city, and is again doubled or made fourfold, that is squared,
on account of each particle, or the whole of the double

uantity, having to be moved at this doubled velocity.

he resistance, therefore, which with a velocity of 1 foot
per second was=1, will with a velocity of 2 feet be equal
to 4, or the square of the velocity. In the same manner, if
the velocity be increased from 1 foot to 4 feet per second,
the amount of water to be displaced in one second will be
four times the quantity ; and, again, eacrl:x}mrticle of water
must be moved with four times the original velocity. The
measure of the resistance in this case, therefore, will be
=16, which again is the uLu:re of the velocity ; and thus
it may be shown, that to whatever degree the velocity may
be increased, the resistance will always be increased in the
ratio of the square of this velocity.

In all these cases, as the columns of water to be moved
always have for their bases the same areas as the areas of
the direct surfaces of the moving bodies, so the resistances
which are respectively represented by the weights of these
columns of water will always be proportional to the areas
of the surfaces, or midship sections of the bodies.

If the resistance to the motion of a vessel through the Amount of
water were not lessened and modified by her form, the de- resistance

gree of it, by the foregoing considerations, would be ascer- i# dimi-

tained by finding the weight of a column of water whose 2

equal to that from which a body must fall to acquire the
velocity at which she is propelled; and the resistances of
similar vessels, when moved with the same velocity, would
be proportional to their midship sections. The direct
resistance, however, to any plane surface will be diminished
by placing a triangular or other form of body before and

1 From a paper by Dr Woolley.

3 Moseley’s Paper, &c., p. 634.

base is equal to her midship section, and whose beight is form of
t!
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Forces behindit. Many experiments have been made on the forms
affectinga to be added in this manner, with a view to discover the law
:‘:g In  of the diminution of this resistance, and thus to be able to
\ *, approximate to the form of least resistance. All attempts
to reconcile the theory of the resistances on plane surfaces,
. as established by experiments, with those on oblique surfaces
presented to a fluid, have as yet failed. Bossut® was the first
to give the theoretical resolution of the resistances on the
sides of a wedge-shaped body, which he did as follows; he
then showed that this is found by experiment not to be true
with respect to bodies with sharp ends moving in water :—
Let ADB (fig. 12.) be an isosceles triangle, moving in a fluid of
infinite extent in the direction
of its height QD. The face AD
is subject, according to theory,
to a resistance in the direction
FE perpendicular to itself, such
that in calling « the perpen-
dicular and direct resistance
experienced by the half-base AQ.
‘When moved with the same velo-
cityas the triangle, we have force -
AD x (sin ADQ) D

FES X" AQx (AD)

— e AD X AQ?
="XZQx AD?

—_,AQ, . .
_.-xm.andmtlimn-

lar manner we have, for the other

B
force BD, force ¢=w x BD Fig. 13.
A
=wX A—g' Resolving each of the two equal forces FE and fe

into the two others, FH, FK and s'A f k, the one perpendicular and
the other parallel to the base AD of the triangle, it is evident that
the two forces equal and directly opposed to each other, FK and
Sk, destroy each other, and that the triangle is simply acted on in
the direotion QD by one force = FH + /h=2 FH = 2 FE x A%
. AQ
Resistances — 2« x '".. Hence, if we call this force 2 FH =
on obligae X 13 orce P, and call the

surfaces, Perpendicular and direct force which acts upon the base AB,

when moved ;vith the same velocity as the triangle = P, we have
A .

A_g" Comparing this formula with his experiments,

Bossut found the following results in four instances of experiments

with different models :—

p=Px

Distingunishing Value of p in Maros.
No.t' M»del“l lMl lenof
np'::.n e noidence. By Experiment. By Theory.
9 45° 1296 nearly. | 12
10 33° 41/ 1080 ,, 7-38 nearly.
11 26° 34/ 839 ,, 4:80
12 21° 49’ 832 3-31 nearly.

These dif-  From the above it is seen that the results of theory differ
fer in further and further from those of experiment, the smaller
theory and the angle of incidence, that is, the finer the angle of en-
in practice. yrance of a ship, is made. Further experiments have been
made with a view to discover the law of this branch of the
theory of resistances, but as yet without any results such
as will enable any calculation to be made to determine be-
forehand, with any accuracy, the extent to which the resist-
ance of a body of any given form will be diminished from
that due to the base or midship section of the body. Even
if a law were discovered for different angles of incidence,
the difficulty of the investigation would still be great, when
it is considered how constantly this angle varies on every
portion of the fore-body of a ship. Every one conversant
with the practice of naval architecture is well aware, that
if a model of a vessel be made in wood, a very slight
amount of paring away at the bows will make a very mate-
rial alteration in the speed, while the alteration upon the
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angles of incidence would be so small as not to affect, in any  Forces
material degree, any calculations based upon them as awhole. affecting a
Theory therefore fails, by any abstract calculations Sbip in
founded on the angles of incidence, to give any rule by ‘™4™
which to ascertain the resistance of a vessel of any given
form, and consequently to ascertain the velocity that she Zccuracy
will obtain by the exertion of any given amount of power MM”;;
to propel her; and the naval architect is thus driven to gzperi-
ascertain these points by comparison with the results ob- meats on
tained from vessels of known form and power. plane sur-

It has already been shown, that the resistances expe- faces.
rienced by the same body, when moved at different velo-
cities, vary as the squares of the velocities, and that the
resistances of vessels similar in form, but of different mag-
nitudes, when moved at the same velocity, are proportional
to the areas of their midship sections. Many experiments
have been made to test the accordance or otherwise of
these theoretical deductions with the actual results ob-
tained in practice. M. Bossut reported, as the result of
the experiments conducted for the Royal Academy of
Sciences at Paris in the year 1776, that the resistances of
the same surface, moved with different velocities through a
fluid infinite in extent, follow nearly the proportion of the
squares of the velocities, and also that the perpendicular
and direct resistances of several plane surfaces, moved with
the same velocity, are very nearly proportional to the areas
of the surfaces; and, consequently, that experiment and
theory may be said to agree on these points. The experi-
ments made in 1796 and 1798 in this country by the So-
ciety for the Improvement of Naval Architecture, and con-
ducted by Colonel Beaufoy, lead to the same conclusion.

These latter experiments were made with bodies of va- On bodies
rious forms, and at velocities varying from 1 to 8 nautical of various
miles per hour, The relative proportion or degree in which forms-
the resistances and velocities varied in bodies of different

forms, differed comparatively slightly, being in some cases

above the square or second power, and in other cases

below it; in one instance it reached as high as the power

of 2:2061, and in another instance as low as 17914, but

the average of the results obtained from these experiments

may safely be taken as corroborative of the theory, and as
evidence that it is sufficiently accurate for all practical pur-

poses, and is applicable to vessels of the different forms

used in practice by naval architects.

Exception has been taken by some to the results of
these experiments, because the bodies were entirely sub-
merged ; but the reasons for so conducting the mappear to
be stronger than those for conducting a series of experi-
ments on bodies only partially submerged, and then subject
to other influences tEa.n the action of the water through
which they are passing. Deductions based upon the grounds
thus established, as furnishing correct data on the subject
of resistances, are of great practical value to the naval archi-
tect, though the actual or absolute resistances per square
foot of surface or of midship section remains undetermined
on account of the ever-varying forms given to the bodies
of ships before and abaft the midship section.

The direct resistances to which any body is subject while The rela-
moving at different velocities have been shown to be as the tion of
squares of the velocities ; that is, if R represent the resist- PO7er '
ance at one velocity called V, and r represent the resist- -
ance at another velocity called v, then

R:r::V3:p2
The power expended to overcome any resistance for any
definite distance, or, what is the same thing, the amount of
work done within any given time, may be represented by
the product of the resistance overcome, multiplied into the
velocity, or by the product of the weight representing the
resistance, multiplied into the distance passed over by it.

1 Nouvelles Expériences sur la Resistance des Fluides. Paris, 1777,
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Forces If R then be multiplied by V and r by.v, the products will
affecting a respectively represent the powers employed in each case,
Shipin and R V=P whilst ro=p.
motion. - Reverting to the formula—
Rir::VZ:e?
it is evident that by multiplying both sides by the propor-
tional V 1 v, we obtain
RV:rp::V3:43
and by substitution of equals or equality of ratios,
P:p::V2: 3 .
In calculations respecting the speed of vessels, the power
taken is generally the indicated horse-power, or the gross
power exerted in the cylinders; and to denote this, IHP
is generally used instead of P. This will make the formula
stand thus :—
IHP :ihp :: V303,

From this it will be seen that the horse-powers vary as
the cubes of the velocities, or the velocities vary as the
cube roots of the powers required to produce them. If
the velocity, therefore, of any vessel with any given amount
of horse-power is known, the velocity she will attain with
any other amount of power, or any other velocity being
assumed, the power necessary to drive her at that velocity
may be computed.

Example—A vessel having been proved to have a speed
of 8-328 knots per hour, with 813 indicated horse-power,
it is desired to know what velocity she would attain with
2000 indicated horse-power ; the vessel being supposed in
every case to have the same draught of water, so that
there is aiways the same body to be propelled, the formula
would stand thus :—

813 : 2000 : ¢ 8:328% : +8.
V, the required speed, is thus found to be equal to 1125
knots.

Or, with the same vessel it is desired to know what indi-
cated horse-power would be required to give her a velocity
of 1125 knots—

83283 :11°25% : : 813 : ikp ;
thp, the required indicated horse-power, is thus found to
be 2000 horses.

The speed or the power thus obtained, even though in
practice it may be impossible to carry out the conditions,
will be a mathematical truth, and will afford perfectly sound
grounds from which to draw conclusions with respect to
other vessels in which these conditions will be possible,
For instance, in theoretical calculations, a large amount of
power may be supposed to be put into a vessel of so small
a size that she could not carry it, but the velocity found by
calculation as due to this small vessel with this large
amount of power may be used as a ground of comparison,
if it be desired to compare her performance with the per-
formance of a vessel of sufficient capacity to carry this
power. A comparison in this way may even be carried so
far that the performances of H. M, yacht Fairy, of 312
tons measuremient, may be used to predict the speed at-
tainable by a vessel of the size of the Great Eastern if
built with a midship section, and with lines of the same
character, so as to be as near as may be mathematically
similar. This mode of comparison has been most success-
fully carried out by Mr Atherton, who has investigated the
subject ot comparative steam-ship capability at great length,
and in a most able and valyable manner.! .

The mathematical correctness of the comparisons be-
tween similar vessels, though of different sizes and pro-
pelled by engines of different powers, may be demonstrated
by reverting to the fact that the resistances of two differ-

Examples,

Compari-
son of ves-
aels of dif-
ferent
sizes and
powers.

Such com-
parisons
are mathe-
matically
correct.
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ent areas are directly as these areas when both are moved Forcex
at the same velocity ; and that the velocities of the same acting on
vessel, or of two vessels of the same size and similar in all ® Sbip in
respects, are as the cube roots of the pawers, the areas or motion.
midship sections of the two vessels being the same, and

therefore equal. When the areas or midship sections are

not equal, it is evident that the cubes of the velocities will

be to each other as the ratios of the powers to their re-

spective areas, thus :—

P
V33 i :%;and therefore,
V3 : 903 :: Pa: pA,or
ViA_da
P —p'

In using this formula, a ‘coefficient C may be introduced A coeffi-

us cient may
th be em-

vixa ployed.

3
v “A=c.ndc=T

P
for the purpose of saving labour in the calculations.

The velocity, area of midship section, and horse power
of any vessel being known, the coefficient for that vessel
may thus be found; and if it be proposed to build a larger
vessel, similar in proportions to the existing vessel, of which
all the particulars are known, and which is called the type
of the larger one, then the coefficient, the area of midship
section and the horse-power of the proposed vessel being
known, the speed she will attain is found as above.

In practice a ratio of the displacement of ships to be A ratio of
compared is frequently used in preference to the ratio of displace-
their midship sections, because it is considered that there :’:z::;'ii_
is likely to be a nearer approach to a mathematical simi- ypeqqd of
larity in this case. If two vessels of different displacements, midship
D and d, and different midship sections, A and @, be mathe- section.
matically similar, then the displacements vary as the cubes
of any one of their like dimensions,—their breadths, for in-
stance ; whereas, the areas of the midship sections vary as
the squares of the same dimensions ; that is, if B and 4 denote
the breadths of two similar vessels at the load-water line,

B3:5%::D :4,
and Bi:3:: A :a.
Hence, B%:08::D2:d8,
and B6:8%:: A3:a%;
therefore, AS:a3 :: D?: d2,
and A :a ::D¥:al

Any other dimensions—viz., the lengths or the depths—
might have been employed. The principles here made use
of are generally stated thus :—

The volumes of similar solids are as the cubes of their like
dimensions, and the areas of similar figures are to each other as the

squares of their like dimensions. Hence, then, D‘, or may be
used instead of the areas of the midship section, and the formula
V3xA V3 x mid. sec.
P\ 1mEP
v3x D
tuted by the formula THP
As an example of the practical use of this formula, let it Example
be supposed that there is a vessel in existence whose velo- of the ap-
city is 8328 knots, with the exertion of 813 indicated horse- P!ication of
. . e for-
power, and whose displacement is 3080 tons. The coeffi- ula.
cient for this vessel is therefore found thus,
8-328% x 30803
813
It is now desired to find what will be the speed of a ves-
sel similar in form to this vessel, but so much larger as to
have a displacement of 5760 tons, and with an indicated
horse-power of 2000 horses. In this case

, a8 it is generally written), may be substi-

=C.

= C =1604.¢

1 Steamspip Capability, by C, Atherton, Grant, Woolwich, 1854.

2 [n Mr Atherton’s work, previoysly qunted, tables of the cubes of the velocities, or v®, and of the cube roots of the squares of the
3, -,
displacements, or D;, otherwise written ¥ D3, will be found, which will naterially lessen the labour of these calculations.

H
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Forces V3 x 57608

acting on %000 1504
a Ship in P —

motion. . — . 2000 _
— .V—,\/1504x5—760‘_978kn0u.
Hogue and  These figures are not imaginary, the results given as
Duke of  those of the smaller vessel are the results which were ob-
w““"“':“tained from H.M. ship Hogue, on trial at the measured
;:';;5‘:: knot in Stokes Bay, at Portsmouth, and the particulars of

completion the larger vessel are those which were assumed for H.M.
of the lat- ship Duke of Wellington in 1852, before she or any vessel
ter. of her class had been fitted or tried with a screw propeller
and steam power. On actual trial the Duke of Wellington
realised a speed of 9891 knots, with a displacement of
5829 tons, and an indicated horse-power of 16992 horses.
The coincidence of the actual results with the speed, as
calculated by the formula, is remarkable ; but many in-
stances of similar correctness might be quoted. In using
For correctthe formula, however, it must never be forgotten that the
compari- vessels, though of different sizes, must be mathematically

son, ves- gimilar, in order that the results may be true, and that
;‘:'mma::_ otherwise the results must only be looked upon as approxi-
mm;ny mations nearer or farther from the truth, as this condition
similar.. is more or less nearly fulfilled, care being taken that the
propelling power in both cases is applied with equal effici-
ency. It is scarcely necessary to remark, after what has
been said, that the higher the coefficient or index number
of any vessel is, the better is her relative performance,
taking into account her size, power, and speed.
Actualre- It has before been shown that calculations founded on
sistances  the angles of incidence at the bows of a ship to determine
gie;i::?:w the exact resistances, do not correspond with the results

determine, Obtained by experimental researches or with practice. At-
tempts are still being made to determine the exact resist-
ances to ships of different forms, moving at different velo-
cities, and valuable additions to our knowledge, in this
respect, may yet be looked for; but the subject is one
The amount Which is beset with many difficulties. The state of the
of friction- surface of the immersed body will always affect this ques-
al resist- tion greatly ; and, after the utmost care, it is most diffi-
‘""e;';ﬂ“' cult to ensure that two vessels brought together for rigid
ttato of  comparison, or that two or more results obtained from the
surface, Same vessel at different periods of time, shall be equally
affected in this way. The speed of a vessel has been tound
by observation to be reduced as much as 20 per cent. by
the foulness of the bottom. It must be observed, how-
ever, that whilst this last-mentioned fact proves the extent
of the influence which the friction of the water upon the
surface of the vessel exercises upon her speed, it in no way
invalidates the foregoing calculations, because similar ves-
sels, with their surfaces in a similar state, no matter what
that state may be, whilst within the limits of roughness or
foulness found in practice, will still have their speeds to vary
as the cube roots of the powers.
Formule  The following formule were submitted to the Institution
founded on of Civil Engineers in 1857, as the results of some experi-
the angles \\ontq instituted by Mr Hawksley, and as the results of ex-

:;:.’z:"::id perience up to that time on the subject :—

on friction (& . . ’ s }
—vys! & 2! 4
of surfacee “H=V | T7atin®gx sin 2+ 5519 No. L.
. " !
V=29 3
(144 « (sin 275 +lln2%+s) . . . No.2

In which H was the effective horse-power, and equal about §ths of
the indicated horse-power, and a the area of the midship section in
square feet, / the angle of the bow lines, # the angle of the stern
lines, and s the immersed or wetted surface of the vessel in square
feet. The value of the coefficient of s+ had been ascertained from
numerous experiments made to determine the friction of water
passing through pipes, and, from the consistency of the results,
might be regarded as practically correct for surfaces of iron. At
a velocity of 15 feet per second, the resistance of water amounted
to 25 ounces per foot superficial.
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The precise value of the coefficient of & was somewhat less cer-
tain, inasmuch as the theoretical and experimental results were not
altogether coincident, or in perfect agreement amongst themselves,
and it was therefore proposed to institute a further course of ex-
periments, which would, in due time, be laid before the Institution.
In their present form, however, the equations would give a near
approximation to actual experience; for instance, when applied to
the Atrato, a large steamer having upwards of 3000 indicated
horse-power on board, the formula gave a speed of 15 miles per
hour, while, upon the measured mile, the actual speed appeared to
be 16 miles per hour. It was quite useless to attempt equations for
curved forms, nor was it necessary to do so, as by dividing the im-
mersed solid into four parts, by five equidistant planes taken par-
allel to the load-water line, and calculating each part by three or
more angles, formed by the intersection of tangents to the respec-
tive curves of the bow and the stern lines, any required degree of
exactitude might be obtained. In general, with regard to sharp
vessels, a single calculation would be sufficient for ordinary prac-
tical purposes, and especially after a little experience had been
gained, in estimating the angles at the head and stern, capable of
spproximating to the results of curves.”

Forces
acting on
a Bhip in

motion.

\_\,—'-/

It is believed, however, that the results before shown as Compari-
being so easily obtained by comparison with the known %on with a
performances of any known vessel, even though she may gm“'
not be in all respects an exact type of the proposed vessel, ’
will still be found in practice to be a safer guide than any
calculations founded on such assumed amounts of actual
resistance and friction, when it is desired to obtain the
speed, or any other element of performance, to be expected
from any hypothetical vessel.

Another element affecting the correctness of the resulst Ratio of
of all these calculations to determine the speed due to any indicated
vessel, is the difference between the indicated horse-power, ::;‘;_‘c“"
or the gross power exerted in the cylinder of a steam-en- power
gine, and the net horse-power really effective in propelling affects the
the vessel—that is, the power left for this purpose after results of
deducting the amount expended in the friction, and in foregoing
working the parts of the engine itself. Engineers have °l‘l°""‘
not, as yet, succeeded in devising any ready and satisfactory tlons.
method by which the amount of effective horse-power in
any ship may be measured separately from the gross horse-
power as shown by the indicator to be exerted in the
cylinder. Dynamometers have been fitted to some ships,
but their action has been so irregular and anomalous that
no reliance can be placed on the results obtained from
them. A very beautiful instrument as a dynamometer for
this purpose was fixed in the dockyard at Woolwich, designed
by Professor Colladon of Geneva, and some valuable results
have been obtained from it, showing a much greater dit-
ference between the indicated and effective horse-power than
that assumed by Mr Hawkesley in the formula by him, as pre-
viously quoted. It is usual, however, to assume that the ratio
between the indicated and the effective horse-power, what-
ever that ratio may be, remains constant, and is the same in
all cases ; and the gross indicated horse-powers are therefore
taken as proportional to, and a measure of, the effective
powers. In many cases this assumption is no doubt correct,
but in many others its correctness may be questioned ; and
the results, therefore, which are obtained with the indicated
horse-power as the measure of the propelling power, must
not be argued upon as definite, or as anything more than
an approximation sufficiently accurate for most practical

u .

P }he form of the engines and boilers to be used in the Naval ar-
propulsion of a vessel is generally left by the naval archi- chitects
tect to be determined by the engineers; but at the same *™4
time, the amount of power to be placed in the vessel, the & "= ork
weight and the positions of the centres of gravity, both ygether.
vertically and longitudinally, of the machinery, must be

duly considered and determined in concert with the naval
architect. The form of the vessel at the place where the
paddle-wheels or where the screw are to act, also requires

special consideration on the part of the naval architect,
otherwise the power exerted by the engine may be wasted,
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Forces as it formerly was in churning the water when the paddle-

acting on wheels were boxed up in sponsons.
a Ship in
motion.

Propulsion of Vessels by Sails.

Resultants  The arrangements for the propulsion of vessels by the
of forces  agency of the wind come within the province of the naval
ariing oh  architect, and much consideration has been given to the
aaih "% subject in many works.

’ When the ship is under sail, there are two forces acting
on it—the one, the force of the wind on the sails, to propel
the ship ; and the other, the resistance of the water to op-
pose her motion. These forces, immediately the ship has
acquired the velocity due to the strength of the wind, are
equal, and, as is the case with all forces, may each be
reasoned on as if acting only on one point of the surface

and centres gver which its effect is diffused. This point is that in

of effort.  which, if the whole force were to be concentrated, its effect
would be the same as when dispersed over the whole area:
it is usual to call these concentrated forces *resultants of
forces,” and the points on which they are supposed to act,
“ centres of effort.”

Action of  From what has been before said, the resultant of the

;’;‘e"‘.“‘i’l‘: force of the wind on the sails, and the resultant of the force

and water Of the water on the hull, are equal ; the one acting on the

on the hull, weather-side of the ship, in the direction into which the
force of the wind resolves itself, and the other opposed to
it, acting on the lee-side, in the direction into which the
force of the water resolves itself. The action of the wind
upon a ship will be understood from the annexed figure.

the figure ; the position or trim of the sail wonld then be
altered, and its force may be resolved in the same manner
as before. It is evident that the more acute the angles
BCF or BCD are made, the less will be the propelling
p;wer longitudinally, and the greater will be the lateral
effect.

If the resultants of the force of the wind on the sails
and of the water on the hull are equally distant from the
centre of gravity of the ship, they will balance each other,
and the ship will keep her course correctly, without re-
quiring to be guided by the action of any other force. If,
however, the resultant of the resistance of the water passes
before the resultant of the wind, the ship will turn to the
wind ; but if the resultant of the wind passes before that
of the water, the effect will be the contrary, and the ship
will fall off from the wind. In either of these cases, in
order that the ship may be made to keep her course, it
will be necessary to equalize these forces by the action of
the water on the rudder, on its lee-side to bring the re-
sultant of the water more aft, and on its weather-side to
destroy a part of the effect of the wind. This is the prin-
ciple of the action of the wind on the sails, and of that of
the water on the hull, with respect to the course of the
ship through the water; and it is on these considerations
only that the various alterations can be regulated, which it
may from time to time be necessary to make in the trim
either of the sails or of the ship; and hence the accurate
determination of the positions and directions of these
two forces is a point of great importance in naval archi-
tecture. The position of the centre of effort of the wind

on the sails may be found under certain reservations ;
and that being known, enough is determined to lead
to correct conclusions on the other circumstances
attendant on the subject.

The centre of effort of the wind is always placed

%  some distance before the centre of gravity of the ship ;

E
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Fig. 00.

Let A B be the centre line of the ship, and let D C repre-
sent the direction of the wind, and E F the sail. If the
length of G C is taken to represent the force exerted by the
wind, the force upon the sail will be represented by the
line L C at right angles to it, the length of L C having
been found by completing the parallelogram L CM G; the
force M C being in the direction of the sail is lost. The
force L C may now be resolved into the two forces L P
and L Q, or QC and P C; the one acting to propel the
vessel in the line of her keel, and the other at right angles
toit. It is evident that the motion of the ship resulting from
these two forces will not be in the direction L C, on account
of the body of the ship, from its form, offering much less re-
sistance to the force Q C than to the lateral force P C.
The relative degree of this resistance cannot be deter-
mined by calculations,! though attempts to do so have been
made. If, however, the relative resistances be supposed to
be such that the motion from A towards B may be taken
to be represented by C S, while the motion away from the
wind or to leeward is represented by Cr, then the motion
of the ship will be along the diagonal C¢. The course of
the ship will thus be represented by the line a, and the
angle b C B is called the angle of lee-way. The direction
of the wind may be more ahead of the ship than shown in

3 and in order to find this distance in any ship, the mo-
ment of each sail is calculated by multiplying its area
by the horizontal distance of its centre of gravity from
that of the ship; the sum of the negative moments,
or those abaft the centre of gravity of the ship, is
then subtracted from the sum of the positive moments,
or those before the centre of gravity of the ship;
the remainder is then divided by the total area of
the sails, and the result gives the required dis-
tance of the centre of effort of the wind on the sails

before the centre of gravity of the ship. The situation of
this point with respect to the length of the vessel must
determine in a considerable degree the positions of the
masts ; for experience has proved that it is among the most
essentially requisite good qualities of a ship that she shall
carry a weather-helm.

With respect to ships carrying a weather-helm, Mr Creuze
assumed that the particles of water have a motion at the
stern of the vessel, the direction of which forms an acute
angle (A x y, fig. 00) with the middle line of the ship pro-
duced aft, which angle will evidently be dependent on the
fulness or the fineness of the after-part of the body, and on
the angle which the line of the ship’s course, or that of the
lee-way, makes with the middle line of the ship; conse-
quently, the inactive position of the rudder will be when
it forms this angle with the middle line of the ship, that is,
when the rudder is to leeward, and, oome?'uently, the
helm a-weather. And this position should be the theoretic
limit of the degree of weather-helm a ship should carry,
as in any other position there must be a force acting on
the rudder, which must increase the resistance the ship
ex?eriences in her passage through the water.

t may perhaps tend to illustrate these views further, if
it be supposed that the ship is at rest, and that the water

1 Seo article SEAMANSHIP (Ency. Brit.), where this subject will be found treated at length.
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strikes her in the direction of her true course, A B, fig. 00,
including the lee-way ; and then as the angles of incidence
and reflexion are equal, the particles of water which strike
the ship at an angle varying with the angle of lee-way will
be reflected off the lee-side at the same angle, and this
angle will be that of the inactive position of the rudder.
A practical confirmation of the correctness of the view,
that the advantageous position of the rudder is a-lee of the
middle line of the ship, may be drawn from the common
observation, that when a ship is in good trim, the helm
being a-weather, and the ship keeping her course steadily,
the helm has a very perceptible tremulous motion, which
must arise from the rudder being in a position in which it is
not acted upon on either side by any constant force. This
method of considering the direction of the flow of the
water to the rudder considerably diminishes the estimate of
the excess of its effeet on the lee-side of the rudder over
that on the weather, But there are several other consi-
derations which operate in increasing the effect of the
weather-helm. From the direction in which the water
flows past the ship, there will be a much greater reduction
of pressure on the weather-side of the rudder when the
helm is to windward, and therefore a greater positive pres-
sure on its lee-side to turn the ship, than will occur under
the opposite circumstances, or when the helm is a-lee. Also,
the broken and disturbed state of the water on the after-
L)art of the weather-side of the ship, arising from the water

aving to acquire a motion to leeward to fill up the void
made by the ship as she goes ahead and to leeward, and
the consequent various degrees of resistance it opposes
must lessen its effect when the helm is a-lee.

It has been said to be proved by practice, that ships
which carry lee-helms cannot be weatherly; that is, will fall
faster to leeward than those which carry weather-helms.
But though the fact is correct, the reason assigned is in
some degree mistaking the effect for the cause. It has
before been said, that a part of the force of the wind acts
in driving a ship bodily to leeward; of course its effect
will be greater or less in proportion to the lateral resistance
opposed to it, and the ship which opposes less lateral and
greater longitudinal resistance to the water than another,
will in the same period of time have fallen furthest to lee-
ward, and the line of her course will have made a larger
angle with her middle line, by which the effect of the
water on the after-part of the lee-side is increased, while
that on the fore-part, both of the lee and weather sides, is
diminished, and the helm must consequently be kept less
a-weather. A practical proof of the correctness of this rea-
soning may be drawn from the practice of the older class of
merchant vessels, which are generally, from form, more lee-
wardly than men-of-war. They have their foremast placed
much nearer the centre of the ship than is usual in sharper
and finer formed bodies. This has evidently arisen from
the operations of the cause above mentioned, which has
shown that they require the resultant of the effort of the
wind on the sails to be proportionately farther aft to ensure
their carrying a weather-helm.

There is another disadvantage arising from a ship’s car-

tage of lee- rying a lee-helm, which is, that the action of the water on

helm.

SBails as-
sumed to
tie plane
suifaces.

“the weather-side of the rudder acts in conjunction with the

force of the wind in forcing the ship bedily to leeward ;
while, on the contrary, while the helm is a-weather, the
action of the water on the rudder is in opposition to the
force of the wind.

The ardency of a ship, which is her tendency to fly to
the wind, depends on the relative positions of the resultant
of the effort of the wind on the sails, and the resultant of
the resistance of the water on the hull.

The position of the centre of effort of the wind on the
sails is calculated under the supposition that the sails are
plane surfaces, and equally disposed with regard to the lon-
gitudinal axis of the ship; but when a ship is on a wind,

as the force of the wind acts in a direction oblique to the Forces
surface of the sails, a greater proportion of the sail is car- acting on
ried to leeward of this axis, and the whole sail assumes a ® Bhipin
curved surface, the curvature of which increases from the _ motion.
weather to the lee-side. From these circumstances, the

centre of effort is in fact carried gradually farther aft as Effect of
the action of the wind takes place on the sails. Also, as their cur-
the force of the wind inclines the ship, the centre of effort vature:
of the wind on the sails is carried, by this inclination, vver

to the lee-side, by which, as also by the effect produced on

the resultant of the water, which has been betore men-

tioned, the distance between them is farther increased. It
therefore appears that, the quantity and disposition ot the

sail set remaining the same, the ardency will increase as Of incrense
the force of the wind increases, and diminish as that force of wind.
diminishes. The defect of a vessel carrying a lee-helm

may be lessened by those means of trimming either the

sails or the ship, which will tend to increase the distance of

the resultant of the water before' the centre of effort of the

wind. Great caution is necessary before altering the posi-

tion of the masts, with a view to remedy this defect, be-

cause her working quickly depends on the proportion of sail

before and abaft the axis of rotation, and not on the position

of the centre of effort of the whole surface of the sails.

Up to the year 1852 the topsails of ships were reefed

and unreefe(}' by the seamen going aloft and out on the

yards. About this period Henry D. P. Cunningham, an

officer of Her Majesty’s navy, invented a plan for reefing

and unreefing the topsails, and other square sails of ships,

from the deck, without sending any one aloft. He accom-

plished this by using the yards as rollers, fitting them to

turn round in their different fastenings, and so rolled up

and unrolled the sails upon them, empioying the gravita-

tion of the yards as the motive power for turning them,

thus also greatly economising labour, as well as giving
security to life. This new method, which is known gene-

rally as the “ Cunningham System,” is now in extensive

use in the mercantile marine and troop ships of Her
Majesty’s navy, and is rapidly superseding the old and
dangerous mode of reefing. The limits of this article will

not pernit the subjects of masting, or rigging, or sail-
making, to be gone into. Much valuable information on

the subject of the effect of the wind upon the sails, the

angle ot lee-way, the position of the centre of effort, and

other points, will be found in the article SEAMANgHIP,

The motion of pitching and scending is generally the Pitching
most violent action to which a ship is subjected, and the 4,4 scend-
most injurious, both to the connection between the parts ing.
of her structure and the velocity of her sailing. It is the
longitudinal motion caused by the variable support afforded *
to the body by the waves as the vessel meets and passes
over them; pitching being dipping of the bows into the
water, and scending the dipping of the stern. To obtain
ease of motion in this respect, Mr Henwood advocated, in
a paper published in the Papers on Naval Architecture,

“that the after-part of the ship, or that part abaft the centre

of gravity, should be constructed so as to have precisely
the same cubic contents as the fure-body, and that -its
centre of gravity should be at the same distance from the
centre of gravity of the ship as that of the fore-body. The
disposition of the weights, and especially of the masts, in-
fluences this motion in a powerful degree ; because, though
the weights in the fore and after bodies may balance each
other while at rest—a greater weight, perhaps at a less dis-
tance, balancing |a less weight at a greater distance—yet,
when the ship is set in motion the balance will no longer
hold, because the moments of the weights in motion will be
according to the squares of their distances from the com-
mon centres of gravity. If a vessel pitches heavily, the
moments of the weights forwards are too great, and the
contrary if she scends heavily abaft. An uneasy motion in
pitching is much more commeon than in scending, and this
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Forces no doubt arises from the generally very forward position of tional length of parallel body amidships, appears to be very Forces
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the fore-mast, especially in men-of-war. The importance trifling, if we may judge from the results of cases where ncting on
of a little attention to this subject on the part 6f naval men vessels have been cut in midships, and lengthened, without ‘:o':;gn'“
will be at once apparent, when it is considered that the any other alteration in their form having been made. The °,

effect of moving or placing 5 tons at a distance of 120 feet
trom the centre of gravity of the ship is represented by the
number 72,000= 1207 x 5, while it would be necessary to
move 720 tons to a distance of 10 feet on the opposite side
of the centre of gravity to produce the same effect on the
pitching and scending motions of a ship.

The rolling motion of a ship is caused more by the undu-
lations of the waves than by the shock of a wave striking
the side of a ship. The principles on which the rolling of
a vessel depends have been already investigated, and a few
practical remarks will only be added here. The remark is
common, and it is true, that the crank ship is the easy ship
—that is, the more easily a vessel rolls, the easier will be
the rolling motion. Mr Wilson, late of the Admiralty Of-
fice, in an able article on the Papers on Naval Architec-
ture, says, * If stability is too great, the most efficacious
way of diminishing the rolling is to bring up the ballast,
because it raises the centre of gravity, and it increases the
distance of the centre of oscillation from the axis of rota-
tion. The ballast removed from near the keelson to the
wings, even if placed as high as the deck, is as far from the
metacentre as when it was in the hold, and consequently,
its weight multiplied into the square of that distance is the
same as before; the rollings, therefore, will be slower.”
‘T'he cables, shot, stores, &c., in any ship, if placed near the
side, while this will not affect the stability, will increase the
distance between them and the axis of rotation, and will
consequently lengthen the time of vibration. Mr Wilson
proceeds to say, that it is by no means a difficult task to
reduce a ship of extraordinary stability, which is always an
uneasy one, to a state of easy rolling by increasinf the
masts and yards, and increasing the weights above and put-
ting them in the wings, and removing some ballast, if she
has any on board.

Fincham, in his History of Ship- Building, gives a re-
markable instance of the extent to which the qualities of a
ship may be influenced by other circumstances than her
form. * The Mutine, an experimental brig, built to com-
pete with others, was beaten on the first experimental
cruise, but she afterwards bheat the others, alterations hav-
ing been made in the trim of her sails and in her stowage.
After the alterations, instead of rolling the shot out of the
racks and the wind out of the sails, as before, she rolled
little, and neither deep nor quick. At first her weights
were carried tov low down.”

The motions of a vessel are much affected by the pro-
portiong which the general dimensions bear to each other.
An increase of length gives an increase of displacement, or
if this is not desired, it allows of finer lines forward and aft,
and it also increases the stability and the resistance to lee-
way. The power of turning, tacking, wearing, or making
any other change in her course, is lessened by an increase
of length ; but this effect may be much modified by dimi-
nishing the amount of fore-foot, or of dead-wood forward,
which will alter the position of the resultant of the action
of the water, and will consequently also requjre a corre-
sponding alteration in the amount or position of the forward
and aft sails. A vessel need not necessarily pitch more
heavily on account of any increase of length; but it is
necessary in long vessels to take greater care that the
weights of the fore and aft bodies are properly balanced in
regard to their moments. It will be evident that the
moments of small weights when placed well forward or
aft, become very much greater in long vessels, when it is
considered that all weights are multiplied by the squares
of their distances from the centre of gravity of the ship for
their moments.

" The friction upon the sides of a vessel from any addi-

following is a statement of the results obtained by lengthen-
ing the Canada, a vessel belonging to the Peninsular and
Oriental Company, by putting 35 feet into her amidships :—

Trial First trial Second trial
before bein after bein, after being
lengthened, lengthened, | lengihened,
May 31,1855, | Aug.8,1857. | Aug.12, 1857.
Draft forward..........| 18 ft. 6 in. | 18 ft. 2 in. | 18 ft, 2} in/
9 8ft...... voo 18 ft.6in. | 19 ft. 5 in. | 19 ft. 7 in.
y Mean ..........| 18 ft. 6in, | 18 ft. 94 in.| 18 ft. 11 in
Area midship section...| 536 feet. 551 feet. 556 feet
Displacement............| 2,435 tons | 3,036 tons | 3,069 tons
Nominal horse-power..| 450 450 450 :
Indicated horse-power.| 1,415 1,250 about 1,400
Revolutions ...... ...... 34} to 37 31 33
Pressure.... .| 2210, 16 1b. 20 Ib.
Vacuum.................. 26% 26 26}
Speed...cccoeuniiiininnnn. 12,651 11,675 12,443
Pitch of screw ..........| 20 feet 21 ft. 21 feet
Diameter of ditto...... 15 fe. 6 in. | 15 ft. 6 in. | 15 fi. 6 in.
Blades .................... 3 3 3

By increasing the
average breadth throughout the whole length of the vessel,
while the length and depth are kept the same as before,
the’ stability, which varies as the cube of the breadth, is

breadth amidships, as well as the Breadth.

increased. As the angular momenta of the weights, esti- Fffect
mated from the axis of rotation, vary as the squares of their thereof on

distances from that axis, and the momentum of the action
of a wave is increased in the same proportion, theretore
the increase of stability is accompanied by increased vio-
lence in the motions, and consequent increased strain
on the combinations and materials of the structure, and
especially danger to the masts, by which the safety of the
vessel may be compromised. The stability of a ship of
war, being the quality on which the éfliciency of her arma-
ment is essentially dependent, and which also, by enabling
her to carry a press of sail in circumstances of danger, as a
lee-shore, or an enemy of superior force, is essential to her
safety ; the only limit to its increase is involved in the con-
sideration of easiness of motion. But if this consideration
be neglected, and the breadth be such that the moment of
stability in proportion to the moment of sail is so large, or
of such sudden increase, that the masts are endangered or
the combinations of the structure prematurely destroyed,
the object tor which a large moment of stability was desir-
able is frustrated. The breadth, therefure, is limited by
easiness of motion. The best mode of ensuring stability is
to give a large area and great fulness and similarity of
form immediately above and below the average water-line,
as by this means the centre of gravity of the displacement
will be kept at as short a distance as possibic below the
surface of the water.

the sta-
b
ship.

ility of

The depth of a ship, or her draught of water, may vary Depth.

according to local circumstances, or the objects for which
she is to be employed, or by a judicious arrangement of her
other proportions and of her form, and the positions of the
centre of gravity. Good ships maybe produced varying con-
siderably in the proportions of their depth to their breadth.

An important consideration connected with the forming Alteration
the design of a ship is involved in the gradual alteration of of seat in
the vessel’s seat in the water from the consumption of W8ter fror

stores. It is not only essential that a ship should be pos-
sessed of stability combined with easiness of motion, be
weatherly and quick in manceuvring when she is stored and
completed for foreign service as a ship of war, or fuly
laden as a merchant-ship, but it is equally essential that she
should be possessed of these qualities towards the expira-
tion of her cruise, or on her return light from her voyage. .

The loss of stability which results from the diminution of

consunip-
tion of
stores,
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Designing draught of water cannot be compensated by a proportion-
of Vessels. ate arrangement of sail, without incurring other evil conse-
\=— -~ quences. If the quantity of sail, which at all times is com-

tinguishing letters and figures. The water-lines being also Form and
drawn upon the midship section or body-plan, the form of Tonnage of
the body at each section in the half-breadth plan is ob- Vessels

causing A ship is not only subject to a loss in stability when the vessel is supposed to be cut into various longitudinal
diminution Jightened, but hecomes laboursome, on account of top- sections, at given distances from the centre-line; these
‘l)ift'“b;d hamper: her rolling motion is more violent as her dimi- lines of section are shown on the half-breadth and body-
inc{',:”d nished depth in the water decreases the resistance which is plans; and the form of the body where these cut the exte-
uneasiness. Opposed to the inclination, and she also generally becomes rior surface of the ship are shown on the sheer-plan; they
more leewardly, owing to the difference made in the result- are marked 1lv, 2v, 3v, on all the plans. The sections
ant of the resistance, the diminution of the lateral resistance, represented on all these plans must be fair and of easy cur-
and of her power of carrying sail. vature, and many little arterations will probably require to
Difference It is almost a universal custom in all vessels to give a be made by the draughtsman, to get them to coincide.
of draught greater draught of water abaft than forward. In steam- The constructor or designer is now in a position to test
of water. yesgels this is not necessary, and in sailing-vessels occa- his work by making the necessary calculations. These
sional attempts have been made to discontinue this prac- will be comprised in ascertaining the area of the midship
tice, as involving a supposed unnecessary increase in the section, the area of the load-water section, the displace-
water required for floating a ship ; but the increased draught ment, the positions of the centres of gravity of these two
of water for the after-body has been reverted to as essen- sections, and also the position of the centre of gravity of
tially requisite in practice, in this class of vessels. the displacement.
Its ndvan-  There are several minor advantages which result from The areas of the two sections, and the positions of their
tagee. this arrangement ; such as the more easy and unchecked respective centres of gravity, are required to be determined,
flow of the water to the rudder, and its consequent increased on account of the influence of these areas and their posi-
effect in governing the motions of the ship; also the dimi- tions on the content of the displacement, and the position
nution of the negative resistance which the vessel would of its centre of gravity, and also in conzequence of their
otherwise experience from the greater difficulty with which influence on the stability of the ship. If the results of these
the flow of water would fill the vacuity caused by the pas- calculations do not accord with the intentions of the con-
sage of the vessel, if the fulness of the after-body were structor, or are inadequate to the development of his design,
such as would be required to preserve an even draught of he must make such alterations in his curves or in his dimen-
water ; and again, the adjustment of the resultant of the sions as he may consider necessary, before proceeding fur-
resistance of the water to that position of the masts which ther with his design; and if he shall have sufficiently
experience has determined to be requisite for the facility informed himself on the theory of ships, he will be enabled
of manceuvring the sails. But the principal reason for to do so with considerable confidence at this stage of his
the inequality in the draught of water appears to be the progress, as to the final result of his work.
advantage which results from it to the more easy regula- hese calculations are no doubt laborious, but they have
tion of the motion of the vessel by an adjustment of the been previously explained, and there is no difficuity in
resultant of the resistance of the water on the lee-side them, and any moderately educated subordinate may soon
when on a wind. be taught to assist greatly in working them out. Th:i
labour will be atly facilitated by tabular forms, an
DESIGNING OF VESSELS. further example%r:rillybe found in i‘[r Peake’s work on
Designing  The considerations which lead to a settlement of the Ship-building, and in one of a series of articles on Ship-
of vessels. general dimensions of a vessel, and which must vary greatly building in the London Mechanics’ Magazine for 1859,

paratively small in a merchant-ship, be lessened, the wind
on the increased hull might so counterbalance its effect
that she would be utterly unable to beat off a lee-shore,
or make any way on a wind.

according to the purpose for which she is intended, having
been touched upon, it is proposed to give an outline of the
course pursued in designing the form, or making the con-
structive drawing, as it is termed, of any vessel. Three
plans are required in all designs of vessels—the body-plan,
the sheer-plan, and the half-breadth plan (see Plate lill.)
The form of the midship section, or a vertical cross-section

tained by finding the distance from the centre-line at each
water-line, and transferring it to the body-plan, showing
the sections of the fore-body and of the after-body on dif-
ferent sides of the middle line. In addition to these lines,

Before the design can be considered complete, it is ne-
cessary to ascertain the weight of the hull and of the whole
of the proposed contents of the ship, and compare these
with the calculated displacement. It is seldom that these
weights can be obtained with perfect accuracy, and it is
therefore scarcely necessary in practice to go to any undue
labour to bring out results to fractions. )

It is usual to delineate the results of the calculations of Scale of
the displacement in the form shown in Plate IV.—the displace-
curved line representing the displacement of the ship at™e0t
any draught. As a guide in commencing a design, it is Proportion
also usual, and very useful, to know what proportion the of circum-

at the point of greatest breadth, is generally the first por-
tion of a ship that is designed ; the outline of the sheer-
plan may then be delineated, and after that the half-breadth
plan may be begun. The vessel is supposed to be divided
into a certain number of horizontal sections, and these are
body scribing

represented by the lines on the sheer-plan, marked 1st, 2d,
3d, 4th, and 5th water-line. The sheer-plan is either a
vertical longitudinal section, or a side-plan of the ship, and
on it may be delineated any point in her length or height.
On the half-breadth plan are delineated the outlines of
the horizontal sections previously referred to, and marked
water-lines. These horizontal sections may either be pa-

circumscribing the parallelopipedon will bear to the
of the ship—that is, multiply the intended length, breadth,
and draught of water of the ship together, and deduct such
portion as will leave a body of a form of any desired fine-
ness. The amount to be deducted, or the decimal fraction
by which the paralielopipedon is to be multiplied, varies, of
course, for every class of ship.

perallelo-
th pipedon.

rallel to the keel or to the intended water-line of the vessel,

The form of the midship section, and of the other sections Influence
if she is intended to draw more water abaft than forward.

near it and therefore influenced by it, affects the question ::l{‘;;'; on

When parallel with the keel, they are sometimes called
level-lines. ‘The midship section is not necessarily in the
middle of the length; it is called dead-flat, and is always
marked as shown on the plate. The length of the vessel is
divided into any desired number of sections, and these sec-
tions are marked forward and aft from dead-flat with dis-

of rolling, by affecting the position of the centres of gravity
of the displacement and of the ship and her weights; but
there is no doubt but that if it were possible to keep these
centres of gravity relatively in the same position with dif-
ferent forms of bodies, the rapidity and extent of rolling
would still be influenced by the form, and be different.
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Form and No rules can be laid down definitely on this subject; but
Tonnage of ships with a form of midship section approaching a semi-

circle have a bad reputation for rolling ; as also those with
a very rising floor, if accompanied with great beam, or such
beam that the half-breadth exceeds the draught of water
by more than 1 or 2 feet. A flat floor is also injurious, as
tending to keep the centre of gravity of the displacement
too low. Some good midship-sections of ships of varions
classes will be found in Fincham’s Owtlines of Ship-build-
ing ; but the great length now given to the fore and after
bodies of ships renders the effect of the form of the mid-
ship-section much less influential on the general properties
of a vessel than formerly, when the proportion of length
was s0 much less.

For the water-lines of vessels no definite instructions
have been attempted to be laid down that have been of
any practical value. A few general remarks may be made,
to the effect that certain degrees of sharpness seem suited
for different degrees of speed—the faster the vessel the
finer are the lines required; and if a moderate amount of
power only be applied to a vessel, so that her speed cannot
be great, it will be of little avail to give her finer lines than
those suited to her actual speed. Hollow-water lines below
the surface of the water seem to be beneficial for high velo-
cities, but not at the water-line or above it, as the waves
seem then to dash into the hollow and obstruct the vessel’s
way, by their being confined and not passing freely away.

In all the plates given with this article, vertical lines are
shown. The form of vessels, in respect of the sections shown
by these lines, would appear to have been too much neglected
by naval architects. It is considered that the form of vessels
at the bows or at the stern may be looked upon as made
up of lines representing a wedge with its face vertical, and
dividing the water sideways, combined with other lines re-

resenting an inclined plane, as in the Thames barges.
Eodies of a wedge form were experimented upon by Colonel
Beaufoy, as also others, with an inclined plane forward and
aft to compare with them, and the results were decidedly in
favour of the inclined plane ; the inclined plane in the after-
body having been proved decidedly superior.! The bodies
which gave these results were those designated m, b, m, and
P b, p, and the experiments were conducted at the surface,
and not with the bodies totally submerged.

The tonnage of a ship is her assumed capacity for carrying
cargo of any description. The capacity of space required
for a ton of iron being very different from that required for
a ton of light goods, a certain number of cubic feet are
necessarily taken as the measure of a vessel’s tonnage. An
empirical rule, founded upon obsolete proportions of a ves-
sel’s dimensions, continued in use for many years, serving as
a measurement, not only of builder’s tonnage, but also of
the register tonnage for regulating the dues payable by the
ship. This rule is still continued by builders as the measure
by which ships are bought and sold ; but as the price per
ton may be varied in the same proportion as the dimensions,
and are known at the time of purchase or sale, no evil re-
sults arise from this adherence to the old rule, however far
the measurement may be from the truth.

This rule for old or builder’s measurement was estab-
lished by act of Parliament in the reign of Geo. I1I. It
enacted, that “ the length shall be taken in a straight line
along the rabbet of the keel of the ship, from the back of the
main stern-post to a perpendicular line from the fore-parts
of the main-stem under the bowsprit. The breadth also
shall be taken from the outside of the outside plank, in the
broadest part of the ship, either above or below the main
wales, exclusive of all manner of doubling planks that may be
wrought upon the sides of the ship.” 1f the ship be afloat,
the directions are, *“to drop a plumb-line over the stern of
the ship, and measure the distance between such line and the
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after part of the stern-post, at the load water-mark ; then Deserip-

measure from the top of the said plumb-line, in a parallel
direction with the water, to a perpendicular point imme-

tion of
Plate,

diately over the load water-mark at the fore-part of the “=~~

main-stem ; subtracting from such admeasurement the
above distance, the remainder will be the ship’s extreme
length, from which is to be deducted 3 inches for every
foot of the load draft of water for the rake abaft; from the
length, taken in either of the ways above mentioned, sub-
tract §ths of the breadth taken as above, the remainder is
esteemed the just length of the keel to find the tonnage ;
then multiply this length by the breadth, and that product
by half the breadth, and, dividing by 94, the quotient is
deemed the true contents of the lading.”

The existing act for ascertaining the tonnage is a great Existing
improvement upon the above, and its directions are as fol- rule for

low :—Divide the length of the upper-deck, between the
after-part of the stem and the foremost part of the stern-
post, into six equal parts. Depth,—at the foremost, middle,
and aftermost of these points of division, measure in feet,
and decimal parts of a foot, the depths from the under-side
of the upper-deck to the ceiling at the limber-strake. In
case of a break in the upper-deck, the depths are to be
measured from a line stretched in a continuation of the
deck. Breadths,—divide each of these three depths into
five equal parts, and measure the inside breadths at the
following points ; viz., at $th and at $ths from the upper-
deck of the foremost and aftermost depths, and at $ths and
#ths from the upper-deck of the midship depth. Length,—
at half the midship depth, measure the length of the vessel
from the after-part of the stem to the foremost part of the
stern-post; then to twice the midship depth add the fore-
most and aftermost depths for the sum of the depth; add
together the upper and lower breadths at the foremost
division, three times the upper breadths and the lower
breadth at the midship division, and the upper and twice
the lower breadth at the after-division, for the sum of
breadths ; then multiply the sum of breadths by the sum
of the depths, and this product by the length, and divide
the final product by 3500, which will give the number of
tons for register. If the vessel have a poop, or half-deck,
or a break in the upper-deck, measure the inside mean
length, breadth, and height of such part thereof as may be
included within the bulkhead. Multiply these three mea-
surements together, and dividing the product by 92°4, the
quotient will be the number of tons to be added to the result
as above found. In order to ascertain the tonnage of open
vessels, the depths are to be measured from the upper edge
of the upper strake. In vessels propelled by steam, the ton-
nage due to the cubical contents of the engine-room is to be
deducted from the gross tonnage thus found. It is enacted
that the tonnage due to the cubical contents of the engine-
room shall be determined in the following manner: that is
to say, measure the inside length of the engine-room in feet,
and decimal parts of a foot, from the foremost to the after-
most bulkhead, then multiply the said length by the depth of
the ship or vessel at the midship division aforesaid, and the
product by the-inside breadth at the same division, at two-
fifths of the depth from the deck, taken as aforesaid, and divide
the last product by 92-4, and the quotient will be deemed the
tonnage due to the cubical contents of the engine-room.

DESCRIPTION OF PLATES.

Among the plates will be found vessels of the highest character
of the present day. The Pera of the Peninsular and Oriental Com-
pany’s fleet is a well-known vessel, and one whose results are looked
upon as of the highest character; and if the form of her body, a«
shown by the vertical lines on the sheer plan, be examined and
compared with those of any of the other vessels, it will be seen tuat
she excels in this particular. The kind of the different owners
and builders in permitting the lines of their different vessels to be

! Beaufoy's Nuutical and Hydraulic Experiments, Introduction, p. 43.

measure-
ment of
tonnage.
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Perform- published, has been great; and it is to be hoped that so much public Depth of hold............. [P IR TITS IR 26 feet. Perfor-
ances, spirit as is now manifested in this respect may be rewarded by still Mean draught of water at the time of trial......... 18 ft. 6 in. mancesand
<= == further improvements upon the forms of vessels. Displacement (D) at trial draught..........ccccoeee. 3440 tons. Tonnage.

. Area of maximum immersed section (A) at the] goa W o
The clipper sailing-ship Schomberg, represented in Plate IIL, is trial draught........ cerervereseseenranntasisetiaats 3
a specimen of a first-clase Aberdeen clipper, built by Messrs Hall pjstance of maximum section (A) measuring from
of Aberdeen. the BLEIM......eceveeersesererenssansosernrrasasannesnees .| 169 feet.
The Lord of the lIsles is a very fine iron vessel, built by Messrs  Constructors’ load draught.......c...eus { forward... 18 feet.
Jn. Scott and Company of Cartsdyke, near Greenock. Although a . ) aft.......... 3 109 »
sharp ship, she carries a good cargo of weight and ement Displacement at constructors load draught......... 440 tons.
, 0ods combined. On her first voyage from Clyde to Sydney she R‘d‘:‘:;;:“l" displacement at constructors IM} 25 "’i::hw

had 1300 tons of weight and measurement cargo on board, and
made the passage in 70 days—a passage which, it is believed, has
not yet been surpassed. Her register tonnage is 691%% tons; and
her tonnage, by builders’ measurement, is 770 tons. She also
made a passage from Shanghae to London in 87 days, with 1030
tons of tea on board. On one voyage she averaged 320 nautical
miles for five consecutive days; and on her last voyage to China,
in crossing the N.E. trades, her average way was over 12 knots.

Plates VA. and VI. represent the rival yachts Titania (now
Themis) and America, the prize baving been carried off from all
England by the latter. The sections of the vertical lines are shown
upon the drawings of both of these yachts ; and if the verticul lines
on the sheer-plan of the one are traced and laid upon those of the
other, a marked difference in favour of the America will be appa-
rent. The original Titania which ran against the America was
subsequently burnt; but being of iron her hull was saved, and was
restored under the name of Themis. A new Titania of larger
dimensions was then built (Plate V.); and a marked improvement
in her lines as & whole is evident, though the America still excels
her in the easy slope of the lines of the vertical sections at the
bow and at the stern.

Plate VIL is a representation of a paddle-steamer, the Delta.
The engines in this vessel were taken out of & vessel of 500 tons,
and put into the Delta, of nearly four times this tonnage, and the
result is a specimen of what may be achieved by fine lints with a
judicious application of power; the larger vessel having nearly a
knot more speed. :

Plates VIIL and IX. represent the Great Eastern, and from the
fneness of her lines there can be no doubt of her success, if the
engines do their duty.

Plate X. is a representation of the Bremen, a vessel whose per-
formances have been such as to attract special attention, and to
lead the Committee appointed by the British Association for the
Advancement of Sclence to make the following report concerning
her :—

“ This Committee are assured, on authority which they bolieve
to be unquestionable, that a certain vessel, the Bremen,! of 3440
tons displacement at the time of trial, propelled by engines work-
ing up to 1624 imdicated horse-power, attained the speed of 1315
pautical miles per hour. Now, if we estimate the dynamic duty

m: C, we shall hav the

. __(13'15)3 x (34403 __ 2274 x 22788 __
co-eficient, C = 1692 = 1624 319, and
this co-efficient of dynamic duty, resulting from the mutual relation
of displacement, speed, and power, appears, from the statements
which have been communicated to this Committee, nearly 50 per
cent. higher than that realised by the average performance of the
steamships of the present day. The following are the co-efficients
of dymamic duty deduced by the foregoing rule from the perform-
ances of mercantile steamers of high repute, of which the trial
data have been communicated to this committee, viz. 325, 294, 291,
288, 259, 248, 231, 230, and 204, and many others below 200.

4 This Committee, therefore, regard the Bremen as being & feli-
citous exemplification of naval architecture as respects type of
form adapted for easy propulsion; and as we conceive that the
promulgation of some of the constructive elements of this vessel
may be of public importance, we are happy in being authorised
and enabled, by Messrs Caird and Company, of Greenock, the con-
structors of the ship and of the engines, to communicate to the
British Association the following statistical dataas to the elements
of construction of the Bremen :—

thas performed by the formula

seesscesiccsnns

Length between perpendiculars of stem and rud-
derpost......... .l.)... } 318 feot.

Breadth of beam.....c....co.eureveesnrennecsiranninninnee 40 ,,

Area of immersed vertical section at the

E: .distance of } length measuring from}266‘5 8q. ft.

gp> & tem

BEE) e

- Do. do. e eeeeen 486 ,

&2 §|Do. ¥ do. do, e 606,

23" | Do. 3 do. do. 489 ,,

A% \Do. 3 do. do. veeeee 2535 ,,

Displacement at draught of 4’ 7§”, bein

& P g » g

S .| %load draught....ccoeemersnren... et 300 tons.

£+ § | Displacement at draught of 9’ 3", being § 1165

ZoE] load draught.....ccceocevierriireniesiiiniienne »

g-;ﬁ Displacement at draught of 13’ 10§, being 2240

e°8| 2 load draught.....eeenierreeriniineninnnnnns "

a2 g

AR Displacement at draught of 18’ 67, or load | 5,0
ArBUGhE..cveeererireesnrearaesensesesesesseneres »

“The foregoing data afford all the particulars required for the
construction of Peake’s curve of vertical sections, whence may be
deduced the position of the vertical line passing through the centre
of gravity of displacement, and also the positions of the centre of
gravity of the fore and aft bodies respectively. :

¢« It will be observed, from the foregoing data of the construc-
tive elements of the Bremen, that the maximum immersed section
Is at the middle of the length, and that the vertical sections are in
such ratio to each other, with reference to their respective posi-
tions, that the curve of vertical sections will be a close approxi-
mation to a parabola.

« The ratios deducible from the foregoing particulars of con-
structive data, combining Peake’s curve of immersed vertical sec-
tions with the curve of displacement, will give a close approxima-
tion to the type of form of the immersed hull. :

“ The engines of the Bremen consist of two direct-acting inverted
cylinders, 90 inches diameter and 3 feet 6 inches stroke, fitted with
expunsion-valves capable of working expansively toa high degree.
All parts of the engines are felted and lagged with wood wherever
practicable, the lower 16 feet of the funnel being surrounded by a
casing forming a superheating chamber, the steam entering at the
lower end, and passing off at the top into the steam-pipes leading
to the cylinders.

“ On the important question as to the extent to which the ordi-
nary smooth-water trial of a steamer affords a criterion of the
general average performance that may be expected of the vessel at
sea, this committee has not been able to obtain such an extent of
returns of the comparative smooth-water trials and sea perform-
ances of the same ships as enable them fully to respond to this part
of the inquiry, and they refrain from expressing sny speculative
opinion, because they have adopted the principle which they desire
to recommend to the notice of the British Association, that shipping
improvement is to be discovered by statistical record and analysis
of the constructive elements of ships that have practically shown
themselves to possess good sea properties, rather than by assuming
the mere theories of opinionative speculation, from whatever source
such opinions may emanate; in short, that experience of actual
performances at ses, statistically recorded and utilized by being
made the basis of comparison, is the most reliable base on which
to construct an inductive system of progressive improvement in
naval architecture and marine-engine construction. This commit-
tee, however, have much satisfaction in being enabled to commence
this inquiry by recording the sea performance of the before-men-
tioned vessel Bremen, on a passage from Bremen Haven to New
York and back, during the months of June and July lust, during
the whole of which passages indicator-cards were frequently taken,
and the indicated working power of the engines ascertained. On
the out-passage the mean displacement was 2878 tons, the mean
indicated horse-power was 1078, and the mean speed 10-28 knots
per hour, giving a coeflicient by the formula referred to= 204;
but on the return-passage the mean displacement was 2990, the

1 The Bremen is referred to as being the vessel which gave the highest co-efficient of dynamic performance of any vessel which was
brought before the Committee, and of which the statistical data of construction were also given in a complete form.
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Perfor- mean indicated horse-power 1010 and the mean speed at the rate

mances. of 11:92 knots per hour, giving a co-efficient = 348. Hence, the
mean co-efficient of the out and home passage = 276, being about
13 per cent. below the co-efficient (319) obtained on the smooth-
water test-trial of the ship. The state of the weather and the sea
was also recorded daily : it appears to have been adverse on the
out passage, but favourable on the home passage. The committee
are therefore of opinion, that by following up this course of sta-
tistical record of the smooth-water trial and subsequent sea per-
formances of ships respectively, a tabular statement might be com-
piled, showing the probable ratios of the coeflicients of smooth-
water and sea performance, corresponding to the various rates of
speed for which steamers may be respectively powered, whence the
smooth-water test-trials of ships may be made available as approxi-
mately indicative of the sea service capabilities of ships as respects
their dynamic properties.

“ Buch are the statistical data of the constructive elements and
dynamic capabilities of the Bremen ; and if all steam-vessels engaged
in the mercantile transport service of Britain were equally effec-
tive as respects the mutual relations of displacement, speed, and
power ; that is, capable of producing a coefficient of dynamic capa-
bility = 319, by the formula referred to, it is probable that the
prime cost expenses of steamship transport per ton weight of cargo
conveyed on long passages would, on the aggregate of the foreign
trade of Britain, be reduced not less than 25 per cent. as compared
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with the prime cost expenses incurred by steam-vessels of the Perfor-

average dynamic capability in present use.” mances.
Tabulated results of the performances of many vessels ‘===’

will be found in the article STEAx NAvVIGATION; but the

following results of the trials in smooth water of four of the

vessels, whose lines and dimensions are given in the plates,

may be quoted here :—

Nameotsrp. | Draueht | ndicstd | spesdia
ft. in.
15§ 0 1612 14:609
18 6 2054 13:340
18 3} 1373 12:633
17 3 1422 12:149

Plates XI., XII, XIII., and XIV. are specimens of very
fine vessels in the fleet of the Peninsular and Oriental Com-
pany. The Pera is especially celebrated for her perform-
ances, as also the Ceylon. The following table is interest-
ing as showing the performances of the Nubia on her actual
voyages at sea :—

S.S. NuBIA.—Calcutta to Suez.

Under Weigh. |[Under Steam.| Aver. Speed. Coal Consumption.
Voyage| Sandbeadsto "‘%“:;“ P"‘“ﬂf Galle | Aden to Sues, | Sandheads to | Caleutts to
oot dnes. | TOR M| i M | (M8Miles” | T Suer | Sues | Syidtents Caloutta to Sues
Time. | Speed. | Time. | Speed. | Time. | Speed. | Time. | Speed. Voyage.| Hour. Mile.
No. |B. .| x. .| B M| X P |B M|K rF|B M[|EK ¥ H. . H. M. K P Tons. | o, qr. b, | e.qr.1b.
4 |52 25| 125143 8| 12 5 178 65| 11 7 |114 20 11 4 388 48 431 0 12 0 974 {46 022 | 4011
5 |66585| 97 [5230]|10 38 (201 27| 10 6 |112 45| 11 & 433 37 464 O 10 6 1140 | 4901548 &
6 (67 6| 97|56 5] 96 |244 55 8 6 |124 30| 10 4 492 35 530 O 9 4 1194 | 4560 6|50 2
7 |5465| 120 |46 30| 11 6 |193 48/ 11 0 118 0j 111 413 13 474 0 11 2 1068 | 442 16| 41 22
8 |56 0| 117 )42 20| 12 7 {166 28| 12 6 |113 58| 11 4 378 43 411 © 12 2 1046 | 50 817 | 41 16
9 (6940|111 (567 O| 9 4 {176 60 12 1 |124 40} 10 4 418 10 441 O 1 1 ‘1090 49123142 9
Under weigh, 27,900 milu}
Under steam, 28:542 miles Total....ccuurercnecnnnnne J 2526 6 | 2751 O 6502
420 51 458 30 11 o0 10833 471 2|42 6
Suez to Calcutta.
Under Weigh. |Under Steam.|Aver. Speed. Coal Consumption.
Voyage. Sues to Aden, Aden to P“"'Md‘ Galle |  Madras to Sues to Sues to
10 Miles.” " POl | CidMiles | ‘oaiifler | Sandbesds, | Caloutts, | GSURD, | SuesteCaleutta
Time. | Speed.| Time. | Speed. | Time. | Speed.| Time. | Speed. Voyage] Hour. Mile. .
No. |, M| K., 7.|BH. M.| K. P.|H. M. | K. P | H. N.|] K. P, . M. B. M. | . S Tons. o, qr. 1b, e.(ir. 1b.
%3 11215/ 11 6 {178 O 12 0 |51 15| 10 5 {55 30| 12 O 397 O 431 0 11 6 1060 |49 021 | 41 23
5 (108 10] 12 1 174 40| 12 2 |44 50| 12 1 |50 45| 13 04| 878 25 433 0 12 2 1092 |60 1 21 | 4210
6 (112 0| 11 &5 (190 55/ 11 1 {48 50|11 1]62 80|12 5 404 15 443 0 11 4 1048 | 471 7| 4118
7 122 10{ 10 6 (206 30| 10 3 {53 0] 10 2|65 25|10 1 447 &6 478 0 10 3 1176 | 49 0 23 | 4 3 22
8 |129 40| 10 1 {194 15/ 11 O (47 25| 11 4 {565 156] 12 0 426 385 454 0 10 7 1174 | 61 224 | 4 3 23
9 (118 15/ 11 0.(192 10| 11 1 |47 20| 11 4 |47 46| 13 7 405 30 434 0 11 4 1082 | 49312 |42 &
Under weigh, 27,900 miles
vl ed I L JR— 2458 50 | 2678 0 6632
Average........... wesses] 409 82 445 30 11 8 11054 49 2 14 | 4 2 16
Under welgh, 55,800 miles
Under steam, 67:084 milel} Grand Total............ 4983 56 | 6424 O 13134
Average..........cceeeet 11 1,% 481204211
Distance in calculating speed taken from Sandheads; but, in calculating consumption of coal, the whole distance to Calcutta is
taken.—Coal account not available for other distances.
¢ Instead of Voyage 4, on which iron shaft was broken.
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Materials
used in
Ship- Nothing can be more important to the naval architect
Buildiog. thap a thorough knowledge of the properties of the mate-
rials with which he has to deal. X-Ye requires this to enable
him to dispose them to the greatest advantage, and with
Kknowledge LN€ least possible expenditure; and thus to produce a well-
of the pr%- proportioned structure of great and uniform strength. The
perties of introduction of iron as a material for ship-building has en-
materiale, larged this field of inquiry, and has led to much discussion
as to its merits in comparison with those of timber.

The properties of timber will be first considered. A
lengthened examination into the nature and qualities of the
different varieties used in ship-building cannot, however,
be attempted here, as the space which can be allotted to
the subject will not admit of more than a few practical
observations. Deterioration and decay, in timber-built
Durability. ships, may result either from the decay to which timber
itself is subject, in common with all organic matter, and
which may be hastened or retarded according as destruc-
tive or preservative influences are brought into action; or
they may be the consequences of an injudicious combina-
tion of destructive agents with the inorganic compounds of
the timber, thus inducing not only premature but unnatural
decay. All large masses of timber in close contact are
subject to deteriorating influences, such as a high degree of
temperature, an increase of moisture, or a want of free
circulation of air. These and other agencies, by promot-
ing fermentation, lead to the first stage of decomposition,
whereas the reverse of these conditions would in like man-
ner retard its progress. Moisture as well as heat is neces-
sary to produce fermentation, but when heat and the other
agencies are at work, moisture will generally be found to
exist, either left in the timber itself, or absorbed by it from
the atmosphere. -

Decay of timber, when accompanied by the growth of
fungi upon its surface, has received the name of dry-rot.
This term was probably applied to it in consequence of the
peculiarity, that wood so Iecom sed becomes a dry friable
mass without fibrous tenacity, the parasitical fungi robbing
the timber of its substance to support their own growth.
In general, decay, when it takes place in this particular
form, may be traced to imperfectly seasoned material, and
the inference may be drawn with a considerable degree of
probability, that the natural juices of the timber are neces-
sary to the growth of fungi, and consequently that if these
juices could be entirely abstracted or destroyed, this species
of decay might be prevented. It does not follow that the
presence of any of these juices will necessarily produce dry-
rot, should the circumstances in which the timber is placed
be such as to tend to their dispersion, or to their remaining
in a dormant state. But as they do undoubtedly remain in
much timber that is considered seasoned, any alteration of
circumstances to prevent a free circulation of air, to lead
to a deposition of additional moisture, and at the same time
to an increased temperature, will in all probability induce
the growth of fungi, and cause the destruction of the
timber.

In ships, the frequent presence of these injurious ele-
ments must necessarily tend to produce fermentation. But
though these facts are perfectly well known, it is remark-
able how little attention has been paid to the necessity of
a free circulation of air upon the timber of such parts of a
ship as are below the surface of the water. This may be
effected in various ways, though it is doubtful whether in
all cases the current of air produced by natural causes
would induce a sufficiently rapid circulation. This sub-
Jject was forcibly brought before the Admiralty by Mr
Creuze in 1827, but was not taken up or acted upon. In
the navy, the decrease of expense which would be occa-
sioned by any increase of durability in ships, laid up in
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ordinary, would be great; and in reality, with proper care Materials
and arrangements, there is no reason why the timbers of a used in
ship so situated should not be almost as durable as the same _ 8bip-
wood employed in houses and other structures. The ex. Boilding.
Eense caused by decay is even greater in ships than in
ouses, yet the attention paid to the subject has been in

an inverse ratio. ‘The same facilities for the prevention of
decay are not available for ships in commission, and if their
timbers should have been unseasoned, or have had much of
the natural sap left in them, dry-rot must almost necessarily
ensue. It may be especially looked for in ships sent to a
warm climate immediately after their construction, and ex-
posed to a high temperature, and of its attacking these,
many instances have occurred even within the last few years,

The same evils exist to a greater degree in merchant-
vessels,  Private ship-builders are unable to keep their
capital locked up in a large stock of the different classes of
timber fit for the different ships they may be called upon
to build, and as the purchaser ordinarily requires a speedy
execution of his order, the use of unseasoned timber is the
necessary consequence. No better arrangements for the
prevention of decay seem to be made on board of merchant-
men, after they are built, than on board of men-of-war.
Lloyd’s register of shipping may be said to have an injuri-
ous influence on this question. The register is kept by a
joint-stock company, and a committee of their body com-
posed of ship-owners, merchants, and underwriters, with a
staff of professional surveyors, have laid down a code of
rules for the construction of ships as a guide to their classi-
fication on survey. By these rules, a ship built of the very
best species of timber, thoroughly seasoned, can be classed
as a first-class ship for twelve years only; a renewal for
eight years may be obtained, but not without much trouble
and expense; and further extension again of four years
involves another expensive survey. Sufficient inducements
are apparently, therefore, not held out forincreasing the
durability of ships. Many teak-built ships have lasted
longer than these assigned limits, and yet no attempts have
been made to rival them, thus leading to the belief that
Lloyd’s rules have had the effect of rendering builders and
owners satisfied with existing results. It has been argued
that, to season a ship after she is built, by a free circulation
of air, will cause shrinkage, and thus injure the good fit-
ting and the strength of the fabric, and that it will strain
the fastenings, and admit damp, and thus cause the deca:
it was intended to obviate. Inreply to this it may be urgefz
that shrinkage could never be produced to this extent on
the timbers of a ship by the circulation of air, had they not
been in such an unseasoned state as to be totally unfit for
use; and that even in such a case, it would be far better
to take the chance of less certain mischief, than to leave
the ship to inevitable destruction by dry-rot. These remarks
show the importance of well-seasoned timber for ship-
building, and have been insisted upon here, not from any
supposed want of general knowledge of the fact, but to
show the importance of applying the means which exist to
remedy the evil.

It must be evident that when timber is to be closely
jointed to other timber, to form a compact mass, the whole
should not be wet with rain, or water-soaked when put in
place. The importance of this is recognised by Lloyd’s
rules allowing one year to be added to the prescribed period
of durability of any ship built under a roof. All vessels
laid down in royal dockyards have this advantage.

Different species of timber are possessed of very different Different
q(;mlities, both as regards their durability and their strength. qualities in

aks and other hard close-grained woods, being the most different
durable, are chiefly used for the frames of ships. The :'P::;: of
juices of the oak are of an acid nature, and besides the
{igneous, which it has in common with other woods, it con-
tains the Gallic acid peculiar to itself. Oak when used in
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an unseasoned state is extremely liable to dry-rot, which
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