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INTRODUCTION.

Tre reader of this little work, who shall open it with
the hope of finding a complete treatise on the science
and practice of Naval Construction, will be disappointed.
Such an expectation would also be as unjust to the author
as disappointing to himself, and the work must be
judged by the circumstunces under which it was written,
the parties to whom it is addressed, and the views with
which it is published, rather than by the pretensions
which are implied in a professed treatise on Naval Con-
struction.

The author begs the reader to consider the little book
merely as the remarks of a practical sailor, written for
the benefit of those of his brethren of the Naval profes-
sion who have not had time or opportunities of making
them forthemselves. They are some of the results of a
sailor’s experience concerning the practical qualities of
ships, acquired during some service, and put forth after
no little observation, thought, research, and experiment,

He believes that the study of the principles of construe-
tion and of the qualities of peculiar forms of ships, and of
the peculiar modes of stowage, would be of great value to
the practical sailor. Without due consideration to the
peculiarities of a vessel’s form in various parts, it is impos-
sible justly to measure the effects to be expected from any
particular trim or mode of stowage, and without a due
consideration of the effect of any given disposition of
weights it is impossible justly to measure the effects to
be expected from any particular form—and though it
may not be any part of a sailot’s business to be able to
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construet his own ship ; yet, since different ships require
the most various trim and stowage, it isindispensable, te
entire success, that the commander of a ship should
thoroughly understand what are the qualities due to
each peculiarity of her form, and how these qualities may
be modified by the arrangement of weights, in order that
he may correct as far as possible the defects of form.

It was the experience of the value of such knowledge
to himself as a sailor, which first led the author to the
study of this subject. He began by noticing the forms
of different ships, and soon remarked that each peculiarity
of structure gave to each ship peculiar qualities, good and
bad. A full bew gave one property; a lean run,
another; a bow full at one place, gave a different quality
from a bow full at another place; with an after-body
comparatively full a ship steered well, and with an after-
body comparatively fine, but in the wrong place, she
would hardly obey her helm,

The observations thus made were practically confirmed
by observing the effect of alteration of trim, which, in
fact, by taking one part of the ship out of the water and
putting another part in, may amount to a practical varia-
tion of the shape of the ship. When to these experi-
ments the author was enabled to add observations on the
working qualities of his ship, on her stiffness under can-
vass, on her stability in smooth water, or her instability
in asea way, he very soon found, that for the efficiency of
our Naval service, it was quite as desirable that the sailor
should know how to bring out the useful qualities of a
ship, as that the Naval architect should understand how
to confer them. TFurther, it is difficult to conceive, that
the sailor will know how or what to observe, unless he
have some knowledge of the prineiples which guided
the construction of the vessel whose qualities are to be
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observed, or that having observed, he will be able to
assign the good or ill effects to their true causes.

After having made such practical observations as
every sailor is able to make in the course of a few years
service, provided only he will direct a reasonable share
of attention {o the subject; connecting always in his
mind the form of the ship with her performance: the
author directed his attention, to the study of such works
as should enable him to explain his practice by Naval
science, and connect the results of his experience with
the received principles of Naval Construction. In these
researches he regrets to say, that he has not always been
successful. So muchof Naval Construction as may be most
useful to the sailor, is not concisely given in any work of
easy access ; the study of Naval Architecture has, in this
country, been condemned by the highest Naval authori-
ties, and has, along with the scheol of Naval Architec-
ture, been officially ¢ put down ;” information on such
subjects is therefore not easily to be had.*

The endeavour to supply, in some measure, the want
which the author has experienced himself, was one object
of the following papers, which were originally in the
form of Lectures delivered to an assemblage, consisting
mostly of members of his own profession.

In the first place is shewn what are the several qualities
essential to an effective ship of war, and what are the
peculiarities of form with which each of them in practice
appears to be associated. For this purpose the forms of
individual and well known ships, with their attendant
qualities, are discussed.

* Bince these Leetures have been delivered, a Board of Reference has
been established, which must be a subject of rejoicing to every real
well-wisher to the country and service; who is capable of understand-
ing the necessity which existed for such.
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In the next place, it is shewn that the advantage which
might be derived from any given form, may be lost and
counteracted by an improper distribution of the weights
in a ship, and the principles are considered, by which
the stowage of a ship should be regulated in order to
develope the good, and mitigate the bad qualities per-
taining to its form. Here also the principles are
deduced, from the consideration of practical cases in well
known ships, and the serious evils which have resulted
from ignorance or bad judgment in the stowage or con-
struction of our ships of war are pointed out.

Before concluding these introductory remarks, the
author desires to prepare the reader for the fact of his
having ventured to adopt and to advocate, especially
towards the latter part of the book, a principle of Naval
Construction, which has not yet received the sanction of
general consent, that which is called ¢he wave principle
of construction. The reason why the author adopted
that principle is such, that though it may not convince
the reader of the soundness of his judgment in this
matter, it will at least acquit him of the charge of rashness
or presumption in bringing it forward. It is simply this,
that after having brought together all the undoubted
facts of his own professional experience, and all he could
obtain of other people’s, he found no other theory capable
of fully explaining them but the wawve theory ; and after
haﬁng ascertained what are the peculiarities of form
which have practically given the best qualities to ships,
he found no other form capable of uniting together in
the best proportions all the desirable qualities but that
form which is called the wave form.

In the latter part of this work, the peculiarities of the
wave form are described. In regard to steam vessels,
it has already been extensively employed by the author
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of the wave system, and by others; and the writer has
observed of steam boats generally that they are fast or
slow in proportion, as their form approximates to the
wave form, or deviates from it.*

In sailing vessels also, and vessels of war, the writer
has observed that other good qualities combined with
speed have been exhibited in proportion as they have
approached to, or receded from, the wave system of
construction. This application, however, is still in its
infancy, and it is therefore treated of more fully in the
last lecture.

Since these remarks were written, a strong confirma-
tion of the soundness of those views has been received
from the complete success of the Enchantress, a yacht
of 45 tons, built expressly on the wave lines, for the
purpose of testing their applicability to vessels under
canvass ; not only did she prove herself in a heavy gale,
between Cork and Dublin, to be an easy, weatherly,
and dry vessel, when her companion was, in the same
sea, thoroughly disabled; but, in a keen competition,
with nine yachts, the best of their class, she carried away
the hundred guinea cup from them all ; thus proving that
speed may be obtained without the sacrifice of the other
good qualities of a ship. This is the second experiment
of the system under canvass.t The appended extract
gives the particulars of the trial.

* The remarks on the Greuat Britain have reference to her perform-
anee before she was altered; her speed is much greater now. (Sce
Mechanic's Magazine. )

t+ The Enchantress is the largest and the second sailing vessel of any
importance,constructed on the wave prineiple ; former applications having
been chiefly made to steam vessels. Bhe is a cutter-yacht of forty-
five tons, the property of 5. Hodder, Esq. of Ringa Bella, County Cork.
She was built at West Passage, near Cork, by Mr. Peasley, from the
draft of Dr. Phipps, on the wave lines of My Scott Russell. Her sea-
going qualities were first tested in the end of 1845 by several cruizes in
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Such are the views with which this collection of facts
and principles is laid before the profession. Experience

the English Channel during rough weather, and all the nnfavourable

opinions to which the novelty of her form gave rise, were speedily

corrected ; as it wasfound that she pitched, scended, and rolled far less,
nd was drier than others of her class.

She was also found to steer and work avith remarkable eaze and
quickness, which, from her full after-body and fine fore-body, was not
generally expected. These facts are of importance, as illustrating the
remarks of the author of these papers on the greater facility in turn-
ing, manifested by the wave vessel, even when of greater length. The
superior speed of the Enchantress was first fully displayed in the great
match at Kingstown, in July, 1846, where she had to compete with a
large number of the best yachts of England, Scotland, and Ireland,—for
the Hundred Guinea Cup ; offered by the Dublin and Kingstown Rail-
sway Company. Sixteen yachts entered for the race, mine of which
started, and after a course of forty miles, she won the race by beating the
Sultana of 100 tons, by 21 minutes ; the Vision, of 45 tons, by 6 minutes ;
the Rose, of 40 tons, by 21 minutes. The Comet, of 60 tons, was dis-
abled ; and both the Enchantress and Vision met with casualties, which
however did not prevent the former of these two, making up her lost
time and winning. At the end of the race, as the wind freshened, it was
observed, that she was gaining fast upon the yacht of 100 tons. The
superior power of the Enchantress, during the race, was so manifest,
that doubts were raised as to her real size, which was said to ba much
beyond her entered tommage, but on measurement by the arbiters, her
tonnage was found to be only 44 §% tous ; so that the prize was at once
awarded.

In order to appreciate this vietory, it is necessary to notice the
character of the competing vessels. The Sultana, of 100 tons, was
built by Mr. Ratsey, of Cowes, an eminent builder for the Royal Yacht
Bquadron, and this was one of his best. The Vision, 45 touns; is by Mr.
Wanhill, of Poole, celebrated for his fast yachts in the Royal Thames
Yacht Club, of which the Becret, Cygnet, and Heroine are good ex-
amples. This same Vision has since taken the Challenge Cup at Liver-
pool. The Rose, of 40 tons, is the last and best of Mr. Fife, of Fairley in
the Clyde, and well known as the constructor of the finest yachts of
Scotland.

Thus, it appears, good gualities as a sea-hoat, may be combined with
fast sailing in a high degree, and that, by aid of the wave principle, they

have been so combined in actual practice.
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has shewn that it is to the members of the profession
themselves that we must mainly look for its advance-
ment. The architect is dependant upon them for facts
and experiments, If the author has shewn that there are
no sufficient grounds for the complacency which exists
in the minds of so many about the present state of Naval
Construction, he will consider that he has not wasted his
time in writing. The absolute necessity for the appli-
cation of science once established, discussion within and
without the profession would follow. The profession
of the naval architect would cease to be almost the only
one in which ignorance and empiricism are more highly
prized than science and correct principles. Facts would
be carefully observed. The defects with their causes in
our present ships would be discovered ; then when
widely known, and thoroughly understood, it will bhe
impossible for us to remain longer behind the rest of
Europe in the formation of our ships; giving to the best
crews in the world some of the worst instruments for the
display of their bravery or the application of their skill.







LECTURE 1.
SIR,

I LaBoUR under peculiar difficulties in having
to follow a member of the late school of Naval Archi-
tecture, and therefore hope for your indulgence, and
further would beg to remind you that you ecannot ex-
pect from me that facility of expression which belongs to
long familiarity with the subject, as it is comparatively
new to me, except indeed. as a sailor.

As Mr. Chatfield had the use of the models from
Somerset House, I had hoped to have had that advan-
tage also, but Sir Wm. Symonds ¢ declined furnishing
the models I required for private purposes.”

I do not pretend to have discovered a new system of
construction, but have been called on to explain one
which has been proposed by another. From a convietion
of its value I have endeavoured to get it introduced into
Her Majesty’s service, and it is for that reason I have
been selected to explain it.

To Mr. John Scott Russell belongs the merit of the
discovery of the system, generally known as the « wave
system of construction,” which I now propose to explain.

In order to make it intelligible, and shew how far it
accords with known principles, it is necessary to shew
how the several properties of ships are obtained, or at
least to shew how far they are dependent upon form,
and how far upon the disposition of weights,

Hydrostatic Stability. — Stability being the most

_Important property in a vessel of war, I may proceed
first to shew how this is effected by Fori,
B
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Stability may be defined to be the resistance which a
ship offers to being inclined from the upright position,
and tends to restore her, if inelined, whether that incli-
nation be transverse or longitudinal,

The degree in which a vessel may derive this pro-
perty (from form) will depend upen three points, viz.
her length; her breadth; and the height of the centre
of gravity of displacement.

Centre of gravity of displacement :—The centre of
the immersed portion of a ship is called the centre of
gravity of displacement ; and the force of the water in
supporting her, and in resisting heeling, may be consi-
dered as centered there. A ship is supported by a num-
ber of pressures in different directions, but the effect
of their sum is a pressure passing through that centre,
and perpendicular to the surface of the water; for this
reason if a vessel be free and at rest, its centre of gra-
vity must be in the mean direction, or resultant of the
force of the water which supports it.

When a ship heels, the effort of this water should be
to right her, or restore her to the position in which she
was when at rest. '

Let E, fig. 1, Plate I, be the centre of gravity of
displacement of a ship; A D B, a vertical section pass-
ing through the point E; A B the water-line when the
ship is upright ; let G D be a perpendicular to the water-
line passing through the point E.

Position of the centre of gravity :—As the resultant
of the force of the water supporting the ship, is in the
line G D, it follows necessarily, that the centre of gra-
vity of the ship must also be in the same line; let C
be the eentre of gravity, situated in the load water-line,
When a ship is inclined, a prism is immersed on the
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one side, and an equal one is emerged on the other side,
asin fig. 2, Plate L.

A B being the water-line, when upright anda ¢ b
the water-line when inclined: now suppose a ship
cut in the middle, and suppose that BD A, fig. 1, shews
a vertical transverse section C B 4 and C A a being
sections of the aforesaid prisms, N and M heing their
respeciive centresof gravity.

Now, suppose the vessel inclined and @ b the water-
line then @ C A is immersed, and B C b is emerged, or
practically a quantity equal to B C b is transferred from
one side to the other, the effect of which is, to carry the
centre of gravity of displacement towards the part to
which the prism has been transferred ; let F be its new
position, draw from the point F' a perpendicular to the
water-line @ & ; it will meet the line D G in some point
G; & is the meta-centre.

Stability = Displacement » C O:=-If the centre of
gravity were above this point, the vessel would upset, if
it were at E, the weight of the ship wonld act at the
whole distance E F, (E F being perpendicular to F' G)
to right the ship, but being at C it will act only through
the distance C O, which is the perpendicular distance of
C, from the vertical line F G, the centre of gravity and
centre of gravity of displacement remaining constant,
the distance C O will vary with dimensions of the trans-
ferred prism.

Stability varies as the cube of the breadth.—Now, it
is easily seen, that if the breadth of the vessel be in-
creased, that the dimensions of these prisms will also be
increased, and very much more so by each additional
foot, and as their volume may be considered as collected
‘at their centres, so with each additional foot the centres
will be carried out, and the moments thus inereased, so

B 2
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that if the breadth be doubled, (the length remaining
the same) the stabili'y wonld be increased as the cube
of 2 (the double) or eight times; the volume increases
as the square, but the moment of the increased volume
being double of that of the less volume the stability is
increased as the cube.

Stability varies as the length :—DBut it may also be
seen that if the length of the vessel be increased (the
breadth remaining the same) the dimensions of the
prisins will be increased only as the length, and their
centres of gravity will remain at the same distance from
the vertical line, therefore C O will not be increased,
but only the force which acts throngh C O, conse-
quently the stability varies only as the length, while it
varies as the cube of the breadth. Thus for instance,
the Trafalgar, though she hasseven tons more armament
than the St. Vincent (which must tend to increase the
apparent stability) appears to have much more stability
than her—and this is in accordance with the above
reasoning for she has one foot more beam, and their
s:abililiesought to be as 157 5t. Vincent to

166 Trafalgar.

Stability may not vary as the cube of the breadth
and as the length :—But as this section may not, and
seldom can represent, all the sections, those both before
and abaft being smaller, and the more small the shorter
the vessel is, then in calculating the stability at a given
angle of inclination, the volume of all these sections of
both prisms must be estimated together with the distance
of their respective centres of gravity from the vertical
line.

The effect of the sections afore and abaft being
greater or smaller is such, that a vessel with less ex-
treme beam than another, may have greater stability,
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because of having a greater mean breadth ; this is the
case in the Espitgle as compared with the Flying-fish,
and her greatest inclination was 12’ while that of the
Flying Fish was 14.

In confirmation of this I may quote Captain Corry,
who says in his public letter, I must state that I could
not help remarking the extreme stiffness of the Espiégle
when compared with the other vessels, which must give
her a great advantage when firing her guns.”

Stability less when the centre of gravily of displace-
ment is low than when higher :—Now, suppose sections
of two vessels of equal displacement, whose centres of
gravity of displacement are respectively E and E!, fig.
3, Plate L., and when inclined F and F', F! lower.

The consequence of this would be that C O, the per-
pendicular distance of C from the vertical F1 G!, would
be less than C O, the perpendicular of the vertical F G ;
in the other case therefore the stability of the vessel
which has the centre of gravity of displacement lowest,
would be less by the difference of this leverage, nor
could the difference be compensated for by the position
of the ballast. :

Professor Inman has shewn, in his notes on Chapman,
that Clairbois was wrong in supposing that a ship hav-
ing greater displacement at the floor, (if ballast be
placed there) wiil have greater stablity than a ship
having greater displacement at the load water-line,
each having the same total displacement.

The difference in the height of the centre of gravity
of displacement of the Espiegle and Ilying-fish was
another reason why the former manifested greater sta-
bility, even though she carrierd her guus several inches
higher!

The parliamentary returns shew 54 inch but 1t
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must have been more unless the Flying-fish had broken
her sheer. If we assume that the weight of these two
vessels above water was 100 tons, and the centres of
gravity of this weight in each to be at the *¢height of
port” their moments of inertia would be
“in Flying-fish, 1720
Espiegle . . . 2256

or an excess of 536 disadvantageous
to the latler, as tending to make her roll by decreasing
her practical stability.

It is because thes tability depends upon the volume
of these prisms of immersion and emersion, aud upon
the height of the centre of gravity of displacement that
Chapman recommends rising floors, and a full water-
line.

From this recommendation of Chapman’s, many have
approved of the peg-top shape, which is essentially diffe-
rent from that recommended by Chapman.

Unreasonableness of comparing a small ship with a
larger.—As it has been seen that stability, (ceteris
paribus,) increases in a faster ratio than the dimen-
sions, so it may be seen how unreasonable it is to expect
a small ship to sail equally well with a larger, and more
unreasonable if the small ship has a larger armament,
-and still more unreasonable if the smaller in dimensions
has under those dimensions an equal, or more so, greater
displacement—Dbecause the power of carrying a larger
armament, and her sails well, must dependin’a great
measure upon her stability.

The inclining power of the sail varies only as the
cube, while the stability or power to resist inclination
varies as the fourth power of the dimensions. As the
nominal tonnage depends upon the length and breadth
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within a fraction, it may be taken indifferently with these
dimensions, when estimating what armament a ship
should carry, in all fairness, when competing with
another.

This is exemplified in the case of the Trafalgar and
St. Vincent when competing with the Queen.

Length Breadih ex, Stability shd Weight of

vary as armament,
St. Vineent 9205 ft. 51 321 323
Trafalgar 205 5 341 330
(Jueen 204 61) 440 314

Thus the Queen, which ought to have the greatest ea-
pabilities for carrying a large armament, and does carry
a Iar‘ge amount of Sé!.”, has the least armament.

The odds whick the old form has to contend
against :— This is one of the great disadvantages under
which the old form labours, when ecompeting with the
peg-top form, that of being smaller sllf-ps‘ with eqilal and
geunerally larger armaments.

And had there been any degree of fairness, in the
first experiments, we should not have had the old form
and seience so eried down as they have been. The Co-
lumbine was of greater tonnage by 38 tons than her
competitors, and from this, her stability ought to have
been greater, but she did not carry her guns near so high
as they did, which was the principal reason why she mani-
fested greater stability ; for I question if she had greater
stability from form, as 1 do not think her mean breadth
was so great as theirs,

If we assume that their weights above water were
100 tous, (the Columbine’s must have been least) and the
" centre of gravity of this to be at the helght of port;
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then the moments of inertia of this weight in these
vessels would have been respectively—

Aecorn . L . 3600

Satellite . . w2080

Weolf . : . 2900 but

Columbine only 1400
Height of port Acorn 6 feet

b Satellite 5,5%

£ Wolf 543

o Columbine 3.113

Of course the Columbine had a counsiderable advan-
tage from her low hull in going to windward.

The peg-top form not the best form for great stu-
bility :—1t is strange that any one who had given the
least attention to the question, could have supposed the
peg-top form was the best for obtaining great stability.
For let these two sections, fig. 4, Plate I, represent a
peg-top form and a form somewhat like the Espiggle’s,
and suppose both inclined till a b is the water-line, the
peg-top form will be in excess at b, by the quantity
shaded and marked 1, but it will be in deficiency at
by the greater shaded quantity marked 2, and similarly
if the vessels be inclined, so that C  shall be the water
line, therefore the peg-top form as shewn by this section
will have less stability ; the volumes of the prisms in
the Espiegle being greater, and the centres of gravity
of these prisms being further apart, their moments are
greater, and if in this then it may be in all the sections,
—further, the centre of gravity of displacement in the
Espiegle form is higher then, as has been shewn ; for
that reason also, the stability from that form is also
greater, and further, as the extreme breadth of the Es- .



9

piégle form is less, the guns and sides are carried out
a less distance, the moments of inertia of these are less,
consequently the practical stability, in motion, is greater
also.®

A further objection to the peg-top form :—There is
a further objection to the peg-top form, which is this,
that such a vessel, particularly where there is little
ballast, is kept perpendicular to the surface of the wave,
so that when she has passed up the face of the wave,
she has to pass through an enormous arc before she ar-
rives perpendicular to the other face of the wave, want-
ing buoyancy below, and having her sides and guus
extended out so far from the centre, she will acquire
considerable momentum, and will fall, after crossing the
ridge, into the coming hollow with violence.

Nos. 1 and 2, fig. 5, Plate IL. represents such a case
of a sudden transition from one side of the wave ridge
to the other, and which I have no doubt was somewhat
the case of the Star and Racer, which vessels were
thrown on their beam ends ; whereas, if part of the sta-
bility arises from ballast, the vessel will assume a mean
position between a perpendicular to the wave, and a
perpendicular to the horizon, will yield to the sea as it
passes, and then return to her position again, and if her
body below the water-line be full, as shewn in the sketeh,
her weights being comparatively centralized, because of
having less beam, she will fall gently into the coming
hollow of the sea.

The dotted line below the surface of the wave and
the line above, shew the relative portious of each that
are immersed, and shew about the proportionate quantity

* This has all been established in the Espiggle ever the Flying-Fish,

but the diagram was necessary for those whe were not aequainted with

these vessels,
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of hull which the peg-top form (1 and 2) has above
water more than the other (3 and 4), fig. 5, Plate I1. and
the possibility of the peg-top form being thrown over
by a sea, from the circumstance of the centre of gravity
being so high, and the centre of gravity of displace-
ment so low—low as compared with the Espiggle form.

Hydrostatic stability differs from, and may be
greater or less than the Hydrodynamic stability .—What
has been said on the subject of stability, refers to the
Hydrostatic stability, or as it may be called the theore-
tic stability, and is only strictly true when the ship has
no progressive motion, and for the most part in ordinary
Sforms it is sufficiently true, yet for other forms, and
under some circumstances, its amount differs widely
from that of the hydrodynamic, or asit may be called, the
practical stability. At rest, two ships may have equal
stability, but in motion, a very different amount; nay,
even the same ship may be altered so as to have her
calculated stability decreased, and her practical sta-
bility inereased. If a ship’s bow be so formed, that
a large accumulation of water takes place at and
near the stem, the bow will be raised, support will
be taken from the sides, and with this support the
practical stability will be reduced. ~ Whereas, if the same
bow be altered so as to allow the water to flow along the
water-line, the vessel will receive support from it, and
her practical stability will be increased, though it may be
s0, by the reduction of her calculated stability.

Again, suppose the midship section full, and the alter
body abrupt, then the water could not turn in behind
her, and she would lose support, and with it, practical
stability.

On the other hand, if a full round bow like the St.
Vinecent’s, were lengthened at the water-line, the water
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would not be thrown off or accumulated from her side,
but allowed to flow solidly along it, so that her stability
would be increased much more than the yolume of in=-
crease could directly give.

The two cases of hydrostatic and hydrodynamicstability
are illustrated when a vessel is taken in a squall, without
having any way on her,* she inclines very much at first,
but as she gathers way, she rises more nearly to the up-
right position, the hydrodynamie stability being greater,
because as the action of the water is increased on the
lee side of the bottom, and decreased on the weather,
so the resultant of the water is carried over a little to
leeward of the pel‘Pendiculur to the centre of gm\'ity of
displacement.

A case where hydrodynamic stability is much less than
the hydrostatic stability.—But there is yet another case,
and a most important one, of the deficiency of practical
stability as compared with the amount of the theoretic
stability. It is where the law, respecting the action of
the weights, that obtained when the vessel was at rest,
and under the circumstance when the theoretic stability
was estimated, changes, and by its amount reduces that
theoretic stability. This is the case where the propor-
tionate breadth is great, as in the Albion, Vanguard, &c.
For the law which governs the action of the weight of
the guns and sides at rest, changes when the vessel is
set in motion by the action of the waves. At rest the
moment of the guns and sides, being their weight
multiplied by their perpendicular distance from the
middle line, was balanced by the moment of the water,
but the weights set in motion their angular momentum,
1s now equal to their weight multiplied by the square of

# [ have secn a boat under sail capsize on taking a heavy vessel in
tow, icavy as compared with herself.
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their perpendicular distance from the middle line, the
water will no longer balance this, the practical stability
will be reduced, and the vessel will roll through large
arcs easily, but so quick as to impair her usefulness very
much.

If weassume that the weight of the sides and guns of
the Canopus is 400 tons each, and those of the Van-
guard from her having greater beam, 450 tons, then the
moments of inertia of their sides, &e. will be

Canopus . . . 258000
Vanguard . . 366,000

Excess . . 108,000
in Vanguard tending to decrease her practical stability
and make her roll.

There are many expedients for obtaining stability by
weights, such as iron keels, &c, many of which are ob-
jectionahle, or not practicable in vessels of war. But it
certainly seems desirable to have ballast, as without it
the beam must be great, which will decrease the practi-
cal stability, where there is motion, by the large moment
of inertia which the sides, guns, &c. will necessarily
have* But if the ballast be great, aud very low, the
ship will piteh and scend deep.+

Steadiness of gun-platform necessary.—The property
next in estimation for a vessel of war to possess, is that
of preserving her gun-platform relatively steady, for on
this depends her complete efficiency as a vessel for war.
This principally depends upon her practical stability.

Dal. Bernouilliy in an essay on the pitching and rolling
of ships, says, ¢ in every case stability is the true remedy

* See Brd Lecture.
t 1 thiuk it wus for this reason that the Duaring pitehed deejier than
the Flying-fish, and Espiégle.— Bee PARL, REPORT.
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to apply to all these motions, for the greater the stability
is, the less will these motions be.”

Great practical stability the best remedy for rolling. —
There can be no doubt that great practical stability is
the true remedy, and this will be greatest when a great
theoretic stability is obtained, from a small extreme
breadth,* but a comparatively large mean breadth,
(large because of its being carried far aft and forward),
when the bow is fine, and the after-body full at and near
the water-line, and when the centre of gravity of dis-
placement is high.

But the least motion should also be the least uneasy,
and least quick, therefore much of the stability must
not arise from having the centre of gravity low.

The motion will be least uneasy.—The motion will be
least quick and least uneasy when there is in addition to
great practical stability, a considerable keel, a large flat
at the forefoot and heel, when the sides are perpen-
dicular (if the centre of gravity be in the water-line)
above and below the water-line, (a quantity depending
upon the size of the ship) and when the solids in the
vicinity of the water-line near to the centre of gravity,
and both before and abaft it, are in some ratio inverse
of the action of the water.+

For if the side be not perpendicular, but falling in
below, and out above the water-line, when the vessel rolls
the solid rolled in, supposing her to revolve on a fizxed

* Bee 3rd Lecture, for the eyil consequences of great beam.

+ Speaking to an officer not long arrived from the Cape station,
where the Cleopatra, Helena, and Thunderbolt are stationed, he assured
me that they no longer spoke of those ships “rolling,” but of their
 pitching sideways”—these vessels being of the peg-top form, are
deficient in the particular alluded to. An officer joined the Scout, in
which vessel I was serving, and gave several illustrations of the greater
ease of the Scout over that of the Lily, another of the peg-iop form.
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axis, will be greater than the solid rolled out, but a
vessel does mnot roll on a fixed axis, and as the solids
immersed on the one side and emerged on the other,
must be equal ; then when a vessel of such a form rolls
the centre of gravity will rise, a quantity, the amount
of which will depend upon the difference between these
solids, at each roll, and will fall with considerable mo-
mentum when she rolls back—the consequence of which
will' be a continual quick and irregular motion.*

Proof that the centre of gravity must vise in the peg-
top form—ULet A B, (fig. 6, Plate 1.) be the water-
line when upright, and « &, and C d when inclined,
either way M N, the centre of gravity, when ¢ & is the
water-line, and ¢ p when the water-line is C d—let G- be
the centre of gravity. If that were also the axis, and it
was fixed, then when the vessel was inclined to @ b, M
would be less distant from G, than N, but as the axis is
not fixed, then G must rise, and the axis must pass
over towards N, till the prisms in which M and N are,
shall be equal. The quantity which G will be raised,
will depend upon the amount of inequality represented
by the strong lines inclosing Y, similarly also when C d,
becomes the water-line, and the amount is shewn by the
inequality.f

Peg-top form if easy not so to any practical purpose.—

* 1 recollect making out the Columbine from the mast-head to be
one of this description of vessels, and entirely from this quick motion.

t This rise of the centre of gravity has the effect of reducingin some
slight measure the injurions consequences of the very rapid motion. But
the eonstrained position of the matural axis, keeps them constantly
moving, which must impair their efficiency as vessels of war and is
partly the causeof their straining so much.

T was informed by an officer who took paios to inform himself of the
fact, that the Flying-fish wasobliged to have a new gang of rigging
before she went abroad.
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Notwithstanding this theory it has been said that the
Albion, Vanguard and Superb, are easy. 1 care not to
dispute about a term. But if this be so, I contend they
are not easy to any practical purpose. For the Albion
was observed by two Lieutenants, who were on board of
her to roll thirteen times, while the Rodney rolled but
eight times each in a minute, under the same sail, and
steering the same course ; in addition to this, the Albion
rolled through much greater arcs than the Rodney, the
Rodney’s greatest arc being 27¢, while that of the Al-
bion was 47°; allowing then for their difference of beam;
the Albion’s guns must have moved through space at
nearly four times the velocity of that at which the Rod-
ney’s were moved.*

The evil effect on the ease of having the after-body of
less mean. breadth than the fore-body.—Suppose a vessel
at anchor rolling,+ and that the mean breadth before
the middle is greater than that abaft, then the motion
will be more resisted forward than aft, and the mo-
mentum of the weights abaft and above not being over-
come, the roll (so to speak) will continue, the axis will
change to a diagonal axis, and opposite, as she rolls
each way, and this motion will be greater in proportion
as the afterbody is fine, and the vessel short : (fig. 7,
Plate I1.) give the vessel motion a-head, and all the
above will take place to a greater extent, so much so,

* I am quite af a loss to know what kind of ease that can be which
is compatible with such rapid motion, and if’ exposing between wind and
water to the enemy’s fire is useful, then it is effectually done!

t Two officers joined the Seout (in which vessel 1 was then serving)
from two vessels of the peg-top form, and they both expressed that the
ease of the Scout, as compared with these two vessels was remarkable;
indeed it is only by an officer passing from one ship to another, that

he can form a correct idea of the degree of ease which each possesses
with respect to the other.
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that even in a ship where there is little or no disparity
between the fore and after bodies, this will obtain, be-
cause the action of the water on the fore-body under
such circumstances is so much more intense than that
on the after-body.

The reason why short vessels do not run well—It is
notorious that vessels with fine after-bodies, particularly
if they be short, run badly.® It is because there is so
little action inthe after-body in such case, for the water
cannot turn in upon it,t there is even a danger in such
vessels of their broaching-to against their helm.

The after-body then should be greater than the fore-
body, in some ratio inverse of this action of the water.

I doubt not but that the reverse of this being the
case in the Columbine, was the reason why she was so
faulty ; it is reported, that they cut away her mizen-
mast, and threw her two after guns overboard.}

This view has been more than admitted by the altera-

* On one pecasion when the Irie arrived at Aseension, 1 boarded her,
and in going into the captain’s cabin I found it wet,a considerable
quantity across from the lee-guarter. 1 asked how it was, and was told
by the Captain, that she had been lurching her lec-guarter in all the
morning ; now I feel thoronghly assured that the much-abused SBapphire
or Acteeon would not have done that in a top-gallant breeze, (which the
Irishad.)

+ The quarter-boats were taken from all the brigs, doubtless on ac-
count of this defect, though the old 1B-gun briz, carried them so
long.

The Snake lost a prize through not having quarter-boats, and T
fdoubt not but there have been lives lost, because of the sgame want.

{ There could not be a more elear admission of the inferiovity of the
Columbine to her competitors than the fact, that she, though 38 tons
larger, was reduced fo a 16-gun brig, while ber competitors Lave
retained their eighteen guns and their third mast, or a less number,
of a larger size.
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tions in this respect in very many of the brigs which
have been built since the Columbine.

Flying-fish very different from the Columbine.—The
centre of gravity of displacement in the Columbine,
was 4ft. 3in. before the middle of the water-line, while
that of the Flying-fish, at her constructive draught of
18 inches by the stern, was only 1ft. 2in.* before the
middle of the water-line. (See Fig. 7.)

The volumes above and below the water-line are never
equal, but the inequality will be least injurious to ease,
when the vessel’s proportionate length is great, as such
vessels can have a long straight of breadth, where a
portion of these volumes is equal, while such vessels
will have a longer keel to arrest the rolling consequent
upon such an inequality.t

How fast sailing is to be arrived at.—The property
of fast sailing may be ensured by giving a vessel great
stability, a large proportionate area of vertical longitu-
dinal plane, and a small plane of direct resistance.
These are effected in the flying proa by great length with
little breadth, and a weight on the outrigger for sta-
bility ; this arrangement, however, is incompatible with
the requirements of a vessel of war. Again, this property
may be obtained by two planes at right angles to each
other, a vertical plane for resisting lee-way, and a hori-
zontal plane to give stability, but such of course would
not be suitable for carrying the armament, provisions,
and stores of a ship of war. [t is evident, then, that in
proportion as the capacity for carrying, or displacement,
under given dimensions is increased, so (ceeteris paribus)
is the property of fast sailing diminished, (therefore no

* Bhe was sailed only eight inches by the stern, which would carry

-the centre of gravity of displacement further forward, but only a small
quantity.

t Asthe Rodney, Trafalgar, Winchester, Southampton.

Q
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vessel on trial against another, to test the value of their
forms in respect of speed, should be deficient of any
proportion of the quantity of weight determined upon
as due and equal.)¥

The form next most suitable for fast sailing would be
(fig. 8, plate 11.) so as to keep the centre of gra:ity of
displacement high, which position is least injurious to
stability, and conduces to fast sailing by keeping the
planes of the side perpendicular to the action of the
lateral thrustof the water.

If the necessary displacement is obtained by an in-
creased proportionate breadth, then the resistance will
be increased, (see 4th Lecture) and the draught of watert
must be increased to obtain a sufficiently large propor-
tion of area of wvertical longitudinal plane, in comparison
of the plane of midship section, or plane of direct resis-
tance.]

Thus the necessary displacement is by great propor-
tionate length, as it thus may be obtained without in-
creasing the direct resistance, and with only a small
inerease of friction.

Stability necessary for fast sailing—Stability is ne-
cessary for fast sailing, as it tends to prevent rolling,
which is always retarding—enables a ship to stand up
under her canvas, and thus present a plane most nearly
approaching to a perpendicular, for the wind’s action,

# The Carysfort’s class, of 920 tons, carry 25 tons of provisions and
75 tons of water ; the Sapphire, (by Dr. Inman) of 600 tons, carried
the same; there could not be any fair comparison made between
these ; yet strange to say it has been made.

+ The draught of water (cmteris paribus) should vary directly as the
ratio which the breadth bears to the length. (Creuze.)

 Resistances, (caeteris paribug) are said to be as the area of the
greatest section.
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and also tends to keep the centre of effort of the sails
in the vertical plane, in which the centre of gravity is ;¥
and if the stability be great both transversely and longi-
tudinally, the vessel's constructed line of floatation will
be best preserved under a press of sail.+

A large vertical longitudinal area is requisite, because
it enables a ship to make a straight course without the
use of the rudder, which is at all times retarding.f

Again, if she fall to leeward because of wanting lateral
resistance, say 5 feet while moving a-head her own length,
she will have, while passing along her own length,
to displace nearly five feet greater breadth of volume,
which will prevent her from sailing fast.

7o produce a maximum result.—But in order to pro-
duce a maximum result, with these must be associated
that form of bow, which will divide the fluid sufficiently
for the passage of the greatest section, with the least effort
and least disturbance of the water, and the after extre-
mity must be such as to occasion the least minus pres-
sure or negative resistance.

Before entering upon the arguments relative to the
form of bow for least resistance, I would desire to re-
move an impression, which may and does exist in some
minds, that the resistance is the same whether the vessel
or the water be the body in motion.

Resistance not the same whether the vessel, or the water
be in motion—I1t is not the same. In the first case the
water is level ; in the second there is a declivity, propor-
tionate to the velocity of the stream. In the first case

¥ As the vessel inclines the centre of effort of the sail passes to

leeward of the centre of gravity, and causes the vessel to carry a wea-
ther helm.

f Bee page 4.

} The value of this was strikingly illustrated in the Queen, whose
course was a series of curves before the vertical plane was increased.
So that even a false keel may be the cause of a vessel's sailing faster.

c 2
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that small portion of water only is in motion which is
disturbed by the passing body ; while in the second case
the whole body of water is in motion.

t will be seen that when the vessel is the body in
motion, the water rises very m:ch in front, while in the
other case it seems to sink as it arrives to the bow, the
water flowing away underueath. Fur:her, the water ac-
cumulates to a greater extent before the vessel in mo-
tion, because the water to be displaced must be raised
ahove the horizonial line: whereas, when the water is
in mofion, it needs but to be raised above the surface
of the declivity, to be displaced, and the water at the
after part of the bow impedes very little the outward
flow of that further forward.

« M. de Bernoulli shewed by experiments, before the
Academy of Petersburg, that when water moves with
any velocity in a canal, the pressure it excites on the
sides of the canal is less than it exerts when at rest, ac-
cording foitsvelocity. M. ’Abbe Bossut obtained similar
results. M. Romme made experiments to determine
the pressure of water under the same circumstances,
and ascertained with great accuracy the decrease of
pressure exerted by the water in relation to its velocity.

When water is at rest, every particle presses equally,
in all directions in proportion to its depth below its sur-
face, and therefore exerts on any body floating on it, a
pressure in the same proportion. The whole of the
particles of the water in contact with the body, contri-
bute to support its weight by their vertical pressure, as
they supported previously the volume of water displaced

by the body, and the weight of which volume 1s equal to
the weight of the body, as the equilibrium of pressure
remains thesame. But when any particle is impressed
with motion, and passes along the surface of the body,




21

it no longer presses equally in all directions, having a
greater tendency to escape in the direction of its motion
than in any other. Itis shewn that the pressure of a
particle of waterin motion is proportional te its depth
below the surface of the water, minus the depth due to
the velocity estimated in the direction of its motion.”

Now, let it be granted that the particles in immediate
contact with the vessel's bottom 1n each case, have the
same relative velocity with respect to the vessel; yet, as
these pressures are influenced by the particles without
themn, whose pressures, in the case of the water at rest,
are proportioned to the depth below the surface ; while
in the other case,the pressure is proportionate to the depth
below the surface, minus.the depth due to the veloeity esti-
mated in the direction of its motion, then the particles of
water meet with less opposition in their outward passage
from before the vessel in a stream, and consequently less
pressure will ensue: again, the frictionof the water on the
vessel in motion will be greater than that on the vessel at
rest, but the negative resistance will be vastly more when
the wessel is at rest. Yet again, it may be said that
the vertical pressure will be less on the surface of the
vessel when she is at rest. than when the water is at
rest, and therefore that she will sink deeper und increase
the resisting surfaces; this no doubt will take place
and to a greater degree the less the length is in pro-
portion to the breadth.

Suppose a current running five miles per hour: it
would require more power to make a vessel stem that
current at the rate of three miles an hour, than it would
to make her go eight miles down the current—viz. thir-
teen over the ground; the centre of gravity in the one

" case has to ascend, in the Othor, to des{:cnd, and where

the vessel is at rest the centre of gravity has to be held
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from descending by the action of gravity, in addition to
being held from moving with the siream.

Lient. Murphy, mentioned that, (on the Euphrates
Expedition) though their vessels went nine kunots
through the water, they could make but seven good,
going up the river, owing to the fact of their as-
cending an inclined plane. I dwell upon this point
more, because several failures in river steamers have
arisen from not taking this difference into estimation,
and all caleulations without reference to this must be
Crroneous.

In order to arrive at what is the best form of the
bow we may examine the effects of an extreme shape.—
Suppose then a vessel’s bow to be perfectly square ; of
eourse, then, when in motion* she will accumulate alarge
body of water before her, and cause a proportionate de-
ficiency behind her, and on either side, as the water
cannot with facility pass round the angles of the bow,
either at the side or below. Thecentre of gravity being
generally near the water-line, in vessels of war the cen-
tre of resistance will be below it, and the propelling

* The bow of the Pylades was squarish at the water-line, and she
would not bear pressing. T have seen her go faster after shortening
lofty gail : we were taken in a squall, and the bow was completely
pressed under, so that the water eame steadily in over the bow, and
flowed a considerable height above the spun-water; her centre of gravity
of displacement was comparatively forward and she was wanting in
longitudinal stability.

It is stated in the Revenge’s ¢ sailing qualities,’ that she sailed much
better loaded than light, even off the wind, now her trim was rather by
the hiead, which would carry the centre of gravity of displacewent far
forward and reduce her longitudinal stability ; therefore the depression
of the bow would take place, and to a greater extent the more light she
became, so that, though the resistance might have been reduced by
emersion, it was more incrensed by the greatest vertical section when
under sail being oblique to the horizontal line of the body.
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power above it; the joint effect of these two forces will
be to make the vessel revolve round her transverse axis,
depressing the bow, and as the centre of gravity of dis-
placement in such a form will be far forward, the lon-
gitudinal stability will be small, and the bow will be pro-
portionately more depressed, and the area of resistance
will be increased, the greatest vertical section being then
oblique to the horizontal line of body, instead of perpen-
dicular,

Buttock-line should be a continuous curve.—1t would
appear then, that the floor line of the bowin the diree-
tion of a buttock-line should be a curve, and a conti-
nuous one upwards from the greatest section to the
water-line at the stem, the vessel will be prevented from
burying herself by being borne up by the water, as she
moves a-head, acting perpendicularly to this surface of
half of her length, and its resultant passing through, or
nearly through the centre of gravity, the effect will be
to decrease the resistance, by eausing her to emerge,
still keeping her greatest section perpendicular to the
horizontal line of her body. This form is also most
suitable for bringing ¢ the height of sail ’*to that position
in which the established proportion of masts and yards
would place it, and it also brings the resultant of the

# 1f the height of sail is to be altered, it must be done by making
the sails wider and less deep, or less wide and deeper ; to either of these
there must be a limit, and the vessel must be accommodated to that
limit.

The Eurydice has a fine bow, though not the form I propose, and yet
shedoes not piteh, but rather the reverse, has a tendency to scend, though
the depression of bow in her under sail, as shewn by an instrument on
the lower deck, amounts to nine inches : this arises from ber not having
sufficient longitudinal stability, which might be obtained by bringing
her by the stern, but it must be done by an increase of weight far alt,
in the bread-room for instance.




24

water aft, while it admits of the resultant of the sail
being brought aft also.

A rising eurve in the direction of the buttock-line will
not cause pitching.—Nor will this form necessarily occa-
sion an inersase of pitching motion, as has been sup-
posed. In some cases where a great tendency to pitch
has been associated with a fine form of fore-body, it
has very erroneously been attributed to shape : I propose
hereafter to shew (see 3rd Lecture) that it is less, but
also as the centre of gravity of displacement is further
aft in a vessel with a fine bow, so the moment of the
volume forward will be greater, and her longitudinal sta-
bility will be greater.

But the form of the vertical planes of the bow remain
yet undetermined.

A convex bow injurious to the strength and speed of a
vessel,—The most dangerous direction for a vessel to
have the seais a-head, and this, because the shoeks which
a vessel then receives, if the bow is badly formed, are
not only injurions to her speed, but also to the strength
of the vessel, because the direction of the wave being
then opposed to the motion of the vessel, the force of
immpact amounts to their joint momenta; therefore the
bow should be so formed as to receive this shock in the
most gradual way possible, and consequently should be
long and fine—(see 4th & 5th Lecture.)




LECTURE IL

Weatherliness, a feature in Jast sailing, and how to
be obtained.—Generally, that which makes a vessel
weatherly will also increase her speed; there are how-
ever exceptions. Stability, which has been shewn to be
necessary for fast sailing, is no less necessary for weather-
liness, which it effects by keeping the vertical longi-
tudinal plane perpendicular to the thrust of the water,
resisting leeway, and with a view to obtain a maximum
result, the long flat of the Cressy's® side ineclines
inwards from below, so that when she shall be inclined,
she may still have a vertical plane fo resist leeway;—
and a large proportionate vertical longitudinal plane is
valuable in going to windward, for, as has been shewn,
it enables a vessel to sail faster; and clearly, the faster
slie sails the greater will be the amount of water she
will have to resist her fall to leeward in a given time ;—
so that, if she sail six miles an hour, she will have six
miles of water to rvesist her drift: but if only sailing at
the rate of five miles she will have but five miles of
water to resist leeway, and she will be more leewardly.
But this large vertical plane should be perpendicular to
the thrust of the water, so that it is desirable, besides
having a long straight of side perpendicular, to have a
large flat at the forefoot

The value of a large proportionate area of vertical
plane was shewn in the case of the Queen as compared
with the St. Vincent, when the ratio, in each case,

_between their area of vertical plane and area of midship

* Designed by Creuze, Chatfield, and Reail, of the late school of
Nuval Architecture.
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section was 4.7 to 1, the St. Vincent beat* —estab-
lishing the superiority of the straight and perpendicular
side; but when the Queen’s ratio of vertical plane was
increased from 4.7 to 1 to 5 to 1 she beat the St.
Vincent, if it may be called a beat, where the St. Vincent
was under the many disadvantages she was.+

A bad formed bow very tnjurious to weatherliness.—
The form of the bow injuriously affects the weatherliness,
as it accumulates the water close to the stem, for, in
doing so, it causes a deficiency along the lee side which
permits of a vessel falling to leeward,f and further
tends to turn the head round to the wind ; acting as it
does so far before the centre of gravity, which tendency
must be counteracted by the action of the helm, which is
retarding : or by head-sail, which would be pressing, and
only increase the evil.

/1 fﬁi‘:ﬁ_{] ?)UU:' 'E.'f ‘}(’(ﬂ?(}ﬂ?'fﬁ?)lﬁ to u?.f_'(f.ﬂﬁrf?'ff;ﬂf?&'-.\‘.-—jfhﬂ bO\J\"
should be Jong for going to windward, because it receives
the immediate and direct action of the water, whereas
the side receives only the indirect action of the water on
it. The bow, fig. 9, Plate 11I., may give a maximum
lateral thrust to an individual particle, but' fig. 10 will
receive the thrust of a greater number of particles, so
that the total effect will be greater: besides which, the
mean centre of action of the water on fig. 10, Plate I1I.
will be further aft, and more to push the vessel through

# Thus any thing, whether it be a bad form, a fonl bottom, or in-
ereased weight which retards a ship, not only injures her speed but
also her stability und weatherliness, and magnifies the least disparity.
This shews the unfairness of allowing of any disparity, and the impos-
sibility of contending against odds, however small.

} The same fact was established in the ease of the Superb, Albion,
anid Vanguard—all the alterations have been to effect an increase of
the vertical plane, which is an admission of the principle laid down.

t Bee the 4th and 5th Lecture.
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her centre of gravity to windward, and less to turn her
round her centre of gravity than fig. 9; but fie. 9 offers
both more direct resistance,* and occasions more nega-
tive resistance by throwing the water off than fig. 10.
Both of these actions are iujurious to speed, and there-
fore to weatherliness, and should be ayoided. Were
it not then for the negative resistance that would be
occasioned, the bow might be (so to speak) the length
of the vessel with advantage to her weatherly proper-
ties,} and assuming that the resistance varies as the
square of the velocity, (which is sufficient for an approxi-
mation, though not for an absolute comparison,) the how
should never exceed 54° 44’, though it may well be less
to reduce the direct resistance.

A full after body conducive to wealkerliness.—The
less also the negative resistance is the greater will be
the lateral action of the water in resisting leeway, and
the negative resistance as has been shewn, will be least
when the water-line abaft is full to the extent that the
water can turn in bebind upon, if less there will be a
deficiency of water, and consequently of pressure.

A vessel cannot sail fast, generally speaking, if she re-
quire much steeving ; this is a point much misunderstood.—
The property of steering well, generally, as derived from
form, isa point much misunderstood, from not separating
it under its several heads; thus distinction must be
made between a ship requiring little steering and requir-
ing little to steer her; the first implies a state of com-
parative rest, and the second a facility in passing from
that state ; the first requires little steering, as her form

* See Lecture IV.

_t The general adoption of long bows with success, goes far lo prove
this ; but even this has become a mania, and people expect it to be a
panacea for every defect.
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is such as to keep her on the course given her, and
the second requires but a small amount of motion to be
given to the rudder to produce quick and extensive
effects on the ship in bringing her on any new course.

As every action of the rudder is retarding, its use
should be dispensed with when possible, and further,
that ship which can ordinarily dispense with its use,
will feel a greater benefit from its use when it is
indispensable.

The property of requiring little steering, how ob-
tained.—The property of requiring little steering may
be obtained by having a long straight of perpendicular
side, a long keel, a lean forefoot, and a fine heel, as they
will all tend to keep her on her course.

The truth of this was shewn in the Queen before
alteration, for her defect was, not that she did not answer
her helm, for Admiral Bowles’ says, “1 was parti-

cularly struck by observing her tacked yesterday against

a heavy head swell, when she and the Albion, without
hauling down their jibs, came round with perfect case,
(while this ship and the St. Vincent were wilh their
head sails down,” nearly double the lime in stays.)”*

I said before she was tried after her alterations, ¢ that
she would be undoubtedly improved,” and my antici-
pations were realized, for by the keel, stem, and siern-
post, she acquired another deficient property, that of
requiring little steering.

To insure that a vessel shall steer easily.—To insure
powerful action in the rudder, the keel should be fine

* The Caledonia and Bt. Vincent’s requiring to haul their jibs down,
must have been becanse the moments of inertia forward were in excess,
T have shewn this was the fact-in the St. Vincent.

+ Thotigh Isaid some of the altevations were in violation of prineiple ;

so also are they in the Rodney, but too small in amount to injure her.
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and the draught of water greater aft, with a floor rising
aft from the midship section —the power of steering is
due to the eurrent of water below, where it flows in fast
in  proportion to the height of the superincumbent
column, while that at and near the surface is forced in
only by the circumambient water,* therefore never can
flow in fast enough to produce any apparent amount of
action on the rudder, consequently it is better to occupy
this space by the full after body, and thus avoid the
dead water; indeed, the effect of too great fineness abaft
above is to cause an interference between the current
which rises up from under the vessel, and that which
flows along the side, the result of which is broken water
instead of a steady effective stream on the rudder.

The only efficient action of the water on the rudder is
below.—That the principal and almost the only action on
the rudder is below, is clear, from two facts of every day
oceurrence — 1st, that vessels do not steer well in shoal
water ; and 2ndly, from the fact that they sink abaft
more then than in deep water.|

As the water shoals, the quant'lt-}f of water which flows
in behind the vessel from below decreases, and with this
decrease of water the action on the rudder.

Where the after-body is fine, this deficiency is the
more decreased by the fall of it for want of buoyancy,
and the value of the full after-body is then shewn ; but
the utility of the full after-body is even more shewn when
such a vessel is running, it steadies her and prevents that

* The OQriental was in dock the other day, and it was quite evident
that she was steered only by abount six feet of her rudder, and yet she
steers very well,—and because of her straight sides, requires little steer-
ing. She wants balaneing, however, by her weights,

+ It is for this reason that vessels are found to strike in erossing bars,
though there may be more water on the bur than they ordinarily draw.
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swaying from side to side, which takes place in a vessel
with a fine run, and is that which makes them so
dangerous.

Daniel Bernoulli favourable o filling the after-body
more than usuel.—Daniel Bernoulli says, “1 cannot see
why constructors of vessels should place the greatest
breadth before the centre, as it can serve no purpose but
that of increasing the resistance to the water on the bow,
except it be to make a vessel float by the stern,” which
he justly adds, can be effected by the disposition of
the weights, which he says M. Bougner has shewn, may
be used to improve the steering; and he himself adds
that the filling of the after-body, which he recommends,
will increase the stability.

Advantages of a full after-body, or having the centre
of gravity of displacement abaft the middle of the water-
line.—1t must be quite evident that the water near the
after end is less accelerated than that near the fore
extremity, and that end is less subjected to perpendicular
motion or rising out of the water, therefore is more suif-
able for giving stability, than that forward, or in other
words, an equal volume, which, according to theory, ought
to give equal stability ; but from the different motion of
those portions of the vessel, a volume aft will give more
practical stability than an equal volume forward, while the
volume aft has the advantage of only increasing the fric-
tion, part of which may be favourable, as affording an
onward pressure; that forward has the effect of increas-
ing the direct resistance.

Having the centre of gravity of displacement abaft the
middle has several important advantages, but perhaps
that of increasing the longitudinal stability, by which it
prevents, to a great extent, the alteration of trim conse-




31

quent upon a press of sail, and eases the ship when pitch-
ing is the greatest.

Evil consequences of depression of the bow :—This
depression of the bow causes a ship to earry a weather
helm, by carrying the resultant of the water forward,
which it is desirable should be avoided, as every such
action must be met by an increased action of the rudder,
which must retard, or by shifting the masts forward,*
which will only increase the evil.

Little longitudinal stability is dangerous in small ves-
sels (at least).—The Lynx, when on the coast of Africa,
was trimmed on an even keel,+ or by the head, in conse-
quence of which her centre of gravity of displacement
was very far forward, and her longitudinal stability very
small. She was taken in a squall, when they set, or had
set, only her fore and aft foresail, which depressed her
so much that she would not pay off, and nearly capsized.
I dare say that the Charybdis had a like deficiency of
longitudinal stability when she lost her gun.

Having the centre of gravity of displacement aft, has
the further advantage of affording a longer lever for the
head sails to act through, so that the ship will pay off
more readily, the after sail being suitably trimmed for
that.

* This is how the masts have gradually been placed further forward,
in all our old ships; people not knowing how rightly to correct an evil
have ereated another.

+ No vessel ought to be sailed o an even keel, unless the centre of
gravity of displacement is abaft the middle. Iam quite aware that
there are some vessels that have sailed well trimmed by the head, and
some on an even keel, but they would sail better, and be very much
better ships in many ways, in speed, in stability, and in ease, for being
better trimmed and betfer stowed,—for trimming and stowing are not the
same as some suppose, the builder’s trim has been understood to be so
much by the stern, or so much by the head or hoth—these may be ef-
fected by a very different stowage—see 9rd Lecture.

o i
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The time of turning more influenced by the length of
the body of the vessel than by the length on the water-
line :—As it is thought that the time which a vessel oc-
cupies in turning necessarily varies with the length, it
will be offered as an objection to an increase of length,
that such a vessel will not stay nor wear quickly; now
the advantages of great proportionate length are such,
as to make it important that it should be proved, that
greater proportionate length may consist with rapidity of
movement in turning,

The length seems to be considered as that of the
water-line, while it is the length of body, or the dis-
tance of the rudder from the centre of resistance, which
determines the greater or less difficulty of turning by the
action of the rudder. It must be borne in mind, that a
ship is constrained by the action of the water on her
bow, and that she is turned by the action of the water
upon her rudder, as she moves ahead, so she has two
motions, one in her path, and one round the centre of
gravity. The result of these two motions is, that she
turns round a point at the opposite side of the centre of
gravity from the rudder, and it must be evident that the
nearer this point is to the centre of gravity, the less will
be the arc described, as the above distance will be the
radius of that arc, and consequently the less will be the
time occupied in turning.

Now if we suppose a stream of water flowing upon one
side of a vessel’'s rudder, at the angle it would strike it
were she moving ahead, and suppose this vessel’s stem to
be placed against a fized floating stage, of necessity then
she would revolve round this point of contact with the
stage then suppose the stage to receive a motion, and
the vessel to receive a motion in the same direction, and
her helm to be put over on ome side, the stem, still
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pressing against the stage, would be relatively fixed,
therefore she would still revolve round that point, though
she would also revolve round another at the same time,
the position of which will be determined by the positi:n
of this relatively fixed point, with relation to her length,
and upon the motion of the vessel and stage—the radius
of the arc described will be the distance of the relatively
fixed point from the rudder, added to the distance of the
relatively fixed point from the point round which she
turns; but the radius and time of revolution may be de-
ereased, by shortening the distance between this rela-
tively fixed point and the rudder—which may be done
by taking any point abaft the stem as that point. Now
it is quite evident, that the pressure upon any part of the
vessel is little in comparison to that which takes place on
the plane of the bow in receiving the thrust of direct re-
sistance, which may be considered as collected at a
centre, therefore that point is comparatively fixed, with
relation to the other parts of the vessel, which are more
free to move.

This relatively fixed point then, or centre of resist-
ance, will deseribe an arc round a point without the ship,
and at the opposite side of the centre of gravity from
the rudder, and the centre of gravity will deseribe a
larger arc round the same point, during which no doubt
the ship will be turning on her centre of gravity, (see
fig. 12, Plate III); but if the centre of gravity be too
near this point, then its angular momenta will be small.
and the resistance to the after-body will be so much
that the vessel will be long in coming round; but if the
centre of gravity be far aft, the angular momenta will

be great, and the vessel will come round quick, also be-

I
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cause the centre of gravity is near the rudder it will be
more powerfully acted on.*

And if the direction of the thrust of resistance be
the least horizontal, and the most vertieal, that the other
properties will admit of being given, she will turn with
the least opposition, and will turn in a much shorter
time than a vessel equally long, having a different form ;
also bringing the centre of gravity aft, will reduce the
length abaft that centre to resist turning, and the full
after-body will resist less than if it were a fine and flat
surface.  Again, the less rapidly the rudder, (because
of the short radius) recedes from the water acting upon
it, the more powerfully it will be acted upon.+

* I am quite aware that there is a prejudice the other way, I will
trust to the result of experiment : any one may see that such as I
describe is the fact, if he but wateh the steam-boats on the river coming
to landing-places.

+ In confirmation of this, I extracted from the Times the account of
the time taken by the <hips in tacking, and published after I had deli-

vered this :
Queen 4 very sluggish

Trafalgar  9.50 with courses

Rodney 3.45

Superb 4,30 main-yard too quick
Vanguard 8.30 top-sails and t.-g.-sails.

The greatest disparity here is between the two shortest ships, and of
the same length on the water-line. The writer in order to account for the
Superb’s greater leugth in stays, says the main-yard was hauled too
quick, but this is a matter of opinion of which the officer working ought
to be the best jndge. Quoery—does it not rather look as if the foremast
was too far aft 1 for the main-yard does notaccount for her having been
long in stays on previous occasions, which I have been informed by an
officer who was in her during the eruize, was the case, though he en—
deavoured to account for it in a different way, both from this writer
and from myself. It is much more reasonable to aceount for her being
g0 much longer in stays, by the fact that she has her stem upright and
her fore«hody carried forward, which would carry the centre of resist-
ance further forward, which, es I have shewn, would cause her to be
longer in turning.
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Vanguard’s form better for twrning than Superb’s.—
I would say upon the above grounds, that if the Van-
guard were lengihened on the keel till her vertical lon-
gitudinal area was equal to that of the Superb, (supposing
them drafted and weighted similarly) that she would
turn in a shorter time than the Superb ; and the Rodney
is an evidence to the fact that increase of length of
mere keel* affects but little the time of turning; for the
master of that ship states, that, if anything, she turns
quicker than before her alteration ;t not that | believe
the increased length has effected this, but the increased
weight aft—the addition to the stern-post being of conside-
rable weight, where I have before said she required weight,
for several reasons, for quicker turning being one.

The effect of a floor rising forward on turning.—
In consequence of the rise of the floor in the Rodney
in the direction of a buttock line, her centre of resist-
ance is rather aft, because of which, and her compara-
tively full after-body, she turns nearly as quick as the
Vanguard, though her extra number of guns are at a
greater distance from the centre of gravity, and there-
fore must retard her in coming to. Of course the
greater beam of the Vangunard will increase the mo-
ment of inertia of her sides and guns over those of the
Rodney, and retard her, though not to the same extent as
extra guns forward and aft; the increased moment of
inertia of the sides does not increase the pitch and
scend, while an increased moment of inertia of the extre-
mities would.

The case of the Victoria and Albert misunderstood, —
The centre of gravity being abaft the middle in the

* Which this alteration of the Vanguard supposes.
t She received an inerease both of fore-fout and stern-post,

D2
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Victoria and Albert has been said to have been the
cause of her steering badly, or requiring so much
steering. Its position,no doubt, under her circumstances,
would increase the evil, but it was by no means the
cause of it : the cause of it was a certain disposition of
weights which required a form to correspond, not having
which she required much steering; had she had more
flat surface parallel to the keel, she would not have re-
quired so much steering, or had she a different arrange-
ment of weights with the same form, she would not
have required so much steering, though in the same
trim each time ; not having either of these, the position
of the centre of gravity, and the form of her bow, in-
creased the evil—1st. Because the planes of her bow are
carried forward to the stem, rather convex both above
and below, the effect of which is to raise a head of
water® before her of considerable height, retarding her
and producing a point of turning very far forward, so that
the cut-water relatively held by this head of water, and
the other parts being more free to move, when she was
deflected by a sea or otherwise, she swept rapidly
through a large are, with the above stated point as a
centre, and the distance to the centre of gravity as a
radius.

The further aft the centre of gravity, the greater ra-
diué, and the greater momenta in turning ; whereas had
the bow been so formed that the accumulation should
have taken place at the after end of the bow, all that
great portion of the bow which would have been before
this would have acted as a directrix to steer her, the

* The water-mark on the how when she returned from France was
fully 4 feet high. Sle would require, T suppose, 200-horse power to
drive that column of water before her which a better formn would have
disposcd of. See Fig. 13,
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centre of resistance would have been brought aft nearer
to the centre of gravity, the radius shortened, and the
momenta reduced.

Cause of the improvement in the Victoria and Albert
shewn.—I understand that she does not require so
much steering; they have given her more keel aft,
and more stern-post,* both of which increased the Hat
surface parallel to the keel, and she has been brought
more by the head, (that is, she is less by the stern)
the effect of which is to reduce the radius or distance
between the centre of resistance and centre of gravity.

This shews the necessity of adapting all parts to each
other, and the evil of adopting that which is true in form
(true as being a portion of the form of least resistance)
without knowing the consequences of the association of
certain forms with certain arrangements of weights. A
full after-budy, or such as will bring the centre of gra-
vity abaft the middle, requires a fine bow, and the mo-
ments of inertia to be more nearly balanced than
ordinarily is the case.

The Zeriffais a further confirmation.—Xor she has
her centre of gravity of displacement abaft the middle
of the water-line, and yet she steers well.

The Circassian a still further confirmation of the
assertion, that a vessel may have fher centre of gravity
abaft the middle and yet steer well.—The Circassian has
her centre of gravity four feet abaft the middle, an equal
quantity with the Victoria and Albert, but proportionably
much more so, and it is evident that she cannot have
required much steering or she would not have won the
cup in 1842 or 1843« but 1 have been told by a friend,
who knew her, and also by the master of her, that she

“ No doubt her form near the stern-post was faulty, and was im-
proved by the additionul stern-post.
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was a fine vessel, and that she did net require much
steering.

Ships when brought more by the stern steer better.—
But if the idea that a vessel with a very full after-body
steered ill were true, then, in proportion as the after-
body was filled (it matters little how) so they would
require more steering ; but this is quite contrary to the
faet, many instances in proof of which may be given.

The St. Vincent was three feet by the stern when I be-
longed to her, and she steered and worked heautifully ;
the other day she was one foot or a little more by the stern
and she nearly got on shore, she steered so badly.* The
Ganges was brought to three feet by the stern, and she
sailed and steered better for i, the Madagascar also.
The President, was brought to nearly five feet by the
stern, and was much improved in every way for it.

Old ships unfairly compared with the new.—The dis-
advantages under which nearly all the old ships labour,
as compared with the new, render it impossible to com-
pare them directly, and it can be done ouly by mea-
suring these disparities which I have attempted by a
unit of measure (an explanation of which 1 give at
the end of this volume); but as this can only be an ap-
proximation, it is desirable to deduce principles from
ships under as nearly equal circumstances as possible,
obserying the difference, where there is any.

Testimony from the Queen and Albion.—The four
ships designed by Sir Wm. Symonds, which were part of
the last squadron, will afford us some data. Ist, then, we
find the Queen and Albion sailing together,and the Albion
beating the Queen; we find them again sailing together

* Requiring much to steer her, and not much steering, as 1 purpose
shewing inthe next leeture.
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and the Queen beating the Albion ; now the principal al-
teration made in the Queen, was that of giving her an in-
crease of verticallongitudinal area,in consequence of which
(as I have shewn) she steered better and was morewea-
therly ; and as she beat the Albion, which vessel had less
weight of provisions and water, less weight of guns, a
deck less, and yet more sail, we may fairly infer that the
Queen was of a better form for speed than the Albion ;
but the Queen was also more easy, and we find that
she had a greater displacement below her guus to resist
the moment of inertia,* (see fig. 14 and 15, Plate I11)
and she had a greater wertical longitudinal area, two
points which I have been contending are valuable in a
fast-sailing ship, as favourable to stability and weather-
liness,

Then we find the Albion and Superb nearly equal,
(when proportionally weighted) and there was little diffe-
rence between their vertical planes, for though the Al-
bion had greater proportionate length on the water line,
the Superb had greater proportionate length on the keel.

But the Superb beat the Vanguard though the for-
mer had t .e greater weight. and, what was the fact? she
had a much greater vertical longitudinal area.

Also we find that the Vanguard was more uneasy; and
the fact was that she had a greater inequality at the
water-line than the Superb ; they had nominally the
same, but the Superb was immersed nearly a foot more,
which reduced the inequality, and by lowering the cen-
tre of gravity gave her more stability to resist the great
moment of inertia of her sides and guns.

®* The beam heing the same the moment of inertia, from that eanse,
was the same.

4 Since which hoth have had the vertical longitudinal areas in-
ereased, the Albion the most so, and she ought to heat the Snperb.
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A summary of that which constitutes the best form.—
From all these we establish that the stabiiity should be
great, but should be obtained from the least beam whicl
will effect it ; and as a long straight of breadth is desi-
rable for weatherliness, so stability can be obtained by a
large (comparatively) me .n breadth ; the centre of gra-
vity of displacement should be high, the side should be
perpendicular above and below the water-line, a quantity
depending upon the size of the ship; and all must be
associated with a large area of vertical longitudinal section
as compared with the area of midship section; the bow
should be long, fine and not convex, and the after-body
full at and near the water-line, greater than the fore-body
i the inverse ratio of the action of the water on each, but
fine below, the floor should rize aft and forward in a eon-
tinuous curve in the direction of a buttock-line, and a
vessel should draw more water aft than forward.

The position of the masts most important.— Masting Ts
amost important thing, and as yet but very imperfectly
understood. Masting wpon any hypothesis derived from
an assumed law of resistances is entitled to little weight,
and may only be used as an approximation, though some
builders, to make people think that there is some mystery
in the matter, talk of elaborate ealeulations, whieh are
all imaginary or uscless, for there are so many influences
at work to modify effects that it would require more
than ordinary skill to assign each effect to its own cause,
and more than existing powers of analysis to measure its
quantity.

The simple way is to refer the momenta of the sails to
the centre of gravity of the vertical longitudinal plane,
when, if the action of the water is equalized by the
bodies befove and abaft it being iu the inverse ratio of
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the action of the water ¥ then in this centre will be the
resultant of the water, and opposed to it should be the
centre of effort of the sail.

It has been thought and aoted upon, to the great iu-
Jury of ships, that the finer the bow, the further forward
the fore-mast should be,{ but the experience of the few
last years has shewn that the bow may be fine and the
foremast far aft,

When a ship i1s under sail on a wind, she is acted on
by two forces, the force of the sail on the one side push-
ing her in one direction, and the force of the water
resisting in the opposite (or nearly so) direction ; these
forces, though spread out over a surface, may be consi-
dered as collected at the centres of their respective areas
on which they are acting, and are called the centres of
effort of the resultant of the wind and of the water
respectively. If they are equal and opposite the ship
will continue at rest in the line of her course; if the
resultant of the water pass before that of the wind, she
will have a tendency to come up in the wind; if the
resultant of the sail be before that of the water she will

* The intensity forward being greatest, the fore-body ought to be
least, and the intensity being least aft, the after-body should be
greatest,

t The effect of a full after-body inrequiring the centre of effort of the
sail further aft, was shewn in the Espiégle as compared with the Daring;
they had their foremasts nearly a like distance aft at starting, yet the
Espiégle’s dranght forward was 12ft. 8in. the Daring's but 11ft. 8} in.
Espiégle’s draught aft 14ft, 8in., Daring’s 16t. 7in. Now the Espiegle’s
after-body was more full than that of the Daring.

{ Bee fig 9 ; this may be wholly erroneous, for it may be ohserved that
the lateral thrust of the first division of this bow is greater than that
of all the others together, therefore the eentre of effurt un that bow is
much further forward than in that of No. 10, and the sail in No. 9
ought to be farther forward than in No, 10; experience may be the other
way in some caseg, but if so it is due to other causes.
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have a tendency to run off the wind; each injurious.
The centre of effort of the sails may be calculated upon
the supposition that they are plane surfaces, which is
erroneous, but as the errar is, or may be made a con-
stant, varying only with less or more wind, accurate
deductions may be come to. I have no doubt but that it
was found that ships with fine bows carried a conside-
rable amount of weather-helm, and that the fore-mast
was gradually shifted far forward till it arrived at the far
forward position it occupies in so many ships ; but T have
every doubt that the weather-helm was due to the cause
assigned, which induced them to shift the masts forward,
viz. that the resultant of the water was before that of
the sail, because of the bow giving great lateral resist-
ance in consequence of its form, rather than by its im-~
mersion (though temporary) from the pressure of sail, or
by the excess of the moments of inertia of the weights.
It could not be from its form, for though the angle of

* the bow might give a greater lateral thrust, yet there is

a limit to this, as upon the hypothesis that the law of
resistances varies as the square of the velocity then the
angle of 54 deg. 44 min. gives a maximum ;* so that,
for any angle below this, the fore-mast nay be brought
aft, and the further (within certain limits) the more
small. It seldom happens that the mean angle of our
sharp-bowed men-of-war is so much as this, so that, as
far as the question of weatherliness is involved, the fore-
masts of our fine-bowed vessels might be further aft than
they are: in shifting them forward they increased the
evil they wished to correct, for of course in the old forms
a fine bow was associated with a finer after-body, the
centre of gravity was before the middle of the water-

* Which may be used as an approximation
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line, and the longitudinal stability was small, and being
so she was easily immersed forward, which of course
carries the resultant of the water forward. The BEurydice
is, I think, a case in point; I hear they are going to shift
her main and mizen-masts forward because she carries a
weather-helm ; this will ouly increase it when it is now
most, in a strong breeze, and make her leewardly in
light winds. I will give a fuller case of this when I am
treating of the effect of weights.

From the admitted fact that almost all our ships,
certainly the old ones, carry lee-helm* in light winds, I
assert that their centre of effort of sail is too far forward;
and in justification I bave known many ships to rake
their masts, and all with advantage; the Trafalgar raked
her masts and took a better place iu the October cruize;
I believe the alteration of weight made some difference,
but if raking her masts had unduly increased the wea-
ther-helm by carrying the centre of effort of sail aft,
the good effect would not have appeared, as it would
have been counteracted by the retarding effect of in-
creased weather-helm. The Daring has her fore-mast
22 feet aft on the water-line, the Espiegle had hers 21
feet, but has had it shifted further aft with advantage;
yet the BEurydice has hers ounly 21 feet, though 45 feet
longer than either of these.f The Java had her’s only
21 ft. 8 in., the same as the Espiégle, though 70 feet
longer; it is now 24 feet, but even that is not near
enough,

The masts of the vessels designed by the surveyor
are much further aft than those of the old ships, the ad-

* And some of the new ; the Fantome earried a lee-helm when going
- upwards of 3 knots.
t True they are brigs, but it ought not to make sueh a difference,

§ Ttis not to Be wondered at that the Java pitched heavily.
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vantage of which they feel in going to windward in light
winds.*  If it has been found so advantageous it is diffi-
cult to say why the old ships shonld not have this advan-
tage, at least as far as is suitable for them.

Form cannot rise superior to every disadvantage.—Yet
if after all that the imperfect state of the science could
suggest were done, and still more if the science were
perfect as respected forms, the inherent good qualities
of the form would be obscured, if the ship is not well
sailed, and this quite apart from stowage.

I recollect Capt. Lapidge of the Cyclops sailing the
Lyra, and beating several 10-gun brigs, the Faleon iu-
ciuded; and then sailing the Fa]con, and beating several
10-gun brigs, the Lyra included.+ Sir Wm. Symonds
had the credit, and I have no doubt he did it, of taking
any boat of the Pique and beating all the others, so by
all round ; the First-lieutenant of the Portland, now
Capt.Burridge, had a like talent. Yet such a possibility
is now entirely disregarded, and some pronounce that
ship of the best form which has been made to beat
another.} and this alike regardless of the men§ sailing
them, of the difference of size of the ships, of the diffe-

® The Flying-fish is an exception ; hers is only 18 feet or little more
now, the evil of which she seems to have felt, for [ see by the Parlia-
mentary Report that they got one of her long guns aft 22 feet when
going against a head sea.

t I am not sure but that he repeated this in the Leveret, another
10-gun brig, all these were similar.

} This is true, (cmteris paribus) or all other things being equal; I
doubt not but that the English has been lustin the Latin, for it is the
fashion to neglect it.

$ It is recorded of the Bapphire that shelost in stays what she had
gained by good sailing, and the reason assigned is that she went round
too quick for the nan working her. 1f this be the case, the suceess of

the Columbine was in other ways than those alluded tu by meof a
negative kind,
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rence of weights carried, of the difference in the amount
of sail, and of the difference in the amount of arma-
ment, and the difference arising from its being worse
sitnated in one than in the other; which is about as rea-
sonable as to suppose that the vessels were made of such
flexible material that they assumed a new form in the
act of sailing, and that the form of the winning vessel
had been changed by the action of the water, directed
by the skill of the man sailing her, till it became (of
all the competing vessels) the nearest approached to the
form of least resistance.

That a good form is not the only requisite, Chapman
expressly affirms, for he says, * that a ship of the best
form will not shew its good qualities, except it is at the
same time well rigged, well stowed, and well worked by
those who command it.” So that it seems necessary to
mention, though only in a general way, some of the
things to be attended to in sailing a vessel to shew the
roown which exists for a difference.®

Rule for trimming sails on a wind.—The more sail
set the sharper the yards ought to be braced up, to
limits which will depend on the better or worse way
in which the sails are sef.

For the more sail set (generally) the less is the force
of the wind, and therefore the curvature of the sails will
be less, and in proportion as the curvature (perpen-
dicularly) is inereased, so will the lower half of the sail
press the shipt, from which it is desirable to relieve her

* These Lectures being on form, stowage, and thie disposition of
weicht in the holl, any other point is inténded only to be mentioned
as far as it is necessary for proof.

+ A remarkable case of a sail pressing takes place in a jib which
is generally a lifting sail ; if the sheet be hauled too flat aft, it will press

the ship, earry the resultant of the water forward, and make her carry
weather-helm, Cutter sailors know this fact well!
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by bracing the yards in a little. And the more sail
set (generally) the less is the curvature (horizontally),
the less will be the back sail, and therefore the more sharp
the yards may be braced.*

If the proportionate area of vertical longitudinal sec-
tion is great, the sails nearly approached to plane sur-
faces, the water smooth, and the bottom clean, the yards
may be braced with advantage to an angle of 15°, It
is seldom that so small an angle can be attained, and it
is seldom 50 small an angle is desirable ; the degree in
which sharp bracing is suitable to any particular vessel,
does not depend upon her greater or less degree of sharp-
ness, (as some understand it) but upon her suitability
for going to windward.

Rule for trimming the sails off the wind —There is
much less room for skill before the wind, and it seems
a much better test of the suitability of the form for fast
sailing than any other point, because the trial is less
subject to vitiation on account of want of skill in either
party, and less also from other circumstances. For the
disadvantage of greater height of hull in going to wind-
ward is lessened, the evil of greater height of guns also,
and the disparity of sail, is lessened nearly 3 to 1, in
fact running before the wind becomes ulnost a question
of traction.t

Yet there is room for some skill ; for instance, it is

* The old 18-gun brigs, designed by Sir Wm. Rule, are sharper than
the Scont class, and were thought more suitable for going to windward ;
however, we started in the SBcout with the Pelican, an old 18-gun brig,
on a wind, and weathercd so much on her that we lost sight of Ler from
the royal yard on the third or fourth day, and beat her four days in
a passage of 18 days to St. Helena, on a wind the whole time, The
Scont was designed by Sir Robert, Bepping.

T The better or worse steering does not alter this, asif bad it only
requires a greater power, if good, a less power of traction.




47

better to set the sail on the main-mast, for the lower parts
of the sails are depressing, and if forward they would
act through a lever equal to the distance of the fore-mast
from the centre of gravity to depress the ship, when (if
previously in trim) she will be thrown out of trim, and
will require more steering, if she will not also increase
her resistance. Some have thought it is desirable not to
hoist the sails taught up when running off the wind, that
they should be more flexible, and allow the vessel to rice;
but this cannot be carried far, as the less taught up they
are, the greater will be the curvature, and the greater
the pressing action of the lower partof the sail on the
ship : there is more reason, however, in it with reference
to the courses when running and when there is any sea
on.

Again, I think that a vessel with a full after-body
ought to have her yards more fine or more braced in, than
a vessel with a finer after-body.

Theory further established by facts.—It may besaid,
as it has been—but of what value is this theory, if some
of the patent facts are in contradiction of it? forgetting
that °° theory is experience reduced to rule,” the ex-
ceptions from which rule may be accounted for, and then
they only further establish the rule. But I have yet to
meet with an exception.

Castor and Vernon,—I cannot understand how in
reason it could have been expected that the Castor
should sail as fast as either the Vernon or Pique, unless
indeed it was thought that her superior model would
overbear all disparities ; the extreme unfairness of . the
comparison will be seen from the following table.

f
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Feet. | Peet.

{ [ | [Total | Weight | | Stabi- |
| | Tons |Weight | of Ar- | Welght | "y
|Ships names,|  Designer,  |Length. |Breadth, Mea-  carried. mament| =9 should
3 |

I

jsuremt. | (tons) | (tons) | Hull | ory as
| |

Vernon 260 | 1380 | <247

176.0 | 52.0 | 2080 | 1045

1| 8ir William

Pique . 160.0| 49.0 | 1633 | 678 | 184 | 1180 ‘ 188
Constance)| Symonds. | yeo'a | 200 | 5108 260 | 1477 | 263
Barham  Sir Wm. Rule| 178.8 | 48,2 | 1741 | 1000 | 200 | 1447 | 193
Castor » R. Sepping| 150.0 | 43.0 | 1203 ‘ 703 | 170 | 940 | 126
Portland | ,, H, Peake | 172.0 | 44,2 | 1487 | 1067 | 228 | 1030 ‘ 148
Raleigh  |Mr. Fincham | 180.0{ 50.0 | 1934 | 1080 260 | 1470 | 225

Ineonsmm|,-mm:. Hayes | 1569.4| 44.0 ‘ 1400 {;Lgfl 170| 9(;9‘ 135

|

No.
of
Gruns.

50
30
50
50
36
b0

50
306

Here we find the Castor carrying a much larger pro-
portion of armament and stores than the Vernon. If
the armament be estimated by the stability the Vernon
ought to carry double as much (similarly situated) ; but
as the Vernon’s is higher of course somewhat less.

Castor and Pigue.—The Castor carries 170 tons of
armament and the Pique 184 tons; now the ratio of
the latter’s stability to the former's ought to be as 8 to
2, which would give the Pique a capability of carrying
255 tons of armament. The Portland, a smaller ship,
carries 228 tons,

Barham and Vernon.—Out of 19 trials the Barham
beat the Vernon 18, and 3 they were equal. 1t is said
that the Barham was better sailed—granted. But the
Barham carried an equal armament with the Vernon
instead of a less, in some proportion to her smaller ton-
nage, as 17 to 20, or in proportion to the stability which
their dimensions might have given 19 to 24. But again
we find that the Barham carries 45 tons greater total
weight of water, armament, stores, &c,

* 1fthe stubility does not vary as these numbers it is the fault of
the construction ; it might have done so.

t+ This ship now has 829 tons total weight, which may account for her
not being so very fast as formerly.
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Portland and Vernon*—The Portland was matched
against the Vernon, unfairly in many respects,+ particu-
larly with regard to their armaments ; these were as 22.8
in the Portland to 26.0 in the Vernon, instead of being
as 14 to 20, the ratio of their tonnage, or as 15 to 24
the ratio of stability which their respective dimensions
might have given. In addition, the Portland carried
34 tons greater total weight, though she is 593 tons
smaller. The Vernon generally beat the Portland ; but
in a sea, (¢ven in the Mediterranean !) the Portland was
superior. 'The Portland throws as heavy a broadside,
within 32 lbs. as the Vernon, and is 350 tons of wood
and iron less. I doubt not but that if the Portland’s
lines were enlarged to the dimensions of the Newecastle
or of the old Leander (about 1640 tons) we should have
a faster, and in every respect a much more efficient, as
well as a far less expensive vessel than the Vernon.

Portland and Pigue.—The most extraordinary case
is that of the Portland. This ship with 120 tons less
measurement than the Pique, carries 44 tons more ar-
mament and throws a weight of broadside as 50 to 36 of
the Pique. She also carries a total weight of provisions,
armament and stores of 389 tons more than the Pique,
and yet, judging from her character, and that of her
sister ships,f she would beat the Pique in any weather,
and certainly, without the slightest doubt, in bad wea-
ther; and this, let it be observed, is obtained with 150
tons less timber !

It may then be fairly asked, to what useful purpose is
so much timber expended in building such vessels as
the Pique, Cambrian, and others of the same class ?

* Bee Lecture IIL
+ Amongst others the Portland’s copper was quile old and loose.
t Winchester and Southampton, both tried and fast ships,
E
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Raleigh and Constance.—There is a clear confession
of the advantages of greater size in the alteration of
the dimensions of this ship to compete with the Raleigh.
In all reason the Vernon was too large for 50 guns,*and
was 146 tons larger than the Raleigh, but like the rest
of her kind, the Constance would not bear even an
approach to a fair competition, so it was necessary to
enlarge the Vernon’s dimensions in her.t If she beat
the Raleigh under these circumstances, there will be no
merit in it.

It has been said that undue fault has been found with
the peg-top form for not carrying their weights, and
that they already carried enough : possibly so, but that
is not the question. When models are being tested the
quantities carried by each, whether great or small, (only
that these be pre-arranged,) should be the same,—in fact,
they should be alike on all points except in form. If
desirable to try them with less or more provisions after-
wards well and good, but it is quite unfair to direct a
ship to be built of a certain displacement, and then
allow another builder to give his vessel less displace-
ment under greater dimensions; thus for instance: it were
easy to reduce the displacement of the Scout in a new
draught, by which her stability and speed would be im-
proved, and yet she should carry as large an armament
and as great weights as the Rover, a larger ship.t It

* Mr. Fincham admits that the Raleigh is too large for fifty guns,
but it were unfair to make her carry & heavier avmament than a larger
ship.

+ The advantage derived from greater size is so great that I shall
say the Cressy ig a failure if she does not heat the Canopus upon every
point, yet she is only the size of the Superb or Vanguard, But I
have no doubt about her, and rather feel that she will prove to be the
finest ship that ever bore the British flag.

t We had no difficulty in the Seout in beating the Pylades, though
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requires but little talent to design fast ships when a
builderis allowed to keep his ship larger, his sail greater,
and his weights less than his opponent, yet this has been
called competition.

we carried greater weights”; both of these vessels were designed by Sir

Robert Seppings, bot the Scout was sbont forly tons larger than the
Pylades.

E 2




LECTURE IIL

A good form not the only requisite.~Again, science
may be exhausted in designing the immersed portion of
the body, and yet, from the bad arrangement of the dis-

-posable weights, or from the introduction of unneces-

sary weight into the construction, or from an ill-judged
leaving out of that which, to some, may appear useless
or injurious, though a main part of the design, the whole
may fail of a successful result.

I have no doubt but that under the guidance of such
men as Phineas Pett, the Bernouillis, Euler and others,
the ornamented sterns, and low heads were made main
parts of the design, and the more surely will any one
come into this idea, if he but enter into a few calcula-
tions to ascertain the degree of balance which obtains
in ships where these have been altered, or thrown aside
as useless, and no arrangement made to substitute their
effects. Thus, for instance, there was the Caledonia,
characterised as having every good quality, and yet she
must be altered in the St. Vincent, but certainly not
improved. The square forecastle was taken away, and
a round one given her; the head was raised, and filled
in ; the head knee was raised and increased in weight,
and the lines below, both forward and aft, were filled out.
So that if the weights in the Caledonia’s hull were ba-
lanced, (as we may presume they were by her character,)
the St. Vincent’s could not possibly be, for the inereased
amount of weight forward would be about 40 tons, 100
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feet before the centre of gravity, in effect — to 40 x
1002 = 400,000, tending to' increase her pitching, so
that we have no right but to expect that she would pitch
the amount shewn in her log, viz. 10°, while she only
scended 1°. DBut this increase of weight would also be
bigher, about 20 feet above the centre of gravity, the
effect of which would be 20° x 40 = 16000, tending to
make her crank, so that we need not be surprised that
a vessel nearly of the Caledonia’s model should not be
possessed of her good qualities, particularly as in addi-
tion to these weightsin the fore-extremity of the St. Vin-
cent over that of the Caledonia, there are, chain gangers,
iron hawse plates, chain gammoning, and chain instead
of hempen cables.

These have all been aggravated in the Trafalgar,
which vessel having had a round stern given her, has
had the moments of inertia aft reduced, which would
make those forward more in excess.

The disposition of weights in Ships not understood.—
This province of Naval Architecture has been much
neglected and much misunderstood, for though many
have said (when spoken to on the subject) that they
quite understood the prineiple which should guide the
arrangements of these weights, and have acted upon it
either iu the construction of vessels or in their stowage,
yet when asked for an explanation of what they under-
stood, they explaived the principle of the common ba-
lance or lever ; profiting by this experience 1 would invite
the reader to a more attentive consideration of the subject
as a most important and fundamental one.

Apparent contradictions—At the threshold of an
inquiry into the practice of stowage we are met with
the most opposite statements, officers of equal judg-
ment stating what they call facts, yet seemingly irrecon-
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cilable with each other, and therefore with truth—one
officer stating, and truly, that his ship pitched, and that
he trimmed her by the stern, but that she pitched, worse
than before, as the Java, Capt. Wilson ; another, that
his ship pitched and he trimmed her by the stern and
that she was much improved by it; and truly, the differ-
ence not being in their facts, but in their mode of cor-
recting the evil.

In apparent opposition to this we find that a ship may
scend though the greater weight be forward, as in the
Fox, the Cambrian, the Cleopatra, the Eurydice, and
others,

That a ship may miss stays uniformly, or be very long
in stays, though a short ship, as the Pique, and this
though she may be in the same trim as regards differ-
ence of draught forward and aft, as she was when she
stayed better.

A ship may not pay off in answer to her helm though
sitting by the stern, as the St. Vincent.

A ship may sail very well one commission and very
badly the next, and yet each time have had the same
line of floatation.

A notoriously easy ship may be made uneasy, as the
Endymion was made.

A ship may be made to sail nearly equally well in
different trims, or similar ships in different trims ; thus
the Canopus’s best trim is said to be about 14 inches by
the stern, and yet the best sailing trim of those built
after her varies from 11 inches, as the Thunderer, to
3feet 1 in.by the stern, which was the Ganges’s best
trim ; and in none of these cases is form necessarily the
cause of the defective or different performance, for all
may be the result of a peculiar disposition of the

weights.
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It is quite possible by a suitable arrangement of the
weights in each case, still preserving the same line of
Sloatation, to make a ship stay or wear badly (despite of
every care in working her), to make a ship carry weather
or lee helm, be easy or uneasy, steer ill or well, and even
a short ship may be made to take longer in stays than a
Iong Ship.

Mechanical principles of stowage sufficient lo ex-
plain these,—The explanation of all these cases is easy
upon mechanical principles.

A ship under all ciremnstances is a false balance, and
this in a great degree bucause of the situation of the
bowsprit projecting out at one extremity without a cor-
responding weight at an equal distance at the opposite
side of the axis, or point of suspension. While remain-
ing at rest, a greater weight at a less distance will ba-
lance a less weight at greater distance, but when set in
motion the balance no longer obhtains, for the weights
under this latter circumstance act according to the
gquares of their respective distances from the axis.

The principle applied in ¢ limiled way.—This prin-
ciple has been applied by Bernoulli, Euler, Bouguer,
and Chapman, but in a limited way,

A part of Mr. Henwood’s proposition.—NMr. Hen-
wood, of the late school of Naval Architecture, proposed
that this principle should be applied not only to the
stowage of ships, but also in the designing, as early as
1833; why that portion of it which is applicable to all
ships has not been adopted, is difficult to say, unless
indeed it be that it has not been understood; but even
this amounts to culpability, for it ought to have been
thoroughly understood, at least by the surveyor’s depart-
nient,

Erroneous views of stowage.—It has been imagined
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that all the necessary conditions of trim were fulfilled
if the vessel were brought to a certain line of floatation
and if on the stowage being completed she was found
not at that line, 2 or () tons more or less were shifted
50 feet, or 50 tons were shifted 2 or 10 feet, indiffer-
ently (the effect on the line of flotation being the same),
without supposing the effect on the ship’s motions to be
different, whereas the effect on the pitching motion in
the one case is 25 times as much as the effect on the
"same motion in the other. Thus when the Portland
was about to sail with the Vernon, it was found that she
was not by some considerable quantity, at the same trim
as her sister ship the Winchester, and time not admitting,
6 tons of ballast was shifted from about 3! feet abaft
the centre of gravity, to 20 feet before the centre of
gravity, the effect of which would be
On the Trim. On the pitching, to increase it.
50 x 6 = 300 30° % 6 — 5400
20° X 6 = 2400
Total — 7800
Had this been effected by shifting 60 tons 6 feet fore-
ward, and then 11 tons 39 feet aft., the trim would have
been obtained and the pitching tendency not increased.

On the Trim. On the pitching motion.

60 « i = 360 forward. 60 x 6* = 2160

39 x 63 — 58.5 aft, 39; x 14 = 2135

The requisitequantity 301.5 Practically nothing 25

My. Henwood's principle more fully stated.—Let W
balance W, on the lever a &, F being the fulerum or
centre of rotation, The moment W x Fa = W, x
F b. Suppose the lever to make one complete revo-
lution, then velocity of W i velocity of W, :: cixclea ¢ :
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circle b d:: Fu: F b—the moment (W x F a) x ve-
locity of W = effect of W in motion; a moment (W,
X F b) x velocity of W, = effect of W, in motion, or
momentum of W —= W X I ¢* and momentum of W,
= W, x F %°. Hence it appears that the effect of any
rotary weight is as its moment X its velocity. Suppose
W placed at ¢, and

Let W= 14, Fe =2 W,=7Fi=4
Moment W = 14 X 2 = MomentW, =7 x 4
Moment of inertia W = 14 « 2 x 2 = 56

5 5 W, =7X4x4=112

This is strictly the case of a ship if the weights be in
the inverse ratio of their distance from the centre of
gravity, or centre of gravity of displacement, (they being
both in the same vertical plane), they will balance, and
therefore a ship may be brought to a given line of
floatation by an infinite number of arrangements of the
weights, but when in motion, el differing in their effects.
The consequence of this is, that similar ships may sail
about equally well at different draughts, forward and
aft, or sail very unequally at the same draught, as the
Canopus, Asia, Thunderer, Monarch, and Ganges, or
sail very unequally at the same draught.

This law equally obtains, though a vessel should
deseribe only a small are, which is the case in pitching.

A part of Myr. Henwood’s principle illustrated.—A
few cases illustrative of these effects, may make the case
more clear,

Case of the Scout.—The Scout sailed very well in
the North Sea, and received a very high character from
Captain Hargood, was sent to the Mediterranean, where
she had a false stern given her. Sailed with the Colum-
bine, and was much beaten, had this false stern removed
when she was paid off; met the Columbine again, when
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there appeared to be little difference between them, the
Columbine having the advantage ; after this there were
some weights shifted aft in the Scout, and she met the
Columbine a third time, when it was said by the officers
of the Columbine, that the Scout had weathered, but
that the Columbine had fore-reached. The Scout’s
copper at this time was very much worn, but the Colum-
bine’s was comparatively new; the trial, if it may be
strictly so called, was very short, but sufficient fo shew
the effect of weights.

A solution of the case.—1f we suppose the false stern
to have been 15 ewt.,* situated 60 feet abaft the centre
of gravity, its effect to make her scend would be
607 X 2 tons = 2700.

Case of the Osprey—The Osprey was much beaten
during the Brig trials, went to India, was re-stowed, and
now proves herself to be quite another vessel as to ease
and speed. She sailed with the Wolverine, and beat
her every trial but one, and that was on the occasion of
their getting the Wolverine's spare topsail yards in board,
the effect of these to reduce her scending would be
about 402 4 ! ton — 800,

Case of the Trafalyar—The Trafalgar was slow
during the August cruize, had her masts raked,t and
took a better place+ all through the October eruize; the
effect of raking her masts, would be to increase the
moments of inertia aft.

Again, on the 3rd of October, the Queen, during the

* I have heard that her spare breachings and tackles were kept in
it, in that ease, it would be much heavier.

t Her moments of inertia aft were likely to be deficient because of
her round stern, and because of her bread-room being carvied further
forward.

t A better place with reference to the Roduney as well as the Queen,
the latter was much affected by the sea.
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forenocon’s trial, had her hammocks dowun, and she beat
the Trafalgar 380 fathoms to windward; at 12 o’clock
the Trafalgar asked and obtained permission to get her
hammocks down, and she beat the Queen 1900 fathoms
to windward.

Solution of the Trafalyar’s case.—The hammocks
were 10.5 tons, and they were* dropped down about 33
feet, the effect of which would be 832 « 10.5 — 11434,
tending to increase her stability, and reduce her lurch.

Case of the Endymion.—The Endymion sailed re-
markably well during the American war, but her main
and mizen masts were very much raked. She sailed
well in the Mediterranean, (though not so well as pre-
viously}) but her masts were nearly upright; however,
on one occasion, she carried her bowsprit away, in con-
sequence of which she had to shorten sail, and fell much
to leeward of the fleet; they put the cap on the stump,
and made sail again ; she was courses down to leeward
when the signal was made for the ships to make the
best of their way to Malta, yet she was the second ship in,
and very little after the Vernon, though she had to tack
to fetch up to the port. 1In all probability she was
trimmed the same as when she sailed so very well, but
that the moments of inertia aft were deficient, because
the masts were not raked ;} but it is equal whether weight
is carried aft, or taken from forward, as was the case in
the Endymion latterly.

* Several hammocks were taken indiscriminately, and weighed for
an average.

t Judging from the aceounts of her sailing during the war.

$ The weight must have been further aft to arrive at the trim, the
musts being upright ; the fault consisted in shifting a large weight a
smull distance, instead of an equal weight to that of the masts the
same distance aft, as they were brought forward by being upright,
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Solution of the Endymion’s case—We may assume
that she lost 1 ton off her bowsprit, and that from 100
feet before the centre of gravity ; and that her main-mast
had its centre of gravity carried aft 7 feet, and that of l
the mizen-mast 10 feet, the effect of these would be '
about—
Main-mast * 102 % 35 tons = 3
Mizen-mast 132 x 25 ,, = 4

Total effect 7725

The effect of the reduction of the bowsprit would be
1002 x 1 = 10,000, each tending to increase the pitching,
and when removed, to decrease it.

The ervoneous idea that a vessel with a fine bow must
necessarily pitch, combatted by shewing that which ocea-
sions it when it does oceur.—It is not because the bow
is fine that a vessel pitches, but because of the improper
arrangement of the weights. Suppose a vessel with a
fine bow, and an after-body not more fine, then the
centre of gravity of displacement will be nearly amid-
ships, (if trimmed nearly on an even keel), and the
amount of weights in each will depend upon their dis-
tance from the centre of gravity.

Suppose this vessel to be of 2000 tons displacement
on an even keel, the centre of gravity of displacement
in the middle of the water-line, (which suppose 170 feet
long) the hull 1000 tons, and éts centre of gravity in
the same vertical plane as the common centre of gravity
of the ship and weights; let the weights be collected on
the horizontal plane in which the centre of gravity is.
The weight of the bowsprit and jibboom, with gear, &e, of

* The distance the centre of gravity is moved does not give enough,
because the effect of each portion of the mast varies as the square of the
distance.
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such a vessel would be about 12 tons, situated 90 feet

before the centre of gravity; and suppose the weights
arranged as follows :—

504.8 tons, 50 feet abaft the centre — 25,240
and 483.2 tons 50 feet before the centre = }2-1,160
12 tons 90 feet before the centre = 1,080

These are equal; but the moments of inertia are very

different ; for

50% » 504.8 = 1,262,000
and 502 X 483.2 +90% x 12 = 1,305,200

An excess forward, tending to make the ship pitch 43,200
This may be corrected by placing

496 tons 50 feet abaft the centre = 24,800
492 tons 48.23 ft. before the centre = {2?:5;3
12 tons 90 feet o o3 = 24,809

Counsequently the ship will remain in the same trim,
but the moments of inertia being now

502 x 496 aft = 1,240,000
48.23% » 492 4+ 902 y 12 forward — 1,241,592
1,592

A small excess forward, which, if found to be injurious,
may be further corrected by shifting 5 tons 20 feet aft
from the centre of gravity, and 25 tons 4 feet forward
from the same point, then we should have

Aft 1,240,000

202 x 5 = + 2,000
1,242,000

and forward 1,241,592

42 % 95 + 400
1,241,992

Practically the same.
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A similar balanee of the moments of inertia might be
obtained by spreading the after weights further aft,
which may be done in many ways—by ballast, or by
raking the masts considerably, as was done in the Mada-
gascar.

Erroneous views concerning the effect of giving an
increased volume to the fore body.—If a vessel with a fine
bow pitches, it has been thought that the evil may be
corrected by adding to the volume of the fore body, and
thus increasing its “ buoyancy;” this is an error, and
wherever pitching may appear to have been thus reme-
died, it has really been effected by the weights, and not
by the increase of volume. Let it be granted (for the
sake of argument), that by the increase of volume there
is obtained an increase of *“buoyancy ;"* a third of the
increased displacement must be allowed for the weight of
the additional material used in giving that increase—
thus, suppose 70 tons given 60 feet before the centre of
gravity, and that the ship previously had 1500 tons;
then 50 tons only would be available as displacement,
20 tons being the weight of the material. The effect of
this would be (supposing the centre of gravity to remain
constant), 50 x 60 = 3000, the amount at rest. But
the moment of inertia of the 20 tons of material would
be, 60* x 20 = 72,000, or an enormous excess to increase
the pitching ; but happily these mistakes in some mea-
sure correct themselves—yet not entirely, or only by
creating other evils

as | now propose to shew.

Somewhat the case of the Fox.—Suppose a ship of 1500
tons total displacement, with a fine bow to pitch, and that
70 tons are to be added 60 feet before the centre to correct

* Which is impossible, because if there is an increase of buoyaney,
unlese there is a corresponding inerease of weight put in, a greater por-
tion of the bow of the vessel will float up out of the water than before.
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it : we must suppose her balanced, as I have shewn that
nothing can be more easy than to balance her; let her
centre of gravity be in the middle, and the centres of
gravity of the fore and after ends to be situated respec-
tively 50 feet each from the common centre of gravity,
800 tons the weight of hull, situated in the middle of the
length ; the first effeet of this would be to alter the posi-
tion of the common centre of gravity.

Moment of V. New Disp. ft. in.
60 % 70 = 4200 =— 1570 = 2 6 change of centre of gravity.
Moments aft 52 6 % 350 tons + 2.6 x 800 = 20,570
Moments forward 47.4 x 350 4 87.4 x 20 4+ 27.4% x
100 = 20,468

These moments being equal, the ship will be in her
original trim.

But when she is set in motion, the effect of these
weights will be
Aft 52.6° % 350 4 2.6* x 800 - 973,668
Forward 47.4, x 350 + 27.4% « 100 4 57.4" % 20 — 947,390

Excess aft tending to make her scend = 26,368

Such was the effeet in the Fox, she scended with vio-
lence. Tt may be asked, how is this evil to be remedied
in the Fox? If her original line of floatation were to be
preserved, a balance could be obtained with great diffi-
culty, by putting weights further forward than the new
displacement—but as this would not be desirable, it is
better to let her come by the stern to the amount which
30 tons of this new displacement will bring her.

* In the Fox a greater weight was put at a less distance than the new
displacement, ag T have done here to illustrate her ease better.




64

The moments at rest would be
ft. tenths. tons. ft. tenths. tons. ft. tenths. tons.
ARt 51 5 x 350 4+ 1 55 x 800 — 48 45 x350 +
ft. tenths. tons. ft. tons.
58 55 x 20 4 49 x 23.8
And she would sit about a foot more by the stem than
previously.
The moments of inertia would be

Aft 51.5° % 350 + 1 55° x 800 = 946,680
Forward 48.45° x 350 4 58 55 x 20 + 497 X 23.8 — 947,000

A slight excess forward, which I think is desirable.*

Evils of such alterations as that in the For.—Thus
30 tons of that displacement which the Fox received
had better been placed at once above water, where it
must eventually come before she becomes an easy ship,
but had still better not have been given her. TFor
1st, it has increased the weight, and, therefore, the mo-
ments of inertia of her extremities, consequently her
angle of pitch and scend must be greater than previously,
even though reduced to the smallest quantity that ba-
lancing can effect ; 2nd, her stability as derived from form
must be decreased by the new displacement given her,
therefore she must have more ballast than formerly
and Srdly, her gun platform cannot be so nearly hori-
zontal, she being brought by the stern to obtain ease.

It is true she may sail better for it, but this increase
of speed might have been obtained without alterations
contrary to established principles.

% The action of the water is more intense forward than aft, therefore
the weights forward may be (I suppose) slightly in excess with advan-
tage.
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Solution of the Javd’s case—The Jaya was of about
2000 tons displacement; nearly 1000 tons of this is
weilght of hull, situated *two feet before the middle of the
length, which was 172 feet; the bowsprit was about 12
tons, 90 feet before the centre of gravity, which was,
say, two feet before the middle, suppose in addition, the
weights to have been situated as follows:—

Aft, Hull, Forward.
51 feet 1000 tons  52.05 90 feet.
490 tons % T 498 tons 12 tons.

The moments aft—=26,990, the same forward 26,990,
But the moments of ineriia are :—

Aft g : ; 1,278,000
Forward . . A 1,448,000

Excess forward, (and she was found to pitch) 170,000

All her ballast was shifted aft to correct this
fault ; let it be supposed that 100 tons was shifted

100 feet aft from the centre of gravity of fore-body

100x100=1,000 1213%25 feet; the centre of gravity

will be this quantity further aft, and the moments of
inertia will be—

Aft 51—524.90 448 —5%5 100=1,269,800
Forward 52452x 498 90x 5% x 12432 x 1000=1,865,000

395,200

The excess forward nearly three times as much as

previously. Similarly also on board the Java, they

shifted all her ballast aft to correct the pitching, and they
inereased it.

Much judgment necessary to obtain a satisfactory re-

* It is generally assumed to be in the middle of the length ; this,
however, does not affect the argument.

F
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i sult, even when adding a small weight.—All other things
| being equal, the greater weights a ship has to carry the
] : less chance there is of her being fast, yet there are cir-
f cumstances under which an inerease of weight will cause
Bl a ship to be faster; if, for instance, a ship pitches or
scends much, and this be eorrected by the introduction
of a weight, she will sail faster; but this must be done

with judgment, as the same alteration in the line of
flotation need not necessarily produce the effict. Sup-
pose, then, a ship of 2000 tons displacement to pitch ;
| 1000 tons of this is the weight of her hull with its centre
11 HE of gravity situated in the middle of the length, and the
4l bowsprit 12 tons 80 feet before that ; suppose the weights
il as follows :—

1 Aft. Hull, Forward.
: | 50 feet 1000 tons 50 feet 80 feet
: 503,60 tons 2 5 484.4 tons 12 tona,

Moments aft 503.6 x 8§0=484.4x50+12 x80.

But the moments of inertia are not equal, therefore

: she pitches——
iy Aft 502x503.6 — 1,259,000
i ! Forward 502x 484.4 4802 12 = 1,287,000

e

Excess forward to make her pitch . 28,300

I If 30 tons be added 25 feet abaft the centre of gravity,
b the effect will be to shift that centre—

750

30 x 25=750 which m=.37
Moment of inertia,
Aft i . 50—.372%503.6+25—.372x30=1,258,180

‘ Forward 50+.372x484.4-4+-80+.37 X 12+.372x 1000=1 ,297,896

A greater excess forward, (and she would pitch more) 39,716
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Whereas, if the same quantity (nearly) were added 65
feet abaft the centre of gravity, the effect would be to
correct the evil complained of—

Feet.
4 . . 2,033.6 the centre of gravity
31.0%656=2034 which 2—:0-3—1-—51.0001 gfurther aft.

The moments of inertia aft would be :—

Aft 50—1% % 503.64-65.6—1%x 31. =1,340,000
Forward 50+1% 484.4 180+ 12X 12+2000=1,340,800

Slightly in excess forward, (as it ought to be) 800

The action of the water being more intense forward
than aft. Her motions would be so much lessened by
this additional weight that she would sail faster.

It is not an uncommon practice for weights to be
shifted in order to trim when sailing, or with a view to
correct the defect® of depression of the bow by the press
of sail from an idea of keeping the ship at a line of
flotation, which will present the least area of midship
section; this, however, is generally a very secondary con-
sideration 3 for though it be true (all other things being
equal) that the smaller the area of midship section the
better, yet any good that might arise from its being
small, will be overborne by a bad arrangement of the
weights, and a bad arrangement of the weights is almost
certain of being arrived at by such trimming, as a few
out of numberless arrangements will suffice to shew.

Suppose a ship of 1000 tons displacement 150 feet
long ; the weight of hull 500 tons ; its centre of gravity at
the middle of the length ; the common centre of gravity,
suppose, to be two feet before that, and the bowsprit, &c.

* Thisis a defect when it occurs to any appreciable extent, and arises
from a deficiency in longitudinal stability.

F 2
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to be 83 tons 80 feet before the common centre of
gravity ; we must suppose her balanced by the remaining
weights as follows, 50 tons situated in the same per-
pendicular plane as the centre of gravity of the hull.
Moments Aft 179 x 38.1 +2 X 550 = 7,920
* Forward 260 x 28 4 80 x 8.3 __ 7,944
Mo. of Inertia Aft 179 x 38.1° & 2, 3 550 — 262,000
Forward 282 x 260 + 80?2 8.3 = 262,060

—

Sligtly, greater aft . 60

Suppose her much pressed, and 25 tons shifted 40
feet aft, from the centre of gravity of the fore-body,
then the moments of inertia would be :—

Aft 3 . = 247,300
Forward : z = 248,056
4244

Excess aft, so that she will scend, and may steer easier,
but will be more leewardly.
If 50 tons be shifted 20 feet aft, from the same place,
then the moments of inertia will be
Aft L < = 248,000
Forward : ; = 248,100

The balance will be preserved, and the ship may sail
better for the change.

If 50 tons were shifted 20) feet aft from the centre of
gravity of the after-body, the moment of inertia would
then be:—

Aft : i — 344,750
Forward ] . = 395,285
50,535

® The weight and distance are quite arbitrary, yet as truly illustrate
the argument asif they were taken from an actual design or vessel.
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Such an excess forward would cause the ship to pitch
to a frightful extent.

And if 25 tons were shifted 40 feet from the centre of
gravity of the hull, the moments of inertia would be :—

Aft % 7 = 291,525
Forward g . = 395,285
103,760

So great an excess forward that she would pitch to an
enormous degree. Though these effects in all four cases
are so different, yet the effect on the trim (as regards
difference of draught forward and aft) is the same.
Lastly, suppose 5 tons shifted 40 feet aft from the centre
of gravity of the hull, which is in the middle of the
length, and the moments of inertia will be :—

Aft : : = 270,030
Forward i : = 265,285
4,745

Excess aft, consequently the ship will have a tendency
to scend, which will certainly increase the longitudinal
oscillations and retard the vessel.

From the foregoing calculations it may be perceived
that it is a very great disadvantage to a ship of the same
length as another to have fo carry a greater number of
guns,* as is the case generally in the old ships as com-
pared with the new. The St. Vincent and Queen may
be taken to illustrate this. The moments of inertia of

the following guns will give some idea of the amount of
this disadvantage.

* From the necessity of having a eertain quantity of room for work-
ing the guns in, the greater number must be placed more towarda. the
extremities,
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and the moments of inertia of each of 80 more in the
St. Vinecent are greater than the moments of inertia of
each of 80 more in the Queen. In addition, the St.
Vincent has 10 more in number though a smaller ship
by 488 tons. Their dimensions being—

Length. Breadth. Tonuage.
St. Vincent 205 feet 53.6 2602
Queen 204 60 3100

The question is not whether of the two the St. Vin-
cent or the Queen is of the better model, for their models
cannot be directly compared under existing circum-
stances,* but whether the model of the St. Vincent is
such that she will rise superior to her many disadvan-
tages.

I shall explain upon these principles the case of the
St. Vincent.,

Admiral Bowles, in writing of the trial between the

* When these disparities are allowed for, there can be no reasonable

doubt as to which is of the superior model, I will say that the 5t. Vincent

is the superior ship also.

8t. ViNCENT. QUEEN.
Dist. from| Weight. | Moment of |Dist. from| Weight. | Moments of
Centreof Inertia. |Centre of] | ™ Inertia.
Gravity. | (Cwt.) : Gravity. | (Cwt.) |.
2 foremst lwr-dkguns| 79.4 56 703,848] 77.5 56 | 660,35‘2'
2 aftermost 4 90.0 56 907,200 86.0 56 | 828,342
2 foremost middle ¢* | 85.7 | 50 | 734,400 83.4 | 56 | 778,960
2 aftermost 95.0 | 50 | 992,500{ 79.0 | 56 | 698,992
2 foremost main * | 79.4 | 41 515,288 77.5 | 41 | 483,472
2 aftermost main | 99.7 41 815,080] 85.9 41 | 604,996
4,578,316 4,045,114
Excess in 8t. Vincent 4,045,114 =
tending to increase l e BT
her angle of pztch & S i st
scend - | | |

|
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Queen, Caledonia, and St. Vincent, says, « I will there-
fore only add, that, considering the defect principally
complained of is her slackness of helm, it is very re-
markable how well she stays under difficult circum-
stances, and I was particularly struek by observing her
tacked yesterday againsta heavy head swell, when she
and the Albion, without hauling down their jibs, came
round with perfect ease, while the Caledonia and the
St. Vincent were, with their head-sails down, nearly
double the timein stays.”

It is clear from this that the St. Vincent could not
have been what is called ardent, (that is, having a ten-
dency to come up to the wind, because of the resultant
of the water’s passing before the mean direction of the
sails), or she would have come round quicker, and this
conclusion is justified further, by the fact, that though
she sailed well in light winds, a little off the wind, when
hauled close to the wind she fell to leeward, and I have
been led to understand that in light winds she carries
lee-helm ; this is most likely, as her masts are all far-
ther forward than the Queen's, the fore-mast being about
1.4, and the main-mast 7.5 feet, and the mizen 6.70 feet,
butthe St. Vincent is said to be ardent in strong winds ;
this is true in the sense of carrying weather-helm, and
the alterations which have been lately made in her have
been made with a view to correct this so-called ardency,
I say so-called ardency, for it was due to the circum-
stanee of her pitching so much more than she scended,
and the true remedy would have been to have prevented
the pitching,

On the 19th of July she beat the whole squadron
much, and again on the 22nd of July, while she seems to
have done least at the latter end of the cruize ; her angles

of pitch and scend were nearly equal at first, but after-
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wards her angle of piich was increased to 10° while that
of scend was only 1°: on the 22nd of July, the last
day she did at all well, they shifted 9 tons of bread about
40 feet further forward, the effect of which would be to
increase her pitching; this effect would be represented by
about 105> % 9 — 65°> x 9 = 61,120, though her trim
would not be affected one inch; there was such an in-
crease of the angle of pitch on this day in their register
that T was induced to ask the cause, and was told that
they had shifted the quantity of bread mentioned ; this
was afterwards shifted back again, but there was a daily
cauge tending to increase the angle through which she
pitched ; the water used on board was about 4 tons from
about 30 feet before the centre of gravity, or less; her
wet and other provisions amounted to about six-tenths
of a ton, say 40 feet, abaft the centre of gravity, and the
bread to about four-tenths, 105 feet abaft the centre.
From which we have

Effect.
At reet. In motion,
Pread A4 of a ton 105 ft. 42 4,410
Other provisions .6, 40 ., 24 960
66 5370
Water 4. tons al’,; 120 3600
54 1270

1770 is the daily effect tending to increase the angle
of pitch (supposing the centre of gravity fo remain
fixed*) because the moments of inertia of the weights
in the after-body were daily decreasing by that quantity
more than were those in the fore-body, which would fully
account for the fact of her angle of pitch being at the

* |t does not alter much in this case,
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end of the cruize 10°, while that of the scend was but
lo; but in addition 54 was the daily increase of the
moments aft, because of the greater reduction of the
weight forward by the consumption of water, the effect
of which was to bring her more by the stern,* and to
carry the centre of gravity further aft, the effect of
which was to inerease the moments of inertia of the
bowsprit, fore-mast, anchors, &c. forward, which was ano-
ther reason why her angle of pitch was greater :—further
her tendency to pitch in the first instance must have
been great from the circumstance of her mast being so
forward (an evil which exists in most of our old ships.)
The effect of increasing the angle through which she
pitched to 10°, while the scend was only 1°, would be to
make her carry weather helm on a wind,t and steer badly
off the wind, for as she pitched she would immerse the
bow and emerge the stern, say} 7 feet at the extreme
of the pitch, this would be a difference of draught of 14
feet, wemay saythe mean immersion forward, when pitch-
ing thus, would be equal to 7 feet ; nowit is said,§ that 18
inches immersion alters the position of the resultant about
12 inches; the resultant would be carried forward in the
case above stated, 4 feet 8 inches ; whereas, if the angle
of pitch and scend were equal, then as the centre of
gravity is before the centre, the resultant of the water
would rather be brought aft, so that if she were balanced
so as to pitch and scend like quantities, her moments

# Bhe was found on her arrival to be more by the stern then when
she started.

+ She would not pitech muech in comparatively smooth water, therefore
would not carry weather helm ; she was not said to do soin light winds,
but the reverse.

1 100 would give 16 feet, but I take 7 feet as a mean.

§ By Maitz de Goimpy, a French writer on Naval Architecture, as
derived from exuct experitnent.
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of sail might be brou_ht aft (advantageously) 4ft. 8in.
But there is a further reason for her carrying weather-
helm; when on a wind she would tend to incline to
her sail ; I say tend to incline, for it is found that when
the longitudinal inclination is a maximum the lateral
is a minimum, so that as she pitched she would be-
come upright, but when she came to the horizontal shé
would again incline to leeward ; the effect of this would
be, that inclining laterally at the commencement of
the pitch, the action of the water on the lee-bow and
side forward would be so much greater than that to
windward, that her bow would be pushed up in the
wind ; which was the effect complained of. Now the true
remedy for this would have been either to have shifted
the masts, or to have lengthened the bow ; if the bow
had been lengthened 7 feet on the water-line, sufficient
buoyancy could have been given her nearly to balance
the moments of inertia, the pitching and scending would
have been equalized, therefore there would not have
been any tendency, or not much, to carry the resultant
of the water forward ; the increase of lateral area fore-
ward would have balanced the sail far forward, as it
now is, and have corrected the tendency to carry lee
helm in light winds; besides which, this alteration of
bow would have increased her practical stability, given
her a better form of bow for speed and weatherliness,
and would have been a valuable experiment at a small
cost.*
Or if her masts had been shifted farther aft, the

Fore-mast . g 2 feet,
Main-mast = : 6 feet,
Mizen-mast . ] 7 feet,

* It was estimated at £200.
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this would have brought the moment of sail less far aft
than itis in the Queen, whose masts in addition to being
much further aft were very much raked,—and yet I

 believe her point of sail was not too far aft.

The reduction in the moments of inertia which this
shift of the masts would make, would not be equal in
effect on the motion to the nine tons of bread, which
were shifted about 40 feet.

An allowance should be made for her change of trim,
and alteration of balance, owing to the consumption of
water before alluded to, else she should be so stowed*
or consumed as not to alter either the trim or the ba-
lance. And clearly she would be the better for a per-
manent weight in her bread-room; it need not be large
but faraft. Instead of either of these they have added
false keel slightly tapering forward, the effect of which
will be (unless they rake the masts,t oralter the weights)
to increase the evil of lee-helm in light winds, by carry-
ing the resultant of the water aft a little, as the keel
only tapered slightly, and to increase the weather-helm
when there is more wind; for by increasing the incli-
nation, the action of the water, as I have before shewn,
on the lee side, is increased over that of the weather,
and the bow is pushed up towards the wind.

The effect of the increase of keel on stability, to in-
crease it, may be thus explained.—The resistance (if
uniform) on a plane, may be considered as collected at
the centre of the plane.

* This is an arrangement which all ships require to have made in them,
+ Considerable rake was given to the fore-mast, by which, I think,
the centre of effort of the sail on it must have been carried aft four or

_five feet, and the weight of the mast with it; if they have taken other

weights aft also she will be improved ; this is almost to be lamented, as
we shall hardly see all the ill effects of the increase of keel.
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When a ship is sailing with a side wind, part of the
effect of the wind is to drive her to leeward, and the con-
sequence of which is, that her course is oblique to, and

to leeward of the middle line. This line is called the *

line of leeway. This falling, or being forced to leeward,
causes an increase of force on the lee side over that of
the weather; this excess may be considered to be acting
at the centre of the vertical longitudinal plane, and if
below the centre of gravity, its tendency must be to
incline the ship : this centre is always below the centre
of gravity in men-of-war, therefore, the more the depth
of this plane is increased the more the centre of resist-
ance is carried down, and the more also the vessel will
be inclined ; keel, therefore, should not have been given
to a ship said to be wanting in stability.* Tt is further
objectionable as it decreases the facility of docking, and
going out of harbour, &ec.

Weights situated transversely from the centre of gra-
vity referable to this law.—This law equally obtains
with respect to the position of weights transversely, and
to the motions of a ship round her longitudinal axis, but
as the sides are similar, and similar weights ave situated
at similar distances on those opposite sides, the question
in this case is not whether the moments of inertia of
one side are greater than those on the opposite,+ but
whether the sum of the moments of inertia are the
smallest that will consist with the other requisites. I
say the smallest possible, because in proportion as they
are great, the hydrodynamic or practical stability will

* Which is true in some respects, yet not in others, when compared
with other ships. For she has enough stability when they have not,
and the reverse,

¢ They may be so, of course, but it seldom is so, from the very gene-
rally similararrangements of the weights on each side.
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be decreased,* the vessel will roll through large ares, and
the strain on the fabric will be increased.

Professor Main’s experiment.—The - effect of the

. weight of the sides being extended out may be illus-
trated by the following simple experiment, suggested by
Professor Main.J

Two bars, one 6 feet long, the other 8 feet, were
placed on the same axis with weights at their extreme
ends, so that either arm of one bar would balance either
arm of the other were they cut in two and joined. The
bars were tied together with a single twine, with a bit
of hemp moistened with spirits of turpentine between its
threads, which was set fire to at the instant of making
the bars revolve on the axis. The bars revolved together
till the twine was burnt, and from that instant the
number of revolutions of each bar were counted ; a mean
taken of several trials, shewed the number of revolu-
tions of the long bar to be to those of the short bar as
3.5¢t0 1.

Making due allowance for friction, and resistance of
the air, and the accelerated motion of the short bar
through its being tied to the other, it is to be concluded
that the same moving force produces four times as great
¢ angular velocity,” and therefore of momentum, in the
long bar as in the short bar.

My. Henwood’s experiment.—The same law was also
practically shewn by another experiment with two mauls

% The only exception to this is when the water is glassy smooth and
when the solids near, above and below the water-line are so nearly
equal, as not to cause arise of the centre of gravity, when the vessel
inclines. If these solids ave not practically equal, then in addition to a
smooth sea there must be & uniform pressure from the sail, which can
. only be with a side wind.

t Of the College at Portsmouth,
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fitted so as fo strike on bolts. Holes were bored with
the utmost precision in a block of wood of uniform soli-
dity, and copper bolts cut from the same bar, were
driven two inches each into the block for the experiment.
The two mauls used were 13 lbs. each, one fitted to
descend by gravity in a circular arc of 3 feet radius, and
the other a 6 feet radius. It is well known that a heavy
body let fall from a height of 1 foot, acquires a velocity
of 8 feet a second; if it descend 4 feet it acquires a
velocity of 16 feet, and if it descend 16 feet a velocity
of 32 feet. The object in the experiment was, to make
the maul with the 6 feet radius strike the bolt with pre-
cisely #wice as great velocity as the maul with the 3 feet
radiug should strike the bolt : accordingly, it was neces-
sary to allow the 6-feet (rad.) maul to descend from a
height of 4 feet, and the 3-feet (rad.) maul from a height
of one foot, and then the velocity of the former, at the
instant of impact on the bolt, was precisely double of the
velocity at the instant of impact of the latter.

The result obtained from many such experiments has
been, that the effect produced by the 6-feet (radius)
maul, was more than four times that produced by the
3-feet (rad.) maul. :

And thus the law of moving bodies, on which the fore-
going calculations are founded, is proved by experi-
ment ;—because when a ship is pitching, every weight
that is double the distance from the axis that another
weight is, has double-the velocity of that other weight.

A third experiment was made with two bars, one 3 feet
long, and the other 3 feet 4 inches—of equal breadth
and thickness, and loaded with equal weight at their
ends. The weights of the bars would represent the
weight of the decks of the Rodney and Albion respec-
tively, and the equal weights placed on the ends of the
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bars would also represent the weights of the sides, guns,
&e. of those ships. These bars were made to revolve,
tied together like the former, and the number of revo-
lutions counted from the instant the twine was burnt

- through ; a mean of a number of trials shewed the re-
volving force or velocity of the first to be to that of the
second as 4 to 5.

Albion and Rodney compared, with the results from
this law.— Assuming that the sides of the Albion and
Rodney are of equal weight, and that weight to be 500
tons, then their breadths being respectively 60 feet and
54, the moments of inertia of these sides would be as
4.5 to 3.1, being a slightly greater ratio than the weights
and bars give ;—the difference arises from the friction in
the bars,

But we find the Albion rolling 13 times, while the
Rodney only rolled 8 times (under similar circumstances),
and the Albion rolled through 49°* while the Rodney
rolled but through 27¢, which gives a ratio in the extent
of 1.8 to 1, and in angular motion of 2.94 to 1.

The peculiarity of the form accounts for some of this;
on reference to fig. 14, pl. 4, it will be seen, that a per-
pendicular line is drawn on the midship sections of these
two vessels, cutting off a section of six feet from the side
of each, and when the section of the Rodney is laid over
that of the Albion, it proves to be the larger by the part
not shaded, the sections being aboutin the ratio of nearly
2 in the Albion to 3 in the Rodney, or the capability of
resisting rolling is in a ratio inverse of the force which
obtains in each to cause them to roll, the effect on the
extent of the roll of these two ships, arising from their

* With sach an extent of roll it seems of little avail to arrange that
the crown of the magazine shall be below water—there could not be
much difficalty in firing into her magazine.
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form at and near the water-line, and from the difference

in the amount of the moments of inertia of their siles, &e.
ought to be nearly as in the
Albion 4 % 3 = 12
Rodney 3 x2 = 6

or the Albion (from these two causes), should roll
through double the arc the Rodney did. The force
exerted in rising the centre of gravity of the Albion on
each successive roll may tend to diminish this quantity,
but in its fall again it increases the rapidity of her mo-
tions, True the Roduey has much more ballast, which
of course would tend to reduce her angle of roll, but if
s0, her lower deck guns were | foot 4 inches higher than
the Albion’s, she is also higher between decks, so that
the remaining guns are even still higher, and in addition
to these, the weight of the men, decks, the hull above
water, &c. are higher—producing an effect to increase
the angle of roll, almost as much as the ballast does to
decrease the angle of roll. In the Rodney is shewn the
advantage of some ballast, in the Albion is shewn the
disadvantage of not having it, and were she tried in a
sea, with only a month’s provisions and 100 tous of water,
the want would be more palpable.

It is quite evident that these evils of rapid and exten-
sive motion in a seaway cannot be corrected, except by
an alteration of the form; for if weights be raised with
a view to diminish the rapidity of the roll, the extent of
it will be increased,—but this is too great already ; and if
the weights be lowered to decrease the extent of the roll,
the rapidity will be increased,—but this is too rapid al-
ready.* There are two other alternatives—by taking
weights out, or by putting weights in,—te attempt to cor-

* The increase of keel which they have given, if associated with in-
ereased weight, ought to do her some service.
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rect the evil in Zier, and those of her form. If the weight
is taken out from, or below the centre of gravity (from
her form) there must be a reduction of stability, and
therefore an increase of the extent of the roll ; and even
if from sufficiently high ahove the centre of gravity to
compensate for the loss of stability from the decrease of
breadth at the water-line, the extent of the roll will be
increased, because, the distance of the weights above the
centre of gravity will be increased, and with that increase
their moments of inertia will be increased. If the
weights are increased, the extreme breadth (immersed)
will be increased, and she will not sail, as has been
shewn.

Stability not the cause of a ship’s rolling, but having
it would prevent it.—Thus it appears that ships which
roll much do so, not beeause they have too much stabi-
lity, but because they have too little.* In general it
has occurred, that those ships which had a great hydro-
static stability have rolled much, and thence it has been
inferred that stability was the cause ; whereas the cause
of the rolling was the large moment of inertia of the
sides, owing to great breadth, from which the large hy-
drostatic stability was derived; for as we have seen, where
the moments of inertia are large, the practical or hydro-
dynamic stability is small,+ as compared with the hydro-
static. People esteeming these two stabilities to be
equal, have been led into this error; but the fact is, the

* BStability may be defined to be the resistance which a ship offers to
being inclingd from the upl‘ight p{;slt}frn, and tends to restore her if
inclined, whether that inclination be transverse or longitudinal.

+ The Rover was said to have larched to 379 in the North Sea; she

had very great beam, which I suppose also shortened her period of
seryice.

The Carysfort also has been complained of in two eommissions, as
being wanting in stability.

G
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periods during which the water at sea is smooth are so
short, that the stabilities should never be considered as
equal, they being so only when there is no motion,
else we shall be led into the construction of mill-pond
ships.

In this law will be found sufficient to account for such
a description of ship sailing well in the Mediterranean,
but being wholly unfitted for rough seas.

The Alfred illustrates this view.—But so great is the
effect of alarge moment of inertia to make a vessel in-
cline, that however otherwise well formed she may be, she
will roll, nay, be even so wanting in practical stability as
to be in danger. The Alfred, otherwise a fine ship, rolls
very considerably, and she has great beam as compared
with the Winchester, which iz comparatively casy, as a
proof of which I may give the fact, that she has been a
favourite ship and in commission nearly 20 years, or five
commissions, without “a repair,”* while the Alfred,
after two commissions, has required a large repair.

It seems to be the case, that the Alfred was wanting
in practical or hydrodynamie stability, for when she was
in the Mediterranean, she was said to have inclined fo
87 degreest in a squall, and her lower masts were short-
ened three feef in consequence.

Alfred and Winchester compared.—The dimensions
of these two ships are :—

Weight Hydrost. stability Moments
Length, Breadth. of Hull. should varyas  of Iunertia.

Alfred . . 173.8 482 1447 193 = 203,000
Winchester 172.0  44.2 1030 148 = 112,000

# This is a technical expression, to denote that the damags sustained
is considerable.

+ Whether she went over this quantity or not, is not the question, but
whether shewent over sufficiently to establish the assertion that she was
wanting in stability.

—
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From the circumstance of the great weight of hull of
the Alfred over that of the Winchester we may assume
that the weight of her sides and guns is 400 compared
with 250 in the Winchester, but without a question, they
are 100 tons more than those of the Winchester. This
gives the moments of inertia as above, from which it
appears that the inclining forces differ by a greater quan-
tity than the stabilities which their dimensions could give,
so that we have every reason to expect that the Alfred
would roll more than the Winchester, because of having
a less practical stability.

Force toincrease the roll a8 Foree to resist the roll as

In Alfred 20.3 | 19.3

Winchester 11.2 | 14.8

The Inconstant rolls much for the same reason, and
the Raleigh will roll, but the Constance still more, and
indeed, all other things being equal, the greater the beam
the more a vessel will roll, and the greater the displace~
ment perpendicularly below the water-line, (all other
things being equal) the less will be the effect (on the
rolling) of increased beam.

This law is also to be observed in estimating the effect
of weights on the horizontal motions.

If a vessel has her centre of gravity of displacement
only a little before the middle of the length, in allspro-
bability the moments of inertia of the fore-body (because
of the bowsprit and anchors being in it) will be in excess,
then if the after-body be fine and the vessel be trimmed
nearly to an even keel, she will be very likely to miss
stays, because the power of the rudder (from its small
immersion) would be small, the resistance to turning
offered by the after-body, because of the large flat sur-
face (of a fine run), would be great, and the power (the
rudder and the after sails) would be applied at the oppo-
G 2
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site end of the lever to that in which the moments of
inertia were greatest.

And if the weights are comparatively centralized, this
case would be aggravated. For, as the power in the
rudderis small, (small comparatively at first, and smaller
because of the ship’s having lost her way) when the
after sails have ceased to act in that way, her turning
will depend upon the momentum of the extremities and
sides, which would not be great if the weights were cen-
tralized.

This may be the Pique's case, and the remedy would
be to rake he®masts or shift them further aft, bring her
more by the stern by a small weight very far aft, and
reduce the angle of pitch and scend by balancing the
moments of inertia forward and aft.

If a ship have great proportionate length and her
weights centralized very much, and if her centre of
gravity of displacement is considerably before the middle
of the length, she being on an even keel, though the
moments of inertia forward be not in excess yet she will
stay badly, for the power of the rudder in this case will
be less (supposing the rudder to be of equal width each
trim) from its being less immersed, than in the former
case, and the resistance offered by the longer after-body
willsbe greater,—consequently, though she may come to
the wind quick, because of a small moment of inertia in
her sides and extremities, yet from want of that inertia
afterwards to overcome the great resistance of her long
after-body, she will not continue her motion in turning,
and she will, soon after coming head to wind, gather
stern-way, even under favourable circumstances.

This is illustrated in many ships when they are light ;
the bread-room being in the after extremity and being
empty, the moment of inertia of the:after-body is much
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reduced, while the resistance of the water is very little
reduced. Should she be less by the stern, the action of
the rudder will be reduced, the centre of gravity will be
carried forward, and the length of the after-body in-
creased, and the ecase would be worse.

With an exception, all the ships in our service would
sail better and work better, if brought more by the stern
than they are ; but it must be done by shifting small
weights very great distances aft, and not by greater
weights less distances.

The effect of weights being as their distance when at
rest, and as the square of their distance when in motion,
the stowage of ships should be regulated with reference to
this law,—that is, that every thing put on board should
be referred to the centre of gravity of displacement, so
that the moments of inertia, both before and abaft, should
be equal, or only such irregularity as experiment should
determine to be expedient. Thus, for instance, having
stowed a ship with the moments of inertia as nearly equal
as it could be practically arrived at, if it should be found
thatshe pitches, a small weight should bemoved a great
distance aft, and (to preserve the line of floatation) a
large weight a small distance (a distance that shall
make the moments of the weights equal) forward ; shoull
she still pitch, but in a less degree, it may be shifted
further aft, or a greater weight the same distance aft,
balancing its moment as before,—while, if she is found
to scend on the first occasion (which is more likely) the
operation must be simply the reverse.

The weights generally, in men-of-war, cannot be too
much centralized if the above rule be attended to.

. The provision and water should be so stowed that their
consumption will effect an equal reduction of the

L'
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moments and of the moments of inertia before and abaft
the centre of gravity.*

In the construction of the ship the weights of the fore
extremity might be vastly reduced in weight, by shorten-
ing the upper decks,+ by reducing the scantling of the
beams where they are shorter than the beams generally ;
the timbering of the bow, as it would be comparatively
straight, might be lessened, and the area of the bow might
be lessened with advantage, and with it the shocks which
the bow would receive ; so also might the strength of the
bow be reduced. Itis even possible that the effective
strength would be increased, for nothing is so destructive
to a ship’s general durability (where she has to be driven
by a great power against a head sea) as a full bow.

Also I have no doubt but that it will be found that
such enormous bowsprits as are now in use may be dis-
used with considerable advantage, for, by their action
now in making a ship pitch they carry the resnltant of
the water further forward than the resultant of the sail is
carried by their extension forward.

* For this reason the stowage of the bread further forward, as in the
Trafalgar, would be better, were its removal forward compensated for
by ballast in the bread-room.

+ The upper decks of the Leander, by Mr. Blake, and the Termagant
by Mr. White, are advantageously shortened, yet not nearly enough,




LECTURE 1V,

The tmportance of science when designing steam
wessels,—In no department of marine architecture is the
aid of science more required than in the designing of
steam vessels for war ; certainly in no other branch is the
departure from scientific principles attended with such
serious consequences to the interest of the country.

For great speed must be attained at any cost ; and if
the form of the vessel be bad, it can be attained only by
great power, great first cost, and an increase of cost when
in work, therefore every fault in form is magnified.
Velocity varies as the % of the power, so if the speed is
to be doubled the power must be increased (all other
things being equal) 8 times ; then, as this description
of motive power is of immense weight, (so great that
a difference in the description of boilers alone may make
a difference of weight equal nearly to the weight of the
whole motive power of a sailing vessel equally large,*)
so, if this power be mnot increased or applied with
judgment, it will immerse the vessel too deep, and pre-
vent, in many ways, that which it was intended to pro-
duce, speed !

The principles which should guide the same for steam
as for sailing vessels—The principles which have been
already stated as those which should guide in the con-
struction of sailing vessels are equally applicable to the

* Greater power to some vessels would only serve to make a larger
holein the water.

t The difference between the weight of the Terrible’s boilers and those
of the Retribution is said to be 80 tons, about the weight of the masts of
a large frigate.
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construction of steam vessels ; the difference consisting
only in the difference of degree in which it seems expe-
dient the several properties should be given ; so entirely
is this the case that we may reasonably expect that
the improvement, demanded by economy, in the form of
steam vessels, will lead to a material change for the
better in the form of our sailing vessels also.

The points of difference will be better seen by a state-
ment of the required properties.

The requisite properties in a steam vessel of war.—
The requisites in a steam vessel of war are a long rang-
ing and proportionably heavy armament, sufficient ta-
bility to insure the ease and power to use this armament
to advantage, great speed, coals equal to the eonsump-
tion of a long distance* together with sufficient pro-
visions and water for the crew: and, if a large vessel,
accommodation for troops with their baggage : and these
qualities should be obtained at a moderate draught of
water. The property of sailing fast with comparatively
little sail will be a consequence of attaining the above
properties.

How these properties may be obtained.— To effect all
these, the proportionate length to breadth must be great,
(much greater thanin a sailing vessel), the mean breadth
must be great, as compared with the extreme breadth,
the-difference between the draught of water when with-
out coals in, and when with coals in, should be small ;
the form of bow should be that which would offer the
least resistance, and the after-body that which would oe-
casion least minus pressure.

Reasons why length may be greater in « steam vessel.—
The proportionate length to breadth may be greater in

* A vessel may stow °“a great many days’ coals,” and yvet not be able
to effect a long distance.
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a steam vessel than in a sailing vessel, because since the
power of the latter is derived from the wind, it ceases as
she comes round head to wind, while the power of the
steam vessel continues thronghout her revolution, there-
fore their comparative time of turning does not depend
upon their length, though their forms otherwise might be
the same, for a steam vessel, though longer, will generally
turn quicker than a sailing vessel ; and the proportionate
length must be great, 1st,in order to keep the area of the
greatest section small, and yet to have sufficient displace-
ment with a small draught of water to carry the necessary
amount of weight ; the greatest section should be small
as (all other things being equal) the resistance increases

in a greater ratio than the dimensions.

Chevalier Borda’s resuli.—1t was found by Chevalier
Borda, that the resistance with the same velocity to a

surface of
9 inches -

J' 9 '1i 1{‘ 9
162 ] 17.535 1 16
36 . ( was ~\| 49.750 I?matead of 4 36
5 A i L104.737 1 LBI

and therefore that the area of the graatest section should
be the smallest possible. The principle is generally ad-

mitted in merchant steamers,

The proportionate length must be great, 2ndly, in

order that the difference of draught shall be small;

this last should be small, otherwise at starting the floats
will be too much immersed, and therefore the engine
will not work up to its most efficient speed, and when
afterwards lightened they will be too little immersed, and
the engine will run beyond its efficient speed ; but even if
this could be adjusted there is a certain leverage which
is best suited to all the eircumstances, and the less the

range above and below this the better.,

But this small area of greatest section should be ob-



90

tained as I have said, with a proportionably small ex-
treme breadth, because if the breadth be great, the mo-
ments of inertia of the sides, paddle-wheels and their
fittings will be very great, the practical stability will be
reduced, and the vessel will roll through large ares, and
her speed will be reduced ; also, from this the paddles
will be less effective, for the one will be much more im-
mersed and the other much more emerged than is suita-
ble, and will be more so than in a vessel of less beam,
even though she rolled through an equal are; and further,
the paddles will be much more liable fo receive damage.

Secondly.—The extreme breadth should be proportion-
ably small, with a view to keeping the weight of the
vessel small, for the greater the breadth the greater
must be the scantling (for equal strength), and conse-
quently the weight will be greater where the breadth is
greater.

Thirdly.—The extreme breadth should be small, with
a view to keeping the resistance small, for a broad and
shallow plane is more resisted than a narrow and deep
plane, though their areas are equal.

Du Buat’s experiment.—The following experiment of
Du Buat’s, from which he deduces the above, will also
assist in explaining what the form of least resistance is;
therefore I give it in full.

He contrived a very ingenious instrument for explain-
ing his theory, that the pressure of water in motion, on
the surface along which it glides, is equal to that which
it would exert if at rest, minus the weight of the column
whose height would produce the velocity of the passing
stream, A square brass plate A B G T, (fig. 20) was
pierced with a great many holes, and fixed in the front
of a shallow box I K, represented edgewise. The back
of this box was pierced with a hole C, in which was in-
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serted the tube of glass C D E, but square at D. This
instrument was exposed to a stream of water which beat
on the brass plate. The water having filled the box
through the holes, stood at an equal height in the glass
tube, when the surrounding water was stagnant, but
when it was in motion it always stood in the tube above
the level of the smooth water without, and thus indicated
pressure occasioned by the action of the stream.

When the instrument was.wholly immersed, there was
always a considerable accumulation against the front of
the box, and a deficiency behind it. The water before
was by no means stagnant ; indeed it should not be, (as
Du Buat observes), for it consists of the water which was
escaping on all sides, and therefore upwards from the
axis of the stream, which meets the plate perpendicularly
in C considerably under the surface.

It escapes npwards ; and if the body were sufficiently
immersed, it would escape in this direction almost as
easily as laterally. But in the present circumstances it
heaps up till the elevation occasions it to fall off sidewise
as fast as it is renewed.

When the instrument was immersed more than its
semi-diameter under the surface, the water still rose
above the level, and there was a great depression imme-
diately behind this elevation. In consequence of this
difficulty of escaping upwards, the water flows off late-
vally ; and if the horizontal dimensions of the surface be
great, this lateral efflux becomes more difficult and re-
quires a greater accumulation, From this it happens,
that the resistance of broad surfaces equally immersed
is greater than in the proportion of the breadth. A
plane of two feet wide, and one foot deep, when it is
not completely immersed, will be inore resisted than a
plane two feet deep, and one foot wide; for there will
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be an aceumulation before both, and even if these were
equal in height the additional surface will he greatest
in the widest body ; and the elevation will be greater,
because the lateral escape is more difficult.” Here Du
Buat speaks only of the plus pressure being greater on
the broader surface ; but when the minus pressure is
added the disparity will be even more apparent, for it is
evident, that as the water has a greater distance to flow
in behind to fill up the vacuum, and only the same time
to effect it in, the pressure cannot be so great, particu-
larly as the water in this case is pushed in by a column
varying from 1 foot to 0, or a mean of six inches, while
in the case of the deep board it is a column varying from
2 feet to 0, or a mean of 1 foot in height. Now this is
not strictly the case of a ship moving in still water, but
it differs mostly in degree.

The mean breadth should be large—The mean
breadth, as compared with extreme breadth, should be
large, in order to obtain a large displacement and con-
siderable practical stability from the jform, as stability
arising from having the centre of gravity low is injurious
to the speed of steam vessels, it tending to increase the
rapidity of their motions in rolling, which are already
disposed to be more rapid than in sailing vessels, because
the moments of inertia of their masts and yards are so
much less.

A great practical stability derived from form is neces-
sary, that the vessel may not roll to too great an extent,
and that she may preserve a sufficiently stable platform
for her guns.

But this practical stability will not be sufficient,
unless, in addition, the vessel be fine at the fore-foot and
heel, which will tend to decrease the resistance, and
further contribute towards giving her the properties of

answering her helm easily, and not requiring it, except
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to alter course, while (all other things being equal)
she will turn quicker because of that form of fore-body,
as has already been shewn, when speaking of the turn-
ing of sailing vessels.

The evils of a bad form being magnified in a steam
vessel, it is necessary to establish more nearly what the
form of bow for least resistance is.

Lzamination relative to the best form of bow.—Sup-
pose fig. 9, Plate III. to represent the plan of a hori-
zontal section of one side of a bow, It will be seen that
it is divided by lines perpendicular to the keel into equal
portions, and that perpendiculars are drawn from the
second line to the point of intersection of the first line
with the outline of the bow, and from the third to the
point of intersection of the second line, and so of the
remaining. When motion is given to the vessel in the
direction of her keel and ahead, each section being
alike in length, will impart to the water it comes in
contact with an equal velocity in that direction, but
each section will impart to the water a velocity in a
direction perpendicular to this, and different in degree
in proportion as their respective breadths are different.
As the velocity in the first direction is the same in
amount for each, it may be disregarded, while we con-
sider the consequence cf the difference of velocities
imparted because of their difference of breadth; this
velocity is different, as is evident from the fact that
before 1 can move its own length ahead, it must push
the water before it out to @, while 2 may advance a
like quantity, after having pushed the water out only
by the distance 2 b, and 3 by the smaller distance 3 ¢,
and so of the remaining sections; the consequence of
this will be an accumulation of water principally on the
1st section, because the velocities imparted by the sec-
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tions are less in proportion, as they are more distant
from No. 1; so that the difficulty of escape for the water
from any section is increased by the accumulation which
arises from the difficulty of escape for the water from
the following sections 6, 7, 8 as may be; therefore,
the accumulation on 1 will be in proportion to the velo-
city which it imparts, together with the difficulty of
escape for the water from the form of the other sections,
and when the velocity of the vessel is great, this accu-
mulation will take place to a greater extent; nor can
this be confined to the surface, for if the lower parts of
the bow be similarly formed, a like process will go on,
differing only in degree; therefore the water from sec-
tion 1 cannot flow out by passiug over the water from
No. 2, leaving that water, and the water of the following
sections to act on, and be acted upon, by each its own
section, for the whole column of section 1 on each
portion of the column of section 1 would have to rise
above each portion of the column of section 2, which is
impossible ; instead of which, when the vessel is going
fast, a stream flows outwards from section 1, fast in
proportion to the accumulation, which will be greatest,
(all other things being equal) when the breadth of section
1 is greatest, or in other words, when the bow is most
full at that part, and the effect of this current will be
to intercept and prevent the pressure of the water on
the after parts of the bow, which would take place were
it not for this current. We have seen from Chevalier
du Buat’s experiment, that the pressure is very great
at the centre, and small at the outer edge, and, indeed, :
he shews that there is what he calls a non-pressure at i
the outer edge, as part of the water which entered at
the centre came out at the edge, not being prevented
by pressure there, doubtless, because the current out-
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wards from the centre intercepted the pressure that
would otherwise have taken place upon the edge. From
this experiment he establishes the proposition, that the
pressure which water, in mofion, exerts on the surface
along which it glides, is equal to that which it would
exert if at rest, minus the weight of the column whose
height wonld produce the velocity of the passing stream.
From which, and the previous reasoning, we must con-
clude, that the effect of such a form of bow would be to
increase very much the pressure and support near the
middle line of the bow, and decrease very much the
pressure and support at the after parts of the bow and
side, where it would be most efficient for stability, and
as a consequence, the practical stability would be very
much reduced. 1f a sailing vessel, when on a wind, she
would incline considerably, and when off the wind, she
would roll considerably, while a steam vessel would roll
more, and both would meet with more resistance than
if the bow were straight.

Effect of the straight bow.—Suppose the bow straight,
as in fig, 10, Plate III. Irom each section of this bow,
the water would receive an equal velocity, but as the
ship is moving ahead, the water cannot pass off if she is
moving fast, and in proportion to this speed there will
be an accumulation at 7, and greater at 6, and greater
at 1, because the accumulation at any ome section pre-
vents the outward passage of the water from that im-
mediately before it, and throughout afterwards, and
therefore the passage of the water outward from the
1st section will be most resisted ; and an accumulation
will take place then, though not to that degree that it will
before a vessel whose bow is convex; therefore * the
straight bow” is better than *a convex bow.”

But it will be observed that No. 10 continues to im-
part an equal velocity at the end of the bow to that
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which it imparted at the commencement of the how,
the effeet of which would be to carry the water out an
unnccessary distance, and thus expend power unneces-
sarily ; besides which, it would cause a deficiency
of water at the after end of the bow and side, which
would reduce the practical stability. To obviate this it
would seem, that the after part of the bow ought to be
curved aft, so that the velocity of the water at or near
the middle of the bow should gradually become less as
it approached the termination of the bow, so that when
arrived there, it should have no lateral motion. The
previously deseribed action in producing an accumula-
tion on section 1 would still take place, but only from
the sections before the middle of the bow, and therefore
to a less extent,

Borda found that the most prominent part of the
prow changes the action of the fluid on the succeeding
parts, rendering it totally different from what it would
be were that part detached from the rest, and exposed
to the stream with the same obliquity ; this is quite in
accordance with Du DBuat’s experiment, and may
arise partly from the cause stated, and from the fact of
its earlier action on the water, for it may be seen, when a
vessel is going fast, that the water is raised a consider-
able distance before her, and the more high as it is
nearly in the direction of the central linesof the ship,
communicated no doubt exactly in the same manner as
motion would be communicated by billiard balls—strike
the first in the direction of the others, and the last will
jump off; so, in some measure, the particles of water,
and as long as the foremost part of the bow is badly
formed, it matters little what form the after part has.
The general practice has been to form the prow badly,
and hence the conelusion that it did not matter much of
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what form the bow was.  The accumulation which takes
place when the foremost part of the bow is badly formed
becomes a kind of water-bow, which rather imparts to the
anterior particles a motion in the direction in which the
vessel is moving, so rhat they are not driven out late rally,
but merely escape out, seeking a level ; whereas, if the
foremost sections were formed by a concave curve, so
that the foremost section should impart the least velocity
and the middle section the greatest, no water-bow
would be formed, the resistance would be less than by
any other form, and the practical stability would be
more, because the accumulation on section 1 would not
take place.

Ithasbeen shewn that a full after-body at the water-line
is the best form for keeping the minus pressure small,
and it has the further advantage of increasing the dis-
placement, besides,it tends to mal e a vessel steer better.

Du Buat found that “a prismatic body, having its
prow and poop equal, and surfaces parallel, and plunged
horizontally into a fluid, will require a foree to keep it firm
in the direction of its axis equal to the difference be-
tween the real pressures exerted on its prow and poop.”
Now inasmuch as the plus pressure must be greater
thanthe pressure aft (the extremities being equal), from
which the minus pressure is deducted, a pressure will
be required to keep her steady; but in proportion as
the after-body is increased the difference of pressures
will decrease, and the amount of power requisite to
keep such a form steady will decrease also, consequently
her helm will be less often required. This form has the
further advantage of offering little opposition to turning,
as the line aft is full and round, rather than flat,*

* This is exemplified in the Chinese smuggling boats, which tura very
easily : models of them may be seen at the United Service Institution.

H
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The same attention, or even more, should be given
to the disposition of weight in the construetion as was
recommended in sailing vessels; the upper decks gene-
rally may be very greatly reduced in length ; the head-
knee, and bowsprit may be smaller, as they considerably
increase the tendency to pitch, and also retard her in
turning, and the bulwarks should tumble ¢n rather than
out, as has been the fashion, without considering the con-
sequences, and finally, the vessel should be stowed so
that the moments of inertia before and abaft the centre
of gravity should be equal.

Experience seems to shew and reason fo establish,
that the proportion of length to breadth should be at
least six to one,* and in a still greater proportion for the
highest rates of speed.

The Black Eagle of the best form of any of the
war steamers. —With the exception of the Black Eagle
I should have to refer to merchant steamers for an illus-
tration of the truth of these views, so comparatively
defective are all of our men-of-war steamers. The
Black Eagle approaches in form and proportion to that
which has been deseribed as the best form, and she is the
fastest vessel in proportion to her power and size that we
have.+ The Victoria and Albert, and the Retribution,
have a feature in common with the Black Eagle, which

is: characteristic of the form deseribed, but in them it is
so incongruously associated, and its effects otherwise
marred by a bad arrangement of the weights, that their
performance is far short of what it should be. In each
the centre of gravity of displacement is abaft the middle
of the length. This centre being abaft the middle in

* I have been informed that Euler, after elaborate caleulations, eame
to the conelusion, that 6 to 1 was the best proportion for great speed.
t I do not include vessels in the Packet service.
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the Victoria and Albert has been said to have been the
cause of her ¢ steering Ladly.” And further it has been
said, that *‘ no ship will steer well which has her centre
of gravity of displacement abaft the middle on the water-
line.” This opinion is thought to be substantiated in
the case of the Vietoria and Albert, by the fact that she
““ steers better” now that this centre is less abaft the
middle than it was. Such loose reasoning, considering
concomitances as necessarily causes and effects, cannot
be too severely condemned, for it has been the cause of
infinite mischief: it would be equally rational to argue,

| that because a vessel pitched more after being brought
more by the stern,® therefore pitching is always occa-
sioned by shifting weights aft.

As no very intellegible idea is meant or conveyed by
the expression “steered badly,” I may define that I
believe her defect to have been, not that she did not
answer her helm when applied to alter her course, so
much as that she required a too frequent use of it to g
keep her on her course. H

I fully admit that in proportion as she has been
brought to her present trim, with the centre of gravity of
displacement less abaft the middle, that she has required
less ¢ steering,” and that in proportion as this centre may
be brought aft agaiu in the same way as it was before, so
she will require more * steering,” or a more frequent use
of the helm,—and yet [ say, that the question is not one
as to the effect of the different form, but of the effect of
the different position of the weights.

Ezplanation of the Victoria and Albert’s case.—From
the circumstance of the Victoria not having guns, from
the lightness of her sides (owing to the peculiar way in

- which she is constructed without timbers,) and from the

* Bee the cases of the Java and Madagascar.

H 2
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cirenmstance of her having empty passages along her
sides, her weights are very much centralized transversely,
and they are comparatively centralized longitudinally
also, therefore the moment of inertia of her weights
would be small, and therefore would require compara-
tively little force to set them in motion (horizontally in
this case), so that she would be more easily deflected from
her course than vessels of her form ordinarily are, and
would require either more use of the helm, or el:e more
flat surface parallel to the keel, to keep her on her course.
Aud of course she required less frequent use of the helm
after she received an increase of flat surface, A further
cousequence of the small inertia of her sides was, ‘that
the effect of a disparity between the moments of inertia
of the fore and of the after-body was more injurious than
if their inertia had been greater. Those of the fore-
body are in excess, thongh their whole amount is very
much less than it ordinarily is in vessels of her dimen-
sions. This vessel, in addition to a bowsprit, anchors,
and cables, has an extensive cooking range close forward,
unbalanced by a corre-ponding weight aft; and this
would have been even worse were it not for her broad and
heavily ornamented stern. Now the effect of moving
the centre of gravity of displacement forward is to
shorten the distance, and therefore to reduce the moments
of inertia of the weights forward, and inerease them in a
like proportion aft, and thus practically to obtain a
balance ; and the more nearly poised these are the less
often will the helm be needed—and when used, will be
more effective for having the weights brought nearer.
In proof many familiar examples will suggest themselves
to the reader, but I may mention one, the effect in
which is very sensibly felt, the running lead into the
loom of an oar—the wholeis made heavier, yet it is much
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more manageable ; so also would the Victoria have been
had they put the weight near the moving power. In the
formation of her bow, which is a little convex close for-
ward, will be seen a sufficient reason to account for her
being deflected from her course.

Retribution’s case—The Retribution also has the
centre of gravity of displacement abaft the middle of her
length, and I believe no fault has been found with her
steerage. She ought to be comparatively fast, and I
doubt not would be, were she less out of balance—for
instance, more than a ton weight might be taken off her
head-knee. The effect of one ton would be 14,400 to in-
crease the moments of inertia forward,equal in effect, when
in motion, to 36 tons 20 ft. abaft the centre of gravity.

I have said that all our war steamers were compara-
tively defective, and I will now state the grounds of that
opinion.

Defects in our war steamers. —VW ithout exception they
are deficient in practical stability; in the power of
effecting a long distance ** under steam,” and in speed.

The faect is, that the formation of our steam navy was
commenced at an unpropitious time, for it was when
there was a mania for great beam, many thinking this
the only means of obtaining stability in sufficient
quantity ; of course steamers could as little do without
the requisite quantity of stability as a sailing vessel, so
in opposition to all legitimate reasoning, and in opposition
to that which was found expedient in the merchant
service, a large proportionate quantity of beam was
given them. The consequence of which was that they
could not be ¢ driven” with any reasonable amount of
power; some of them were unable to make headway
" against a trifling wind and sea,® and when their power

* Asthe Blazer in the Mediterrancan.
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was increased, they were found too deep, with the former
evil only increased, because of their peg-top form at the
water-line ; this then was to be remedied in a new con-
struction, and greater length was given, and greater
power also, but very little improvement in the line of
floatation, they being still too deep ;¥ then, in order
to obtain an increase of displacement, the floors were
filled at the extremities, and the resalt was, the production
of steam vessels, with great proportionate beam, but,
nevertheless, deficient in hydrostatic stability ; for the
general effect of the great beam, by its inereasing so
much the moments of inertia of the sides and paddles,
has been to reduce the practical stability. which is a
serious defect, as they are not intended alone for smooth
water. True we have seen that a sad experience has
driven them into the adoption of greater proporticnate
length, and a better form near the load-water-line, but
as every step in that which has been admitted to be the
right direction, was a practical condemnation of the
“ peg-top” form, so it was apparently taken with great
reluctance, and in a very insufficient extent. This
mania for great beam still weighs as an incubus on our
steam vavy, so that we have no satisfactory departure
from the original designs, and even those whom we

* It is said too deep, owing to the difficalty of rightly estimating the
weight of the hull ; a very much more eorrect estimate than they seem
to huve arrived at, is not difficult of attainment, When the Centaur
was about to be undocked, (for she was built in a dock) there were
several officers, (including myself) at the dock side.  Mr. Rice, (one of
the late school of Naval Architecture), said hor draught of water will
besoand 8o, On her beinz floated ont, we examined, and fonnd that he
was right within an inch or an inch and a half; his data was the
launching draught of u vessel of the same elass, bat of different di-

MENSions
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might have expected to know better, have been led into
the practice of giving great proportionate beam.

A tabular view of the dimensions of a few of the war
steamers will shew the progress of improvement in the
proportion of length to breadth which has taken place,
and the dimensions of a few merchant steamners in con-
trast, will shew that this proportion is far short of that
which has been found expedient in them.

A comparative view of War and Merchant steumers.

Nume of vessel. | Length. | Breaudth. ;l:fj ?JTF::['F::] I:EIH?' | Name of Designer.
breadth.
| i | |
Black Eagle | 155.2 26.6 5.8 1831
¥ gltered to | 170.0 26.6 6.4 1843 |
E&!l‘tame‘ » 145.0 ‘ 28.4 50 1834 Bir W, Symonds
oreon 1780 | 376 4.7 1837 i
| Cyclops . . | 190.0 ‘ 37.6 5.0 1839 | s
Centaur . . | 200.0 37.6 53 | 1845 | fis
Retribution . | 220.0 | 40.56 9.4 | 1846 | o
| Terrible . . | 226.0 43.6 5.3 1846 |DMr, Oliver Lang.
| Odim oo I 208.0 i 37.0 5.6 1846 |Mr. Fincham,
|

Merchant steamers.

| Britsh Queen| 2450 | 200 | 61 | 1840

“‘f;“;c{":tl;”; 2130 | 330 | 64 1841 |* The Wonder
Fire King 180.8 280 6.4 1838 b"""]‘ 3"3 F;”?-‘“
Wonder * 1580 (= 20.6 7.1 T Sl
fron Duke | 1776 | 269 | 66 1844 rf-“.' "’d ACI'
Acadia 228 344 | 70 ‘ LT et
Flambeau | 160 | 200 8.0 ISES AR

»n
| |

Here we find the earlier of the men-of-war steamers
designed by Sir Wm. Symouds, with very great pro-
portionate beam, consequently the moments of inertia
of their sides and paddles, &e. tending to make them
incline, were very great in proportion to the moment
of the water, which tended to resist this inclination, and
the result was a reduction of the practical stability, and
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consequently extensive motions, which have been aptly
styled ¢ pitching sideways.”

The later vessels have greater proportionate length,
so that had the alterations been confined to increasing
the length, and discarding the peg-top” form. the
former vessels would have been improved on. But,
strange to say, that though the former vessels had too
little practical stability, yet the later vessels were given
less, by their being filled at the floors, (see page 5) either
forgetting or not knowing the consequences of so doing.*
I have heard that Sir Wm. Symonds was advised to
give greater length of floor to his steam vessels, and that
he very properly refused to do so; for with an increased
length of floor, the Retribution would have been a
greater failure in respect of stability ; then the only alter-
native is greater proportionate length oun the water-line.

The Terrible's case.—The Terrible is another illus-
tration of the evil of great proportionate beam ; for it
is in consequuence of this that she requires so many men
to steer her, and has carried away or strained her rudder
head. The moments of inertia of her sides, with her
heavy armament, and heavy paddles, paddle boxes, &e.
extended out so far, being so great, that no ordinary
power will arrest her motion, either 1'9urld a perpendicular
or longitudinal axis. Her paddlcs:, &e are about 100
tons, and their moments of inertia about

33% X 100 = 108,900

so great, that unless her centre of gravity of displacement
is very high, it could not but be expected that she should
injure herself in bad weather; and with such proportions

* The designers of the Queen’s ships,—ships of the nation to which
Atwood and [umun belong,—should not have been ignorant of the way
in which stability is affeeted by form.
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it seems next to impossible to get any satizfactory amount
of speed from her.

The case of the Odin.—The Odin, it will be seen, is
a decided improvement on the others, as far as the pro-
portion of length to breadth, being 8 feet longer, and
6 inches less beam than the Centaur, (about the best
of her class), but this is to say all that can be said for
a vessel whose form is otherwise so exceptionable. The
first impression which is given by looking at her on the
stocks is, that the most prominent idea in Mr. Fincham’s
mind, when designing her, was that of obtaining great
cubic content under the given dimensions, for after the
reduction of the proportionate beam, speed seems to
have been lost sight of, and stability also, unless if. be
of that kind which is injurious to the speed of steam
vessels—that arising from having the centre of gravity
low. It may be offered in justification of giving little
stability, that great stability has been found to be in-
jurious to the speed of steam vessels. It has been
found that great stability, derived from having the centre
of gravity low, was injurious to the speed of steam
vessels ; this would be so, as their rolling motions would,
in that case, be very rapid, and would be more so than
in sailing vessels, as the masts of the former are so much
smaller, their moments of inertia smaller, and therefore
their action to reduce the rapidity of roll very much
smaller than the action of those in the latter.

And it has been found that vessels with great beam
have been uneasy, and not fast, and because they had
great beam, it was concluded that they must have had
great practical stability ; then from this, and from the
former experience, it has been inferred that any kind
of stability was injurious te speed  1st. The conclusion
that great practical stability is a necessary cousequence
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of great beam has been shewn to be an inference, but
not a fact, and therefore the conclusion that great sta-
bility, as derived from form, was also injurious to speed,
has not been established, but the contrary, as it appears
that the stability derived from form should be large, or
the vessel will roll through large arcs, which is injurious
to the vessel in every way.

Forms suitable for the screw propeller.—1 think, as 1
before wrote, that the value of the screw has been over-
rated ; but there is a danger that in the reaction of opinion
which always follows exaggeration, the adrantages of
the screw may be overlooked. Each has its peculiar ad-
vanfages and disadvantages, but as it is fot‘eign to my
purpose to discuss their relative merits, suffice it to say,
that 1 think each will be found to have a province of its
own,—that the screw vessel will perform services which
the paddle vessels will not (viz. not so effectively), and
that the paddle vessel will perform services which cannot
be expected from the screw,-—therefore itis not expedient
that the serew should be either hastily neglected or too
generally adopted, at least until more evidence is ob-
tained of their relative value. But as the question of
form is not foreign to my purpose, I may endeavour to
shew how it bears on the question of success or failure
of the serew; the dimensions of one or two vessels built

for the screw may be of service to a better understanding
of the subject.

i | " ".l
| | Proportion]  Tons, |

Names. | Length. |BJ'uutI.lh. of length | Measure- | Name ufDesigncr.': Horse
to 'm'u::rith.i ment. | | Power.
=% [ .__l________ |—— _I__‘_. | |
‘ 176.0 827 5.40 i B8O Siy W, 8y monds, 200 |
Rifleman . 150.0 | 26,6 | 566 | 482  |Mpr. Fincham., 200
Dauntless | 210.0 | 302 | 536 | 1,463 | “ 520
I Great Dritain | 822.0 olhG | 637 | 3,444 |  Merchant, 000 |
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The case of the Ratiler,—From this it will be seen that
the Rattler has the defect complained of in the other
vessels designed by Sir Wm. Symonds, too little pro-
portionate length to breadth, while she appears to have
in addition, more of the * peg-top” form near the water-
line than some of his later vessels, at least her form near
the water-line is not so good as it might have been ; and
partly in consequence of this form, and that of her centre
of gravity being too low, her rolling motions were very
quick, but this has been corrected in some measure by
raising some of her weights and adding to those aloft,
also' by giving her additional false keel. It has been
assumed that she rolled because of not having paddle
to support her; now the effect of paddles, from their
great moment of inertia, would have been to decrease
the rapidity, but to increase the extent; and from this
wrong assumption seme have argued that screw steamers
require more beam; this certainly is not thecase, but the
reverse, and it is questionable if they require even so
much stability from form as the paddle steamer, since
they have not the enormous action of the paddles and
paddle boxes to injure their practical stability, It will
be seen from the table that the proportion of the
Rattler’'s horse p wer to her measurement tonnage, is
very small, therefore it is unfair to pronounce against
the screw, because she does not produce great results
aghinst a sfreng wind and sea, and not as good as would
have been derived from a paddle steamer; and it is
equally unfair to pronounce against the sailing of the
paddle steamers as compared with her, since they have
the weight of double (at least) the preportionate power
that she has, whilst she has a further advantage in her
additional keel, increased as it was both in length and
depth.
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The case of the Rifleman.—The Rifleman is a decided
improvement of Mr. Fincham’s on the Odin’s form,
but no improvement in the Odin’s proportions ; therefore
the results from her must not be taken-as a fair
specimen of what the screw can effect, and the less so
as in other poiuts she is unsuitable for the screw.

Ist. Because her run is brought in suddenly on the fore-
side of the screw, the consequence of which will be a
retarding stream on the back part of the screw and
stern-post, whereas, had her after-body been so formed
that the water should have converged abaft the serew, its
reaction would have increased the action of the screw.

9nd. Ter screw will be less efficient, because her
centre of gravity of displacement is so far forward, she
will pitch her serew out of the water to a much greater
extent.

8rd. Her screw will be less efficient, because her
centre of gravity (or weight) is situated so far from
where the screw (or power) is applied.

Bilge pieces have been given to her with a view to
reduce her rolling* and increase her weatherliness ; this
would have been equally well effected, by an increase of
length equal in area to the area of these pieces, while
length would have had the further advantage of im-
proving her speed, and therefore the power of turn-
ingf

The case ofﬂm Dauntless.—It will be seen that the
proportionate beam of the Dauntless is greater than that

* Probably from an apprehension caused by the accounts of the roll-
ing of the Rattler and Great Britain ; but the midship sections of these
vessels arve not so good as that of the Rifleman.

+ The Dee (Captain Oliver) took 320 fathoms to make a complete
turn in at hulf speed, but only 180 fatlioms at full speed.
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of the Odin, and why, it would be difficult to say, for the
serew is less efficient against a head wind and sea, and
therefore any form that would increase the evil of this,
might reasonably be thought unsuitable. 1t is difficult
to conceive that the objeect of this increase of beam was
to give greater stability, as this could have been more
effectnally given by raising the centre of gravity of dis-
placement, which might have been much higher with
advantage to her form for speed ; but form for speed seems
to bea point of small moment with Mr. Fincham, as
he ranges, in this respect, through considerable varieties.
The entrance of this vessel is, however, better formed
than that of the Odin.

Great Britain’s case,— Lastly, it will be seen how
vast a difference there is between the Great Britain’s
ratio of length to breadth and that of the Rattler, Rifle-
man, and Dauntless; and very considerable speed is
obtained from her, though she rolls very much, and
though her power, while nominally not so much as one
horse power to three tons of measurement, is really less
than this,—fully justifying my conclusion, that our war-
steamers would be improved by a greater proportionate
length.

It has been thought, and I presume, acted on, that
this vessel rolled so much, because she has not paddles;
there is not a shadow of reason for this. The evil which
is likely to accrue from such a belief will warrant a
further discussion on the subject.

1st, Then, she is said to roll very much because she
has not the paddle on the one side to resist immersion,
and on the other to resist emerging, or in other words,
these two would have tended to prevent so much inclina-
tion, or have given her greater practical stability; but
this is to imply that she had too little stability, yet her
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case is said to be illustrated by a dismasted sh'p. Now
a dismasted ship does not roll extensively, but rolls very
fast; and this, owing to her great stability, derived, 1st,
from the centre of gravity being lowered by the loss of
the masts, and 2ndly, because her stability is not then
reduced as it formerly was by the moments of inertia of
ber masts. So that the case of the dismasted vessel
and the Great Britain are not similar, the former rolling
too quick, because of having too much stability of a
particular kind ; the other rolling too deep, owing to a
deficiency in astability quite differently derived.

But it may be argued, that the effective value of the
paddles, in giving support, is owing to their striking the
water. This action is far less in its amount than is the
action of the weight of the paddles, paddle boxes, &e. to
make a vessel roll. The extreme breadth of the Great
Britain is 50 feet 6 inches: had she had paddles, this
would have been increased (over all) to 80 feet; and
the weight of her paddles, &e. would have been about
120 tons. The moments of inertia of these would be
about 35%x 120=147,000. An amount of effect quite
beyond the action of the paddles, and so great in all
paddle steamers that I have no hesitation in saying that
no paddle steamer can possibly (all other things equal)
be s0 good a sea-boat as a screw steamer.

The causes of the excessive rolling of the Great DBri-
tain are the following.

Ist. Her ¢ peg-top” form near the water-line, which
occasions a continual rising and falling of her centre of
gravity as she rolls each way.

2nd.  Want of practical stability, owing to her sides
flambing out above the water-line, and abaft to a
greater extent forward and aft.

I have been told it was predicted by an engineer,
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that such would be the consequence of their adopting
a “peg-top” form of midship section.

But this must ever be the case; the rejection of prin-
ciples must (except by accident) be attended by failure.
Thus it was that so many failed in the application of
steam power to the purposes of navigation, while Fulton,
by “investigating on principle the difficulties of the
subject,” achieved that which so many had failed in, and
obtained much of the credit which belonged to the
inventor.




LECTURE V.

Shewing an accordance in many points between the
principles already stated, and the “ wave principle.””—We
have seen how the several properties necessary for an
efficient vessel of war are obtained. [t remains now to
shew how far the frigate on the ¢ wave principle,” which
was proposed to the Lords Commissioners of the Admi-
ralty isin accordance with these principles.

This frigate was originally intended to be of the
Carysfort class, but finding that these wvessels had not
stowage for either a sufficient quantity of provisions or
water, the dimensions of the design were increased
eighty tons, then to equalize them it was proposed that
the ‘“wave” vessel should carry 16 tons more arma-
ment than the Carysfort’s class; however, she is still
nearer to her class than any other, therefore the Carys-
fort is taken for comparison in order better to form an
estimate of their relative capabilities. This comparison
of their properties may best be done in the order of
their importance.

Comparison of the stabilities of the Carysfort and
the “wave” wvessel.—lst. We have seen that in order to
obtain practical stability in a sufficient amount, it was
necessary that the hydrostaticstabilityshould be great, and
that it should be derived from assmall an extreme breadth
as possible, by having a long straight of equal breadth
and perpendicular sides within the limits of immersion
and emersion, and from having the centre of gravity
of displacement high ; the following are the prinecipal
dimensions of these two vessels:—
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Length. Breadth. Draught of water,

ft. ft. im. ft.: in, ft. in.
The Carysfort 130 40 7} 17 1% aft 16 1 forward,
The wave frigate 155 39 0 16 0 aft 14 0 forward.

The relative hydrostatic stability of these two vessels
is shewn in fig. 21, which is an exact copy of a drawing
submitted to the Admiralty by Mr. Fincham.

Fig. 21, represents the areas of the water-lines, set
off as ordinates, the first being the horizontal line, the
others determining the curve, the perpendiecular line
being the draught of water. From this it may be seen
that the area of the load water-line of the proposed
frigate is considerably greater than that of Carysfort,
consequently that her hydrostatic stability from this
cause must be much greater; the hydrostatic stability of
the wave vessel is also greater, because the centre of
gravity of displacement is higher in her than in the
Carysfort.

Distance of centre of gravity of displacement from the
load water-lines :—

Tn Carysfort : 5in 6
In wave vessel . 4 10

Again, the beam of the Carysfort being 40 ft. 7§ in.
and of the wave frigate but 39 ft. the moments of inertia
of the former (to make her incline) will be greater, while,
as may be seen from their midship sections, fig. 23, the
moment of the water at her sides is less to resist this
motion than in the latter, consequently the practical
stability of the Carysfort will be reduced, and she will
roll deeper than the vessel proposed.

Relative to the easy motions of the wave vessel. — From
page 13 it appears that easy motions are to be obtained,
if in addition to great practical stability, there is, lst,
considerable keel, and a large flat at the fore-fout and
1
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keel. From the dimensions it may be seen that the
wave vessel has twenty feet greater length of keel than
the Carysfort, and fig. 18, which has a wave curve to
the floor, rising forward and aft, will shew that she has
a flat at the fore-foot and keel.

2nd. When the sides are perpendicular within the
limits of the immersion and emersion. Now this is the
case throughout a great length of the wave vessel,—her
midship section, fig. 23, will make this more apparent, —
while that of the Carysfort has the deficieney shaded.

3rd. When the volume of the solids of immersion
and emersion is in some ratio inverse of the intensity
of the action of the water upon them, fig. 22, is formed
by the areas of the vertical sections being set off as
ordinates ; and from it the after-body of the wave vessel
is greater, but as the intensity of the action of the water
on it is less than that on the fore-body, so the terms
above stated are fulfilled in her, but not in the Carysfort,
whose fore-body is in excess,

Their relation as to fast sailing and weatherliness.—
The wave vessel will possess these in a greater degree
than the Carysfort, for they depend—

1st. Upon havinga smaller midship section, which is
the case, see fig. 23; and

2ndly. Upon the ratio between their vertical longitu-
dinal areas and areas of midship section; the design
proposed being 20 feet longer than the Carysfort, though
drawing a foot less water, will have 150 feet greater
area of vertical longitudinal plane, then, having a smaller
area of midship section, the ratio between these two
planes must be much greater in her than in the
Carysfort,

3rdly. Upon the fineness of the bow, and its suitable-
ness for speed. The drawing submitted by Mr. Fin-
cham, fig. 22, will shew that the wave frigate has a
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finer bow than the Carysfort, and figs. 9, 10, and 11,
will shew its greater suitability for going to windward,
and for speed.

4th. Upon the form of the after-body for offering
greafer lateral resistance, and nof occasioning negative
resistance. That the lateral resistance of the after-
body of the proposed design must be greater than that
of the Carysfort, is evident from the fact that its vertical
planes are more nearly at right angles to the thrust of
lateral resistance, than are those of the Carysfort; and
that this form of after-body occasions less negative resis-
tance, see Lecture II.

Tlewave form shewn to have the property of requiring
little steering.—The property of requiring but “little
steering,”” depending upon a vessel’s having a lean fore-
foot, long and (comparatively) straight sides, a fine heel,
and a full after-body at the water-line, the proposed
vessel would require less steering than the Carysfort, as
she has all these to a greater extent than her; while the
property of being ¢ easily steered,” depends, (when the
weights are properly placed) upon the power of the
rudder (principally) ;. this will be greater when the keel
is fine, and when the after-body is full at the water-line,
for when it is not full, an interference of the currents
takes place, and the direct eurrent upon the rudder from
below is prevented; the after-body (af Zhe water-line)
of the wave vessel is full, the Carysfort is not so; see
fig. 22.

Then that she would (notwithstanding her greater
length) turn equally fast with the Carysfort, is very
likely, as from the rake of her fore-body she is practi-
cally almost as short; then she was to have drawn two
" feet less water forward, but only one foot less water aft

than her, while her comparatively eircular after-body,
it
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(except the part below) would have offered less ob-
struction to her turning than would be occasioned by
the long flat after-body of the Carysfort.

T'he pitcking in the wave form less.—The pitching and
scending of the proposed frigate would be much less
than the Carysfort, and than ordinarily is the case

Owing to form.— lst. Because the resultant of the
water is brought so far aft, it admits of the masts being
more than ordinarily far aft, which brings the fore-mast
out of the less buoyant part of the bow, then, as the fore-
tack would come to the gunwale, the bumpkins, and
other weights may be dispensed with.

2nd. Because the shock which is occasioned by a
large surface, which a full bow presents, is avoided, so
the timbering of the bow may advantageously be less, and
the sudden lifting of the full bow on the sea reaching it
will be avoided by the fine bow.

3rdly. Because the centre of gravity of displacement,
and therefore centre of gravity, is abaft the middle on
the water-line, greater length is obtained towards the
bow, and therefore greater longitudinal stability ; and
this length being continued only below water, the hull
above being shortened to avoid the weight, she will have
the advantage without the ordinary disadvantage of
greater length,

. 4th. Because the fore-mast is brought so far aft, she
¢an carry her proper sized jib on a shorter, therefore a
smaller and lighter bowsprit, which will again admit of
all the fittings being lighter, head-knee, &e.

5th. Because the bow, in the direction of a buttock-
line, rakes, its tendency will be to lift, and therefore
to prevent pitching ; because the water, instead of being
thrown off on either side, passes aft underneath her, and
supports her until the bow receives the support of the
next wave which she has moved up to. And scending is
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prevented by the solid flow of the water along a full after-
body at the water-line, which cannot be much immersed.

Shewing Mr. Henwood’s method of disposing the
weights to advantage—Yet even this form might have
been ineffectual to prevent pitching and scending, if the
disposition of the weights had not been attended to; but
this was attended to, and the object of shortening the
decks and hull forward, which was done to the extent of
seven feet was with a view to bringthe centre of gravity
of the hull into the same vertical plane as the proposed
centre of gravity of displacement, and thus more to
centralize the weights.

The weight of each article, with its distance from the
centre of gravity of displacement, was taken and tabu-
lated as in the form below.

Weights abaft centre of gravity of displacement.

JDIs\:ance from centre
of gravity of displace-
ment and weight. Mument Moment of |

Description of article.

182 t rest. inertia.
Walght. | Distanee,

| Tons. Foet. e S
2 32-prs. shot and carriage, 2.7 ‘ 62 167 | 10354
Quiial 1 1 oo | w48 129 6220
2 68-pra. ,, i 43 | 34 146 | 4960
2 . » 5 o 20 86 | 1720
i o i i 6 25 154
1 56-pr. ,, o 8.7 68 591 | 40188
Main-mast . . | 200 | 113| 223 | 2573
Mizen-mast | 1 1.0 | 54 594 | 32076

| | | 1961 | 98225 ‘

Weights before centre of gravity of displacement. |

2 32-prs. shot and carriage| 2.7 \ gulpro 2l 172 |
R i & 22 | 59 | 1208

2T 3 i ¥ 36 97 ‘ 349 ‘

AN i % 50 135 | 6750 |
1 56-pr. carriage and shot; 87 | 61 530 | 32330
Fore-mast . | 18.0 | 54 | 972 | 52488
1814 | 93387

I"Gl | 98225 i

| 4

| Excess aft = LA 147 | 4838
| A weight forward . | 4‘3 | ‘i 246 4960
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And thus all the weights in the ship, with their dis-
tances before or abaft the centre of gravity of displace-
ment, should be tabulated and re-arranged, if necessary,
until a balance is obtained between the moments before
and abaft, and between the moments of inertia before
and abaft; and if this be not practicable, then the ballast
may be made available, as shewn in the table, where the
small quantity of 4 tons 3 tenths corrects a great
excess aft.

To design a steam frigate—I1f it were desired to pro-
Ject a steam frigate—this proposed frigate, or one more
nearly approached to the contemplated dimensions of the
steam frigate, (these dimensions being suitable only for
a first-class steam frigate,) would be taken as the basis of
the design, keeping the frigate entire as to her proper-
ties, weights,» and amount of sail, only altering the
armament to one more suitable without increasing its
weight, inserting a section of the form of the midship sec-
tion (or a little modified, if necessary,) which should be
sufficient to carry the engines, boilers, coals, &e. together
with its own weight, having its centres of gravity and of
displacement so sitnated as neither to increase or decrease
the stability, If a further speed was desired than had been
contemplated in the proposed frigate, the extremities
would require to be altered to suit the new speed, that
it might be obtained with the least consumption of power.

Why called “ the wave principle.”—The ¢ wave con-
struction’ takes its name from the eircumstance that it
produces the ordinary motions or phenomena which
take place in the water, and which are called waves.
From the economy of means or power which pervades
all the processes of nature, it might fairly be expected,
that he who most nearly imitated (though afar off ) these
perfect operations, would most nearly approach to that
perfection which is manifested in them.
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There are various orders of these waves, but “the
wave of translation,” whichis that which is propagated by
the prow or anterior surface of a body moving in water,
and is that also which most bears upon our subject, so
may first be referred to.

Characteristic of the wave of translation.—The
characteristic of this wave is, that it takes a particle up,
liftsit gradually through a certain height, and as gradually
lowers it again ; having carried it the length of the wave,
the particle of water stops, though the wave moves on—
like as in a corn field, the corn remains in the ground,
but the waving motion moves on across the field. Fig.
25 isa specimen of one of these waves, in which is shewn
the relative heights that a particle is raised to as each
successive part of the wave passes.

That whick is required in the form of the bow.—The
object desired to be effected by the bow of the ship, is
to displace the water sufficiently to admit of the passage
of the ship, and to do this with the least possible expen-
diture of power. It has been seen, that if the bow be
convex, as in fig. 9, the motion will be imparted too
quickly, the water will be accumulated at the stem, and
all the evils shewn in Lecture IV, will arise—or if it be
formed as at 9, the motion will not be imparted gradu-
ally, and therefore a rise will take place close forward,
only in a less degree; but if the after part of the bow,
as shewn also in Lecture IV, be not rounded off, there

will be a loss of power. That form then which will im-
part the velocity gradually (for the more gradually motion
is imparted, the less power will be required to effect it)
and allow it to subside gradually, must be the best. It
will be seen in fig. 11, the velocity imparted by each
section is greater than that imparted by the one before
it up to the centre, where it gradually becomes less and
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less to theend of the bow. At the stem there will be no
accumulation, and at the after end there will be no
deficiency, and that form will occasion the phenomena
called a wave, —for though the action of the bow is to
move the water horizontally, yet as its ontward motion
from before the vessel is met and resisted by the water
further out, it can only escape by rising above the sur-
face, and of course the amount of rise wiil be in propor-
tion to the outward velocity communicated; this is least
at the two extremities of the bow, and most at the centre
between the stem and the after termination of the bow,
therefore the result will be a gradual rise from the stem
towards the centre, and a gradual subsidence from the
centre towards the after end of the bow, in other words
a “wave” Not only will this be effected with the least
consumption of power, but the better position of the
accumulation will have a marked and favourable influence
upen most of the properties of the ship.

Concomitant advantages of the wave bow.—Thus, for
iustance, this form, instead cf accumulating the water at

the stem, where its effect is to give greater support to
the centre and to take support away frem her sides,
tending to decrease her practical stability ; it accumu-
lates the water at the sides and takes it away from the
gentre, the effect of which is to inerease the practical
stability and weatherliness.

While the old form, by accumulating the water close
to the stem, carries (with a side wind) the resultant of
the water much further forward, and therefore requires
to have the centre of effort of the sail further forward
to counteract its evil effect ; this again requires a larger
bowsprit and the fore-mast further forward (ceeteris
paribus) which, by increasing the angle of the piteh, is
injurious to: the ship in many ways.
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Also by bringing this accumulation aft, the centre of
resistance of the water, and the centre of effort of the
sails are brought more mearly into the same vertical
plane with the centre of gravity, all which contributes to
economize power and facilitate quickness of turning.

Waves vary in their length.—These waves are found to
vary in their length according to the velocity with which
they move. The lengths corresponding to the velocities
have been observed and tabulated, so that when the
veloeity at which a vessel shall be driven is determined,
the length of the bow will be the length of wave in the
table which corresponds with this velocity.

Propagation of the wave of oscillation. —If a
plane be moved fast in water there will be left
behind it a partial vacuum, which will principally be
filled up by the water from below, because that will be
forced in by the superincumbent water, while that at
the surface will be so only by the force of the circumam-
bient water, which force is very much less; the water,
then, which is immediately above that which is forced
into the vacant space, will fall, and the consequence
will be that an undulatory or oscillating motion will
be produced ; this motion has been called a wave of
ozcillation, and is that which is formed behind a vessel
when she moves ahead; the length of this wave, as of

that of the wave of translation, depends on the velocity
of its propagation, which will depend upon the velocity
of the moving body. The water being divergent from
the bow, if the acceleration of it were continued up to
the end of the bow there would be a partial vacuumn
formed, then the vessel would sink, and the resistance
would be increased, so there would be a loss of power;
such, however, is not the case aft, as the water from the
after-body is couvergent, and therefore may be acce-
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lerated up to the sternpost with advantage, for the
greater its velocity there the greater will be its reaction,
which will be favourable to the progress of the vessel as
giving her an onward thrust. So it may seen from fig.
19, that ‘the after-body is only half the length of the
wave, the body terminating when the wave is at its
highest point and before it has subsided.

Comparative length of the waves afoscillation.—The
length of the wave of translation as compared with the
length ot the wave of oscillation is as 2 to 3, but as only
half of the wave of the latter is taken, but the whole of
the former, so the length of the fore-body as com-
pared with the length of the after-body, is as 3 to 2.

The genesis of the wave-line curve forward.—TFig. 19
is a theoretic wave curve of a water-line ; the genesis of
these curves is as follows—the length of the fore-body as
compared with the length of the after-body is as 3 to 2,
therefore the whole length is divided into 5 equal parts,
and 3 allotted to the fore-body. A circle whose diameter
is equal to the half breadth determined upon, is de-
scribed with its circumference touching the central line,
where the fore and after bodies join; its circumference
is divided into sixteen equal parts, and the central lines
of theforeand after bodies are each divided intoeightequal
parts; then, for the curve of the fore-body, from the foremost
division on the central line lay off the perpendicular
distance of the central line from the first or lowest divi-
sion on the ecircumference of the cirele, and from the
second division on the central line the perpendicular
distance of the second division on the circle, and so of
each of the eight divisions; then through these points
draw'a line, and it will be the wave line curve forward.
The curves of all the water-lines are similar—I say a
theoretic wave curve, because, asis generally the case,
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there is a long straight of equal breadth inserted between
the fore and after bodies. Fig. 19 only represents the
curves of the extremities, and again, the position of that
curve will depend upon the requirements in the vessel.

The genesis of the wave curve for the after-body.—TFor
the after-body, lines are drawn from the divisions on the
circle parallel to the central line, on which the distances of
the divisions on the central line from the fore end of the
after-body are respectively laid off from the divisions
on the circle, a line drawn through these points will give
the wave curve for the after-body.

The curves in the direction of a buttock-line forward
and aft are cycloidal.

The advantages whick might be anticipated by this
form.—The advantages sought to be realised, and of
which we have seen there was a fair promise, from: the
proposed frigate as compared with the Carysfort, were—

Greater speed on all points.

Greater weight of armament, which was also to have
a greater range.

Greater stowage of provisions and water, that which
the Carysfort stows being insufficient,

Greater efficiency because of being more easy, and

Greater accommodation for both men and officers.

I canuot, perhaps, close these lectures more advan-
tageously than with a notice of the objections which Mr.
Fincham was enabled to bring against the proposed de-
sign when ordered to report upon it, for without the ne-
cessity of a very careful ¢ analytical examination,”
these strictures may be seen to furnish a recommenda-
tion from a very unexpeected quarter.

Mr. Fincham’s Report examined, —Mzr. Fincham com-
mences his report with an important admission—that the
chief feature in the proposed design is the adoption of




124

the principle of the wave line coustruction—that the
design appears to be on a certain principle. This 1
consider to be an important and favourable admission,
although, judging from the absence of uniformity, betok-
ening any fixed principle in his own projections, Mr.
Fincham may not have intended it as such: he further
admits that this principle appears to have had some ad-
vantage in experiments which were made. DBut he en-
deavours to qualify this favourable notice by saying—
** But as these experiments wers not made under the cir-
cumstances fo which sailing vessels are subject in a
heavy sea, it does not seem clear that we may infer with
much confidence from them, what degree of excellence
such a form would possess in the greatly altered circum-
stances in which vessels must inevitably be placed, for
the form which is opposed to the resisting medium is
continually varying as the exiremities are alternately
elevated and depressed in a heavy sea.”*

Now, if success has been obtained as far as experiment
has hitherto been carried, T submit that the fair inference
is in favour of further experiment—certainly, no unfa-
vourable inference can be drawn. But, little credit as
Mr. Fincham seems disposed to grant on the strength of
his admission, justice requires that a much wider admis-
sion should be made. Besides the very favourable re-
sults from the original experiments, in which Mr. Fin-
cham observes, “ the wave line appears to have had
some advantage,” we have the subjoined particulars of a
trial ¢ under the circumstances to which sailing vessels
are subject in a heavy sea,” and it will be seen that

* From these considerations Mr, Fincham should argue the inutility
of peeking any specific forin as best calenlated for speed, sinee it is pre-

sumed that the * coutinual varying of the formin a heavy sea” is not
peculiur to the wave form,
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the most favourable result was obtained when  the form
opposed to the resisting medium was continually varying

as the extremities were alternately elevated and de-
pressed.”

The Flambeaun wave steamer, Rival.
Length 150 feet Length 150 feet
Beam 20) feet Beam 18 feet
Draught 5.6 inches Draught 4 feet
Horse-power 76 Horse-power 120

Slower In the river-shallows Faster
Equal In deep water Equal
Much faster In bad weather Much slower

Dry Wet
Easy Uneasy

Thus, though having a less horse-power and two feet
more beam, she was equal to the other in deep water and
much faster in bad weather.

The same has been proved in the hollow-bowed, or at
least sharp, Dover packets, and in the ¢ Wonder” of
Southampton.

My, Fincham tells us a truism—Mr. Fincham next
informs us, that in all good ships there is a proper rela-
tion between the fore and the after bodies. This will not
be disputed. The question is, what 4s this proper relation ?

Mr. Blake’s experience.—We have seen in Lecture
11, that the right adjustment obtains in the proposed
design, and I may offer Mr. Blake’s* experience of fifty
years in favour of it, for he has proposed a 50-gun fri-
gate with the centre of gravity of displacement abaft
the middle on the water-line, which is the adjustment
objected to by Mr. Fincham. Nor is it without proofs
of the successful results from this particular adjustment
that it is recommended by Mr. Blake. And it may also

* Late Builder at Portsmouth.
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be seen from lines, in the possession of a builder at Bris-
tol, that this adjustment was at one time common among
the Spaniards.

One of Mr. Fincham’s errors—Mr. Fincham has
fallen into a strange error in saying, that where a certain
adjustment of the bodies before and abaft the middle on
the water-line does not obtain “the ships have always
been subject to uneasy motions of pitching and seend-
ing.” By this, Mr. Fincham would appear to forget that
these motions are performed round the centre of gravity,
and not round the centre of the lengtk, unless they coin-
cide, and also of the fact that these motions are much
more influenced by the disposition of the weight than
by the most extreme forms in our navy.

Motions more influenced by weights than by form.—
In which assertion I am borne out by some of the very
ships be quotes. The Endymion was very uneasy on
her passage to Lisbon some years since, and lost some
of her masts; the uneasiness was attributed fo the
ordnance stores which she had in. The Pique and the
Carysfort are said to be very uneasy if their bread is
stowed in its proper place. The Eurydice is said to
have been fitted with new dead lights aft, doubtless
because she scended heavily, yet I am told that there
was a scrupulous attention given to keep her on an even
keel, if so the relation of the fore to the after-body must
have been always that which Mr. Fincham gives. It
will be observed that the ratio of the Endymion’s bodies
is 1 to 1.058, and that of the Pique 1 to 1.087, or
nearly the same, yet their general characters are totally
opposite, Endymion being a very easy ship, and the
Pique notoriously uneasy.

This is a practical illustration of the truth of the
above assertion, but knowledge of a generally admitted
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principle should have prevented Mr. Fincham from
falling into such an error.

Another of Mr. Fincham’s errors, necessity of the
moments of inertia to be greater aft.—The ratio of the
fore to the after-body in the Carysfort is as 1.217 to 1,
or the excess forward .217. The ratio of the after to
the fore-body in the proposed design is as 1.248 to 1,
or the excess aft .243, no very great difference between
them. Mr. Fincham goes on tosay, * from this excess
aft there must be a great excess of weights to bring the
ship to her intended water-line. This must oF NECES.
SITY render the momentum of the inertia abaft greater
in proportion to that forward, and cause not only an
uneasy motion to the ship in pitching, but likewise cause
her inevitably to steer badly.”” The errors in this quo-
tation are numerous and glaring. There is no necessity
whatever for an excess of the moments of inertia aft.
Suppose that, in consequence of the full after-body, it
is necessary to put 100 tons 40 feet abaft the centre
of gravity of displacement; this must be balanced, or
the vessel would be thrown out of her line of floatation,
and that we therefore put 40 tons at 100 feet, we shall
then have the moments

Aft 100 s« 40 = 4000 ; forward 40 x 100 = 4000 ;

here the weight aft is 2% times greater than that forward,
and the moments of inertia are

Aft 100 x 40° = 160,000 ; forward 40 x 100% = 400,000 ;
the moments of inertia forward being 21 times greater
than those aft, or the very reverse of Mr. Fincham’s
necessary excess. “° Bad steerage,” therefore, need not
be apprehended from a cause shewn fo exist only in
Mr. Fincham’s imagination.

The ship will xor piteh, the moments of tneriia are
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greater aft—Mr. Fincham falls into another strange
error, when he says that the moments of inertia being
greater aflt, the ship must have an uneasy motion in
pitching, as it must be evident to the simplest intelli-
gence, that where the greater force is, there also must
the greater effect be; had not Mr. Fincham distinguished
between pitching and scending in his letter, I might
have supposed that he used the first as expressing both
motions.

Not the case of the wave form, as Mr. Fincham seems
to imply.—* The motion of rolling and lurching,” Mr.
Fincham says, *“ depends chiefly on the transverse form
of the body, and on this point it would be found under
the analytical examination that when too much of the
body has been thrown in by the lee lurch, whilst there
has not been enough body below water to catch the
ship on the weather lurch, the ships have invariably
rolled with an uneasy motion, except on a wind, and
under a press of sail.”

It would appear that Mr. Fincham, in this rather
obscure passage, means to assert, that supposing a ship,
divided in the centre by a vertical longitudinal plane,
if when she rolled she did not immerse an equal volume
on the one side of this plane, with that which she emerged
on the other side of the same plane, her notions would
be uneasy in proportion to that inequality.

1 am quite willing to admit the incompatibility of
such inequality with ease of motion, and in the foregoing
Lectures great stress has been laid on this point as a
radical defect in Sir Wm. Symonds’ ships, and I am
at a loss to conceive Mr. Fincham’s object in bringing
forward this truism, unless he means to insinuate that
this said inequality is a feature in the proposed design.
This, as may be seen by a bare inspection of fig. 23, is
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so far from the truth, that I can at present attach no
meaning to the paragraph. In the figure the inequality
in each vessel is shewn by the shaded parts.

Again, Mr. Fincham says, ‘ Uneasy motions in rolling
may result likewise from inclination throwing in more
of the after-body than the fore-body, causing the ship
to revolve on an axis somewhere between the longitudi-
nal and the transverse axis.” Mr. Fincham might have
added, that if the Jore-body is in excess a similar change
of axis will take place. In his own designs this is the
case (see page 15). Butif the vessel be put in motion
ahead, the evil of the disparity in his designs is increased,
while the evil arising out of the disparity in the pro-
posed form diminishes with the speed. (See page 16.)

Mr. Fincham gives two drawings, to illustrate his as-
sertions and his figures, (these have been reduced in figs.
2] and 22) but they contradict rather than confirm his
statements. Take 21, and it will be seen that the excess
of the fore body of the Carysfort over her after body is
greater than the inverse excess in the proposed frigate,
consequently the extent of the motion in the Carysfort
will be greater. If they are each inclined 10 deg. to
port, the axis of the Carysfort will pass through her port
bow and starboard quarter, but the axis of the proposed
design would be through the starboard bow and port
quarter ; give these two vessels motion ahead, and the
action of the water on their immersed bows will be in-
creased, and that on their after bodies decreased, and its
action will be to push the bow to starboard, and allow
the stern to fall to port. The bow of the Carysfort
being already too much to starboard, and her stern tao
much to port, the evil will be increased, while the bow

* of the proposed frigate being too little to starbourd and

K
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the stern too little to port, the evil will be corrected, or
at least decreased.

Fig. 22 equally contradiets Mr. Fincham’s assertions,
had the line which forms the curve been straight near
the horizontal line, the solids immersed and emerged on
either side of the vertical longitudinal plane, would have
been absolutely equal, and the inequality is least where
the line is most nearly approached to the perpendicular ;
and which is so in the proposed frigate's curve, therefore
her motions would have been least.

Mr. Fincham’s analytical examination examined.—But
“ the analytical examination,” which Mr. Fincham pro-
fesses to have made, is the merest empirieism ; he admits
in the two paragraphs in which he speaks of uneasy and
irregular wotions that they are due to *throwing in
more of the after-body than the fore-body,” and instead
of giving the ratio beiween these portions of the bodies
he gives the ratio between the whole of the bodies; now
it is perfectly possible to have a great disproportion
between the fore and the after-bodies, as a whole, and
yet have a strict equality between those portions which
ave alternately immersed and emerged. It was practi-
cally so in the Sapphire.

Solid immersed at an inclination of 5° 1258 cubic feet

Solid emerged : ; 1262
being a difference of enly four cubic feet, while the centre
of gravity of displacement was very nearly two feet
before the middle of the load water-line.

Mr. Fincham concludes his strictures with an objec-
tion to the position of the eentre of gravity of displace-

22

ment, All constructors, says Mr. Fincham, consider
that it should be hefore the middle, whereas in the
proposed design it is 4 feet abaft.
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Mr. Fincham does not add, that many vessels have
the centre of gravity of displacement abaft the middle,
and it will scarcely be credited that in the Circassian,
(designed by Mr. Fincham himself) as well asin the
proposed frigate, the centre of gravity is 4 feet abaft the
middle, see Fig. 24.

On a review of the many and difficult questions in-
volved in the subject matter of these lectures, one is
forcibly led to exelaim, with a distinguished writer on
Naval Architecture, * To whom then are we to look for
improving, not to say perfecting, our ships? Is it to the
men who may bring forward some geometrical or me-
chanical series of curved lines for a ship’s body, deduced
from one or more curves ? for this has been many times
done, and may at all times be performed by the mere
dabbler in the art; or to those, who, regardless of any
rules, build ships by what they call the eye? for there
are enough of these. And when either are asked for
reasons for any particular construction, they assume
mysticism, and would ¢ appear wise by saying nothing ;’
certainly, from no such men are we to hope for improve-
ment in a science pregnant with difficulties, to surmount
which seems to exceed the furce of the human under-
standing.” But let us look for the advancement of
Naval Architecture, to those who unite the theory with
the practice, who are patient observers of the physical
facts which experience brings to their view,* and have
sufficient science to account for these, either by laws

* 1 was particularly struck on reading Mr. Creuze’s work in the En-
cyclopedia, to observe how much of it appears to be thework of a sailor,
though he was but a short time at sea, iu the experimental squadron ;
but the fact is, that he had been to sea with DonJunan D'Ulloea, thus
shewing that science is but experience reduced to rule, and being so,

may be transmitted to men of a different age and a different nation,
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long established, or, if not, to endeavour to discover
new ones; for what is theory, in its legitimate sense,
but a law, or system of laws, established and confirmed
by a series of well conducted experiments?

Naval architecture and naval tacties have derived
their greatest advantages and improvements from men
of science, and not from mere practitioners,




APPENDIX A.

IT may be thought that I should have included under
the head of the weights, the weight of the hull, This
would have been to have given value to a defect— as, all
other things being equal, the lighter the hull the better.
As amongst other reasons, that which ocecurs in the case
of the Eurydice as compared with the Carysfort’s class
and form. She is 50 tons lighter than the Carysfort, and
can therefore take 50 tons more water and provisions
under the same displacement as them.

This, of course, is only a defect when the hull is
heavier of necessity, as when the breadth is great the
scantling must be greater to have equal strength with
that of vessels which have less breadth.

It may arise from an accidental circumstance, as in the
Barham, Vindictive, &c. because of their having been
two-decked ships, and in such ease is unfavourable to the
ship, and should be allowed.

It is most desirable that competing ships should be as
nearly alike as possible in all respects, except in form,
as it is quite impossible to measure exvactly the conse-
quences of disparities, for even in that of the difference
in the amount of sail, though it be (approximately) true,
that the velocity varies as the square root of the power,
yet it is only so when all other things remain the same,
which is hardly possible in practice, as every alteration
in the amount of sail is attended with an alteration in the
point of application of this power, therefore it will act
with more or less effect, as may be; and by this, the
same ship only can be compared with herself, and not
ships differing in form, in height of the centre of effort of
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the sail, in weights, and in the arrangement of these
weights.

I said this was only the approximate law, because it is
only an approximation founded upon an approximation—
for it is upon the supposition that the resistance varies as
the square of the velocity, and this is found to be true
only under certain circumstances.

Let p = pressure of wind on a square foot of sail when

blowing with the velocity of one foot.
P’ = pressure of water against a square foot at the
same velocity,
A = effective area of the sails.
B = the area against which the pressure of the
water acts.
v = velocity of wind.
V = velocity of ship.
The relative velocity of wind and ship =v»—V, and
the effect of the wind = p A (#—V)=
For the same reason the resistance = p’ B V2
Hence p A (v—V): =p B V*
or v/ p A (w—V)= ~p BV
and v p Ao =~pAV+/p BV
gt @ by
VpAL yp B,
If now we want to approximate we wmay neglect
v p A in the denominator, and in such case V = AR
Vvy' B
or velocity of the ship would, ceteris paribus, vary as the
square root of the area of the sails; but this can only be
regarded as an approzimation.




APPENDIX B.

A COPY OF MR. FINCHAM'S REPORT.

“PorTsMouTH YARD, 15th Feh. 1846.

“TaE ¢ wave line,” as a principle in the construc-

tion of vessels, which has been advocated by Mr. Russell
Seott,* appears to be the principal feature in the pro-
posed desigu, and vessels formed on this principle appear
to have had some advantage in the experiments which
he made. But as these experiments were not made
under the circumstances to which sailing vessels are sub-
ject in a heavy sea, it does not seem clear that we may
infer with much confidence from them, what degree of
excellence such a form would possess in the greatly
altered circumstances in which vessels must inevitably be
placed, for the form which is opposed to the resisting
medium is continually varying as the extremities are
alternately elevated and depressedin a heavy sea. From
these considerations I would respectfully submit, that the
waved form and extreme sharpness of the bow, should
be.very carefully and deliberately considered before being
given to ships carrying heavy weights, especially as in the
form now under consideration, the adjustment of the fore
and after bodies, is the reverse of what experience has
shewn to be essential to a good ship, and which must
subject a ship to uneasy motions, and also render the

® He means Mr. Scott Russcll.
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due effect of the rudder a very questionable matter.
Esxperience has frequently shewn that vessels with a very
full after-body, requiring great weight to bring them by
the stern, have been uneasy in a sea, and have also
steered badly. If ananalysis were formed of the different
ships in the British navy, it would be perceived by the
great diversity of form as to the degrees of fulness and
sharpness at the extremities, and it would also at the
same time appear that there is in all good ships, a pro-
per relation between the fore and aft bodies, and that
where this has not been the case, the ships have always
been subject to uneasy motions of pitching and scend-
ing.

 The motion of rolling and Iurching depends chiefly
on the transverse form of the body, and on this point
it would be found under analytical examination, that when
too much of the body has been thrown in by the lee
lurch whilst there has not been enough body below
water to catch the ship on the weather lurch, the ships
have invariably rolled with an uneasy motion, except on
a wind, and under a press of sail. All these effects are
comparative, being confined with limits, but the degrees
can be ascertained only by comparing the forms of
ships which have been tried at sea. Uneasy motions in
rolling may result likewise from inclination, throwing
in more of the after-body than the fore-body, causing
the ship to revolve on an axis somewhere between the
longitudinal and the transverse axis, and this would be
the case with the constraction now under consideration.
I have made the preceding observations with the view
merely toshew, that the conclusions which I have drawn
are derived from the experience and observation of ships
that have been already tried, and I beg to state also, that




137
in order to form a just estimate of the character of the
proposed econstruction, I have made an analysis of the
bodies of several frigates, and I find the velation of the
fore-body to the after-body from the middle of the water-
line, in the Endymion after-body is as

I to 1.058
Inconstant 1 ,, 1.123
Pique By 1087
Eurydice R 2T
Carysfort 1 ,, 1.217
Calliope IR s bt
Proposed 787

“ From this statement it is seen, that proportion of the
after-body in the proposed construction, greatly exceeds
that in any of the other ships, and consequently there
must be a great excess of weights to bring the ship to
her intended water-line. This must of necessity render
the momentum of inertia abaft greater in proportion to
that forward, and cause not only an uneasy motion to
the ship in pitching, but likewise cause her inevitably to
steer badly, since in all the other ships the centre of
gravity of the displacement is before the middle, as all
constructors consider it should be, whilst in the proposed
construction it is 4 feet abaft. The same may be shewn
by an examination of all the elements which affect the
motions of a ship, and which will be seen by referring
to the table in which the elements of construction are
given. And perhaps the form may be more clearly
seen by lines formed by the areas both of the vertical
and horizontal sections, which I hope will give a clear
view of the relative form of this ship, in comparison
with the forms of ships which have been tried.

¢« After having given to this construction the best con-

L
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sideration in my power, I cannot, for the reasons already
stated, recommend that in the present form the frigate
should be built,”

THE END.

G. NORMAN, PRINTER, MAIDEN I,AN}Z, COVENT GARDEN.
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Pbilalogy,

Arechacology,

Early English Litecature, Pumismatics,

Feraltip, Litevarp Wistorp,
Topagraphy,

&¢.

Liography,
&

PUBLISHED OR SOLD BY

JOHN RUSSELL SMITH,
4, OLD COMPTON STREET, SOHO SQUARE, LONDON.

Philology and Early English Literature.

A Dictionary of Archaic and Provincial Words, Obsolete Phrases,

Proverbs, and Ancient Customs, from the reign of Edward I. By JAMES ORCHARD HALLIWELL, F.R.S.,
F.5.A., &e. 2 vols. Ovo, containing upwards of 1000 pages, closely printsd in doulle columns, cloth, 21, 2.

This work, which has oceupied the Editor some Years, is now completed ; it contains above 50,000 words (embodying
all the known scattered glossaries of the English languzge) forming a complete key for the reader of the works of our
old Poets, Dramatists, Theologians, and other authors whose works abound with allusions, of which explanations are
not to be found in ordinary Dictionaries and books of reference, Most of the principal Archaisms are illustrated by
examples selected from early inedited MSS. and rare books, and by far the greater portion will be found to be original
authorities.

* This promises to be a very useful work, and is evidently the result of extensive researeh, and of great labour
judicionsly applied. The want of 8 work of thia description has long been felt, and geveral attempts have
been made to supply the deficiency, but for some reason or otler they have all hitherto failed. The Glossary
of Archdeacon Nares is not omly imperfect, but professedly restricted to a comparatively narrow scope,
embracing terms used by the writers chiefly of the Elizabethan era; it is now, besides, a rare and costly book,
Boucher's Glossary miscarried because it was begun in an ineonvenient form, and on too expensive a scale,
The work now before us, of which the first two parts alons have been published, appears to be much more
complete than Boucher’s, and has the advantage of being printed in a convenient form for reference, while its
price is yery moderate. It forms a most comprehensive Glossary to all our O1d English writers, from the
beginning of the fourteenth century to the time of the Stuarts, including the earlier Chroniclers, the writings
of Wycliffe, and a long range of Poets, from Piers Plooghman, Chaucer, Gower, Lydgate, d&c., to Spenser
and his contemporaries, with Shakespeare and the Dramatists of that age. In addition to the obselete portion
of our language, this work may be said to be a complete Dictionary of the local dialects of the present day,
and is one which will be an acceptable addition to every library.”— Morning Herald.

“ Mr, Halliwell Is, we must acknowledge, az well qualified, by Industry, ability, and previous study, to be the editor
as any man living, We could indeed easily name a dozen persons, sach of whomn would be better qualified for
particular departments, but not one who, Including the whole range embraced by the title would have the
ability and energy to go through all the drudging dutivs of the office more satisfactorily. It is a work,
however, that, in the first instance, must be imperfect. We he ld, therefore, that every English scholar should
have an interleaved copy, that he may contribute a something towards improving a second edition. The ficst
number appears to have been carcfully compiled ; but we are not inclined to scel very curlously for faults in
a work of such obvious difficulty, when, even if it be imperfect, it cannot fail to be useful."-— fthenaum.

. sy . v

Essays on the Literature, Popular Superstitions, and History of England
in the MIDDLE AGES, By THOMAS WRIGHT, M.A,, F.S5.A. 2 stout vols. post 8vo, elegantly printed,
cloth, 16,

Contents : Essay 1. Anglo-Saxen Poetry., II, Anglo-Norman Poetry. 111. Chansons de Geste, or Ilistorieal
Romances of the Middle Ages, IV, On Proverbs and Popular Saylogs. V. On the Anglo-Latin Poets of the Twelfth
Century, VI. Abelard and the Scholastie Philosophy, VII. On Dr. Grimm's German Mythology. VIII. On
the National Fairy Mythology of England. 1X. On the Popular Superstitions of Modern Greece, and their con-
nexion with the English. X. On Friar Rush, and the Frolicsome Elves. XI. On Dunlop’s History of Flction,
X1l On the History and Transmission of Popular Stories. X111 On the Poetry of History. XIV. Adventures of
Hereward the Saxon. XV. The Story of Kustace the Monk. XVI, The History of Fulke Fltzwarine, XVII, On the
Popular Cycle of Robin-Hood Ballads. XVIIL On the Conquest of Ireland by the Auglo-Normans. XIX. On Old
English Political Songss XX. On the Scottish Poet Dunbar.




2 *aluable and Interesting Books on Bale by
EGmde to the Ang]_o Saxon Tang'ue' on the basis of Professor Rask’

Grammar, to which are added Reading Lessons in verse and prose, with Notes for the use of learners. By E. L.
VERNON, B.A., Oxon. 12mo, eloth, 5. Gd.
The student Is furnished with a cheaper, easier, more comprehensive, and not less trustworthy guide to this
tongie, than has hitherto been placed within his reach.
“ The author of this Guide seems to have made one step in the right direction, by compiling what may be pro-
nounced the best work on the subject hitherto published in England "—dthenazum,
< Mr, Vernon is a laboriously accurate Anglo-Saxon scholar, as is seen in his attention to the quantity of words;
a branch of Anglo-Saxon grammar in which Jater scholars have done much by comparing the forms of roots as
they are found in the diffetent Teutonic dialects.” —Gent.'s Mag. fir Feb,

Reliquize Antiquee. Scraps from Ancient Manuscripts, illustrating chiefly
Early English Literature, and the English Language, edited by WRIGHT and HALLIWELL, 2 vols. 8va,
aloth, 2. 2s.—HEDUCED (o 1l 48,

Containing communications by Ellis, Madden, Hunter, Bruce, Turnbull, Laing, Nichols, &e. But very few copies
remain, Odd numbers may be had to complete sets, at 24, cach,

1t contains a large number of pieces in Anglo-Saxon, Angle-Norman, and Early English ; it will be found of use
to future Philologists, acd to all who take an interest in the history of our lmgutge and literature.

Popular Treatises on Science, written during the Middle Ages, in Anglo-
Saxon, Anglo-Norman, and Engplish. 8vo. Edited by THOS. WRIGHT. loth, 4. G4

Coptents:—An Anglo-Saxon Treatise on Astronomy of the TENTH CENTURY, now first pulblished from a
M8, in the Dyitish Museum, with a translation ; Livee des Creatures, by Phillippe de Thaun, soew first printed with o
translation, (extremely valuable fo the Philolugist, ag being the earligst specimens of dnglo-Norman vemaining, and
explanatory of all the symbolical signs in early sculpture and painting); the Bestiary of Phillippe de Thaun, with
translation ; Fragment on Popular Sclence from the Early English Metrical Lives of the Saints, (the eariiest piecs
of the kind in the English language,)

An Introduction to Anglo-Saxon Reading; comprising Alfric’s Homily

on the Birthday of St. Gregory, with a coplous Glossary, &c. By L. LANGLEY, F.L.S. 12mo, cloth, 2s, 6d.
Anecdota Literaria: A Collection of Short Poems in English, Latin, and French,

ililustrative of the Literature and History of England in the XTIIth Century; and more especially of the
1 Condition and Manners of the different Classes of Society. By T. WRIGHT, M.A., F.5.A.; &e. Bvo, eloth.
Only 250 printed. . 6d.

Phﬂc]ogical Proofs of the original Unity and recent Origin of the Human
Race, derived from a Comparison of the Languages of Asia, Europe, Afriea, and America, By A, J. JOHNES,
8vo, eloth. Repucep from 12s 6d. to Gs,

Printed at the suggestion of Dr. Pritchard, to whose works it will be found & nseful supplement.

Early Mysteries, and other Latin Poems of the XIIth and XIIIth centuries.

Edited from original MSS. in the British Musecum, and the Libraries of Oxford, Cambridge, Paris, and
Vienna. By THOS. WRIGHT, M.A., A, Bvo, bds, 4z 6d.

* Besides the curious specimens of the dramatic style of Middle-Age Latinity, Mr. Wright has given two compo-
sitions in the Narrative Elegiac Verse (a favorite measure at that period), in the Comcedia Babionis and
the Geta of Vitalis Blesensis, which form a link of connexion between the Classical and Middle-age Literature ;
some remarkable Satirical Rhymes on the people of Norfolk, written by a Monk of Peterborough, and
answered in the same style by John of St. Omer; and lastly, some sprightly and often graceful songs,
from a MS. in the Arundel Collection, which afford a very favorable idea of the Lyiic Poctry of our clerical
forefathers,”— Gantleman's Mag.

The Eﬂ.l‘lv Higtﬂry Of FT'C“—' A litcr.n.ry curiosity, and one both welcome and ser-

viceable to the lover of black-letter lore, Though

masonty in En:{laud, Illastrated by an English Poem the obsoleteness of the style may occasion sad
of the X1Vth Century, with Netes, By J, 0. HALLI- gtumbling to a modern reader, yet the class to which
WELL. Post §vo, Seconn Epirion, with a fuc- it rightly belongs will value it accordingly; both
simile of the oviginal MS. in the British Museum, cloth, because it is curious in itz details, and possesses
23, G4, philological importance. To the general reader
¢ The interest which the curious poem of which this it presents one feature of interest, viz. the reference
publication is chiefly composed has excited, is proved to Wayland Smith, whom Sir W. Scott has invested

by the fact of its having been translated into Ger- wtth s ek interest.”—Metropolitan Maguzine,

man, and of it having reached a second edition,
which is not common with such publications. Mr. J‘i]] ES‘S'!,V O t}_]_e Or](}‘ln P]ﬂ-
Halliwell has earefully revized the new edition, and gress, and Decline of Rhyming ],Lm \'er»e, with
increased its utility by the addition of a complete and many specimens. DBy Sir ALEX, CROKE. Post
correct glossary.— Ldterary Gazette, 8vo, ‘c.fum, T5. Bidv, reduced to Bs.

Tor'{‘ent Of Portugal } an Eng]ish % This is a_clevet‘:md iuterlesting little volume on- an
Metrical Romanes, now first published, from an unique attractive subj L::t’ r'}"_! ]."'5“?‘: ?wrk of a scholar and
MS. of the XVth century, preserved in the Chetham 8 man of taste.” —Brifieh Cricic.

Library at Manchester. Edited by J. O, HALLI- = .
\\-'E*JIJ.?, d&e.  Post 8vo, cioth, :lmf_gurm with Ritson, 0‘{1 the Ol‘lgll] H.Ild FOI‘mﬂ.hOH Qf
Weber, and Lllis's publications, b, the Romance Languages : containing an examination
¢+ This is a valuable and interesting addition to our list of M. Raynouard’s Theory on the Relation of the

! of early English metrical romances, and an indispen- Italian, Spanish, Provencal, amnd French, to the

| sable companion to the collections of Rilson, Weber, Latin. By GEO. CORNEWALL LEWIS, 8vo,

5. and l:,'l]la.”—Ll&cJu:y Guzette, cloth, 124, REDUCED fo fs, Gd.
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7. B. Emith, 4, 01d Compton Street, Eoho, 3

The Harrowing of Hell, a Miracle
Play, written in the Reign of Edward II.., now first
published from the Original In the British Museum,
with & Modern Reading, Introduction, and Notes,
By JAMES ORCHARD HA LLIWELL, Esq., F.R.S.,
F.5:A. ke 8vo, sewed, 2,

This curious piece is supposed to be the earliest
specimen of dramatic composition in the English Jlan-
guage; wvide Hallam’s Literature of Europe, Vol. I.;
Strutt’s Manners and Customs, Vol. 1L Warton's
. English Poetry; Sharon Turner's England; Collier's
'Hisu;ry of English Dramatic Poetry, Vol, 11, p, 213.
i Al these writers rofie to the Manwuscript.,

' N ; : "
'l\uga: Poeticse ; Select Pieces of Old
i English Popular Poetry, illustrating the Manmners and
Artsof the XVth Century. Edited by J. 0, HALLI-
| WELL. Postvo, Onty 100 eopics printed, cloth, 5a.
! Contents:—Colyn Blowbal's Testament; the Debate of
the Carpenter’s Tools: the Merchant and hiz Son; the
Maid and the Magpie; Elegy on Lobe, Henry VIITth's
Fool ; Romance of Robert of Sicily, and five othier curiotis
pleces of the same Kind,

| Rara Mathematica; or a Collection
of Treatises on the Mathematics and Subjects con-
nected with them, from ancient inedited MSS, Ry
J. 0. HALLIWELL. gvo, Second Edition, cloth,
3s. Gdds

Contents: Johannis de Sacro-Dosco Tractatus de Arte
Numerandi; Method used in England in the Fifteenth
Century for taking the Altitude of a Steeple ; Treatise
on the Numeration of Algorism ; Treatise on Glasses for
Optical Purposes, by W. Bourne; Johannis Itobyng de
Cometis Commentaria; Two Tables showing the time
of Hizh Water at London Bridge, and the Duration of
Moonlight, from a MS. of the Thirteenth Century; on
the Mensuration of Heights and Distances: Alexandri
de Villa Dei Carmen de Algorismo ; Preface to a Calendar
or Almanack for 1430; Johannis Norfolk in Artem
progressionis summula; Notes on Early Almanaes, by
the Editor, &e. &e.

Reliques of Trish Jacobite Poetry,
with  Interlinear Translations, and Biographical
Sketches of the Autaors, and Notes by J. DALY,
also English Metrical Versions by E. WALSH. fvo,
Parts Tand 2 (all yet published, ) 2s,

Popular Errors in English Gram-
mar, particularly in Pronunciation, familiarly pointed
out. By GEORGE JACKSON. 12ma, ‘Third
Edition, with a coloured Srontispiece of the © Sedes

| Busbeiana.” Gd.

Provincial Dialects of England.
| Bibliographical List of all the Works

which have been published towards illustrating the
Provincial Dialects of England. By JOHN RUSSELL
SMITH. Post 8vo, 1s.

“ Very serviceable to such as prosecute the stu dy of
our provincial dialects, or are collecting works on
thatcurlous subject. We very co rdially recomimnend
it to motice."’—Metropoliten .

The Vocabulary of East Anglia,
an attempt to record the vulgar tongue of the twin
sister Counties, Norfolke and Suffolk, as it existed in the
last twenty years of the Eighteenth Century, and still
exists ; with proof of its antiquity from Etymology
and Autherity. By the Rev. R, FORBY, 2 vols. post

8vo, eloth, 12¢. (original price 17, 15.)

An Historical Sketch of the Pro-

vincial Dislects of England, iflustrated by numerous
examples, Extracted from the ¢ Dictionary of Archaic
and Provincial Words,” By JAMES ORCHARD
HALLIWELL. 8vo,sewed, 25

Westmorland and Cumberland
Dialects. Dialogues, Poems, Songs, and Ballads, by
various Writers, in the Westmorland and Cumberland
Dialects, now first collected, to which is added, a
Coplous Glossary of Werds peculiar to those Counties.
Post Bvo, pp. 408, cloth, 9s,

This collection comprises, in the Westmorland Dialeet,
Mrs. ANN WHEELER'S Four Familiar Dialogues, with
Poems, &c.; and in the Cumberiand Dialect, 1. Poems
and Pastorals by the Rev. JOSIAH RELPH; II. Pas-
torals, &c., by EWAN CLARK; 1II. Letter from
Dublin by a young Borrowdale Shepherd, by ISAAC
RITSON ; IV. Poems by JOHN STAGG ; V. Poems
by MARK LONSDALE; VI, Ballads and Songs Dby
ROBERT ANDERSON, the Cumbrian Bard {ineluding
sotne note first printed) ; VII. Songs by Miss BLAMIRE
and Miss GILPIN ; VIIIL, Songs by JOIN RAYSON;
IX, An Extensive Glossary of Westmorland and Cum-
berland Words.

 Among the specimens of Cumberland Verse will he
found some true poetry, if not the best ever written
in the language of rural life this slde the Scotch
Borders. The writers seem to have caught in their
happiest hours inspiration from the rapt gsoul of
Burns. Anderson's touching song of wedded love,
¢ The Days thal are geane,’ is a’ worthy answer for
8 husband to Burn's *John Anderson my Jo.'" —
Gent's. Magazine. !

**No other two counties in England have so many
pleces, both in prose and verse, illustrative of the
manners and customs of the inhabitants, and written
in their own native dialect. The philologlst will
find numerous examples of words and phrases which
are obsolete in the genmeral language of England,
or which have been peculiar to Westmorland and
Cumberland from time Immemorial. Nor are the
pleces uninteresting in other respects. Some of
the pateis verses are rich in the true gpirit and
vigour of poetry.”— Mesropolitan.

¢¢ A charming volume: it contains some heautiful poctical
effusions, as well as characteristic sketches in
prose. —dreheologist,

o R | e e N ]

The Yorkshire Dialect, exemplified

in various Dialogues, Tales, and Songs, applieable to
the County, with a Glossary. Post8vo, ls.

¢ A shiling book worth its money; most of the pisces
of composition are not only harmless, but good
and pretty. The eclogue on the death of * Awd
Daisy,’ an outworn horse, is an outpouring of sume
of the best feelings of the rustic mind; and the
addresses to riches and poverty have much of the
freedom and spirit of Burns.” i
Gent's Magesine, May 1041,

Specimens of Cornish Provincial
Dieleet, collected and arranged by Uncle Jan Tree-
noodle, with some Introductory Remarks and a
Glossary by an Antiquarian Friend, also a Selection
of Songs and other Pieces connected with Cornwall.
Post 8vo, with curdows portraie of Dully Pentredth,
elothy da,

Exmoor Scolding and Courtship
in the Propriety and Decency of Exmoor (Devonshire)
Language, with Notes and a Glozsury, Post dyvo, 12th
edition, 14 G, |

A very rich bit of West of Englandism.”— Metenpoliten, |[
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2 Valumble and Interesting Hooks on Sale by

Grose's (Francis, F.S.A.) Glossary [ A Collection of Fugitive Pieces

of Provincial and Local Words used in England, with in the Dialect of Zummerzet, Edited by J. 0.

which is now first incorporated the SuprLEmenT by HALLIWELL. Post8vo, oniy 50 printed, 2s.

SAMUEL PEGGE,F.5.A. Post 8vo, elegently printed, 3 -

cloth, 4. 6d. Dick and 8al, or Jack and Joan’s

The utility of a Provincial Glossary to all persons Falr, a Doggrel Poem, in the Kentish Dialect. 34
desirous of understanding our ancient poets is so univer- edition, 12mo, Gd.

sally acknowledged, that to enter intoa proof of it would 1. 5 . ¥ =
be entirely a work of supercrogation.  Grose and Pegge Jaﬂ. (_J]-(]-dpﬂ]-e ] Tl‘lp to ﬁ’[erl’l{ltll‘
are coustantly referred to in Todd’s * Johnson's in Search for Dollar Trees, and how he got rich enough
Dictionary.” to beg his way home! written in Sussex Doggerel.

. . 12ma, 6d.
Poems of Rural Life, in the Dorset ]
Dialest, with a Dissertation and Glossary. By JO}]T). N Oﬂ-k[fs and B'IEI,TY StleS,

WILLIAM BARNES. Secoxp Enrriox in the press. a Poem, erhibiting some of the most atriking fingual
A fine poetic feeling is displayed through the various localisms peculiar to Fssgr, with a Glossary, By
pieces in this volume ; according to some eritics nothing CHARLES CLARK, Esq. of Great Totham Hall,
has appeared equal to it since the time of Burns; the Esgex. Post 8vo, cloth, 23,
Gent.'s Magazine' for Dec. 1844, gave a review of the | « The poem possesses eonsiderable bumourt’  Taits
volume some pages in length. Mage—** A very pleasant trifle.”Lit. Gaz.—* A very
- ¥ clever production.” Esser Lit. Jowrnal.—s¢ Full of
A Glossary of Provincial Words Yieh (Dumaee? Kews s eueey Andls
and Phyases in use in Wiltshire, showing their Deri- Metropolitan.—¢¢ Exhibits the dialect of Essex per-
vation in numerous instances from the Language of fectly.” Relaetic Reviewo,—< Full of quaint wit and
the Avglo-Saxons. By JOHN YONGE AKERMAN, humour.” Gent's Mg, May 1841.—¢F A very clever
Esq., F.5.A. 12mo, eloth, 3s, and amusing piece of local description.” dreha@ologist.

Heraldry, Topography, Numismatics, and
Archaeology.
The Curiosities of Heraldry, with Illustrations from Old English Writers,

By MARK ANTONY LOWER, Author of + Eseays on English Surnames;:” with Hiuminated Title-page, and
numerois Engranngs from designs by the duwthor. Buo, eloth, GULES, approprigtely ernamented, or, 145,
This work Is one of the principal authorities made wuse of by the compiler of Parkers recently published |

“ @Glossary of Heraldry,” which Is printed uniformly with it, and simnilarly illustrated, The two works should
accompany each other. For the student of the * Noble Science,” a treatise like Parker's is neepssary for matters of
detail, while one who wishes for a copious, continuous, and philosophical view of Heraldry, and its connexion with
the history and manners of the middle ages, will be amply gratified by a perusal of the ¢¢ Curiosities of Heraldry."
* The present volume is truly a worthy sequel (to the *Supnames') in the same curlous and antiguarian
line, blending with remarkable facts and intelligence, such a fund of amusing anecdote and illustration, that
the reader Is almost surprised to find that he has learnt so much, whilst he appeared to be pursulng mere
entertainment. The text is so pleasing that we scarcely dream of its sterling value; and it seems as if, in
unjson with the woodeuts, which so cleverly explain irs points and adorn ite varfous topics, the whole design
wore intended for a relaxation from study, rather than an ample exposition of an extraordinary and |
universal custom, which produced the most important effect upon the minds and habits of mankind,"— |
Literary Gazette,
¢ Mr. Lower's work is both eurious and instructive, while the manner of its treatment is so inviting and popular,
that the subject to which it refers, which many have hitherto had too good reason to consider meagre and
'! unprofitable, assumes, under the hands of the writer, the novelty of fiction with the importanee of historical
truth.,"—adthen@em.

English Surnames, A Series of Essays on Family Nomeneclature, Historieal,
Etymological, anil Humorouss with Chapters on Canting Arms, Rebuses, the Roll of Battel Abbey, a List
of Latinized Surnames, &e. By MARK ANTONY LOWER. The second edition, enitirgod, post 8vo, pp.
292, ewith 20 woodeuts, cloth, Gs.

To those who are curious about their patronymic, it will be found a very instructive and amusing volumo—

mingling wit and pleasantry, with antiquarian research and historical interest.

¢ An instructive and amusing volume, which ought to be popular. Perhaps no subject is more curous than the
history of proper names. How few persons are there who have not on oue occasion or other been struck
with the singular names which have fallen under their ewn observation, snd who have not sought for infor-
mation as to their origin? Vet we know of no work of any value, much more a popular work, which ctreats
on the subject. Mr. Lower has written a very good and well-arranged book, which we can with confidence
recommend to our readers,”—dreheolugisd,

A Genealogleal and Heraldie Hi,gtory of the Extinet and Dormant
Buronetcies of Engls eland, and Scotland, By J. BURKE, Hq. and J. B. BURKE, Esq. Medium 8vo,
Sxcoxnp EpiTion i
ef JAmEs 1, and il ? extra cloth, ‘1L 8s REDUCED To 105

This work, which has engaged the attention of the Authors for several years, eomprises nearly a thousand
families, many of them amo the most ancient and eminent in the kingdom, each carried down to its Tepresenti-

%5
=

ated pages, i double columng, with about 1000 arms engraved on wood, fine portrait | |

tive or representatives still existing, with elaborate and minute details of the allinnces, achievemente, and fortun

the Iast edition of Mr, B 'z Dictionary of the
in the best style, and o

isting Peerage and Baronetage ; the armorial bearings ave engraved

corporated with the text as fn that work, |

generation after generation, from the earliest to the latest period.. The work is printed to correspond preeisely with |
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7. R. Bmith, &, 01d Compion Btreet, Soho. )

‘Pedi.g'rees of the Nobility and Gentry of Hertfordshire. By WILLIAM

BERRY, late and for fifteeen years Registering Clerk in the College of Arms, Author of the Enevclopadia
Heraldica,” &e. &e. Folio (only 125 printed), bds. 35 105 ReDUCED to 1. s

¢ These Collections of Pedigrees will be found of great utility, though not of sufficient proof In themselves to
establish the claims of kindred set forth in them : but affording a ready clue to such necessary proof whenever
it should be required, by pointing out the places of nativity, baptism, mamat,es, and burials, and such other
legal documents, as localities will otherwise afford, and the modern entries in the Herald's College, are of no
better authority, requiring the very same kind of proof for legal purposes. This observation will perhaps
silence the {ll-matured remarks which have emanated from that quarter: and it is self-evident that the

printing of 250 copies is a rouch safer record than one manuscript entry there, which might easily be

destroyed.”— Preface,

History and Antiquities of the Ancient Port and Town of Rye in Sussex,

compiled from Original Documents. By WILLIAM HOLLOWAY, Esq. Thick &vo, cloth, 1L 1s.

History and Antiquities of Dartford, in Kent, with Incidental Notices

of Places in its Neighbourhood, By J. DUNKIN, Author of the ¢ History of the Hundreds of Builington
and Ploughley in Oxfordshire; * History of Bicester ;" ¢ History of Bromley,” &c. 8vo, 17 pintes, cloth, Only
150 printed, 21z,

Historic Sites and other Remarkable and Interesting Places in the County of
Suffolk. By JOHN WODDERSPOON, with Prefatory Verscs by BERNARD BARTON, Esq., and a Puet:ca]
Epilogue by a #SurroLk VILLAGE n Improved edition, fine woodents, post 8vo, pp. 282, closely printed, and
containing ag much motter vs many 12a. volumes, cloth, oNLY da Gd.

Principal Contents:—Framlingham Castle; Staningfield ; Rookwood; Mrs, Inchbald ; Aldham Common ; the
Martyr's Stone ; Westhorpe Hall, the residence of Charles Brandon, Duke of Suffolk ; Ipswich; Wolsey's Gate and
Mr. Sparrow’s House; Hendleshum; Redgrave; Bury St. Edmunds, the Abbey; David Hartley ; Bp. Gardiner;
George Bloomfield ; Wetheringset ; Haoghley Castle; Grimstone Hall; Cavendizh, the Voyager; Framlingham
Church, the burial-place of Surrey, the Poet; Bungay Castle; Dunwich; Aldborough; Wingfeld, and the old
1 Halls of Suffolk.

The Local Historian’s Table-Book of Remarkable Occurrences, Historieal
Tacts, T'raditions, Legendary and Descriptive Ballads, &e. &c., connected with the Counties of NewcasTLE-
oN-TYnE, NOATHUMBERLAND, and Durnam. By M. A. RICHARDSON. Royal §vo, profusely illustrated
with woodeuts, now Complete in 8 vols. royal Bvo, cloth, s, each, or the Divisions sold scparately as follows:
HISTORICAL DIVISION, 5 vols. LEGENDARY DIVISION, 3 vols.
| The legendary portion will be found very interesting volumes by those who take no intercst in the Historiesl portion.
« This chronclogy of local pceurrences, from the earliest times when a date is aseerteinable possesses an cspocial
interest for the residents of the Northern Counties; but, inasmuch as it reeords Historienl events as well as
trivial incidents, and includes Biographical notices of men whose fame extended beyond their birth-places, it is
not without a value to the general reader. The work is divided into two portions, the larger consisting of the
chronicle, and the lesser of the traditions and ballads of the country. Some of theseare very characteristic
and curious; they invest with poetic assoclations almost every ruin or plot of ground; and the earlicr legends
of moss-troopers and border-strifes afford an insight into the customs and state of society in remote periods,
The handsome pages are illustrated with woodeuts of old buildings and other antiguities.”— Spectator.

Histg]_'y of Ba,n'bury, in Osxfordshire, including Copious Historical and Anti-
quarian Notices of the Neighbourhood. By ALFRED BEESLEY. Thick dvo, 684 closely printed pages, with
66 woodeuts, engraved in the first style of art, by O. Jewitt, of Oxford; (pub, at 17, §s.) NOW REDUCKD fo 14s.
¢ The neighbourhood of Banbury is equally rich in British, Roman, Saxon, Norman, and English Antiquities, of
all which Mr, Beesley has given regularly cleared accounts, Banbury holds an important place in the history
of the Parlinmentary War of the Seventeenth Century, and was the scene of the great Battle of Edghill,
and of the important fight of Cropredy Bridge. Relating to tho events of that period, the author has
collected a great body of local information of the most interesting kind.
of Mr. Beesley’s work, is hisaceount of the numerous interesting early churches, which characterize the
Banbury district.” —The drchaoiogist.
J. R. SMITH having bought the whole stock of the above very interesting volume, invites the Subscribers to com-
plete their copies in parts without delay, the price of which will be (for a short time) 1s. 6d., Instead of 2s. Gid.

History and Topography of the Isle of Axholme, in Lincolushire. By

the Rev. W. B. STONEHOUSE. Thick 4to, FiNE PrATES, REDUcCED from 31, s to 15s.

The Druidjcal Temples of the County of Wilts. By the Rev. E. DUKE,
M.A., F.5.A., Member of the Archeseological Institute, &e., Author of the ¢ Hall of John Halle,” and other
works, 13|a10, pletes, cloth, 5s.

«¢ Mr. Duks hasg been long honourably known as a zealous cultivator of our local antiguitiess His eollections on this
subject, and on the literature of Wiltshire, are nowhere sirpassed; while his residence on the borders of the
Plain, and within reach of our most interesting remains, has affurded ecope to his mer
work before us is the fruit of long study and lakorious investization

By no mieansg the least valuable part

ious exertions. The

— Salislury Journls

A Critical Dissertation on Professor Willis's ¢ Architectnral History of Canter-
bury Cathedral.” By C.SANDYS, of Canterbury. 8vo, 2a. Gd.

« Written in no quarrelsome or captious spirit: the highest compliment is paid to Professor Willls, where it is due.

But the author has certainly made out a clear case, in some very important instances, of inaccuracies that

have led the learned Professor into the construction of serious errors throughout, It may be considered as

|
| an indispensable companion to hiz volumne, containing a great Qeal of extra information of a very curious
\| kind.”— dré-Undon.




i the South-east Coast of Kent, with Notes,

8 Waluable and xntaresting Books on Sale by

The Visitor's Guide to Knole
Houge, near Seven Oaks in Kent, with Catalogue of
the Pictures contained in the Mansion, a Genealogical
History of the Sackville Family, & &c. By J. H.
BRADY, F.R.AS. 12mo, 27 woodcwis by Bonner, Sly,
&e, cloth, 4s. 6d. Large Paper, 10s.

Illustrations of Knole House,

from Drawings by Kwreur, engraved on wood by
Bonner, Sly, &c. fivo, 16 plates, with descriptions, ba.

Greenwich ; its History, Antiquities,
and Public Buildings. By H. S, RICHARDSON.
120, fine woodettts by Barter. 1a, Gd.

The Folkestone Fiery Serpent,
together with the Humours of the Dovor Mavor ;
being an Ancient Ballad full of Mystery and pleasamt
Conceit, now first colleeted and printed from the
various MS. copies in possession of the inhabitants of

12mo; 15.

r .

he History of the Town of
Gravesend in Kent, and of the Port of London. By
R. P. CRUDEN, late Mayor of Gravesend. Royal
Gvo, 37 fine plates and woodewts, & very handsoms volume,
efoth, 1843, REDUCED FROM 11, fa, fo 108

Bibliotheca Cantiana, a Bibliogra-
phical Account of what has been published on the
History, Topography, Antiquitdes, Costoms, and Fa-
mily Genealogy of the Couxty of Kent, with Biogra.
phical Notes. By JOHN RUSSELL SMITH. Ina
handsome 8vo volume, pp. 370, with twoe plates af
Sec-similes of Autographs of 33 eminent Kentish Writers,
l4s. REDUCED TO Gs.—{args paper, 10s Gd.

A Journey to Beresford Hall,

in Derbyshire, the Seat of CHARLES COTTON, Esq.
the eelebrated Author and Angler, By W. ALEX-
ANDER, F.S.A,, F.L.5,; late Keeper of the Prints in
the British Museum. Crown 4to, printed on tinted
paper,y with a spirited frontispicce, representing Walton
ard fits adopted Son Cotten in the Fishing-howse, end
wignetts title-page, cloth, 5a,

Dedicated to the Anglers of Great Britain and the
various Walton and Cotton Clubs, only 100 printed.

plates and wwoodcuts, cloth, 105, Gd.

very moderate price: it should be consulted,

HISPANIA, GALLIA, BRITANNIA, By J. ¥
coing from actual examples, cloth, 185,

Lectures on the Coinage of the
Greels and Romans, dellvered in the University of
Qxford. By EDWARD CARDWELL, D.D., Prin-
cipal of St. Alban's Hall, and Professor of Ancient
History. 8vo, cloth, reduced from 8e. Gd. fo 42,

A wvery interesting historical volume, and written in a

pleasing and popular manner.

Essay on the Numismatic History
of the Ancient Kingdom of the East Angles, By D.
H. HAIGH. Roval 8vo,5 plates, cofitaining utimerous

Jiguras rgfm..wa sovped, G5,

Coins of the Romans relating to Britain, Described and Tlustrated.
AKERMAN, F.5.A., Secretary to the Numismatic Society, &c.

The ¢ Prix de Numismatigue' has just been awarded by the French Institute to the author for this work.

o My, Akerman's volume contains a notice of every known variety, with coplous illustrations, and is published at
not merely for these particular coins, but also for facts most
waluable to all who are interested in the Romano-British history."—rehaological Journal.

. Anecient Coins of Cities and Princes, Geographically arranged and deseribed,
7. AKERMAN, F.5.4,

Numismatic Illustrations of the Narrative Portions of the New Testament.

Jfine paper, numerous woodeuts from the original coing in varvious public and privats colieetione. 1vol. Bvo, cloth, 5s.6d.

A Brief Account of the Parish of
Stowting, in Hent, and of the Antiquities lately dis-
covered there. By the Rev. F. WRENCIH, Rector,
Buvo, three folding plates, etehed by the author. 23 B4,

History of Portsmouth, Portsea,
Landport, Southsea, and Gosport, By HENRY |
SLIGHT, Esq. 8vo, Third Edition, bds. 45.

The Hand-Book to Leicester.|
By JAMES THOMPSON. 12mo, SECOND EDITION,
enlarged, plotes, bis, 2e.

A Hand-Book to Lewes in Sus-

gex, Historical and Descriptive, with Notices of the
Recent Diseoveries at the Priory. By MARK
ANTONY LOWER. 12mo, many engravings, cloth, 22,

Chronicles of Pevensey in Sussex.
By M. A. LOWER. 12mo, woodcuts, la,

Historia Collegii Jesu Cantabri-
giensis 4 J. SHERMANNO, olim pres.
Collegii. Edita J. O. HALLIWELL. 8vo, cloth, 2s.

History and Antiquities of the
Hundred of Compton, Berks, with Dissertations on
the Roman Station of Calleva Attrebatum, and the
Battle of Ashdown. By W. HEWITT, Jun, 8vo, 18
plates, cloth.  Onrly 250 printed, 155, REDUCED TO B3,

The Archeaeologist and Journal of
Antiquarian Science, Edited by J. 0. HALLIWELL,
fvo, Nos. T to X. eompreTe, with Index, pp. 490,
with 19 engravi clnth, reduced from s, 6d, to §s. Gd.
Containing original articles on Architecture, His-

torical Literature, Round Towers of Ireland, Philology,

Bibliography, Topography, Proceedings of the wvarious

Antlquarfan  Socleties, Retrospective Reviews, and

Reviews of Recent Antiquarian Works, &e.

Newcastle Tracts; Reprints of Rare
and curious Tracts, chiefly illustrative of the Histo-v
of the Northern Counties; beamtifully printad in |
crown 8vo, o a fine thick paper, with fac-simile Titles,
and other features chavacteristic of the originals. Only
100 copies printed. Nos. 1. to XLI, 47, 29,

Purchasers are expected to take the succeeding Tracts

as published.

ejusdem

3y J. Y.

Second ‘edition, greatly enlarged, fivo, with

Bvo, with engravings of many lurdred

Notitia Britannise, or an Inquiry
concerning the Localities, Habits; Condition, and
Progressive Civilization of the Aborigines of Britain g
to which is appended a brief Retrospect of the Result
of their Intercourse with the Romans, By W. D.
SAULL, F.5.A., F.G.5,, &c. 8vo, engravings; 3s. Gd.

A Verbatim Report of the Proceed-
ings at a Special General Meeting of the British
Archeeological Association, helil at the Theatre of the
Western Literary Institution, 5th March, 1845, T.
J. Pettigrew In the Chair. Wi an Introduction, by
THOMAS WRIGHT. !ivn, sowed, 1, Gd.
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A_ Haﬂd-BOOk Df English COinS Cg-ut_&n}i( (!anter?ulry Session, .‘.?epr. 1844. Ry A, J,
from the Conguest to Victoria. By L. JEWITT. c.’m‘J‘: ”[ T_; Thick Svon, sty G e
12 tat 1s. Eae

mo, 11 plates, cloth, 1a % The volume contains most of the Ppapers entire that were

BI‘itiSh AI‘G]JEBDlOgiC&l ;ASSOCi'd.— [ read at the Meeting, and revised by the Authors. It

2 will become a searce book as only 190 were printed «
tion. A Report of the Proceedings and Excursions of ¥ printed ;

and it forms the first yearly volume of the Archao-
the Members of the British Arch=zological Association, logical Association, or the Archzological Institute.”

Popular Poetry, Stories, and Superstitions.
The Nursery Rhymes of England, collected chiefly from Oral Tradition.

Edited by J. 0. HALLIWELL. The Fourth Edition, enlarg
Director of the School of Design, Neweastle-on-Tyne. 12mo, in very »
¢ Iilustrations! And here they are; clever pictures which he thr
C, and which the fifty-three year olds like almost as well as the
““ We are persuaded that the very rudest of these jingles, tales, and rhymes, possess a strong imagination-
nourishing power; and that in infancy and early childhood a sprinkling of ancient nursery lore is worth
whole cartloads of the wise saws and modern instances which zre pow as duly and carefully concocted
by experienced litterateurs, into instructive tales for the spelling public, as are works of entertainment for

the reading publie. The work is worthy of the attention of the popular antiquary,”— Tait’s Mug,
The public are cautioned against other works with imitative titles, which have been published since the second

edition of the above, and which are mostly pirated from it. Mr. Halliwell’s is the largest collection of these
odd ditties ever formed, with explanatory notes, &c, &g,

An Essay on the Archaology of our Popular Phrases and Nursery Rhymes. By
H. B. KER. 2 vols, 12mo, new cloth, de. (pub. at 125.)

A work which has met with great abuse among the reviewers,
read it now it is to be had at so very moderate a price,
The author’s attempt is to explain everything
Anglo-Saxon.

The Merry Tales of the Wise Men of Gotham, Edited by JAMES

ORCHARD HALLIWELL, Esq. F.S5.A. Post ivo, ls.

These tales are supposed to have been composed in the early part of the sixteenth century, by Dr. Andrew Borde,
the well-known progenitor of Merry Andrews, ¢ In the time of Henry the Eighth, and after,” says Ant,-4-Wood, * it
was accounted a book full of wit and mirth by scholars and gentlemen.”
The Noble and Renowned History of Guy, Earl of Warwick, containing

a full and true account of his many famous and valiant actions.

ed, with 38 Designs by W. B, SCOTT,
dch itluminated cloth, gilt leayes; 4. G,
ec-year olds understand before their A, B,
threes.” — Literary Gazette.

but those who are fond of philological pursuits will
and it really contains a good deal of gossiping matter,
from the Dutch, which he believes was the same language as the

12mo, new edition, with reoodcits, cloth, 25, 6d,

Saint Patrick’s Purga.tory; an Essay on the Legends of Purgatory, Hell, and
Paradise, current during the Midile Ages. By THOMAS WRIGHT, M.A., F.5.A., &e.
"It must be observed, that this is not a mere account of St. Patrick's
the legends and superstitions re ating to the subject, from the earliest times, rescued from old MSS, as
well as from old printed books. Maoreover, it embraces a singular chapter of literary history, omitted by
Warton and all former writers wi « whom we are acquainted ; and we think we may add, that it forms the

best introduction to Dante that has yet been published.”—Literaiy Gazette.
* This appears to bea curious and even amusing book on the singular subject of Purgatory, in which the idle and

fearful dreams of superstition are shown to be first narrated as tales, and then applied as means of deducing
the moral character of the age in which they prevailed,"—Spectazor.

Trial of the Witches at Bury St. Edmunds, before Sir M. HALE, 1664, with
an Appendix by CHARLES CLARK, Esq. of Totham, Essex. Bva, 1.
“¢The most perfect narrative of anything of this nature hitherto extant.”— Prefuce.

Wonderful Discovery of the Witcherafts of Margaret and Philip Flower,

daughters of Joan Flower, near Bever (Belvoir), executed at Lincoln for confessing themselves actors In the
destruction of Lord Rosse, son of the Earl of Rutland, 1618, 8vo, 1.

One of the most extraordinary cases of Witcheraft on record.

Account of the Trial, Confession, and Condemnation of Six ‘Witches
at MATDSTONE, 1652 also the Trial and Execution of Three others at Faversham, 1645. 8vo, 1s.
These transactions are unnoticed by all the Kentish historians,

Post 8vo, cloth, Gs.
Purgatory, buta complete history of

ke . . s.e ®
Biography, Literary History, and Criticism.
. L
England’s Worthies, under whom all the Civil and Bloody Warres, since |
Anno 1642 to Anno 1647, are related. By JOHN VICARS, Author of England’s Parliamentary
Chronicle,” &¢. &e. Royal 12mo, veprinfed in the old style, (similar to Lady Willoughby's Diary,) with copies
of the 18 rare portraits after Hollar, &c. half moroeco, bs.
Copies of the original edition have been sold from 16/, to 204
The portraits comprise, Robert, Earl of Essex; Robert, Earl of Warwick; Lord Montagu, Earl of Denbigh, Earl

of Stamford, David Lesley, Gen, Fairfax, Sir Thomas Fairfax, O, Cromwell, Skippon, Col. Massey, Slr W.
reveton, Sir W. Waller, Col. Langhorne, Gen. Poyntz Sir Thos. Middleton, Gen. Brown, and Gen. Mitton.,
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Eb]_iotheea Madrigaliana, a Catalogue of Musical and Poetical Works, pub-

8 Waluable and Interesting Books on Sale by J. R. Smith.

[

lished in England in the 16th and 17th Centuries, under the titles of ¢ Madrigals, *Ballets,” * Ayres,’ ¢ Can-
zonets,” &c. By E, F. RIMBAULT, LL.D. F.5.A. 8vo, cloth, Js. Gd. |

Autobiography of Joseph Lister, of Bradford, in Yorkshire, to which is|

added a contemporary account of the Defence of Bradford, and Capture of Leeds by the Parliamentarians in |
1642, Edited by THOMAS WRIGHT. UOvo, only 250 copies printed, clath, 4s.

Love Letters of Mrs, Piozzi, written when she was Eighty, to the handsome
Actor, Willlam Augustus Conway, aged Twenty-scven, 8vo, sewed, 24,
t written at three, four, and five o'cloek (in the morning) by an Octogenary pen, a heart (as Mrs. Lee says)
twenty-six years old, and as H. L. P. feels it to be, all your own.=—Letter Vo 3d Feb. 1820,

= .

On the Character of Falstaff,
as originally exhibited by Shakespeare in the two parts
of King Henry IV. By J. 0. HALLIWELL. I1Z2mo.
clath, (ondy 108 printed,) 2s.

Collection of Letters on Scientific
Subjects, illustrative of the Progress of Sclence In
England temp. Elizabeth to Charles IL,  Edited by
J. O, HALLIWELL. 8vo, cluth, 3s,

Shakesperiana, a Catalogue of the

Early Editions of Shakespeare’sPlays, and of the Com-
mentaries and other Publications illustrative of his
Works, By J, O. HALLIWELL, #vo, cloth, 3s.

v Indispensable to everybody who wishes to earry on any
inquiries connected with Shakespeare, or Who may
have a faney for Shakespearian Bibliography.’—
Spectator.

A Rot among the Bishops; ora
Terrible Tempest in the Sex of Canterbury, set forth in
lively emblems to please the judicious Reader, in Varse,
ByTHOMAS STIRRY, 1651, 1Bmo, (2 satire on Abp.
Lawd,) four very curious woodent emblems, cloth, 3s.

A facsimile of the very rare original edition, which sold

at Bindley's sale for 13/,

. 1
An Introduction to Shakespeare’s
Midsummer Night's Dream. By J. O. HALLIWELL.
Bvo, cloth (only 260 printed), 3a

An Account of the only known
Manuscript of Shakespeare’s Plays, comprising some
important variations and corrections in the Merry
Wives of Windsor, obtained from a Playhouse copy of
that Play recently discovered. By J. 0, HALLIWELL,
8vo, rewwed, 1o

: Miscellanies.
Mustrations of Eaﬁng" displaying the Omnivorous Character of Man, and

exhibiting the Natives of various Countries at fecding-time. Bya BEEF-EATER. Feap. Svo, with woudcuts, 25

Elements of Naval Architecture, being a Translation of the third part of
CLAIRBOIS ¢ Trait¢ Elémentaire de la Construction des Vaisseaux." By J. N. STRANGE, Commander,
R.N., 8vo, with 5 large folding plates, cloth, 55,

Lectures on Naval Architecture, being the substance of those delivered at
the United Service Institution, By E. GARDINER FISHBOURNE, Commander R.N. 8vo, plates, cloth, 5, fid.
Both these works are published in llustration of the # WAVE SYSTEM.”

POBITLS, partly of Rural Life (in National English). By WILLIAM BARNES,

Author of ¢ Poems in the Dorset Dialect.”

Waifs and St].'a,ys {(a Collection of Poetry). 12mo. onrly 250 printed, chiefly

Jor presents, sewed, Lo Gde
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Vestiges of the Antiquities of Derbyshire, and the Sepulchral Usages |
of its Inhabitants, from the most remote Ages to the Reformation. By THOMAS BATEMAN, Esq., of |
Yeolgrave, County of Derby. #vo, illustyated with 80 wood engravings, cloth, 1is,

An Arehaaologica]_ Index, serving as a Guide to the Antiquities of the Celtie,
Romano-British, and Anglo-Saxon Periods, By J. Y. AKERMAN, F.5.A,
comprising wpwards of 5N otfects, cloth, 155,

. . . - .

A New Life of Shakespeare’ including many particulars respecting the Poet
and his Family, never before published. By J. O. HALLIWELL, F.R.5,, &e. [ one handsome volume, 8o,
illigetrated wath 76 engravings on wond af olgests, most of which are nesw, from drateings by FAIRHOLT, eloth, 152,

This work contains upwards of forty documents respecting Shakespeare and his Family never before published,
besides numerous others indiveetly illustrating the Poet’s biography. All the anecdotes and traditions concerning

Shakespeare are here for the first time collected, and anuch new light is thrown on his personal history, by papers

exhibiting him as selling Malt and Stone, &eo  Of the seventy-six engravings which illustrate the volume, more than

Sfifty have wener before been engraved. 1t ds the only Life of Shakespeare to be bought separately from his works.

The Anglo-Saxon Version of the Life of S§t. Guthlac, Hermit of Croy-
land, with a Translation and Notes by C. W, GOODWIN, M.A, 12mo, eloth, 55
Sussex Axchmological Collections, illustrating the History and Antiquities

of the County, published by the SUssex ARCHZOLOUICAL SoolETY. 8w, plates and wesdeuts, cloth, 10s.
(VERY FEW FOR SBALE.)

12muo, cloth, 5.

By, with numerous engravings,

Ju R 8owill be happy to publish on Commission any Historical, dntiguavian, or Topographical work, and will give if
all possible pulficity through the mediunm of his Cafaloguer, &oo without cogt to the Proprictor.
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