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ADVERTISEMENT

TO

The Translation,

"Tue works of Freperick CuApmaN, the Swedish Naval Architect,
have always been held in very great estimation on the continent by every
person at-all interested in the construction of ships. It is hoped,
therefore, that tile following translation of his first treatise on this subject,
will not be an unacceptable present to the young English ship-builder.
Those notes by the French translator Vial Du Clairbois, which seemed
most worthy of notice, have been printed with it ; some others also4 have
been given by the English translator, which he trusts will not be found
altogether unimportant. At the end a few general remarks on the con-
struction of ships of war have been added, which are more particu]aﬂy
intended to serve as a guide, in their exercises, to the students at‘ the

School of Naval Architecture in Portsmouth Dock-yard.

The observations of Chapman in this, and all his other treatises, are
the more valuable, as coming from a person, who ‘united vast experience
as a ship-builder to considerable scientific attainments. As some proof
of this, we need only give a brief outline of his life. He was born at
Gottenburgh on the 9th of May 1721. His father, a native of Englaﬁd,

a 2



v ADVERTISEMENT TO THE TRANSLATION.

was an officer of some rank in the Royal Swedish Navy. His mother was

the daughter of a Mr. Colson, a ship-builder in London.

Chapman was educated with a view to his becoming a ship-builder,
for which profession he seems to have formed an early and decided
predilection. When a young man he left Sweden, and travelled abroad
for the purpose of gaihing-iriformation in the diﬁ'erent modes of con-
struction and actual building. In England he entered himself and
wrought some time in Deptford yard as a common ship-wright ; after
which he visited Brest and Toulon in the same character, and with the

same view,

On his return to Sweden he first brought himself into public notice
and esteem by constructing flat-bottomed vessels to be used with the
army on the coasts of the Baltic. During the Pomeranian war he
particularly distinguished himself by the activity and skill he evinced in
the difficult and important charge, which he had as ship-builder to the
army ; and obtained the marked approbation of Field Marshal Count
Ehrenswiard. Soon after he was placed at Carlscrona as Chief Ship-
builder of the Swedish Navy ;- in which situation he remained to the time
-of his death in about 1810. \

When ship-builder to the army in 1772 he was ennobled by the King
(Gustayus III.) and made a Knight of the Royal Order of the Sword.
He obtained the rank of Colonel in the Swedish Navy in 1777, and that
of Rear Admiral in 1783.

His principal writings are as follows:
1. A folio book of plates, containing constructions of merchant ships,

and entitled Architectura Navalis Mercatoria, published in 1768.
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2. A Treatise on Ship-building, with explanations and_demonstrations
 on thefArchitectura Navalis Mercatoria ; published in 1775.

3. An account of Experiments made at Carlscrona to determine the
resistance to Ships ; published in 1795.

4. A Treatise concerning the true method "of finding the proper area
of the Sails for Ships of the Line, and from thence the length of the
Masts and Yards; published about 1793, and translated into English
1794.

5. A small Treatise on the Management of Ships for the use of Naval

Officers ; date of publication unknown.

6. Investigation to determine, for Ships of the Line, their right size

and form; the same for Frigates and smaller armed vessels; pub-
lished in 1806.

From the above short sketch of his life, it is sufficiently evident that
‘Chapman possessed, when young, an uncommon zeal in the prosecution
of his studies, and in the pursuit of professional knowledge, wherever
it could be found. In the application of the knowledge he thus acquired
he had pec'uliar advantages. He was placed in situations in which he
had opportunities of planning and building almost every species of vessels ;
and he lived long enough to observe how far his different constructions
succeeded. He was thus enabled to bring his ideas on every branch of

Naval Architecture to the test of actual experiment, and, if necessary,

to make from time to time such alterations, as his farther experience
suggested. ’

These considerations, in addition to the acknowledged eminence of
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Chapman abroad, will be some inducement to the young English ship-
builder to study his writings ;l from which he may expect to derive con-
siderable benefit. He will certainly thereby acquire true notions on the
nature, extent, and real difficulty, of the subject; and what is equally
important, he will be put on his guard against the many erroneous con-

clusions, that persons not thoroughly conversant with it, are so apt to
fall into.

In justice to the Swedish writer, it‘ seems necessary to state that this
translation has been made chiefly from the French of Clairbois ; compared
however, in every doﬁbtful passage, with the original Swedish. And it
is presumed, that there are few, if any passages, in which the sense of
the Author is not sufficiently clear; which probably is as much as the

reader will require in a work of this kind.

The translator begs to thank the Synpics of the University Press at
Cambridge, for the assistance they have generously afforded him in
printing this work. It will give him great pleasure, should this proof of
their wish to facilitate the study of Naval Architecture be productive
of public benefit. He embraces this opportunity of making his acknow-
‘ledgments also to the Right Honourable Viscount Melville, First Lord
of the Admiralty, for the steady and ﬂatteriﬁg encouragement and sup-
port he has received from him on this, and every other occasion, on
which he has endeavoured to give effect to his Lordship’s views in the

improvement of the system of Naval Architecture in this country.



THE AUTHOR'S

Preface.

IF we were to take a view of the immense number of ships that
have been built, since mankind first began to navigate upon the ocean,
and note all the different steps, which have been taken in improving
their construction, we should at first sight be inclined to believe, that
the art of ship-building had, at length, been brbught to the utmost per-
fection. An opinion that would receive additional force from a considera-
tion of the few essential considerations, which have been introduced

either in their form or rigging, during our own age.

Yet when we recollect the different kinds of ships and vessels, that
are used in Europe, it will appear less surprising to us, if there should
be good grounds for asserting that their very great variety, equally with
other causes, have prevented ship-builderé and riggers from discovering
either the true figure and shape of ships, or the best mode of rigging

them, either generally, or, for each species of vessel in particular.

In order to form a decisive opinion in both these points of view, on

the degree of perfection to which ships in general have arrived, we will



viii AUTHOR’S PREFACE.

divide those of all nations into two classes ; comprising in one, all small
vessels, or those used in short voyages and narrow waters; in the other,
all larger ships, or those employed in distant voyages, and calculated for

going out to sea.

The first class consists of the veseels, that different natives make use
of in their coasting trade, or in their commerce with neighbouring
countries. As the climate, the extent and depth of the seas, the position
of the countries with respect to the sea and to each other, also their
productions, are different in diﬁ'erent countries, the proportion and form
of these vessels, as well as the mode of rlggmg them, must necessarxly
depend upon these c1rcumstances Thus a species of perfectlon may be
found . m the cnrcumstance that they are dlSSlmllar in the same degree

as their objects differ.

On the contrary, if we consider the shlps comprehended in the second
class; even though of different countrles we shall find that being built
for the same purposes, they are s1mxlar in their essential parts. As to
their proportions, we find that the breadth is between one-third and
one-fourth of the length that the least have usuallv greater breadth in
proportlon to their lehgth than the largest; that the draught of water
is something greater or less than the half breadth. The height out of
the water has also lirhite, which depend on the particular destination of
the ship. The accommodations, moreover, in these shlps, among. all
nations have a great similarity ; they dnﬁ'er only in matters of small

importance, in which each follows the plan that appears most convenient.

With respect to form, we see that all ships have their g"reatest‘ breadth
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a 'littie before the middle ; that they are leaner aft than forward ; that
thosé designed for ships of burthen are fuller in the bottom; that those
built for sailing are leaner there; that the stem and stern-post have
a rake; that they have a greater draught of water aft than forward, &c.
With regard to the riggiﬁg, most vessels have three masts, others two,
and some only one; which depends on their size. These masts with
respect to the ships and the manner of rigging them, have nearly the
same -proportions and the same place. They are also generally figged
in the same manner, except that some may have more or less sail,
according to the judgment of thelowner. All ships have their center
of gravity a little before the ‘middlé of their length, and the center of
gravi’ty of the sails always before the center of gfavity of the ship.

In this manner all ships designed for navigating in the open sea are
constructed ; and as this mode of construction is the result of an infinite
number of trials and experiments, and of alterations made in consequence

thereof, it would be improper to infringe on limits so established.

But although ships are. thus confined as to their proportions, within
certain limits, still however they admit of such variations in their form,
as to produce an infinite number of qualities more or less good, or more

or less bad.

There are ships possessing all the qualities, which we can reésonably
wish for, and there are others, which; although within the above-

mentioned limits, have nevertherless a great many faults.

In the construction of ships, people usually make attempts at different
b
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times to improve the form, each person according to his ovﬁl experience ;
thus after the construction of one ship, which has been tried _and‘ found
to possess such or such a bad quality, it seems possible to remedy this
defect in another. But it often (not to say generally) happens, that the
new ship possesses some fault equally as great, and fre(iuenfly even
that the former defect, instead of being removed, is increased. And we
are unable to determine, ‘whether‘this fault proceeds fro@ the fault of

the ship, or from other unknown circumstances.

It thus appears, that the construction of a ship with more or less
good qualities, is a matter of chance and not of pi‘evioqs design, and.it
hence follows, that as long as we are without a good theory on ship-
building,-and have nothing to trust to beyond bare experiments and trials,
this art cannot be expected to acquire any greater perfection, than it

possesses at present

It becomes a matter of importance then, to discover what may bring
this knowledge to greater perfection. Seeing that ships, the proportions
of \which lie within the same liinits, nay, which have the same form,
differ greatly from each other in respect to their quahtles and even that
with a small alteration in the form, a ship acquires a quality immediately
opposite to the one we wish to give it, we must conclude that this atises
from certain physical causes ; and that the art of constructing ships cannot
be carried to greater perfection, till a theory has been discovered, which

elucidates these causes.

In every art or science there exists a hidden theory, which is the more
or less difficult to be found out, as the art or science depends more or less

on physical causes.
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Into the theory of a common oar, even Archimedes made researches,
and many others after him; notwithstanding which, this theory is not yet
fully ekplained. If such difficulties occur in this investigation, how great
must those be which attend the theory of ship-building, where so many

other circumstances are combined! -

It is trie, that the oar is made use of to great advantag'e in rowing,
the cannon in firing ; an infinite number of machines are in like manner
used, without considering it ébsoluteiy necessary to investigate to ‘the
bottom their theory. We see how little these machines can bé advanced
towards perfection by its assistance.. The question may be perhaps con-
cerning some inches more or less in the length of the oar, concerning
atwentieth part less matter for a cannon of the same force; sothat the

theory for these objects is not so necessary as for ships.

For ships, we have to fear an infinity of bad qualities of the greatest
consequence, which ‘we are never sure of being able to remove, without

understanding the theory.

At the same time the construction of ships and their equipment, are
attended with too great expense, not to endeavour beforehand to insure
their good qualities ‘and their suitableness for what they are intended for.
The theory then which elucidates the causes of these different qualities,
which determines whether the defects of a ship proceed from its form, or
from “other causes, is truly important; but as the theory is ‘unlimited,
practice must determine its limits. We may consequently farther con-
clude, that the art of ship-building can never be carried to the last degree
of perfection, nor all possible good qualities be given to ships, before

b2
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we at the same time possess in the most perfect degree possible, a

knowledge both of the theory and practice.

~ To possess this theory in all its extent seems to exceed the force of
the human understanding. We are obliged therefore to content our-
selves with a part of this vast science; that is, with knowing sufficient

of it to give to ships the principal good qualities, which I conceive to be:

1. Thata ship with a certain draught of watér, should be able to

contain and carry a determinate lading.
2. 'That it should have a sufficient and also determinate stability.

3. That it should be easy at sea, or its rolling and pitching not too
quick. ’ \ | |

4. That it should sail -well before the wind, and close to the wind,

and work well to windward.

5. That it should not be too ardent, and yet come easily about.

“Of these qualities one part is at variance with another; it is necessary
therefore to try so to unite theory and practiée, that no more is lost in
one object than 1s necessary in order to secure another, so that the sum

of both may be a maximum.

This is the subject of this short treatise. 'Whether 1 have succeeded
or not, will be seen by the reader. =There will be found in it some things
both in theory and practice, which have not hitherto been treated of,

and which may be worthy the attention of persons who are desirous
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of applying themselves to this science; it will be seen moreover, that
the principles laid down admit of demonstration, although they are of the

most difficult nature.

Still however it must be confessed, that this science has one great
difficulty, in which it probably differs from all others ; namely, that even
after following the theory with the greatest exactness, and executing the
work, according to its rules, with the greatest care, the constructor may
notwithstanding suffer in point of professional reputation. For although
a ship may have been built in conformity with all the rules which both
theory and practice prescribe, its yards have got their true proportions,
and the masts their true place and position ; so that there appears to be
‘the greatest certainty of its possessing all the best qualities ; it may never-
theless happen, that such a vessel will answer very ill for the following

reasons: -

1. Although the rigging of the ship (when the masts and yards are
put in their place, and are in due proporﬁon) is not a matter of such
great difficulty, but that every seaman knows how to give the proper
proportions, it happens, notWith’standing, that too stout cordage and too
large pullies are frequently used, which renders the weights aloft too
considerable. It may happen also that the sails are badly cut, on which
account the ship may lose the advantage of sailing well close to the wind,
of coming about, &c. ‘whence great inconveniences may result, with

which the form of the ship has nothing to do.

2. 'The ship is- liable also to become ungovernable, to lose its good

qualities in every way by the had disposition of the stowage. 1f the lading
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be too low, the moment of stability will become too great, which will
occasion violent rolling. On the contrary, if the weight of the. lading
be too much raised, the ship - will not carry sail well when the wind blows
fresh ; neither will it be able to work off a lee shore; if the lading be
too heavy towards the extremities, it will produce heavy sénding and
pitching, whefice the ship may becone the worst possible sailer, with

other inconveniences which are not the fault of the ship itself.

3. The good performance of a ship' depends also on the manner
in which it is worked; for if the sails be not well' set, with respect to
the direction of thé wind and the course, it will lose in point of sailing ;
it will become slack so as to miss stays, which often’ places a ship in a
critical situation. The pérson who works the ship is also charged with
an attention to the draught of water; and to the manner of setting up
the shrouds and stays, upon which the qualities of the ship greatly depend.
Furthermore, to work the ship well is of greater consequence in a pxi-
vateer, than in a merchant ship. " One who understands the management
of his ship, knows how to give it all the good qualities it is capable of;
he knows how to employ those qualities to his advantage, and when he is
engaged with an enemy, he thereby makes himself master of the attack ;
but he who blunders in the working of his ship, may thereby not only
‘be reduced to the necessity of acting solely on the defensive, but seldom
if ever escapes falling an easy prey to the enemy, a]though his ship is ever

so carefully and well built.

Thus an owner may suffer considerable losses, in a thousand ways,

less through the ‘defects of his shlp, than the ignorance of the com-
mander.
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It is even frequently observed, that a ship exhibits the best qualities,

during one cruize, and the very worst during another.

Lastly, it is evident from all that has been said, 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 com-

_'mand 1t.
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ERRATA.

line 19 for than read as. _

— 13 for size and length read breadth and height.
— 15 for mizen top-sail read spanker.

— 16 for Mizen top-gallant sail read Mizen top-sasl,.

— 7 for 4% read 47. »

for (Note 47.) read (Note 46.)

in Table, for sils read ports. .

line 9 for f;’:jf d % read §fy3 F3

— 8 from bottom, for girth of the yard is read yard arms are.

last line, after skip add top sail-yard 0,8 x main-yard.

line 9 from bottom, for after edge read square.

— 8 for by contract tead on speculation, .

— 4 from bottom, for beer read . butter, and for ditto read quarts.
-5 from bottom, for beer read butter, and for quarts read pounds.
— 5 for Wand w read Z and z; and for Z and z read / and w.
—12for nw X z4mw Xy read mw x zFaw x y.



CHAPTER 1

et
o

ON THE DISPLACEMENT OF A SHIP, AND THE CENTER OF
GRAVITY OF THAT DISPLACEMENT.

(Arr. 1.) THE displacement is the volume of water, which the
weight of a ship causes it to displace, when it lies in still water.

The more heavily a ship is laden, the greater will be the immersion
and consequent displacement; and the weight of the ship is equal to
that of the volume of water it displaces.

The weight of the hull and rigging being known, if the displacement
be known aléd, the weight of the lading is determined ; and vice versd.

Hence appears the importance of rightly ascertaining the displacement
of a ship from its projected draught, in order that one may neither build
a larger ship than the object in view requires, which would be attended
‘with great and unnecessary expence, nor on the other hand suffer loss
by building one too small and therefore useless. This is the more
important in ships of war and privateers, as the nature of the lading,
with the space occupied by and the distribution of their stores, is more
accurately determined ; it is a necessary consideration also, in order to
give the ship the proper qualities in stability and sailing, which depend
greatly thereon. | _ |

The imperfect nature of the methods hitherto made use of to calculate
the displacement, has induced me to give the following one, and to illus-
trate it by examples, in order that persons engaged in the construction
of ships, seeing its simplicity, may no longer embarrass themselves with
the long calculations which other methods require.

' A
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To find the area of a curvilinear plane figure.

(2) Let HIKLO (Fig. 1.) be a portion of a parabolic curve. Draw
the lines AH, BI, CK, &c. perpendicular to the line 4G (Nortke 1.) and at
equal distances from each other; draw afterwards the straight line HK ;
then IR is a diameter, and HR, RK, ordinates of the parabola HIK.
Let AH, BI; CK, DL, &c.=a,b,c,d, e, f, g; and AB = BC, &.=m
Then the area of the trapezium AHKC =m x (a + ¢), and the area of the

parabolic part HIKRH:.% x (b __a * c) wom = Xo—ta—2c

Q
2

(Nore e. ). Consequently the area of the surface AHIK C =mX (a +c)+

4b — 2a — 2¢ a+4b+c

——— e it . x m B ——— x m.'
e , e ~ Ctad e
It is seen in the same manner that the drea CKLME = Xxm,

and EMNOG = e__w_g X m; cousequently the whole area AHLOG

is equal to the sum of these three ‘quantities, that is, to

a+4b +Qc+4d+26 +4f+g
3

X m.
" GOROLLARY.

(3.) In this manner the area of any curvilinear plane figure is found;
that ds to say, ordinates being drawn at equal distances (the less that
distance the more -exact the result), being drawn also perpendicular to the
axis, which axis is suppdsed to be divided into an even number of parts,
so that the number of ordinates may be odd, the coefficient of the first and
last is 1; of the second and last but one 4 ; of the third and last but two
2; and so on alternately, 4 and ¢ as far as the middle term, which has,
according to this order, 2 or 4, for its coefficient, The sum of these
functions of the ordinates is multiplied by one-third the distance betwe,én
them. This method of finding the areas of curvilinear plane figures, is

sufficiently exact for practice, which appears from the following example
(NorE 3.).
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(4.) Let AFL (Fig.2.)be a quadrant of a circle, the radius AL =
AF =38, and AF, BG, CH, DI, EK, five ordinates; the distance
between them 4B, BC, CD, &c =1; itis requlred to find the area of
AFHKE.

AF being equal to 8, from the nature of the circle, BG =\/'67 =
7,037254; CH=./60 = 7,74506; DI=4/55 = 7,4162; EK = /18 =
6,0282, and the area AFHK E, according to the corollary, 1s =
1% 844X 7,937254 +2X'7,74596 +4 x 7,4162 + 1 x 6,282

-3
Whence is easnly found the area of the quadrant of a circle. For by
subtracting from the area AFHKE = 50,611312 the area AKE = 13,8564,
there remains 16,7549 for the area of the sector AFK; and as AE =E L,
it follows that this quantity 16,7549 multiplied by 3, will be the area
AFKL = 50,2647 (NotE5.). This calculation is exact to the fifth place.

=30 611312(N0TE4)

To find the center of gravity of a plcméw (NotES6.).

(5.). The distance of the center of gravity of the trapezium AHKC
(Fig. 1.) from the line 4AH = ng x aa-:_ (Nore?7.), and. that of the
center of gravity of the surface of the parabolic part HIKRH from the same
line=m; consequently, the distance of their common center of gravity =
2 a+2

-m X -
3 a+c

(@a+c¢) x m+ = mx(Ob—a—c)

x(a+c)xm+ mx(Qb-—a—c)xm 4b 4 20

% a-+4b+¢

In the same manner the distance of the center of grawty of the area

CKME from the line CK =m x <21 2€_ 204 from the line AH =
v c+4d+e )
2c¢ 4 12d + 4e

m x e tid te ; and lastly the distance of the center of gravity

of the area EMO G from the line EM = m x Aft+ 28 , and from the
e+ 4f+ g

consequently the distance of the

line AH =m x 4e+20f+6g;
e+ 4f + g
A2
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common center of gravity of these three spaces from the line AH =

4b + 4c + 12d + 8e + 20f -+ 6g

a+4b +2c+4d+2e+4f + g

Oxa+1x4b+2x Qc+ox4d+4x26+5x4f—l—6g
‘a+4b+2c +4d +2e+4f+ g

X m=

COROLLARY.

(6.) The center of gravity of a plane is found, therefore, by means
of the expression for the area of a plane; by multiplying the function of
the first ordinate by o, of the second by 1, of the third by ¢, of the fourth
by 3, &c.; by dividing the sum of these products by the sum of the
functions; and by multiplying the quotient by the distance between the
ordinates (NoTE 8.). ' :

To find the solid content and center of gravity of solids.

(7.) Let ADC (Fig. 3.) be a solid formed by the reyolution of the
curve AF D round its axis AB; required the solid content, and the center
of gravity of the part CMFD of this solid.

Through the point G draw the line NE, which is perpendicular to
the axis 4B. Produce the lines CD and MF, which are parallel to NE ;
let p be the area of a circle, whose diameteris 1. Suppose a line LKI
drawn so that the ordinates HL, GK, BI, may be equal to the area of
the corresponding sections p x MF*, p x NE*, p x CD*; then it is
manifest that the area of the plane HLIB will express the solidity of
the body MFDC. | »

Hence we see that the formula for measurmg areas (Art 3.), serves
also for finding the content of solid bodies; and that the formula for
the calculation of the center of gravity of the same areas, serves in a
similar manner for finding the center of gravity of solids (NotE 9.).

COROLLARY

(8.) 'When BG = GH, then the area HLIB (Art. 3.) =
(BI + 4GK + HL) X -1—3-39- ; consequently, the solidity of CMFD =


http:gravi.ty

5

(CD* + oNE + MF?) x 22X B and it BH= AH, it follows that
the solidity of the whole body AFDCMA = (CD* 4+ 4 MF*) x p x
BH |
3 :

When the solid is a cone, 4 MF® is equal to CD®; when it is
a paraboloid, 4 M F* is equal to 2 CD*; when the solid is a hemispheroid,
it is equal to 3CD*; when a cylinder, to 4CD* The contents of
these bodies are respectively as the numbers 2:3: 4 : 6. ‘

The distance of the center of gravity, in the last case, is expressed by

4HL+2BI1 _4MF'+eCD R
ZHLYBI* AH= M+ CD * AH, which gives for each of these

four kinds of solids the distance of the center of gravity from A =
3 2 5 1 :
2, § R -é and -2- AB (NOTE 10.).
To calculate the displacement of a ship; and the position of the
center of gravity of that displacement, with respect both to length
and depth. '

(9.) For example, to find the displacement, &c. of the. privéteer
(Fig. 43, 44 and 46.)

Upon the sheer-plan or plan of elevation (Fig. 43.) ¢, 3, 6, 9,.12, &c.
C, F, I, &c. represent the projections of sections perpendicular to the
keel, and at equal distances from each other.

The figure of these sections is represented upon the. body-plan or
plan of projection, (Fig.44.); ¢ is the main section; to the left are
represented the transverse sections abaft ¢ ; they are denoted by
3, 6,0 12, &c.; to the right are repfesented the sections afore the same
section ; they are denoted by C, F, I, M, &c.

On the sheer-plan or plan of elevation (Fig. 43.) is drawn a line, which
marks the draught of water, the ship being completely equipped; it
is called the load water-line. This line is not parallel to the keel, when
ships have a greater draught of water abaft than forward.
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At equal distances, taken at pleasure, other water-lines are drawn
under, and parallel to, the load water-line. These water-lines afterwards
are transferred to the body-plan, by setting off their heights on the
corfesponding sections; by which means are formed the line marked 1 and
the dotted lines 2, 3, 4, 5,6, 7. The figure 1 denotes the load water-line,
2 denotes the second ; 3, the third, &c. Each section or moulding edge
of the frame, has then seven ordinates or breadths, which are knbwn; the
length of each of these ordinates is measured on a decimal scale, and
written down in order, as in the following table. The ordinates are
multiplied successively by 1, 4, 2, 4, 2, 4, 1, (Art. 3.), and the sum of the
products is' again multiplied by one-third- of the distance between the
water-lines. o

The distance between these water-lines = 1,62 feet, of which the
third = 0,54 ; the sum therefore is multiplied by 0,54.. The triangle
which is between the last water-line 7 and the keel, being added
to this quantity, we have the area of the half frame; the operation is
as follows. = B

HALF AREA OF EACH SECTION.

Vl‘irﬁégr' ' Ord. Section 27. Ord. | Séction 24. Ord. Section 21.
1 467 |1 = 467|888 |1 = 888)11,14 |1 = 11,14
.2 2,16 | 4 = 8,64 ]|6,16 | 4 = 24,64 | 9,14 | 4 = 36,56
3 1,25 | 2 = 2,503,602 = 7,20] 6,58 |2 = 13,16
4 0,86 | 4= 344|218 | 4= 8,72 | 4,02 | 4 = 16,08
5 062 |2 = 1,24 1,47 | 2 = 2,94 2,47 | 2 = 4,04
6 04514 = 1,801 0,97 | 4 = 3,88 1,48 | 4 = 5,92
7 040 |1 = 040}067 |1 = 067 o087 |1 = 0,87
22,69 | 56,93 88,67

0,54 0,54 0,54

- 9076 ‘ 22772 45468

11345 28465 34335

12,2526 30,7422 47,8818

Part towards the keel 0,52 0,87 : 1,045
Area...12,77 Area...31,61 Area...48,9§_




%’:::r' Ord. Section 18. _O'rd.' Section 15. Ord. Section 12.
1 12,46 1 1=12,46 } 13,30 | 1=13,30 | 13,91 | 1=13,01
2 11,00 | 4=44,00 | 12,36 | 4=49,44 | 13,19 | 4=52,76
3 8,90 | 2=17,80 ) 10,72 | 2=21,44 | 11,98 | 2=23,96
4 16,24 | 4=24,96 | 8,37 | 4=33,48 | 10,10 | 4=40,40
5 3,81 | 2= 7,62 ] 5,51 | 2=11,02 | 7,33 | 2=14,66
6 2,11 | 4= 8,44 | 2,98 | 4=11,92 | 4,26 | 4=17,04
7 1,10 | 1= 1,10 | 1,37 | 1= 1,37 ]| 1,78 | 1= 1,78
116,38 141,97 164,51
0,54 0,54 0,54
46552 56788 65804
58190 70985 82255
; 62,8452 76,6638 88,8354
Part towards the keel 1,32 1,507 1,958
Area...64,16 Area...78,17 Area...90,79
I"—T'——.—»‘ S —— - - P ——
Water- | . PR .
lines. Ord. Section 9, Ord. Section 6. Ord. Section 3.
1 14,35 | 1=14,35 | 14,61 | 1=14,61 | 14,75 | 1=14,75
2 13,81 | 4=55,24 | 14,18 | 4=56,72 | 14,39 | 4=57,56
3 12,81 | 2=25,62 | 13,30 | 2=26,60 | 13,64 | 2=27,28
"4 11,30 | 4=45,20 | 12,01 | 4=48,04 | 12,40 | 4=49,60
5 9,01 | 2=18,02 | 10,04 | 2=20,08 | 10,66 | 2=21,32
6 5,75 | 4=23,00 | 7,00 | 4=28,00| 7,90 | 4=31,60
7 2,14 | 1= 2,14} 2,63 | 1= 2,63| 2,98 | 1= 2,98
183,57 ' 196,68 205,09
0,54 0,54 0,54
73428 78672 82036
91785 98340 102545
‘ 99,1278 - 106,2072 110,7486
Part towards the keel 2,14 2,367 . 2,384
Area...101,27 Area... 108,57 Area...113,13




\;/"ater- Ord. Section ¢. Ord. Section C. Ord. Section F.
ines. ]
1 14,80 | 1=14,80 | 14,79 | 1=14,79 | 14,57 | 1 =14,57
2 14,40 | 4=57,60 | 14,36 | 4=57,44 | 14,06 | 4=56,24
3 13,67 | 2=27,34 | 13,563 | 2=27,06 | 13,17 | 2=26,34
4 12,48 | 4=49,92 | 12,30 | 4=49,20 | 11,80 | 4=47,20
5 10,78 | 2=21,56 } 10,53 | 2=21,06 | 9,81 | 2=19,62
6 8,05 | 4=32,20 | 7,72 { 4=30,88 ] 6,75 | 4=27,00
7 3,00} 1= 3,00} 2,78 1= 2,78 2,40 | 1= 2,40
206,42 203,21 193,37
0,54 0,54 0,54
82568 81284 77348
103210 101605 96685
111,4668 109,7334 . 104,4198
Part towardsthekeel 2,4 2,24 1,68
Area... 113,87 Area... 111,97 Area... 106,10
%—-——;—::————-——— !
V;’;:? Ord. | SectonZ | Ord. | Section M. | Ord. | Section P.
1 14,16 | 1=14,16 | 13,43 | 1=13,43 [ 12,10 | 1=12,10
2 13,55 | 4=54,20 } 12,58 | 4=50,32 | 10,82 | 4=43,28
3 12,48 | 2=24,96 | 11,14 | 2=22,28 | 8,98 | 2=17,96
4 10,81 | 4=43,24 | 9,15 | 4=36,60| 6,83 | 4=27,32
5 8,55 | 2=17,10 ] 6,72 | 2=13,44 | 4,58 | 2= 9,16
6 5,38 | 4=21,52 ) 3,88 | 4=15,52 | 2,53 | 4=10,12
7 2,08 | 1= 208} 1,67 |1= 1,57 ] 1,10| 1= 1,10
177,26 153,16 121,04
0,54 0,54 0,54
70904 61264 48416
88630 76580 60520
95,7204 82,7064 65,3616
Part towards the keel 1,456 0,95 0,66
" Area...97,18 Area... 83,66 Area... 66,02



http:4=50,.12

Water- ‘Ord. . Section 8. | Ord. | Section JV..
lines. . ‘

1 9,49 | 1= 9,49 | 5,00 | 1= 5,00
2. 7,80 | 4=31,40 | 3,73 | 4=14,92
3 5,97 | 2=11,04 } 2,59 | 2= 5,18
4 4,10 { 4=16,40 | 1,70 | 4= 6,80
5 2,68 | 2= 5,36 | 1,05 | 2= 2,10
6 1,55 | 4= 6,20 | 0,60 | 4= 2,40
7 0,77 | 1= 0,77 ] 0,30 | 1= 0,30
' 81,36 36,70
0,54 | - 0,54
. 32544 14680

40680 18350
43,9344 19,8180

| Part towards the keel 0,385 0,15

— e

Area...44,32 Area... 19-.79?"

(10.) To find the solid content of the displacement and its center
of gravity, the areas of the sections are made use of, as we have
just made use of the ordinates (Art. 8. 9.). The distance between the
sections = 6,27 feet, one-third of which =2,09. To the result of the
calculations are added the solid contents of the parts, which are situated
between the section 7 and the stem, and between the section 27 and the
sternpost. The sum is half the displacement, which multiplied by 2, gives
the total displacement to the outside of the timbers, not including the
planking, the sternpost, the stem, and the keel. )

(11.) To get the distance of the center of gravity from the section 27,
the functions of the areas of the sections are multiplied; the first, or
the area of the section 27, by 0; the second by 1;.the third by 2; &c.
(Art. 6.) Dividing the sum of these products by the sum of the functions
of the areas of the sections, the quotient multiplied by the distance between
the sections, will be the required distance of the center of gravity for
that part of the bottom, which is contained between the section 27 and
#W, from the section 27. The operation 'is as follows. o

B
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Sections, Area§ ofthe M.“l_‘i‘ Products. M."l_‘i‘ Products.
sections. | pliers. pliers.
27 12,77 1 1 12,771 o
24 31,61 4 | 126,44 1 126,44
21 48,93 | 2 97,86 1 2 195,72
18 64,106 | 4 | 256,64 3 769,92
15 78,17 } 2 | 156,34 | 4 625,36
12 90,79 | 4 |363,16] 5 1815,80
9 {101,27| 2 |20254] 6 1215,24
6 | 108,57 ]| 4 | 434,28} 7 | 3039,96
3 113,13 2 122626} 8 1810,08
® | 113,87 | 4 | 455,48 ] 9 | 4099,32
C | 111,97 2 | 223,94 |10 | 2239,40
F | 106,10} 4 424,40 | 11' | 4668,40
pi 97,181 2 194,36 | 12 - | 2332,32
M| 83,66 4 | 334,64 )13 4350,32
P 66,021 2 | 132,04 ] 14 | 1848,56
S 44,32 | 4 177,28 | 15 | 2659,20
Wi 19971 1 19,97 | 16 319,52
3833,40 32115,56':-'8,3669
X & the dist, between the frames= 2,09 3838,40 6,27 =dist. between
3454560 , —5—'8;6—85 the frames.
767680 167338
8022,2560 = } the displace- 02014
between W and the stem = 60 ment betw.27& W. 52,460463 = the distance
between 27 and the sternpost = 23 ‘ " from the center of gravity to
—_ 1 : the frame 27, for the part
8103 = v the displacement. which is between 27 and W.
16210 = total displacement.

(12.) Now to find the common center of gravity of the three parts;
that which is between 27 and W =8022,256 cubic feet ; that between ## and
the stem = 60 ; and that between 27 and the sternpost = 23; the center of
* gravity of the part forward is 2 feet before the section #; and from 27 to
W there are 16 distances of 6,27 feet each, consequently, the whole
distance from 27 to W'=100,32 ; -add thereto the ¢ feet, and the distance of .
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the center of gravity of the part forward from the section 27 will be
102,32 feet. The center of gravity of the part between 27 and W is
52,46 feet, also before the section 27; the center of gravity of the part
aft is 1,2 feet behind the same section 27 ; then
102,32 X 60 + 52,46 X 8022,256 — 1,2 X 23 _ 426959
i - 60 + 8022,256 423 ] 8105
which the center of gravity of the whole displacement is before the
section 27 ; c“onsequently, it is 2,518 before the section 3.

= 52,678 = the distance

To Jind the distance of the center of gravity of the same displacement,
Jrom the plane of the load water-line.

(13.) To do this, the same rule is used; we easily find the area
of the seven water-lines, which are used in the calculation in the same
manner as we have made use of the areas of the sections. The same
ordinates serve again, but they are arranged in another order, so that
those which are in the plane of the load water-line, form one column;
those of the second water-line, another column ; and so on sdccessively.

Each water-line has 17 ordinates ; they are multiplied by 1, 4, 2, 4, &c.
the last by 1; the sum of these products is multiplied by one-third of 6,27,
the distance between the sections ; that is by 2,00. o

To the areas of the water-lines are added respectively those of the
triangles, which are near the stem and sternpost.

ne
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Half Areas of the Water-lz'nes.‘

Sections.| Ord. Load Ord, | -Second Ord. | . Third
water-line. water-line. water-line,
27 467 | 1=-467}) 2,06 | 1= 2,16} 1,25 | 1= 1,25
24 8,88 1 4=35,52 | 6,16 | 4=24,64 | 3,60 | 4=14,40
21 11,14 | 2=22,28 ) 9,14 | 2=18,28 | .6,58 | 2=13,16
18 12,46 | 4=49,84 | 11,00 | 4=44,00 | . 8,90 | 4=35,60
15 13,30 | 2=26,60 | 12,36 | 2=24,72 | 10,72 | 2=21,44
12 | 13,91 | 4=55,64 ] 13,19 | 4=52,76 | 11,98 | 4=47,92
9 | 14,35 | 2=28,70 | 13,81 | 2=27,62 { 12,81 | 2=25,62
6 | 14,61 | 4=58,44 | 14,18 | 4=56,72 | 13,30 | 4==53,20
3 | 14,75 | 2=29,50 | 14,39 | 2=28,78 | 13,64 | 2=27,28
® | 14,80 | 4=59,20 | 14,40 | 4=57,60 | 13,67 | 4=54,68
C | 1479 | 2=29,58 | 14,36 | 2=28,72 | 13,53 | 2=27,06
F | 14,57 | 4=58,28 | 14,06 | 4=56,24 | 13,17 | 4=52,68
I 114,16 | 2=28,32 } 13,55 | 2=27,10 | 12,48 | 2=24,96
M | 13,43 | 4=53,72 | 12,58 | 4=50,32 | 11,14 | 4=44,56
- P 112,10 | 2=24,20] 10,82 | 2=21,64 | 8,98 | 2=17,96
- 8§ 9,49 | 4=37,96 | 7,80 { 4=31,20 | 5,97 { 4=23,88
W\ 500|1=500} 3,73 |1= 3,73} 2,59 | 1= 2,59
607,45 556,23 488,24
+ dist. between frames = 2,09 =2,09 = 2,09
546705 500607 439416
121490 111246 97648
J 1269,5705 1162,5207 1020,4216
between W and stem = 15,00 =11,19 =777
~—= 27 and sternpost = 9,34 =4,32 - =2,50
total area = 1293,91 1178,03 1030,69
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Half Areas of the Water-lines.

662,39

Sections. Ord. w;t(;l:ltige. Ord. wa{:&ﬁne. Ord. wazi'{-tl}ilne{
27 086 | 1= 086}] 062 | 1= 0,62] 0,45 = 0,45
24 2,18 | 4= 8,72 | 1,47 | 4= 5,88 | 0,97 | 4= 3,88
21 | 4,02 | 2= 8,04 2,47 | 2= 4,94 1,48 | 2= 2,96

18 6,24 | 4=24,96 | 3,81 | 4=1524| 2,11 | 4= 8,44
15 8,37 | 2=16,74 ] 5,51 { 2=11,02 | 2,98 | 2= 5,96
12 | 10,10 | 4=40,40} 7,33 | 4=29,32 | 4,26 | 4=17,04

g | 11,30 | 2=2260} 9,01 | 2=18,02 ] 5,75 | 2=11,50
6 12,01 | 4=48,04 | 10,04 | 4=40,16 | 7,00 | 4=28,00
3 | 12,40 | 2=24,80] 10,66 | 2=21,32 | 7,90 | 2=15,80
& | 12,48 | 4=49,92 } 10,78 | 4=43,12 | 8,05 | 4=32,20
C | 12,30 | 2=24,60 ] 10,53 | 2=21,06 | 7,72 | 2=15,44
F | 11,80 | 4=47,20] 9,81 | 4=39,24 | 6,75 | 4=27,00
I {1081 | 2=2162| 8,55 | 2=17,10| 5,38 | 2=10.76
M| 915 | 4=3660] 6,72 | 4=2688| 3,88 | 4=15,52
P | 683 |2=1366] 458 | 2= 9,16 | 2,53 { 2= 5,06
S 4,10 | 4=16,40 | 2,68 | 4=10,72 | 1,55 | 4= 6,20
wWi{ 1joj{1= 1,70 1,06 | 1= 1,05] 0,60 | 1= 0,60
, - 406,86 314,85 206,81
-+ dist. between frames = 2,09 = 2,09 =2,09
366174 283365 186129

81372 62970 41362
850,3374 658,0365 432,2329

between W and stem =15,1 - =3,15 =1,8
——27 and sternpost = 1,7 =1,2 =0,8
total area= 857,14 434,83
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Half Areas of the Water-lines.

Sections.| Ord. Seven?h
water-line.
27 0,40 | 1 = 0,40
24 0,67 | 4 = 2,68
21 087 | 2 = 1,74
18 1,10 | 4 = 4,40
15 1,37 | 2 = 2,74
12 1,78 14 = 7,12
9 | 2,142 = 4,28
6 | 2,634 = 10,52
3 29812 = 5,96
® 3,00 | 4 = 12,00
C 278 | 2 = 5,56
F 2,40 | 4 = 9,60
I | 208 |2 = 4,16}
M| 157 4= 6,28
P 1,10 | 2 = 2,20
S 0,77 { 4 = 3,08
Wi o301 = 030
83,02
4 dist. between sections = 2,09
74718
16604
173,5118
|between W and the stem = 0,9
between 27 and sternpost=0,8
Area 175,21 '




(14.)

15

To find the distance of the center of gravity from the plane

of the load water-line, the areas of the water-lines are used in the
same manner as the areas of the sections, in finding the distance of the
center of gravity from the section 27.

V;{ater— Areas of the M'ulti- Products. I\I}llti- Products.
ines. | water-lines. | pliers. pliers. .
1 1293,91 1 1293,91 0
2 1178,03 4 4712,12 } 1 4712,12
3 1030,69 | 2 | 2061,38 | 2 | 4122.76
4 857,14 | 4 | 3428,56 | 3 110285,68
5 662,39 | 2 | 132478} 4 | 5299,12-
6 434,83 ] 4 | 1739,32 | 5 | 8696,60
.7 175,21 1 175,21 6 | 1051,26
+ the di . 14735,28 34167,67
+ the distance between the} = 0,54 - 14735,28
water-lines . « ¢ v .0 o o)
7957,0512
between the seventhwater—} = 147,95
. - 2
line and the keel . ... —

-

8105 = 1 the displacement

2

16210 = total displacement

=2,3187

1,62 =dist.between the

water-lines.

3,756294 = thedistance of
the center of gravity, below
the plane of the load water-
line, for the part which is
between the load water-line
and the seventh water-line.

~ The distance of the center of gravity of the part, which is between -
the seventh water-line and the keel, from the said seventh water-line

= 0,4 feet;

between the seven water-lines, there are six distances,

which make together 9,72 feet; and 9,72 + 0,4 = 10,12 ; then

3,756 x 7957 + 10,12 x 147,95 _ 31383,93

7957,05 4 147,95

8105

= 3,872,

which is the distance

of the center of gravity of displacement, from the plane of the load

water-li

ne,



CHAP. 1L

¢

ON THE STABILITY, OR THE RESISTANCE TO HEELING.

(15.) T is well known that the resultant of the force of the
water, in supporting a ship, and in resisting its heeling, passes through
the center of gravity of the displacement; and that the direction
of this effort is perpendicular to the surface of the water : for this reason,
if a vessel be free and at rest, its center of gravity (Note 11.) must be
in the mean direction, or resultant, of the force of the water which supports
it. When the ship heels, it ought to have a tendency of itself to
resume the position it had when at rest; that is to say, the center of
gravity ought to be so situated, that the effort of the weight of the ship
'may concur with that of the water to right it (NorE 12.)

This union of efforts is called stability, and the point of stability
or metacenter is that point in the vertical longitudinal section, which
divides the ship into two equal and similar parts, below which the center

of gravity of the ship must necessarily be situated, in order that it may
be able to float upright. '

To find the point of stability, or metacenter.

. (16.) Let E (Fig. 4.) be the center of gravity of the displacement
of a ship; AD B a vertical section passing through the point E ; 4B the
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water-line when the ship is upright, let GD be a perpendicular to the
water-line passing through the point E. ‘

As the resultant of the force of the water to support the ship, is in
the line G D, it follows necessarily, that the center of gravity of the ship'
must also be in the same line. : -

Suppose the vessel to incline through an infinitely small angle of heeling
without increasing or diminishing the displacement, and let ab be the load
water-line after the inclination ; then the triangles CBb and C Aa, one of
which has been raised out of the water, and the other has been immersed
init, will be similar and equal. Let M and N be respectively the centers
. of gravity of the triangles, and F the center of gravity of the ‘displace'ment
after the inclination; draw from the point F' the line F'G perpendicular
to the line ab; it will meet the line DG in some point G; G is the
point of stability or metacenter. For when the center of gravity is below
this point, the ship will keep itself upright, or will tend to right itself;
on the contrary, when it is above this point, the éhip will upset. If the
center of gravity be at the same point with that of the displacement E,
then the Weight of the ship acts at the whole distance FE against the
inclination. ’

As the sides of the triangle GFE are perpendicular to the sides of
the triangles CA4a, CBb, it follows that it is similar to each of the latter
triangles ; and consequently it is easy to find its side, or the distance E G,
thatis, when all the ordinates CB of the load water-line are supposed known,
as also the distance between them, Let CB = AC =y ; let the length of
the water-line be denoted by x, the fluxion of which is&; Bb=Ada=0b;

the displacement of the ship=D ; hence NC = CM = (;:; y, and the solid

content of the small prisms CBb = iyé_x ’

But the places of the centers of gravity of the small 'parts,
which are raised out on one side and immersed on the other, are at
the distance from each other of NM =§ Y ; consequently the moments

C
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2

by*s C .2 bye e i . .
5 Butb.y.§§x D .§><D,ofwh1ch the fluent is

bys ﬁy and D x EF are equal (Nore 13.); hence EF =f§ x

2 ..

=YX : _ .
f SD = G E = (NotE 14.) the distance of the center of gravity of the

displacement from the metacenter. If this quantity be multiplied by the
.displacement D, we have GE x D = f "2 x z°#, which will be the
moment of the stability, when the center of gravity of the ship is in the
center of gravity of that displacement (NorE 15.).

To find the situation of the metacenter, with relation to the center
of gravity of displacement.

_(17.) We make use of the rule (Art. 3.), which was employed to find .
the area of a plane, with this difference that we use here the cubes of the
ordinates instead of simply the ordinates (Note 16.). With respect to the
small triangles, which are found at the extremities of the load water-
line, which are not included in the calculation, the formula /°#
indicates, that for such triangles, it is nécessary to multiply the cube of
the base by one-fourth of the height; the result of which is added to
the quantity, which we bave found for the principal part between the
extreme ordinates. -
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Ordinates of Cubes .
the load of the l;fl?;:ls- Products.
water-line. ordinates.
4,67 101,85 1 101,85
8,88 700,23 | 4 2800,92
11,14 | 1382,47 | 2 2764,94
12,46 | 1934,43 | 4 7737,72
13,30 | 2352,64 | 2 4705,28
13,91 2691,42 | 4 | 10765,68
14,35 | 2954,99 | 2 5909,98
14,61 3118,53 4 | 12474,12
14,75 | 3209,05 | 2 | 6418,10
14,80 | 3241,79 | 4 | 12967,16
14,79 | 3235,22 2 6470,44
14,57 | 3092,99 | 4 | 12371,96
14,16 | 2839,16 | 2 5678,32
13,42 | 2422,30 | 4 9689,20
12,10 | 1771,56 | 2 3543,12
9,49 854,67 | 4 3418,68
5,00 125,00 | 1 125,00
107942,47
+ the dist. between the sections = 2,09
07148223
21588494 .
2255990,7623
Triangle before W . . . ... 188,00
Triangle abaft 7 ... ... . 101,85
225889,6123 = fyPa
2
451779,2246 = ¢ fy°a

';-:- X 451779,22 = 150593,07 = ?23 Sy, which divided by the displacement

2 .

A a

16210 = 9,29 :-:f 2 D If from this quantity the distance of the

center of gravity of the displacement, from the plane of the load water-
c?2 ‘ ‘
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line be subtracted, there will remain 5,418, which the metacenter is above
the surface of the water, when the ship is fitted for sea.

- (18.) We have just said that the formula /2% denotes for the triangles,
that it is necessary to multiply the ‘cube of the base by one-fourth of the
height, we shall now prove this.

" Let ABC (Fig. 5.) be a rectilinear trlangle DE ﬁarallel to the
base AB; CD =x, and DE =y. '

Then dD : eF :: & :49 :: CA: 4B, whence we see that 4 =

C4a xy CA x y°y .
B and [7’2 ——f y ; it thence follows that [z’% =.
CA »x y* e . g, 1 s

R b'utlfx—.CA theny__BA,and‘/'y,v__LLC.'AxBA .

The same thing may be shewn, by using the rule given (Art. s.).
Make AD=DC; and let AB=2; then DE=1. Let AD and DE
each equal 1;

' =8|8x1=38
P=1{1x4=4
¢ =0[0x1=0

wl®l

=4 = [y’ for triangle ABC.

The cube of the base = 8, being multiplied by AC =2, we have
16, of which the fourth is 4 =[5’ 2.

(19.) When the center of gravity of the Whole vessel is situated in
the very same point as the center of gravity of the displacement, in that

case the moment of stability is right]y expressed by —g Sy, Butitis very

unlikely to happen that the center of gravity of the whole system, the weight
of the hull and rigging, and other heterogeneous weights, as a greater
or less weight of guns, &c. with which a ship is Taden, should bein the
center of gravity of the displacement; it is to be expected that this point
will be either lower or higher, on which account the ship becomes
more or less stiff.
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(20.) Suppose the weight of the ship with all that it contains, to be
divided into two parts; let the center of gravity of one of these parts be
in the center of gravity of the displacement, and let the center of gravity
of the other be in H (Fig. 6.). : ,

Let ADB be a vertical section of the ship, EH the middle line of
this section; E the center of gravity of the displacement, when the ship
is upright, and F the center of gravity of the displacement, when it is
inclined. ' ‘

If from F a vertical line F'G be drawn perpendicular to 4B, which
is supposed to be the load water-line, this line will meet the line EH
in some point G ; then G will be the metacenter. From H a veitical
line H1 is let fall, and from E and G the lines EF, GI are drawn per-
pendicular to GF, HI ‘

Let the weight in E=P, and the weight in H = Q, the moment of
stability will be EF x P — GI x @; but on account of similar triangles
we may also rightly express the moment of stability by EG x P~ GH x @,
that is to say, (P+ Q) x EG - EH x Q; now (P + Q) x EG =

f g 4 ; (Art. 16.) consequently the moment of stability is expressed by
f g- yi-EHx Q.

(21.) When the weight P is not situated in the center of gravity
of the displacement E, but lower down in some point L; from L draw
a line LK (Fig. 6.) perpendicular to G F, so that the moment of stability
=LK xP—-GIx @ or GLx P-GH x Q=(GE+ EL)x P —

GH x Q= GE x (P+ Q)+ ELx P~ EH x Q = (Art. 19.) f 2y +

ELx P—-EH x 9, from which we deduce this general rule, by which
the moments of stability of two ships may be eompared very exactly,
although their magnitude and form are different, and the weights are not

of the same kind, provided the position of these weights is known in regard
to height,
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(22.) When the moments of the weights are calculated, with relation
to the center of gravity of the displacement, all those which are placed
below this center, form positive quantities, and those which are above form

- . o e . . . 2 * e
negatwe quaniities ; their sum added to the expression f 3 y°x, gives

the moment of stability.

On the augmentation of weigkis put at the bottom of a ship, and on the
increase of displacement, which corresponds thereto ; to find the

- - effect, which they produce on the moment of stability, and in what
 place the addition in the displacement should be made.

(23.) Suppose that the space ARDSB (Fig.7.) represents the
displacement = D, of which the center of gravity is in K, the metacenter
isin G; let the space or the augmentatibn_ of displacement ARDTA +
BSDOB=P, and let its center of gravity be in I :

Let the half breadth of the ship=y, GE=a, GI=5; then the distance
between the metacenter (Notk 17.) and the center of g:ravity of the dis-

aD +bP
D+ P

above the wates = Q, and its center of gravity be in H ; make GH =c :

placement after the augmentation = = GK. Let the wéight

let the new weight, which is equal to the augmentation of displacement
= P, and let its center of gravity be in L; make KL=z Then the

moment of stability of ARDSB = f ?, i —(atcyx @ (Art.20. NotE 18.);
but the moment of stability of the ship after the augmentation ATDOB

. cres 2 5. aD+bP : :
with the weight in L_—fgy z+zP — DipP X Q - cQ (Art. 22.).
Striking out the common quantities from these two expressions there

a_llz)_:{*-—_;)?_P x @, upon which the relative

- : ~ bpP
ptability entirely depends, Suppose —a @ =3zP - —a—ID)f-_EF—

remain —a@Q and sP —

x @; and
.
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consequently 2 = (b — @) x ——%T, ; then if g be greater than this
quantity, the stability will be greater. And the more this distance b a or
ET is diminished, the greater must be the effect of the new weight to give
stability ; and if the augmentation of displacement be situated so that its

center of gravity is in E, in that case the moment of stability is increased

by EL x P. If, on the contrary, & be less than (b—a) x -l—)—_('z—T), the
stability is »Iess; a thing which happens when the augmentatioh of
displacement is low down, or near the keel.

Hitherto we have supposed the center of gravity L of the weight P
constant, and the load water-line the same; but if s be supposed to be
lengthened, b—a to be constant, and the center of gravity L to descend,
the stability will increase because = will be of greater length ; but it will
be less on another account, in as much as HK is longer than HE.

(24.) We conclude from hence, that as-it is proper to give to a ship
all the stability which s possible, it is right to enlarge it near the load
water-line, so as to raise the center of gravity of the displacement.
Paying less regard to the placing of the ballast ; particularly because
the ballast is supposed to be of such a sj)eciﬁc gravity that it takes up
little room.  This is a thing to be attended to principally in ships, which
have great weights in their upper works. '



CHAP. IIL

ON THE CENTER OF GRAVITY OF THE SHIP CONSIDERED AS
A HETEROGENEOUS BODY.

(25.) ON_E may lay down an axiom, that a body put in motion turns
round its center of gravity, as long as it is not prevented by any external
force, and provided the effort by which it is first put into motion, does not
force it to move round any other point. Let us see in the first place the
effect, which the force situated in the center of gravity, produces on the
pitching and rolling of a ship.

(26.) For this purpose suppose 4D B (Fig. 8.) to be a section of a
ship ; AB the load water-line, E the center of gravity of the whole ship ;
.and G the metacenter. Suppose also that a weight, or any other force, acts
at B in the direction B H, against the side of the ship, so as to give it the
inclination ¢b. The moment of the effort, which produces the inclination,
is in proportion to .the distance EH, and the moment of the effort,
which tends to restore the ship to its upright position, is in proportion
to the distance EG (Art. 16.); and as these efforts act in contrary
directions, there results from thence a motion, which is called rolling ;
and the effect of the forces, which produce it, is as the sum of EH and
EG. But the ship during the inclination is supposed to revolve round
its center of gravity ; and its weight or its displacement is supposed to be
the same, when it is inclined, as when it is upright, which cannot happen
. pnless the ship, and consequently its center of gravity E, is raised
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(Nots 19.) by the quantity Ee equal to the versed sine of the angle Geg
to the radius EG. It follows, that the effort, which has produced the
inclination, having ceased, the ship will fall with its whole weight in the
perpendicular through a height Ee; which fall is accelerated by
the pressure of the fluid against the metacenter G. And as the
rolling may extend as far as thirty degrees to each side, the distance
eE then becomes considerable, and the rolling exceedmgly v1olent
(NOTE 20.). ' : .

' Rollmg seldom takes place, unless the wind is aft ; and then the ship
rolls most, when, a little before, the wind has blown from a different,
quarter as the waves continue to go in the latter direction, the vessel
rolls, although there does not appear to be much sea. But the v1bra.t10ns
are not very violent, and are performed nearly in equal times. - -

(27.)" If the center of gravity E (Fig. 9.) of the ship were in the plane
of the load water-line and the distance E G the same as before, the rolling
would be less in extent, and less violent, than when this point is lower,
for the two following reasons : _'

* In the first place EH isless; so that the effort, which acting at B
in the direction BH lifts the side of the ship, cannot produce so great an
inclination as if the center of grav1ty were lower down, since the sum of
EH and EG is less.
~ Secondly, the center of gravity E being in the plane of the load
water-line, the ship rolls without either the ship or the center of gravity
being raised or lowered; in which case those shocks, which we have
Jjust mentioned, do not take place.

- We conclude, therefore, that the motion of rolling is more umform
and more free from sudden shocks, when the center of gravnty of the ship
is in.or near the plane of the load water-line. And as this position
of the center of gravity has the same effect in regard to pitching, which
is rolling length-ways, it follows that this is the situation in which it is
proper to place it.

D
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But if other circumstances do not admit of the center of gravity’s
being in the plane of the load water-line, it is proper to endeavour to
bring it as near thereto as possible.

(28.). We may furtheradd to this, that as the keel and the lower parts
forward and aft, which are the cleanest, contribute greatly to the diminution
of the rolling by the direct opposition of their surface to the water, the
farther these parts are from the axis of rotation, the greater will be the
effect they produce in diminishing the rolling; and for this reason,
likewise, when the center of gravity is in the plane of the load water-line,
the ship should roll less. " _ ‘

And moreover, as the rolling depends partly on EH, the form of
the side of the ship near the load water-line will influence its motion ;
when the form is such, that BH cuts the middle line in a point more
elevated, the ship will roll more, which experience confirms.

(29.) The angular motion of a vessel round its center of gravity,
being stopt at the point g (Fig. 8, 9. Art. 26.) by an effort, which acts in the
direction Fg, and is equal to the weight of the displacement or of the whole
ship, it is sufficiently clear that the metacenter g or G may be considered as
the center of percussion ; but as the vessel, without farther opposition, is
supposed to roll back round its center of gravity E, this oscillation may be
considered as the movement of a pendulum, oscillating in the same time as
the ship. Wherefore the point G may be considered as the center of
oscillation, particularly as the two points (the center of oscillation and
the center of percussion) are in the same place, in relation to the center
of gravity, which is also the center of rotation or point of suspension.
The centers of- percussion and oscillation are not always in the same
point, but as here the moments of the weights round these centers are
absolutely the same, we may without running the risk of making any

great mistake, consider this movement either way, as circumstances
require (NotE 21.)

(30.) Let 4BD be a plane without weight. Suppose several weights
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P, QR,S, ‘ﬁ_xed in that plane ; that their common ceﬁter of gravity is
in G ; the point of suspension in O; and the center of oscillation in C. °
Then the length of the pendulum OC =
PxOP+Qx00°+Rx OR*+Sx 08 . »
- OGx (PTQ+R+5) — OC is also equal to
PxGP+QxGQ*+Rx GR*+8Sx GS*? _
oG + OGx (PFQTR+S) ,whence CG‘.._
PxGP'+Qx GQ*+Rx GR*+ S x G§* , .
0Gx PTOFXETS) s (Simeson’s Fluxions,

Tom. 1. bp. 215, 216.); the same expressions belong also to the center
of percussion.

(3L) From these expressions for OC, the length of the pendulum,
we see that they become greater, the more distant the weights P, @,
R, S, are from the middle. ‘

(32.) From the second and third expressions it appears, that although

a body revolves round its center of gravity, the center of oscillation
nevertheless remains in the same place.

(33.) And we may observe from the last expression, that the disténce
between the center of gravity and the point of suspension is always in the
inverse ratio of the distance between the centers of gravity and oscillation.
As the ship is moved round its center of gravity E, (Fig. 8,9.) and the
center of oscillation is in the metacenter G, it is manifest one may conceive
some point as IV to be the point of suspension, and that the distance of this
point from the center of gravity E, is equal to the quotient of the sum
of the products of each weight multiplied by the square of its distance
from the center of gravity E, divided by the product of the sum of all the

weights, or the displacement, multiplied by the line E G, the distance
~ between the center of gravity and the metacenter. '

(3%.) Wherefore the farther the weights are placed from the center
of -gravity, or which is the same thing, the nearer they are placed to the
p2
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~sides of the ship, (without at the same time changing the position of the
center of gravity of the ship with respect to the metacenter G), the greater
will be the distance INE; consequently, the rolling motion will be the
more slow. And the whole length NG, the distance between the point
of suspension and the center of oscillation, is equal to the quotient which
arises from dividing the sum of the products of each weight multiplied into
the square of its distance from the point of suspension, by the product
of the sum of all the weights, or the displacement, multiplied into NE,
the distance of the center of gravity from the point of suspension; so
that the weights M, M, which are placed at the same distance from the
point N, produce the same effect on the rolling of the ship. Considering
now the metacenter G or g asthe center of percussion, it is manifest
the greater EG or Eg is, the greater will be the force to restore the
equilibrium “of the ship. But if the metacenter approach the center of
gravity E, for example, if it be found in £, the distance NE will be altered
in the inverse proportion of EG to Eh; thatis to say, the nearer the
center of gravity is to the metacenter, the longer will NE be; conseguently

the slower and less violent will be the rolling.

(85.) The investigation, upon these principles, of the distance ‘of the
point of suspension from the center of gravity or from the metacenter,
would lead .to very long calculations, since it would be necessary to take
into -account the masting, rigging, &c. Besides the investigation is not
particularly necessary ; it is sufficient to know the causes, which render the
rol]ihg more or less violent, and the manner, if they cannot be removed
altogether, of at least lessening their effect in part.

(36.) 1Itis exceéding]y difficult to construct a ship, so as to have at the
same time sufficient stability, and roll easily, because the augmentation of
the distance E G, which increases the stability, contributes also to increase
the motion of rolling (Note 22.). And the difficulty is still greater to do
this in ships of burthen, in which there is required, beside attention to
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economy in construction, the property of carrying the greastest possible
cargo. Ships of this kind should be very full below, and have but little
height above the water in proportion to their breadth. A ship of this
construction will have its center of gravity of displacement very low ;
consequently the metacenter will be so too. On this account it is necessary
to bring the center of gravity of the cargo as low as possible, in order
that the ship may have sufficient stability. 'The consequence is that the
common center of gravity of the ship and cargo being very low, the
ship will be subject to quick rolling and violent shocks, (Art. 26.) which

however may be partly alleviated by winging the weights as much as
may be possible.

(87.) 'There is another means of easing the movement of rolling in ships
of burthen. As it is necessary, in order to save expence, to navigate them
with as few men as possible, they require a small quantity of sail ; a cir-
cumstance which allows less distance to be given between the center of
gravity and the metacenter.

(88.) On the contrary, ships which are not constructed for burthen, for
instance ships of war, as frigates, &c. (which are built for sailing and have
no occasion for great capacity below), may have ]eﬁgth, breadth, and be

constructed so that the center of gravity may be higher.

The metacenter ought therefore to have such a height above the
water, that the common center of gravity of the ship and of the weights,
may” be brought to the plane of the load water-line or very nearly;
and that the ship may still be sufficiently stiff in resisting heeling, so that
the rolling will solely depend on the situation of the metacenter,
whose distance from the center of gravity of the whole ship (to give it
sufficient stability) need not, even in the largest ships of the line, be

more than six feet, with which distance the motion of rolling will be
sufficiently easy (Note 23.). '

(89.) In the foregoing Articles we have seen, that the center of
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gravity of the ship, in regard to height, should be either in the plane of
the load water-line, or as near to it as possiblé, It remains to consider its
position with respect to length.

(40.) As the length of the ship is very great in proportion to the
breadth, the metacenter with regard to the former dimension will be con-
siderably elevated ; particularly in ships which have a full load water-line,
and are very lean under the water fore and aft. In consequence, the
length of the pendulum, of which the oscillations are isochronous with
those of the ship, will be exceedingly great, especially if by placing the
weights near the extremities, the point of suspension is situated very low.

But if we consider the center of oscillation or the metacenter also
as.the center of percussion, the extremities of the ship are scarcely plunged
in the sea, before they are thrown back with great vivacity, and this
motion ceases almost immediately. '

(41.) The ship has still however a rolling according to its length, such
that its .extremities rise and fall ; but this motion is only the raising by
a wave, of the forepart of the ship, which falls again when the wave
has passed. 'This motion would cease immediately, if another wave did
not succeed to raise the forepar.t of the ship again. 'When a ship is close
to the wind, and mecets the waves, and it happens after a sea has passed
the forepart, that it falls suddenly and raises itself - with difficulty
upon the following wave, in that case the ship is said to pitch. This
fault not only impedes greatly the sailing, but the shocks also strain
pi‘odigiously the masting. When it is the after part which falls heavily,
the ship is said to send. This motion may arise from a similar cause,
and has the same inconveniencies. .

The body of the ship suffers greatly, as much from pitching and
sending as from quick rolling; all the parts labour, and have a tendency
to separate. It isan inconvéniency which ought to be obviated.

(42.) The reason of the pitching and sending motion is easily seen.
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“‘When a wave has passed the forepart of the ship, and is got near the
middle, there is left a great void space under the bows, where the ship
is not supported. It precipitates itself therefore with a certain momentum,
which is the product of the weights in the fore part, multiplied by their
distance from the point, where the ship is sufficiently supported. |

(43.) 'This kind of motion is greater in ships, which are very full near
the load water-line fore and aft, and very lean below; but if the weights
in the forepart are carried nearer the middle, the momentum with which
the ship plunges itself in this part will be less, and not only this motion
becomes less quick, but moreover the following waves which meet the
forepart of the ship, have less difficulty in raising it again: the same
observation may be made on the aft part. Thus it is seen that all the
weights should be brought as near as possible to the middle of ship, from
which we may conclude that the center of gravity ought to be, with respect
to thellength, at the middle point (NoTE24.). But there is a circumstance;
which prevents the placing of the center of gravity at the middle point
of the length, namely, the weight of the foremast and its rigging, the
bowsprit, the anchors, &c.; these ‘weights can be placed no where so
conveniently than where they are; the center of gravity, therefore, is
necessarily before the middle point, but not. more than between a
hundredth and a fifiieth of the length (NotE 25.).

~ (44)  We should not forget to observe, that the center of gravity of -
the load water-line and that of the ship should be in the same vertical line;
for when the ship sails close to the wind and is inclined on one side, if the
“load water-line is fuller aft than forward, since the ship must preserve the
same quantity of displacement, it will have an inclination also forward.
(Nore 26.) 1t is true, it will gain something in point of stability, by this

augmentation of the load water-line, as appears from the expression f -2 P

(Art. 16.); but this inclination forward being an inconveniency, which
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it is proper to avoid, any augmentation of the breadth, if it be necessary,
should rather be made in the middle. After all it is not a great fault,
although the center of gravity of the load water-line be a little abaft the
center of gravity of the ship, or of the displacement. -

We shall now investigate the place where the center of gravity

ought to be, considering its influence upon the property of steering
well. -

(45.)° When a ship sails by the wind, that is, when the wind is on
the side of the ship or more a-head, then almost all vessels have such
a form, that they will of themselves, without the use of the rudder, turn
the stem more towards the wind, because the mean direction of the water's
resistance passes usually a little before the center of gravity of the ship.

If this resultant passed too far a-head, it would be an inconveniency,
which might be remedied by giving a greater draught of water aft.
The greater the velocity of the ship, the more sensibly this effect is felt,
and the vessel can then be kept to her course only by the constant use
of the rudder. '

(46.) 1t is well known, that ifa body receive an impulse between one
of its extremities and its center of gravity, it turns round a point which is
on the other side of the center of gravity (Nore 27.) Thus, when the
ship feels the effect of its rudder more than that of the water on the
.side forward, it turns round a point, which is before the center of gravity.
But if the rudder be not applied, and the effect of the impulse of the
water be before the center of gravity, the center of rotation will be behind
this center of gravity ; and if the resistance of the water forward and
its action on the rudder act together to turn the vessel in the same
~ direction, which takes place when the ship is tacking, the center of
rotation is then in the perpendicular passing through the center of gravity ;
or very near it, before or behind it, as one or the other of the efforts
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has the preponderancy. If then the center of gravity were exactly in the
middle, and the ship of itself ardent, the rotatory movement would be
most prompt, for the resistance which the two extremities experience from
the water, whilst the ship is going round, is in proportion to the squares
of their distances from the center of rotation; and this quantity is a
minimum when the center of rotation is at the middle.



CHAP. 1IV.

ON THE RESISTANCE, WHICH A SHIP IN MOTION MEETS WITH
FROM THE WATER.

(47.) ‘Wasx a ship is at rest, the pressure of the water upon
each of its extremities is the same; but as soon as it is impelled by any
force, the pressure is increased at the end opposite to the impulse, and is
diminished at that end where it acts : this we shall explain hereafter.

(48) 1If a plane is moved in the water, the resistance is the most
forcible, when the direction of motion is perpendicular to the plane, and
becomes less if the plane assumes a position oblique to the line of motion.

Thus bodies of different forms and convexities, with equal bases,
experience different resistances.

(49.) 1t is by no means difficult to express the resistance, which one
body meets with in striking another : but it is not equally easy to express
the effect which a medium produces on bodies, which are moved therein.
The effect of the impact of bodies on each other is subject to known
mechanical laws, but that of mediums upon bodies depends on physical
causes, with which we are unacquamted

~ (60.) 'To surmount this difficulty, ﬂuids have been supposed to consist
of globular particles, infinitely small, which follow each other very closely,
and strike the body in succession; as for example :
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(bl.) Let ABC (Fig.11.) be a right-angled triangle, suppose the
fluid, or a particle of the fluid, to strike the side 4B of this triangle in
a direction parallel to AC, from 4 to C, with the velocity ED.

If ED denote the perpendicular resistance against the base BC '
it may be resolved into two others, EF" perpendicular and FD parallel
to AD; as the effect in the direction FD is nothing, inasmuch as the fluid
glides  along AB, therefore EF alone acts on the triahgle, and in a
direction perpendicular to 4B; in like manner this force may be resolved
‘into two others, G F perpendicular and E G parallel to AC; GF is the
lateral force, which impels the triangle from Bto C, but EG denotes
the direct force, which acts on the side 4B, and consequently the
i‘esistar;ce: thus the absolute or perpendicular resistance at the point D
is to the relative resistance as ED to EG; but DE: EG :: DE? : EF?;
and since the number of particles, which can strike the side 4B in the
direction ED are in proportion to BC, and from similar triangles D EF,
ABC wehave DE : EF :: AB : BC, the direct resistance agamst the

CxBC

whole trlangle s as —ps

(52.) Upon this principle’ the known curve GFB (Fig. 12.) of least
resistance has been investigated, which is of such a nature, that by
revolving round its axis AD it generates a solid 4GBD, which ex-
periences'less resistance from the water than any body whatever of the
same length 4D and the same base BC. As this problem is treated on
by several authors, I shall here only give the construction: of the curve.

If AE =x, EF =y, the equation will be yy z=ax (& +y9) ‘
(see Simpson’s Fluxions, Art. 413.). :
-The angle 4GF has been found' to be a right angle and a half,

or 135°. (Note 28:) * Let v="75; then & =v x #, and 4° =2 x 3,

\.

Substltutmg the value of 19 in the equation, we have . vy =

ax (O +37)° or vy=ax (V+20°+1); hence’y:ax(v”+2~v+;))

E 2

-~
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and §=a X (3'0"0 +ev - -g%)iand. therefore w =dx (3-0"%1 + 209 — -:}3)
of which the fluent or x=a x (Z v+ 0 = log.‘v) + C. When
v=1, then x=0 by ihe above-mentioned property, whence :Z a4 C=o0

and C= - Ta- e x = 3ot 4 0% = 1 log pposi
and C--:}a, hence x_.ax(4~0 + v 2 log. 'o) Supposmg

a = 1, the least ordinate 4G will be equal to 4 (Note 29.). If, beginning
with 1, we give successive values to v, and substitute them in the equation
of x and y, we shall have the following values of x and y. :

x =0 ' x = 0,262 | X = 0,453
v=1,0 o v = 1,00 = 1,1 .
U ly=4 y = 4,254 (y = 4,440
x = 1,053 x = 1,820  (x= 2,655
v =1,2 v=13 o= 1,4{
Y = 4,961 y = 5,566 y = 6,258
x = 3,802 . = 5,255 {x= 6,873
v =1,5" , ~a=1,6{ v=17
Y = 7042 | ¥y = 7,921 ¥ = 8,901

, x = 8,775 (x = 13,557 : X = 19,900
v =18 . V=2 v = 2,2
Y =12,500 { Yy = 15,602

(53.) Let AE =x, EF= 7 (Fig. 13.); then from A the values of x
are set off on 4D, and on the corresponding ordinates AG, EF, &c.
the values of Y, we shall have the line GF B, which as we have said, by
revolving round its axis 4D, will generate a solid, which will experience
less resistance than any other body of the same length AD, and of the
same base BD. If this solid be terminated by a cone AHG whose
base=AG, the resistance by that means will be considerably diminished.

We shall see by the following Articles the quannty of resistance, which
a body like this meets with from the fluid.
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(54.) - When a body is_at'rest in the water, it receives a pressure at
every point of the part immersed, which is perpendicular to its surface,
and its force proportional to the depth of the part pressed.

This is a fact derived from experience, which it is necessary not to
lose sight of: but before we go farther into the investigation of the
expression for the resistance, which 2 body meets with when impelled
through a fluid, it is necessary to notice the circumstances which occur,

when a ship sails forward, or when a ship by means of any force whatever
is draswn through the water. ' ‘

(55.) 'When a ship ABC (Fig. 14.) is put in motion in still water with
any velocity, it always happens that the water upon the extremity 4 before
the greatest breadth C, rises against this part above the surface F. This
elevation is perceptible to some distance before the ship in the direction of its
course ; it also extends laterally towards PQ ; but past the greatest breadth
C, the water falls again, so that between C and B it is below its proper
level, until it meets in D the part of the fluid, which constantly follows the
ship with the same velocity as the ship has itself, in order to fill up the
void space, which it would leave behind. But 4s the water, which glides
along the side of the ship, has already filled this space, there is a collision
of this fluid in EE, which proﬂucés what- is called edtiy water. This
is a thing remarked more in small vessels, which draw little water; but
in great vessels, the elevation of the water afore is not perceptible till they
have attained a velocity of 4 or 5 feetin a second. 'This water, which
is before the greatest brea_dth, is driven forward with the ship, and so
moves in the same direction; and as it is higher afore the greatest
breadth than abaft, it flows down a declivity, so as to acquire a velocity
in a direction contrary to that of the ship; and the greater velocity the
ship has, the greater is this declivity.

(66.) All this is sufficiently observable, when a ship is navigated in
4 sea little agitated, where there are no waves: but when a ship sails
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or is drawn along a channel, where there is not more than three or four
times the breadth of the ship between it and the side of the channel, this
effect is much more perceptible, however small may be the velocity.

(97.) 'There necessarily results from what we have just observed ;
first, that the resistancé a ship sailing with a given velocity meets with, is
increased on account of the water’s rising before the greatest breadth, and
because the ship has to propel a more elevated body of water before it, than
at the commencement of its motion ; although this column thus elevated and
driven a-head, by acting on the water in the direction of its motion, before
the body of the ship gets to the same point, (NotE. 30.) in some degree
diminishes the resistance. Seédn’dly, that the resistance is farther in-
creased, because the water is lower behind the greatest breadth, and
because this water has, moreover, lost in regard to its pressure against
the. after part of the ship, a force which depends on the velocity of the
ship, and also on that with which the fluid flows along the after part of the
ship, in running from the greatest breadth of the ship to the stern-post.

After the observations and remarks which have been mad'e, lIet us
form an equation, which expresses the resistance that a body meets with-
when impelled through the water. ' | '

(58;) A difficulty occurs however, which arises from the circumstance
of its being necessary to compare the pressure of the water with the effect
arising from the velocity of the body, two forces, which are of very different
kinds. But since we may neglect in the expression the perpendicular
pressure of the water against the surface of the ship when at rest, (the effect
being the same, whatever be the extremity of the body that moves forward),
we may observe that the force in question expresses only the effect of the
inequality of the pressure on the two extremities of the ship during the
motion, or the resistance, which is thereby occasionéd, and which depends
as to its amount on the velocity of the ship. \

(59.) Let ACBQ (Fig. 15.) be formed of two wedges joined together
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at their base CQ; let the pressure of the water, perpendicular to the

surface in every point, be denoted by F G, FG.
Suppose this body to be moved thh the velocity FH ina duectlon

parallel to the middle line 4B, from B to 4; complete in the usual
manner the paralle]ogram FGIH, and draw the diagonal IF. Then
we have the resultant of this velocity with the pressure of the water in
the direction IF. If from the point K, where the line IH meets the
line AC or CB, we draw the line KL perpendicular to GI, IL will be
the resistance, which the body experiences in the direction B4, and
LIisa force on the hinder part of the body CB, which impels it forward
in the direction in which it moves.

' (60.) Let CM be perpendicular to 4B; CD = DM, and DN be
perpendicular to the surface ACBM. Let FG_m FH=n; the area
of the plane CE=4, the area of the plane CP=B, and lastly the area
of the plane CN=C.

From the s1m11ar trlangles ACD, FHK KIL, we have KH = 35 X n,
DC DcC D
andhence IK_Z—C-xn—l—m and also IL._—ZC, (m+Aan)

IL represents the resistance at the pomt F, which is produced by the
forces ¥F'G (m), HF (rn). But the number of - pressures F'G is to the
number of pressures FH, as the area A is to the area C; consequently

12

DcC DcC
AX —— Hc X ™+ C x ¢ X ™ represents the eﬁ'ect of the water on the

DC DcC

forepart. In the same manner w t B x 5=
: part. In na we ge X BC % CxBCQ
for the effect of the water on the aft part.
‘Subtracting this | last expression from the first, the resistance

against this body moved in the direction 4B, will be expressed by

DC -DC? D ®
AxA——me-l-Cx—mx-n-Bx—E—gx +nggexn and as
DC o
A x qC XM= B x BCX™ the expression for the resnstence is reduced

2 Y2

to C X —gs Xnt Cx BC X" whence we see, 50 long as the velocity
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is not sufficient to produce an elevation of -the water -afore, and a
depression abaft the greatest breadth, so as to increase the fore resistance
and diminish that aft, that the body will experience the same resistance,
whether the sharp or obtuse extremity moves forward ; and yet that the
resistance will be the least when the two extremities are equal, or what
is the same thing, when the greatest breadth CM is in the middle.

- But if we suppose that the water ‘runs a-head of the ship before its
greatest breadth with a velocity v, and that it has aequired a velocity
win a direction opposite to that of the body abaft this greatest breadth,
then the velocity forward=n—v, ahd aft=n-+w; and as the resistance

is in proportion to the squares of the velocities, it will be expressed

2

, DC¢C* DC 2
definitively by C’ x ac X (n -v)"+ C X oo X (n +’zo) , where we
suppose C’ to be_ greater than C, 1nasx_nu,ch. as the water before the
greatest breadth is more elevated than behind it.

Hence it is seen, whatever proportion there is between 7, v, and w,
the body meets with less resistance, when the obtuse end is forv'varc_l; than

‘when the acute end is forward; and that it depends> on the quantities

n — v, and # 4+ w, how far the main breadth should be before the middle
point, so that the resistance may be less, than if its situation were any
where else. . - . ,

We see also that the greater v and w are with réspect to z, the more
the greatest breadth should be carried before the middle to render the
resistance least. ' '

It never can happen that v=n, for in this case, the water would run
forward with the same velocity as the ship, which is not possibie. v is
very small with respect to =, when the velocity is little; so that when

n'is very small v=o0. It is the same also in respect to the water abaft

the greatest breadth; when the velocfty is small and the body has its
greatest breadth very far aft, the water follows the body to fill up the
void space which it leaves; from which cause a part of the water follows
the same direction as the body, so that the velocity of the body in relation
to the water is n — w, whence it follows that the expression for the
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resistance ought to have this form
- - ’

, DC* 2 DC
Cc xmx(nf—v) + CxBsz(n+ w) (NoTE s1.)
If this expression for the resistance be not exact, at least what results
from it is confirmed by the followmg experiments.

" (61) "In a large and deep pond (Fig. 16.) were placed a hundred
feet from each other two poles 4, B, and two piles C, D, to which were
fitted two copper pullies, and through these were reeved ropes to support
the wexghts the whole as is represented in the figure. The lines E
and G were attached to the body used in the experiment. On the line Ea
weight was placed to give motion to the body in the water, and on the
other line G there was also a weight, but less than the first, to keep
the body in a straight line from which it would have deviated without -it ;
to the line E were tied two small pieces of red cloth I, K, at the distance
of 74 feet from each other. To measure the time a stop-watch shewing
seconds was used. When the mark arrived at L the stop-watch was
let go, and when the mark I was come to the same point, the watch was
stopped. It then shewed the number of seconds which the body F
took up to pass over the space of 74 feet. The bodies, on which the
experiments were made, were of Wpod, and were 28 inches in length ;
the transverse sections under the water were circular. Their diameters

at the greatest breadth were —? of the length, or 8 inghes; the water-lines

were either straight or conic parabolas, and the vertex of the parabolic
line was at the greatest breadth. As these bodies were lighter than water,
lead was run in, until their speéiﬁc grévity was 'nrearly équal to that of sea
water, so that they only just floated (NorE 32.), having their axes parallel
to the surface of the water. The weight on the line E to put the
body in motion, was varied éccordmg as it was required to increase
or diminish the velocity; but the reiarding weight was always the
same. The bodies N° 1, 2, and 3 had the same weight, but the others
were lighter in proportion as the solidity of a cone is less than that

of a paraboloid.
F



N°. 1. Ne. 2. N°. 3. N°. 4. N°. 5. N°. 6. Ne 7.
Weight of the bodies....| 27 pounds 27 ‘pounds 27 ﬁounds " 22 pounds | 193 pounds . 163 pounds 12 pounds
Fthe ot F= | == | <= | (= =
Form of the bodies @B clp ElF elu Io@P R P
_ Time the bodies have been describing the space.of 74 feet, in seconds.
Moving ‘| Retarding . . . .
weights weights Seconds. Seconds. Seconds. Seconds. Seconds. . Seconds. Seconds.
4 B cC | D E F | G H | I 0 P R P
2 the weight | & the weight : o : ' ‘ ‘
e b Ogdy TE the bo%y 25% 261 | 243 | 274 | 264 | 253 2564 | 274 | 24+ | 30 | 29% | 45 | 20%
The weight | the weight ! : ‘ < :
of the bfay “ the body 14 14 | 143 144 165 | 133|133 { 15 .16 241 | 241 138 | 24
1} weight |+ the weight ‘ N .
of*;ljze;idy T the bo%y 11 103 ] 114 104 | 133 | 11 [ 11 | 105 | 114 | 124 | 174 | 8304 | 19%
37 pounds |121b. and 3 - ' S
S ean 1 124 lost 11 |14 J103| 11|10 |114 |12 |16

oy
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Ture Bobpies:

N°. 1. has its greatest breadth at the middle, and .its two extremities
_formed by parabolic lines. '

NP°. 2. has its greatest breadth at 3 of its length from the point B; the
" two extremities are also parabohc

NC. 3. has its greatest breadth .of the length from the point D the
 two extremities still parabolic.

N°. 4. has its~c'reatest breadth at the middle; the extremity F parabolic,
the other G conic. '

N°. 5. has its greatest breadth 3 of the length from the point H the
. extremity H parabohc the other I conic. "

N°. 6. has its greatest breadth 4 of the length from O; the two ex-
'tremltxes conic. :

Ne. 1. wholly conic, havmg the greatest breadth equal to that of the
other bodles, and its length twice and an half the breadth,

To understand these experiments take,N‘.’. 2., where the moving weight
is equal to -thal of the body, and the retarding weight is half of it.
With the extremity B first, the body passes over 74 feet in 14 seconds;
if on the contrary the extremity C ‘be first, the body is 141 seconds
in passing over the same space. Co

Each of these experiments was repeated six times, and a mean taken
of the results, which for the most peft were nearly equal; and where
there was any difference, it did not exceed half a second. We do not
find in the velocities, the proportions we are led to expect from a con-
sideration of the weights; which arises from a motion produced at the
surface of the water by a division of the fluid too near the surface.
The number of pullies over which the line passes, renders the experiments
less exact on account of friction. But as the friction-is equal for all
the experiments, the variation of ‘ velocity ought to be of the same ki_nd.

F2
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(62.) 'The inferences which we may draw: from all this are ; first, that
when the motion is slow; the body has greater ve]ocxty when the sharp end
is forward than when the full ; secondly, that when the velocity is increased
toa certainbdxegree, the body passes over the same distance in equal times,
with either extremity forward ; thirdly, that when the velocity becomes still
greater, the body is less time in passing over the same distance, when
the ohtuse end is forward. Thus it is the velocity of the body which
should determine the place of the greatest breadth, to render the resis-
tance least. , ‘

M. Camus, in his Treatise on Moving Forces, speaks of experiments
which he made to determine this point. ‘We find Iikewfse (Murray’s
Preatise on Ship-building) some experiments, which agree with the above
sufficiently well ;. differing however from them .in this, that whether the
velocity is great or little, the body always experiences less resistance when
the fullest end is forward, a circumstance which arises from the eXperiments
having been made in a canal formed on purpose, in proportion to the -
breadth of which that of the body was considerable; so that the water
could not pass it without "fiéing before, and consequently being lower
behind. ~‘This water must therefore have had a current on each side
of .the body, so that however slowly the body was moved in the canal,
the effect- of the water was the same, as when in the above experiments
it was moved with the greatest velocity. _

These experiments are agreeable to the expressxon for the resistance
which - was given .in Article 60. The only question is to find the
value of v and w relatively to n, and to see when.we ought to employ the
signs + and — in n + w. We know from what was said in Article 60.
that the sign — in 7 + w is not to be used in the expression for: the
resistance, except when the velocity and the form. behind the greatest
breadth are such, that the water, which acts on the after part, moves
in the same direction as the ship. o

(63.) By the expression for the resistance, we see (Fig. 15.) -that
this force on account of n —v and % + w, is greater or less according to.-
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‘the proportion there is between the lines- 4C and BC; . consequently,
that there is a certain distance from the one or the other- extremity,
where the greatest breadth' CM ought to be placed to render the resistance
a minimum: it is. required therefore to: determine. the distance AD,
which will make the expreSsion for the resistance a minimum. 'To do

thls mu1t1p1y C x gg* x (n - o)’ + C x ggz x (n + w)* by the un-
AC*x BC*

known quantlty TxDC - The relation of the terms will be the

same. We shall then have (BC ) x (n — o)’ + AC’2 x (n+ w)’, which
is to be d minimum (NOTE 33.).

 Let AB=a, AD =x; then BD_.a x; make DC=1; n-v=p
and n+4w=g, and you Wnll have AC*=x+1 and BC*=a*~2ax+5*+1
Then the quantity, which is to;be'a minimum, will be (x°4 1) x ¢* +
(@ — 2ax + x* +1) x p* ) Take the fluxion ‘eq x& — 2ap’® + 2p'xE
= 0; whence (p + ¢°) x x—ap from which we have this proportion,
(n + w) + (n— »a) (n—v) : 4B : AD so that the greater wand v
_ are in proportion to 7z, which takes place in proportion as the velocity
becomes more considerable, the less will 4D become. When w and v
are supposed = 0, EWhich may . take place, when the vel_bcity is small,

then 4D = ‘3) AB. It is on w and » then that the determi.r-xatiori of the

_place, where the midship'bend'~0ught to be, depends. But these are
precisely the two quantities, which cannot be ‘determined, since they vary
with the velocity. - It seems to follow, that to render the resistance always
a minimum, the place of the greatest breadth ought to vary; a thing
* which is not possxble ' :

(64.) We can cdn‘clude nothing therefore from this, except that the
greatest breadth ought to be something before the middle. Supposing
the place of the midship bend to be determined for a certain velocity,
the problem will not be therefore solved, since the determmatlon will only

be founded on one supposition.
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(65.y For example, let a vessel sail with great velocity, so as to run

20 feet a second. Let-the water in this .case, be one foot more elevated
at the head, than at the stern. As it will be at the_ lowest only near the
stern-post, it may be supposed that at the middle between the stern-post
and the stem, it will be half a foot lower than at the stem ; the current
of water then has _ja velocity "equal to that which a body would acquire
in falling from the height of half a foot, namely, a velocity which would
carry it A/33 feet in one second. This only takes place at the surface.

The velocnty decreases accordmg to the depth as far as the keel, where
it is nothmg, we may therefore suppose in order to have a mean, a
velocity of 3 feet a second. It ought to be further diminished, because the
‘water which is raised up before the greatest breadth, has a motion in a
contrary direction, that is in the same direction with the ship. All this
does not take place unless the ship sails in smooth water ; if there be any
sea, the elevatlon or depressxon of the fluid will be reduced to nothmg or
to very ht_tle. On this account I shall suppose that when . the velocity of
the ship is 20 feet per second, that of the water in the contrary direction
and abaft the greatest breadth, is one foot per second, and that before
in the direction of the ship it is half a foot per second; on this supposmon
we have n =20, w="1, v=0,5; then 2+ w=21; n~v=19,5 con-
sequently (n + w)* = 441, and (n—v) = 380,25. - Now if 4B or a be
supposed == 100, AD or x will be = 46, that is, the greatest breadth will be
in this case 31 of the length before the middle.

It must be again confessed that this calculation being founded only upon
certain suppositions, we ‘cannot derive’ any conclusions from it, except that
the main breadth should be placed a little before the middle, as has been
shewn before. However the exact place of the main breadth, to produce
the desired effect, does not require the most rigorous determination, since
the resistance inay also be diminished by the form of the water-lines
afore and abaft the main breadth. We shall find hereafter certain means
of determining with more exactness the p]ace where it is proper to place

the midship bend.
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- (66.) We may howeve1 draw another advantage from these attempts;
since n—v and n +w express the. veloc1ty, with which the ship meets the
water, and the effect of the resxstance is for the fore part as (n — o),

and for the after part as (n + w) , these two quantities may be considered
as absolute forces, which act against ,t}he' ship, andv which are always
greater on‘th,e after part “than on' the forepart; and if we suppose all
ships to have the same velocify, the numberé 880,25 and 441 'may be
considered for all, as given coefficients of the resistance. But these
quantities being invariable, it ‘would be better to employ for this purpose
lower numbers in the same proportion, as 6 and 7; then the expression

for the 'resistimce on the fbrepart will be 6 x 3 gz x C, and for that on

2
the aft part .7 x %—g—'; x .C. The ‘numbers 6 and 7 are always founded

on certain suppositions; for 1f w had been equal to 2 or to %, then
instead of 7 the given coefficient of the resistance for the after part
would have been 7,7 or 6,6; but mathematical precision not being
required in practi;:e it is. better to have an expression. in some degree
erroneous, provxded there . be nothmg absurd in it, than to.want one
altogether. :

As it still remains to apply these expressions, and since from the
absolute resistance is derived not only the relative direct resistance, but
also'the lateral and vertical, we shall give the following construction, which
will serve to find the value of these three forces. |

(67.) Let ACDB (Fig.17.) be a plane inclined to the horizon
(Note 34.). Suppose -that it is met by a ﬁui_d with a force EF, in a
horizontal direction from E to F.

From F draw the line FI parallel to the horizon ; from E drawn EG
perpendicular to the plane: E G will express the force, which acts per-
pendicularly to this plane. From G draw GH perpendicular to EF;
EH is the relative direct force. From E draw the line EI perpendicular
to FI, and draw GI; then the tfiangle EIG will be perpendicular to the
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horizon. From G a perpendicular G K is let fall to EI or to the horizon,
and GK will be the relative vertical force. Draw a line from K to H;
it will be perpendicular to EF, and the distance KH will represent the
relative lateral force. So that the relative direct, vertical, and lateral
forces, which act at the point F, are expressed by EH, GK and KH.
To apply this to the body of the ship; let aacd (Fig. 18.) be the fore
part of this body ; aa, bb, cc, &c. the water-lines at equal distances from
each other, and AK, BL, MN, &c. the vertical sectlons which are also
at equal distance.

To find the direct, vertlcal and lateral forces, which act on the fore
part of the ship, divide all the spaces CABD, DBMO, &c into trlamrles,
which is done in CABD by means of the diagonal AD.,

From D and A draw the lines DF AE perpendicular to 4C, DB
and from F and E draw in like manner EH, FG perpendncular to
aa, bb.

Draw the two parallel lines RS, PQ (Fig. 19) at a distance from
each other equal to thatkof the vertical sections. 'To these two lines draw
the perpendicular R P produced ; transfer the distance DF from P to T';
draw TR ; from T draw TU perpendicular to TR. »

If UR express the absolute force, UP will express the relative direct
force, FG (Fig. 18.) the vertical, and G D the lateral force, which act on the
triangle 4CD. But as the absolute force is constant, we may take for
this force, the distance between the sections. Wherefore draw PW
(Fig. 19.) perpendicular to the line RT'; from W draw WX perpendicular
to RP, and PX will be the relative direct force.

Set off the distance F G (Fig 18.), which is the vertical force when
the absolute force is RU, from £ to Y, so that the line Y may be
perpendicular to PQ (Fig. 19.).

As the force RU has been reduced to RP, the one 3V ought to be
diminished in the same proportion. Draw therefore the line TX. Then
YZ:YB: RP: RX :: RU: RP; consequently YB3 will be the
relative vertical force on the triangle ACD (Fig. 18.). '
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Transfer DG from P to o (Fig. 19.); draw R. It is seen in the
same manner that X is the lateral force on the same triangle ; and con-
sequently, the relative direct, vertical, and lateral forces are expressed by
Px, BY and JX, when RP is the absolute force. We get the effect of
these forces By multiplying them by the triangle ACD. The same
operation does for the triangle 4 D B, and so for the others.

(68.) Now if we have the resistance on the fore part equal M ; that on
the aft equal IN; the whole resistance according to the last article, will be
proportional to 6 M+ 7N ; but as we have taken for the absolute force,
the distance between the sections, which may be greater in one plane
than in another, the relative force on one ship cannot be compared with
that which acts on another. 1t is necessary then to find a plane figure,
which being moved in the water with the same velocity as the ship, meets
with the same resistance; this is called the plane of resistance. 1If the
distance between the sections = m, the plane of resistance will be =

————GAll:m'?N(No'mv%.). For example, let M= 18, N=16, m=5; then we

shall have SM + 7N
S 13m - ,

resistance as a plane would of 3,38 feet area, when moved with the same

velocity as the ship. Thus the plane of resistance is 3,38 square feet.

= 3,38 ; thatis to say, the ship meets with the same

(69.) To find the direct resistance, or the plane of resistance for the
Privateer (Fig. 47, 48, and 49.).

To obtain with the greatest exactness the construction and calculation
of the forces, we have made the vertical plan of the body on a larger scale.

The sections which are at equal distances, are represented by =, B,
2, X, u, &c. afore ¢, and by 32, 30, 28, &c. abaft ¢; 11 is the load
water-line, when the ship is fitted. Below this line are drawn 6thers, 22, 33,
44, &c. all which are parallel to the load water-line, and at equal distances
from each other. By this means, the whole surface of the body is divided
into spaces like BxBE; these spaces are divided triangularly by the

diagonals 4B, = E, &c.
G
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From A draw the line 4C perpendicular to Bx; from = and E, the
line =1, EF perpendicular to EB, Br. From C draw CD perpen-
dicular to the water-line. From F and I draw the lines FH and IG
also perpendicular to the water-lines, and so on for the other spaces.

" This construction being made, draw two parallel lines IK, LM,
(Fig. 21.) at a distance from each other equal to that between the sections;
draw NO perpendicular to them.

Set of 4C (Fig. 20.) from N to P (Fig. 21.); make N@Q equal to
the distance of the section = from the stem ; draw P Q. But as the dis-
tance between the first section = and the stem is less than that between the
sections, and as this latter distance is taken for the perpendicular effect of
the forces on every space, draw from O the line OR parallel to PQ.

Set off DC (Fig. 20.)':"from Uto W (Fig. 21.) perpendicular to NR;
from N and through the point W, draw the line NX; again, from N
let fall on OR the perpendicular IVS, and from 8 upon NO the perpen-
dicular 87" It will follow by the last article, that N7 will be the relative
direct force, which acts against the triangle ABx.

Draw RT (Fig. 21.); from X draw XY perpendicular to LM; XY
is the vertical force, which acts against the same triangle; and in this
manner are found the direct and vertical forces, whlch act agamst the
triangle 25 (Fig. 20.).: _

To find the direct and vertical forces, which act on the triangle 24,
we proceed as has been just explained in the last article. Make ab
(Fig. 21.) perpendicuiar to LM, set off the distance EF' (Fig. 20.) from a
to ¢ (Fig. 21.), from a draw ad perpendicular to b¢, from d draw de per-
pendicular to @b ; ae will be the direct force. Draw ce; and set off the
distance FH (Fig.20.) from the line be (Fig.21.) to the line LM per-
pendicular to the latter;” fg will be the vertical force on the triangle
24 (Fig. 20.). : ‘

The product of these forces multiplied by the area of the triangles,

gives the effect on each of them. 'The same operation does for all
the spaces.
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(70.) In the same manner the forces on the after part are found. The
construction for it is represented in Fig. 22. 'The value of all these forces
is taken on a decimal scale, and a table of them made in the following

manner. As at present we only seek the direct forces, the effects of these
forces alone are put down. '

The distance between the sections = 4,95 feet. The distance between

the water-lines = 2,25 feet = 2 feet and a quarter, half of which = 1 foot
and an eighth.
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Direct Resistance to the Privateer, (Fig. 47, 48, 49.) before ¢.

Between the 1st and 2d water-lines.

Between the 2d and 3d water-lines.

Triangles.|Direct{This force} Triangles.|Direct{This force Triangles. [Direct|This forcel Triangles.|Direct}This force
e, | £E518 [ X DY the| e | resis- | % by the e | resis- | X by the resis- | X by the
No.| Base. [tance.| base. |No ) Base,{tance.] base. INo.] Base. |tance.| base. |No.] Base,|tance.| base,
25(2,02(2,11| 4,16|261,07(1,83] 1,95] [25(1,07|1,67 1,78|26 L
2314,25[1,53! 4,70|24|3,40(1,42| 4,82] [23|3,40|1,17| 3,97|24]2,64[1,02| 2,69
21/3,74(1,15| 4,30(22/3,37(1,12] 3,77} [21]3,37|0,93| 3,13|22[2,72/0,89| 2,42
19/2,83/0,75! 2,12(20|2,79(0,72| 2,00] [19/2,79/0,63| 1,75/20}2,4710,57 1,40L
17|2,12/0,53| 1,12/18|2,39/0,53| 1,26} [17/2,39/0,51] 1,21{18|2,47/0,49 1,21
151,62/0,36) 0,58(16(1,90/0,38] 0,72] 15/1,90/0,36| 0,68/16{2,12/0,37| 0,78
13{1,07/0,21| 0,22(14{1,39/0,25| 0,34] [13/1,39/0,23| 0,32|14(1,73/0,26( 0,44
11/0,72/0,10 0,07\12{1,06/0,15| 0,16] 11{1,06/0,19| 0,20(12|1,34/0,19| 0,25
9/0,53/0,07! 0,03|10/0,72/0,11{ 0,07 9/0,72(0,10| 0,07|10|1,02/0,14| 0,14
7'0,33|0,03| 0,01} 8|0,48/|0,06{ 0,02 70,48]0,05| 0,02 8/0,67/0,08] 0,05
510,25/0,02| 0,00| 6!0,31(0,03]{ 0,01 5/0,31/0,03| 0,01| 6/0,47/0,04| 0,01
3/0,14/0,01| 0,00/ 4]0,20/0,02| 0,00 3/0,20/0,02| 0,00| 4/0,30/0,02| 0,00,
1,0,10/0,00| 0,00 2|0,15/0,01} 0,00 1/0,15/0,01| 0,00| 2/0,22/0,01| 0,00
17,31 15,12 13,14 9,39
xby%he_ight}.w% 1+ 1+1 1+
of trian, — — —
Effects. 19,47 17,01 14,78 10,56

Between the 3d and ath water-lines.

Between the 4th and 5th water-lines.

Triangles.|Direct]lhis force| T'riangles. Direct |This fored Triangles. | Direct|This force| Triangles.| Direct| This force|
resis- | X by the| ~ea—Aemm | resis- | % by the] e | resis- | X by the| jm—A—=—m| resis- | X by the

No.| Base.|tance.] base. {No.| Base, |tance.| base. No,} Base. | tance.| base. lLo.lBase. tance.| base.
23/2,64|0,86| 2,27|24|1,73/0,57| 0,98] |23(1,73|0.61| 1,05 24/0,81(0,44] 0,35
21\2,72[0,74| 2,01|22(2,070,65| 1,34] [21/2,07]0,51] 1,05/22(1,500,40| 0,60}
19(2,47]0,50| 1,23|20(1,92/0,44| 0,84] [19/1,92|0,38| 0,72|20/1,46/0,32| 0,46
17|2,47l0,45| 1,11/18/2,12/0,40| 0,84} }17|2,12/0,37| 0,78/18|1,50({0,30, 0,45
152,12/0,37| 0,78(16|2,01/0,33| 0,66} |15{2,01]0,31| 0,62{16(1,58/0,23 0,36
13{1,73]0,28| 0,48/14|1,84(0,27 0,49J 13(1,84/0,23| 0,42{14(1,58/0,18] 0,27
11{1,34{0,19| 0,25/12|1,61/0,19] 0,30] [11{1,61/0,19] 0,30{12(1,64(0,18| 0,29]
9/1,02{0,14} 0,14]10|1,29,0,14| 0,18 91,29/0,15{ 0,19i10(1,40/0,13] 0,18
710,67/0,08| 0,05/ 8/0,96/0,10| 0,09] { 7/0,96/0,09| 0,08| 8|1,13|0,11] 0,12
5/0,47(0,04} 0,01} 6/0,72/0,07| 0,05 5/0,72(0,06{ 0,04| 6/0,93/0,07| 0,06
3/0,30/0,03| 0,01} 4(0,46/0,04| 0,01 3/0,46|0,04] 0,01| 4/0,73(0,04] 0,02
1/0,22/0,02} 0,00| 2/|0,34/0,03| 0,01 1/0,34/0,02| 0,00} 2i0,55|0,03] 0,01
8,34 5,79 5,26 3,17
xby%hqightg.l.u 1+% 141 144
oftian. § ~ ___% —— —— _
9,38 6,51 5,91 3,56
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Direct Resistance to the Privateer before ¢.

Between the 5th and Gth water-lines. Between the 6th and Tth water-lines.
Triangles. | Direct|This forcei"Triangles.| Direct|This force Triangles.|Direct|This force| I'riangles.| Direct|This force
! resis- | X by the| A== ] resis- | X by the}. e/ | TES1S - | X DY the] =A== | resis- | X by the|
No.! Base, | tance.| base, [No.] Base.|tance.| base. No.| Base, [ tance.| base. |No.| Base.|tance.] base.

|

f

2310,81,0,35| 0,28 :
21/1,50.0,34| 0,51|22{1,00[0,20 0,201 21/1,00(0,19| 0,19/22/0,30/0,05| 0,01
19 1,46io,28 0,40(20/0,97/0,17| 0,16 [190,97|0,16| 0,15/20/0,50/0,07| 0,03
17/1,50,0,23| 0,34[18/0,90/0,14 0,12 }17/0,90|0,11] 0,09/18/0,40/0,06| 0,02
15 1,58'0,18 0,28)16/0,93/0,11| 0,10]" |15/0,93/0,08] 0,07(16/0,35/0,05| 0,01
13{1,5680,16] 0,25/14/0,97l0,09 0,08f ]130,97(0,07| 0,06{14/0.40/0,04] 0,01
11]1,64l0,14] 0,2212 1,10/0,07| 0,07} [11{1,10/0,06| 0,06|12/0,40;0,03] 0,01

9/1,40/0,11} 0,15|10(1,13/0,06] 0,06 9/1,13/|0,05| 0,05(10/0,40(0,02| 0,01
711,1310,08| 0,09, 8/1,08/0,05| 0,05 711,08[0,04| 0,04| 8l0,40l0,02| 0,01
5(0,93|0,06! 0,05| 60,90/0,04| 0,03 5/0,90{0,03| 0,02} 6/0,39|0,01| 0,00
3l0-73 0,04} 0,02} 40,82/0,03| 0,02 3/0,82|0,02] 0,01} 4/0,35[0,01] 0,00
1/0,55{0,02| 0,01} 2|0,79/0,02| 0,01 1/0,79/0,01] 0,00| 2/0,28/0,00| 0,00
2,60 0,90 0,74 0,11
xby 3 heighty 3 4y 1+ 1+ 143
of trian. §° 7 —_— ' ’ —_—f —
2,92 1,01 0,83 0,12

Direct Resistance to the Privateer abaft ¢.

Between the 1st and 2d water-lines. Between the 2d and 3d water-lines.

T'riangles.| Direct|This force] Triangles.|DirectjIbis force Triangles.|Direct|This force{Triangles.|Direct|This force
(| resis- | X by the| ~m—A—e—\| resis- | X by the et | resis- | X by thejrsAe| resis- [X by the
No.| Base. | tance.| base, {No.| Base. |tance.| base. No.| Base. | tance.] base. |No.|Base,|tance.| base.

x by 1 height
of trian.

31(6,221,14] 7,09|32|3,13|1,52| 4,75] [31/3,04/0,95| 2,88/32/1,73/|0,60/ 1,03
2913,50/0,58 2,03{30/3,00/0,85| 2,55] [29/3,00/0,64] 1,92(30/2,01/0,60/ 1,20
2712,400,37| 0,88(28(2,62/0,42| 1,10} [272,62/0,45| 1,17/28{2,050,50 1,02
25(1,720,28| 0,48]26/2,31/0,31} 0,71} [25/2,31|0;35| 0,57(26(2,07/0,35 0,72
23(1,20[0,18| 0,21]24{1,72/0,24] 0,41] [23[1,72/0,25| 0,43{24/2,02/0,28| 0,56
21(1,08|0,19| 0,20|22|1,47(0,21| 0,30} |21{1,47(0,21} 0,30/221,65/0,22| 0,36
190,75(0,09|  0,06{20/1,12/0,13| 0,14} [19{1,12/0,15| 0,16/20{1,61/0,27| 0,33
17/0,64/0,07| 0,04[18/0,91/0,11| 0,10§ }17|0,91{0,13| 0,11]18/1,21/0,15] 0,18
15/0,51[0,07| 0,03|16/0,76/0,09| 0,06] |15/0,76/0,11| 0,08{16{1,00/0,12| 0,12
13/0,39(0,05| 0,02|14/0,56/0,06| 0,03] [13|0,56/0,07| 0,03(14/0,81/0,10} 0,08
11}0,35(0,04| 0,01{12/0,50[0,06{ 0,03} [11/0,50/0,05] 0,02/12/0,68/0,07] 0,04
9/0,310,03| 0,01|10|0,43/0,04| 0,01 9/0,43/0,04| 0,01{10/0,56/|0,05| 0,02
710,26(0,02] 0,00{ 8/0,34/0,04| 0,01
5/0,17(0,02| 0,00| 6

3|0,15(0,01| 0,00| 4/0,200,02| 0,00
110,11/0,00] 0,00 2

710,34/0,03| 0,01| 8|0,45/0,04| 0,01

0,26/0,02| 0,00 5!0,2610,02| 0,00/ 6/0,31/0,03| 0,01

3/0,20/0,01| 0,00| 4(0,23|0,02 o,ool
0,14(0,01} 0,00 1/0,14/0,00| 0,00 2|0,16/0,01| 0,00

11,06 10,20 7,69 5,68
§-1 +1 141 144 141

P

—

12,44 11,47 8,65 6,39
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Direct Resistance to the Privateer abaft ¢.

Between the 3d and Ath water-lines,

Between the Ath and 5th water-lines.

riangles. [Direct]lhis torce[Triangles, |Direct|Lhis force] 'riangles,| Direct|fhis force[Triangles.|Direct|This force
resis- | X by thef: resis- | X by the S\ —==’ | resis- | X by the|\ew——= | resis- | X by the|
No.| Base. [tance.{ base, l\_T_(l. Base. { tance.| base. No.| Base. { tance.| base. o.] Base, [tance,| base,
31(1,73|0,48| 0,83}32|1,07/0,29| 0,31} |31{1,07]0,27| 0,28/32|0,70[0,16| 0,11
29|2,01(0,48| 0,96/30(1,350,29| 0,39 {29(1,35/0,28| 0,37[30/0,88/0,16| 0,14
2712,05|0,40{ 0,82|28(1,40/0,29] 0,40| [27i1,40/0,26! 0,36|28/0,93/0,16| 0,14
25(2,07(0,31| 0,64]261,49/0,27! 0,41} [25(1,49]|0,25| 0,37(26(1,00/0,16| 0,16
23|2,020,26| 0,52/241,69/0,26| 0,43] [23|1,69|0,24] 0,40[24{1,11|0,16} 0,17
21/1,650,21| 0,34/22(1,61/0,21| 0,33] |21(1,61}0,19| 0,30{22{1,23/0,16] 0,19}
19/1,61/0,20, 0,32{20[1,70/0,19 0,32| |19(1,70l0,18| 0,30/20(1,24/0,15| 0,18
17/1,210,12| 0,14118/1,50(0,16| 0,24] [17|1,50/0,13] 0,19(18|1,30/0,14] 0,18
15{1,00/0,11} 0,11[161,34{0,14} 0,18] |15[1,34 0,12{ 0,16{16{1,37/0,13] 0,17
13/0,81(0,08| 0,0614/0,980,09| 0,08] [13/0,98l0,10 0,09{14[1,17|0,12| 0,14
11/0,68/0,07| 0,04{12|0,88/0,08} 0,07 [11/0,88{0,09| 0,07|12(1,13/0,09| 0,10
' 910,56(0,04| 0,02[10/0,74/0,06| 0,04 9|0,7 4/0,06| 0,04{10/0,91(0,07! 0,06
' 710,45/0,03| 0,01} 8/|0,63/0,05| 0,03 710,6310,05]| 0,03| 8|0,76/0,05| 0,03
'5/0,31/0,02| 0,00 6/0,39/0,03] 0,01|° | 5/0,39/0,04| 0,01| 6/0,62|0,03 0,01
' 3/0,23/0,01| 0,00 4/0,31/0,02| 0,00 3/0,31]0,02] 0,00/ 4/0,40/0,02} 0,00
1/0,16/0,00| 0,00 2l0,19/0,01| 0,00] 110,19]0,01 0,00 2/0,26/0,01! 0,0
4,81 3,24 2,97 1,78
Xb}’%he.ightg-l + 1+-—;—., 141 141
of trian. —_— v——r] —} —
5,41 3,64 3,34 2,00|
Between the 5tk and 6th water-lines. Between the 6th and 7th water-lines.
[Friangles. 1:::1::-1 1)::; ;t;r;j E‘m .I;\engscil ;x;: ymtxl:: rl‘iangles. ];')t;:fsc-l f:i: yn;rl:; ‘I'mangles. I:ézle;zl ;ﬂg y";;:: *
N_o. Base. |tance.] base, _L_\I_P_. Base. [tance.| base. No.| Base, |tance.] base. _N_o. Base. | tance.] base,
310,70/0,15] 0,10,32/0,4110,08| 0,03] [31|0,41/0,07| 0,02|32/0,22/0,05| 0,01
29/0,88/0,15| 0,13/300,56/0,08] 0,04 [290,56/0,07| 0,03/30/0,29/0,04] 0,01
270,93|0,15| 0,13|128/0,61/0,08| 0,04] |27/0,61(0,07| 0,04|28 0,32(0,04{ 0,01
251,00(0,15| 0,15(26/0,62/0,08( 0,04] }25/0,62(0,07| 0,04/26/0,31(0,03] 0,01
23(1,11/0,15| 0,16|24/0,64/0,08| 0,05} 123|0,64|0,07| 0,04]24/0,31(0,03| 0,01
21(1,23/0,15/ 0,18/22/0,75/0,08( 0,06 [21/0,75/0,07| 0,05/22/0,31/0,02| 0,00
191,24/0,14| 0,17/20/0,78/0,08| 0,06] 119/0,78|0,07| 0,05|20/0,31/0,02 0,00
17{1,30/0,13| 0,16/18/0,83/0,08| 0,06} 1{17/0,83(0,06| 0,04|180,31/0,02 0,00
15(1,37(0,12| 0,16/16/0,83/0,05| 0,04} [150,83/0,05| 0,04|160,31}0,01| 0,00
13(1,17/0,10] 0,11/14/0,88/0,05| 0,04f ]13/0,88/0,04 0,03(14/0,31/0,01| 0,00
11{1,13|0,07| 0,07|12/0,95/0,05| 0,04] |11/0,95/0,04| 0,03|12/0,28/0,01| 0,00
9/0,910,05{ 0,04[100,76/0,04| 0,03] | 90,76(0,03| 0,02|10/0,260,01| 0,00
70,76/0,04| 0,03| 8|0,76/0,04| 0,03] | 7/0,76/0,03| 0,02| 80,25/0,00| 0,00
5/0,62/0,03| 0,01| 6/0,76/0,03| 0,02} | 5l0,76/0,02| 0,01 6l0,24l0,00| 0,00
3/0,40/0,02| 0,00} 4l0,54/0,02| 0,01 3/0,54/0,02| 0,01} 4/0,23/0,00| 0,00
1/0,26/0,01{ 0,00/ 2|0,38|0,01] 0,00 1:0,38l0,01! 0,00( 2i0,21/0,00| 0,00
1,60 0,59 0,47 0,05
xby 3 height1 |1 44 1+4 141 142
of trian, ) ——= —_— _— v
1,80 0,66, 0,53 0,06
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Recapitulation of the direct Resistances between the lines of floatation.

For the part afore ¢ ‘ ~ For the part abaft ¢
S aterdmen, e} = 3648 | Betmoen o s and 3 _ 25,1
Between the 2d and 8d = 25,34 || Between the 2d and 3d = 15,04
3d and 4th = 15,89 3d and 4th = 9,05
4thand 5th = 9,47 . Ath and bth = 5,34
Sthand6th = 395 | 5th and 6th = 2,46
6thand 7th = 0,95 6th and 7th = 0,59

Against the stem.....= 13,16 Against the rudder...= 20,00

‘Whole resistance afore ¢ =105,22 || Whole resistance abaft ¢ = 76,39

(1.) Acéording to Article 68, the plane of resistance = G—Mig-i—;-?’l-l—v .
In this example M = 105,22, N = 76,39, and m = 4,95; then the half area

6 % 105,22 + 7 x 76,30 __ 1166,05
13 X 4,95 T 64,35
Consequently this frigate will meet with, from the fluid, a resistance equal

to that which a plane would meet with of 36,24 square feet ora perfect
square of 6 feet, moved with a velocity equal to that of the vessel.

of the plane of resistance =

= 18,12.



CHAP. V.

ON THE CENTER OF EFFORT OF THE WIND ON THE SAILS,
AND THEIR MOMENT ROUND THE SHIP’S CENTER OF GRAVITY.

(72.) Tue effect of the wind on the sails is that force, which gives
the ship head-way, and which is proportional to the size of the sails;
so that a greater surface of the sails ought to cause a greater velocity in
the ship. On this account people endeavour to make the sails as large as
possible : but as the length of the ship determines the breadth of the sails,
they cannot become very large without being of considerable height.

But very large sails, and particularly very high sails, cause a great in-
clination ; and since with a certain force o-f wind, the inclindtion ought not
to be more than a certain determinate degree, it becomes necessary to
restrain the size and length of the sails within certain limits, which may
be determined in the following manner.

(13.) By referring to Article 59, we shall see that when a body is in
motion, the pressure of the water on the after part produced by this motion,
is a negative quantity, and this not only in regard to the direct resistance,
but also in regard to the vertical and lateral resistances. Suppose then 4B
(Fig. 23.) a ship moved from B towards A with a certain force, in a
resisting fluid.

Let D G be the direct force of the water against the head of the ship,
the direction of which is from D to G; let IE be the direct force of the
water on the after part, the direction of which is from I to E; let GH
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be the vertical force of the water upon the head, the direction of which
is from G to H, and KI the same force on the after part, the direction
of which is from K to I. We shall have D H for the resultant of the
forces on the fore part, the direction of which is from D to H; and KE
for the resultant of those on the after part, the dlrectlon of which will
be from K to E.

Produce the lines DH, E K to meetin F. Make FN, FO = DH,
EK ; complete as usual the parallelogram of the forces FNPO; draw
the diagonal PF and produce it. From the center of gravity of the ship
C draw CL, CM, and CQ, perpendicular to DH, EK, and PF. We shall
have FN x CL+ FO x CM=FP x CQ; consequently, if PF is the
force and the direction of the wind, and the center of gravity of the
sails is in the line PF, the surface of the sails being perpendicular to the
same line, the ship would go a-head without the elevation or depression of
either of its extremities. But the direction of the wind must be considered
as horizontal ; wherefore from C’, N and F draw the lines CW, NS
perpéndicular, and FR parallel to the horizon; and through P the line
TR parallel to NS; then FS+ NT=DG + IE = FR = the whole
direct resistance. ' :

The triangles CQW and FRP being similar, CQ : CW :: FR : FP,

and hence CQ x FP=CW x FR.
As the horizontal effort of the wind on the sails is necessarily equal

to the horizontal effort of the water on the hull of the ship, the point
W will be the proper height of the center of gravity of the sails, the
direction XY of the wind on the sails being parallel to the horizon.

(74.) 1If the center of gravity of the sails is not situated in the line
XY or in W, but for example in a, then the ship will incline towards the
head. If on the contrary the center of gravity be in 3, the after part
will be farther immersed. Wherefore, that a ship may not have any
motion of this kind, either forward or aft, by means of the sails, the center
of effort of the wind on the sails should be situated in some part of the

line XY -
H
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Hence we see of what consequence it is to have this center at the
proper height, when the ship sails with the wind aft. For if it is situated
in a, or in B3, a greater quantity of sail would not increase the sailing
proportionally to the surface (Nore 36.), because one or other of the

extremities of the ship would be depressed, by which the resistance would
be increased.

(75.) 1In a ship full at the load water-line forward, and lean below, the
resultant of the effort of the water rises very much; to sail well therefore
it ought to have high sails: on the other hand, in a ship the forepart
of which is very full under the water, the resultant will not rise much:
consequently, to sail well, it ought to have sails less high. 'The after part
of the ship is equally to be considered in the determination of the center
of effort of the sails. ' .

This proves that two ships of the same length, breadth, and tonnage,

may have the same stability, and yet require different heights of the sails
to sail equally well with the wind aft.

(76.) We cannot determine from the last articles the surface which
the sails ought to have ; for the proper height of the center of effort of the
wind on the sails being once determined, it would be convenient with the
wind aft to give the sails the greatest possible surface, without affecting
the condition in regard to the height. But it is not the same when the
ship is on a wind. This center will then be much higher than the
resultant of the force of the water on the side of the ship, and as soon as
the wind acts on the sails the vessel assumes an inclination, which ought

not to exceed a certain degree, the moment of the sails, and the force
of the water being given.

(77.) 'To determine the surface proper to be given to the sails, from
the knowledge which we have of the effect of the wind on planes or sails,
with different velocities in different directions, it would be necessary to enter
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upon long calculations of great difficulty, and yet of little importance.
We may compare plans of ships and of their rigging, which are tried
and known, and nothing will be required further than to be guided by
those ships, which have the best proportion of canvass, with respect to
the center of effort of the wind on the sails and the stability ; which will
be seen by what follows : ‘

Let ABC (Fig.24.) be a ship inclined by the effort of the wind HG.
Let AB be the load water-line; D the center of gravity of the ship;
E the center of gravity of the displacement, and G the height of the
center of effort of the wind on the sails. If from E we draw a vertical
line EF, F will be the metacenter. From D draw DK perpendicular
to EF, make the force of the wind, which acts perpendicularly to the
line GD = U; that which acts in the line EF (which is equal to the
displacement) = D.

(78.) As the rotatory motion is round the center of gravity
(Art. 25.), the moment of the sails to incline the ship, will be equal to
DG x U; the moment of the ship to resist the inclination= DK x D.
But since, whatever be the length of F D), it preserves a constant pro-
portion to KD at equal inclinations (NotE 87.), we may always express
the moment of the ship to resist inclination by D x D, which moment
ought to have a certain proportion to DG x U, in order that the
degree of inclination may be the same, D G being considered as an arm
of a lever of the second or third order.

The wind acting in the direction HG, the ship is impelled from B
towards 4, and the resistance of the water will act in the line IL, which
passes either above or below the center of gravity D. If IL pass above
the center of gravity, the stability will be increased; if below it, the
stability will be diminished.

(79.) It requires considerable labour to calculate on the plan of each

ship, the direction of the resistance of the water on the side; and it may be
u?2
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sufficient to know that the mean direction of this resistance rises less in
ships, the hulls of which are very lean, as well towards the extremities as
towards the keel, than in those ships which are full throughout. As this
however cannot produce a considerable effect on the stability, we may
suppose, without running the risk of making a great error, that this mean
direction passes through the center of gravity of the ship. So that the
moment of the sails, relatively to the center of gravity of the ship, should
always have a certain proportion to the whole weight of the ship, multi-
plied by the distance of the center of gravity D from the metacenter F;
that is to say, the moment of the sails in all ships is equal to mx DF x D.
The value of the coefficient 7 can only be determined by experience.

(80.) 1 have calculated the moment of the sails' for several ships
in use, and I have found, if the length of the ship, from the stem to

the sternpost = x, that the quantity m = 355 nearly. So that the absolute

3

X

moment of the sails for all ships, as well privateers as merchant ships,
=3_5;i x DF x D (Notk 38.). ‘If now the center of gravity of all
x .

frigates of war and privateers, as also smaller vessels, which are built only
for sailing, down to the smallest pleasure boat, be supposed to be situated in
the plane of the load water-line (a supposition which may be made with
great safety, since it cannot be far from thence) the moment of the sails
will be reckoned from the same plane of the load water-line. We are the
more authorized to do this in such ships, because the lading for those of
the same kind is always the same, and the weights, which affect the
stability, are similarly placed in them.

(81.) It is not the same for ships engaged in commerce ; they take
various cargoes, which may differ greatly in specific gravity ; whence it
follows, that the center of gravity may be situated either higher or lower,
notwithstanding the vessel is brought down to the same draught of water.
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When the cargo consists of merchandize of little specific gravity, we
may lower the center of gravity, by putting ballast in the bottom of the
ship ; but as little ballast is taken as possible, particularly when the cargo
is bulky. 'Whence the ship necessarily loses stability. If the cargo
consist of several kinds of merchandize of different specific gravity,
a skilful arrangement of the heaviest at the bottom, and the lightest above,

may give the necessary stability. It also sometimes happens that