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A

"PRACTICAL TREATISE

O N

SHIP-BUILDING.

C HA P L
General Proportions for Building.

: AVAL' ArchiteGure may be divided into three principal parts.
N‘ I. To give the fhip fuch a figure, or exterior form, as may
fuit the fervice the is defigned for. '
- I1. To find the-true form of all the picces of timber that
thall be neceffary to compofe fuch a folid. -

III. To make proper accommodations for guns, ammaunition, provi-
fions, and apartments for all the officers, and likewife for the cargo,

We fhall at prefent only treat of the firft of thefe, namely the exterior
figure, and confider it firft, as it re%ards the bottom, that is, the part which
dies under water, and may be called the quick.work ; or, fecondly, the -
part which is above water, and may be called-the dead-work.

In order to give a proper figure to the bottom, all the qualities which
are neceffary to make a thip anfver the fervice for which the is defigned,
fhould be confidered. A fhip of war fhould carry her lower tier of guas
four or five feet out of the water. A fhip for the merchants fervice
thould ftow the cargo well, and both of them fhould be made to go
well, carry a good fail, fteer well, ar;l lie to cafily in the fea. .

ome



2 General Proportions for Buslding. Cmar. L.

Some eminent geometricians have endeavoured to find the form of a.
folid which may beft anfwer all thefe qualities, and meet with the leaft
refiftance in dividing the fluid through which it is to pafs; but have not
been able to.reduce their theory to pratice, by reafon of the different
pofitions a Jhip is obliged to be in when under fail. The fhip-builders,,
defpairing to. etablith this point by mathematical rules, have applied.
themfelves wholly to their own obfervations and experience, whicg may:
indeed fupply the deficiencies of art; but though they may thereby dif-
cover that a thip has feveral bad qualities, it willnot be eafy tp determine:
where the fault lies ;. for it may be owing to the rigging; and though:
the fault be not there, yet they cannot be certain in. what particular part:
of the body it is. M -their obfeswations be aflifted by principles drawn
&rom theony, it will canduce wery much to-attain their end.

As there have been feveral. thips bailt which have feemed to anfwer alk
the fervices for which they have been defigned, fome buildets have made
it their principal ftudy to copy thips which have gained the applaufe of:
the feamen. This method they very improperly call the principal rule:
which fhould be obferved in building. Now, as the bodies of fhips are:

" wery different from one another, fo there are,. by this means, as many dif-
ferent methods ufed ; fome chufing one, and fome another for a ftandard..
But it muft be obferved, that even though it were poffiblc to find fuch a.
body as fhould give entire faisfaGion, and hawe all the good qualities that

. Thould be neceflary to anfwer the fervices propofed, yet this could by no.

means be eftablithed as a flandard by which other fhips of different &i-

mapons may be built. For admiwing we have a firft rate.of 100 guss,.
which by experience has been found to be 2 wery good fhip in all refpeds,,

_yet we fhould find ‘qurfélves very much deceived, if we.fhould build a.

thip of 20 guns by making all the parts have the fame proportion. to one.
4nother; that they have in that of 100 gms.

The firft thing to be done, in order 40 lay down the draught of a fhip,.

45:t0 determine the lepgth, which fhould be cither on the lower gun deck,.

¢ at the load-water dine ; for there muft be great care taken that there

35 fufficient {fpace betwixt the posts. This will .oblige ws firft to fix
the number and dimenfions of the ports, the diftance of the aftermotft
gort from the tranfom, and of -the forenvaft from the ftem, and the dif-
tanoe betwist the ports, This article may be determined by the fol-
Jowing tables :

A Table
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A Table of the Number of Tortson each Side of a Ship,
according to the Number of Guns, and the Weight of

the Shot. :
I A Ship of 112 Guns. A Ship of 10z Guns. A Ship of:74. Guns.
Decks | Ports | Shot || Decks [ Ports | Shot|| Decks | Ports J Shot
I 15 | 480r36 X 14 36 13
2 l6 24. i 2 15 18 | I 14 < 36
.3 15 |12 14 | 12 2 14
uarter 51 8 varter - 1§
orecaftle 3 8 orecaftle } 13 6 ||Quarter 8
JPoop 2 | 4 Poop : Forecaftle § 8
: L : Poo :
A §F‘ip of 64 aux_lrs. "A Ship of 58 Guns,. || . Lhe Liger.
Decks [ Ports | Shot |[ Decks | Ports | Shot}] Decks - | Ports { Shot
12 1, f 12 18 I I 18
17 5% | 2 13 12 | 2 12 g q
13| . }Quarter Quarter 3 '
14 f 12 {Forecaftle ( 4 4 ||Forecattle 2 4
6 '
A Frigate of 46 Guns, || A Frigate of 32 Guns .
Decks | Ports [ Shot || Decks | Ports [ Shot
1 11 12 1 10
2 12 8 [|[Quarter 1 6
—— _{{Forecaftle § 4
A Frigate of 32 Guns. 1 A Frigate of 28 éun?
Decks | Ports | Shot ||_Decks | Ports | Shot | -
I 10 1+ | 3 8
2 6 61 .2 19 | 4
- N _ H(g-mer 1 1 4
+ o0 N ], -
A Frigate of 22 Gums. | Frigates of 20 Guns hav
Decks | Ports | Shot lf 10 Ports on each fid¢
1 9 6 1| onone Deck. Shot 6 Ib,
JQuurer | 2 | 4 8

Weffels of 16 guns have 8 ports on ene deck, the gunsto'carry 41b. thot.

Veflels of 12 guns have 6 ports on one deck, the guns:to carry 41

B2

b. fhot.
A Table
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A Table of the Dimenfions of the Ports, and Height of their Sells,. accord-
: ing to the Weight of the Shot..

Shot|Hei. and brea, of ports [Hleight of the ports  Sells ¥
ib. If. in.Lf. in. f in.rtt Deck{.d Leckizd Dcck“ ualtcr-h
482 g9 |3 oor 3 2|f in |£ in Deck and
36 8 |3 oor3 1|2 2 f Forecaftle |
2412 5 |2 8or210|2 1 2 O '
‘182 4 2 yor2 811 {1 9.
1212 222 4or2 61110 [ & |1 7%
8/t 9 Jriror2 311 8 [1 6 L 3
6jt 6 |t 8orxrrr|1 7 |1 6 1 5
41 4 It 6or1 9l1 5 3

A Table of the Number, Dimenfions and Difances betwixt the Ports.on the
lower Deck 5 alfo the Diftance betwint the foremoff Port and. the Stem,,
betwixt the Aftmoft and the Sternpofl,

Ships Names. N°ot:§rcad . betw.| Foremoft| Aftmeft [Length on)
Ports of Po Ports ffrom Stemffrom Poft| L. Deck
Amiable r3|l2 8} 7 6 |13 4 9 o |i47
lInvincible 11312 8| 7 4 |12. 4 | 9 o |1gq
Achilles 122 8] 7 8 |18 2 |10 6 |45
Touloufe’ 1222 84 7 6 |17 4 } 9 2 |41
Ardent, 64 guns 12|22 84 7.6 |17 o | 9 2 [140 8
{Fleuron, 64 guns 12)2 8| 7 8 |18 10 |10 6 |145 8
Dauphin Royal, 74 guns| "1 210 7 7% 18 2 10 0 (156

Note, An inch French meafure is equal fo I % inch Englifh, and is divided iitoy
twelve parts called lines, which are divided,into twelve parts, called points.

 The next thing to be done is to eftablith the breadth by the midfhip:
“beam ; the builders are pretty much divided in proporstioning this to the.
Jength. - Moft of them conform to. dimenfions taken from fhips of- thie-
_fame burthen, and defigned for the fame fervice..

- After thefe two. dimenfions are determined, the depth of the hold muft:
be fixed, which in moft fhips is half the breadth; but the form of the
;body fhould be confidereq ; for a flat floor will requite lefs_hold than a.
‘fharp one. The diftances likewife between the decks' muft ‘be deter<
'mined. The following table may be very ufeful towards afcértaining the.
theee aforefaid dimenfions. -~ - .. AT IR I B

| A T ;ﬂe
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o Table of the Length, Breadth, and Depth in Hold of the followsng Sbips.

Length at Depth i
Ship’s Names Guns. | load-water | Breadth thccplti k;n
_ line 0
: feet in. f. in.] f in,
Monarque 74 | 165 43 20 6
Intrepide - 74 | 165 43 20 6
Alcide 64 149 40 6] 19 4
Renommée p 30- | 120 31 81 15 .7
Palme L 12 | 85 22 6| 10 5
Soleil Royal 80 | 182 48 23
Formidable: - 8o 178 . 44 10| 21 10
Tonnant 8o 168 46 23 -
Sceptre - T 7¢ | B85 | 43 206
Superhe: t 74-1 153 6 |- 42 8} 20 -
. Magpifique 94, | 165 43 F 20 .6
Nog:;mberland %8 143 s ¢c3> .y 207
Ixffs NN 24' 149 .. .| 400} a9
Cl'cu c . I ‘40 ¥ (‘ ), X “) ‘
'Protec )”“!',,6'1"_, !23” , 4,3,4
Rluftree "s02 213 °g4 " & 40 ‘s, 29 1.
. Opmatre voLt 3 64 150 40 4 g o
'Dﬂgm ] 64 -} 149 ) -
. EEEYR I &4 - 146 o '139 6./1 !8/[ a '
.'_Stl.éjﬂll'eﬂt 68,8 145 rini| 53974 ¢! 15:0g:

.+, Amphion a,v.I ;«;.50.; : 1487u1t0.39 ) api A8t
) Amazon 1 uv: apv 440 k:.i!ﬂ‘::,:i e soaberadio el

-
(1

) " Brillant”. " 50 135, - .35 Aleea RPN RS

. ArcenCiel |50 ) 135,00 ..3z Y

N I N A
. vy L 50 fe- 82 ....]7 R TIPS & s "‘. ‘::”\-‘

. ,Aquilan ~_,4.*. ‘46..-. s127~.‘ ,‘. 34. . \1 17’ \‘.‘,- \
Juoop . - 46 138 .ail-36 6 _16 6
Favorité 464,129 33 b p g
Anglefea. g2 - 12 & | 33 6} 16, -
Serenne L30; L L@ o} 31 8) 15w
Em_cng.ude {-28crbhiiif o | 31 8} 6l
Ga‘afee . 2474 111 G 1 29 h.p:-:.‘ﬁ':!{\:
Mutine © %4 £.0100 C | 29 14 = 6';;:;
Cumberland 24 | "103 . | 26 13

. Marfhal Saxe -~ | 22 100 27 14

Apemone 12 84 22 9
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Ship’s Names Guds [ Length | Breadth | Depth
. teet f. in 1. in.
Amarame iz | 8% 22 9
Elizabeth .64 143 38 41 18

- Brave .80 172 44 | 21
Floriffint w4 165 | 45 22 6

- ‘€ouronne 74 167 44 | 22 7
Hardi 64 149 40 6| 20 ¢
Aigle 50 | 144 | 39 19 6
. Hermione 26 | 126 | 33 8| 13 &
Jufte ' 70 | 151 .| g2 } 21
Triponne 26 114 .4 81 81}
Panthere 1 20 108 e8 6

Badine t 6 ) 66 18 41}

‘We may thet proceed fo fix the length of the keel, which will oblige
us to determine thd raké of the ftém and poft) for which the builders
have given us ne invariable rule, they being -vety much: divided’ in their
.opinionss for whete fome have given a rake bf 18 or 2o feet, others
have given none at all. ‘Thd heiglt-of the' ftech and wing-tranfom muft
alfo be determired, whick mdy be regulated by the decks. -

The diffefendtibetwixt the draught of water apaft and that afore, thould
likewife be tonfidered ; “for :though fome imagine that when a fhip is
loaded herkeel flrould be Pirallel to the furfice of the water, yet in many
cafes it will be found nccfrﬁfar} that the keel abaft fhould be deepér in the
water that ‘it is afore; This will give the. rudder mote power, and
thereby contsibute to make a ‘fhip fleer welly but this differdnec of the
draught of wates is intirely - arbitrary ¢ for in large thips fome have given
five, whereas others have given but thiee, of &vdn two feet of difference:
Though I.could not procure the trie differénce ‘of the draught of water
«of many fhips of war, yet 1-aml affured that the following are pretty cxadt.

Tbe Differtnce of shi Diaughe of Water in sbe fllowing Ships.

o -1 . dfeet: in, ' : feet .in.
Northumberland . .1 2 Panthefe 1%
Augufte - 1 6 | Courorhe | S |
Aloze -~ - 1.0 “Tripdhae - 2
Hermione ¢ 121 o Rehommér T .4
Amazops w1l 6 Tlgl‘et‘ 3 .2
‘Badine:. , o .10 K fIntrepide | .23
Palme N SR | V-7 . w0
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The length of the wing tranfom muft alfo be determised ; fome make
it ¥of the main breadth; but this is likewife arbitrary, the broader a.
thip is abaft, the more room there will be for accommodations for the.
officers ; but this will be difadvantageous to her fajling upona wind.

The following. Examples will be fufficient to fix the Length of the Wing
o ¢ranfom for any Ship.

Fon a fhip of 110 guns, ¥ of the main breadth, and 3 lines more to every foot..

102 guns, % of the main breadth, and 8 inches more.
82 guns, 3 of ditto.. ,
74 guns, 7 inches, g lines for every: foot inbreadth..
62 guns,, ¢ inches, 8 lines for ditto.
46 guna, 7 inches,. 7 lines, g.paints for.dito..
40 guns, 7 inches, 6 lines, 6 points far dito.
46 guns, 7 inches, 6 Jines for ditto.
. 32 guns, 7. inches, 55 lines for digto.
For a frigate of 22 gpns, 7 inches 4 lines.. .
_ . L2 guns,. 7 inches.. ' ‘

Soﬁp, without rogarding shefe proportians, makc dm mng &Qnﬁms
of thfzo ﬁfg and fecond rates two thirds of the breadth, and for all the reft
ene foot jefs. ' -

After thefe dimenfions are detesmined, \the timbess may be confidered:
which fotm the fides of the hip. A frame of timbers fis .compofed of’

ave floar timber, $o or thice fyttocks ahd .o tap timber oa each fide:.
All.thefe being united togethar, and fecured by crofs:bars; forai a circular
inclofure, that which inclofes the .gmateft {pace is valied the midihip.
frame : The curve of shis frame is invested: at the- lomer part, fo that
#he floor timber will he fomewliat hollowrin the middie, mherclz the
ends.will foran & wery. obtufe angle ; but this. decroafes the fasthor
she frames are semoved from the mddfhips, in fuch a amanner, that the
foremoft and aftermoft will become very fhatp, and .form .a very acute
angle. 'Thefe foor timbers are called crutches.

The builders feem te agree neagly as to.the dength of the midthip floor
timber, making it generally half the length.of the mpain:beam ; but they
differ vezy mpch abaut the rifing of i, fome chufing a flat and others a.
fharp floor. And.if we canfider the advaotages and difadwantages that:
attend the one and ghe otber,. we fhall pat be much furprized ¢o find'
therp fo much divided mpoa this article ;. for it ds certain, the .more ri-
fing a {hip has, fhe will hold the better wind, but then this will occafion

- her to draw mare watar, which will he fometimes .attended. with very:
.gueat inconveniences..
A Table
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Te

, A Table of the rifing of the Midfbip Floor Timbers. - .
Guns | f.- in. lines.] Gurs | f. in. lines )

110 { o o 10 56 o1 4

102:-] 0 0 104 1{toevery foot]l 3. 0 1 4 {to every foot
86 | o r o pinlength J| 28 [0 r ¢ in length.
74 { o 1 o : 22 o1 6

62 | o 1 of J ' 16 | o 1 6

“Note, What we have bere rendered the rifing of the floor timbers, the
author calls the Aculement, and makes a difiinétion betwixt it and the
rifing, which we fhall fee when we come-to form the frames.

They differ as much in determining the ftation of the midthip frame,
fome placing it before, others at the middle of the fhip; others again
have two floor timbers of equal length, and rifing, one of which is placed
exa&ly in the middle, or the breadth of the timber before the middle,
and the other at a proper diftance before it. Thofe who place.it before,
alledge, that if a fhip is full forward, after fhe has once opened a column
of water, fthe will afterwards meet with no refiftance, and the water will
~eafily unite'abaft, and by ~that means force the fhip a-head, and have
.mote power on the rudder the farther it is from the centre of gravity ;
and befides this comes neareft the form of fithes, which theuld feem to
"be the mofl 'advantageous for dividing fluids. .. - '

*- Thofe who would:have it placed in . midthips fay, that by that means
:the water-lines forward* will be ‘eafier, and of confequence properer for
dividing fluids ; and that there will be fpace enough betwixt it and the
rudder for formMg:very fair water-lines, fo that -the water will eafily
‘unite at the rudder ; and befides it will be eafier by this means to ba-
lance the fore body and after body; and in generdl the building will by
this' means be very much facilitated ; fo that, in my opinien, it will be
propereft _to: place it very mear the middle, though it is the general
pratice to place it before it. '

After the rifing of the midthip floor timber is determined, we may
then proceed to fix the height of the rifing line of the floor abaft on
the poft, and afore upon the ftem.

Now, as all fhips are narrower abaft and afore, - than in mid(hips, the

.-other floor timbers will of confequence be fhorter and have a greater ri-
fing, which will be g&ill increafing till it ends on the poft and ftem.
There are feveral differeat methods ufed by the builders to fettle the
height of this line. Some imagine, that by narrowing the floor abaft,
which will occafion the rifing line to be high wpon the poft, the fhip

: : : will
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will thereby fteer better, and befides, the water which is opened by the
midthip frame will then bave a greater prefluse upon the, after part of
the fhip, and thereby contribute to her failing: Yet thefe arguments are
of very little weight ; for if we only confider the fteerage, it is certain,
that the higher the rifing line is carried abaft, and the narrower a fhip is,
the water will have the eafier paffage, and more power vupon the rudder.
But then we fhall thereby run the rifk of falling into two great inconve-
niencies ; for, by this means, we take away the buttock, which is the
only thing we have to fupport all the weight of the after part of the
thip ; neither thall we be able to give 2 proper balance betwixt the fore
and after part; and when the fore and after parts are not duly balanced,
it will occafion a fhip to pitch very hard, and be in danger of being
frequently pooped b{ the fea when it runs high. To prevent thefe in-
conveniencies, it will be proper to give all thips, efpecially the large fort,
a full buttock. As to the height of the rifing line afore, it fhould be
determined by the form of the water lines ; but before this can be done,

- the timbers muft be formed. .

Note, What we bave rendered the rifing line of the floor, our autber calls
les fagons, which, be gkys_, is the increafe of the acculement, the extreme
points of which upon the perpendicular of the flem and pofi are now to be
determined.

The height of the lower deck is the next thing to be confidered : It is
determined in midfhips by the depth of the hold, and fome builders make
it no higher at the ftem ; but they raife it abaft more than it is in mid-
thips, as much as the load-water mark abaft exceeds that afore. As to
the height betwixt decks, it is altogether arbitrary, and muft be deter-
mined by the rate of the fhip, and the fervice that fhe is defigned far.

We come now to confider the upper works, or all that is above water,
called the dead-work : And here the thip muft be narrower, fo- that all
the weight ‘that lies above the load-water line will thereby be brought
mearer the middle of the thip; by which means the will ftrain lefs by
working the guns, and the main fail will be eafier trimmed when the
throuds do not fpread fo much. But though thefe advantages are gained
by narrowing a fgip above water, great care muft be taken not to narrow
her too much, for there muft be fufficient room upon the upper deck for
the guns to recoil. The fecurity of the mafts thould likewife be confi-
dered, which requires fufficient breadth to fpread the throuds, though this
" amay be affifted by enlarging the breadth of the channels.

C | CHAP.
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€CHAP IL

Of the Scantlings and Dimenfions of the principal Pieces of
' Timber in a Ship.

LTHOUGH it is not my intention, as I obferved in the begin-

ning of the laft chapter, to treat of all the pieces that compofe the

fhip, yet I think it neceflary to fay fomething of the principal pieces. 1

fhail therefore, in the following plate, lay down each picce by itfelf, by

which means we fhall fee the length of the fcarphs, and in what mannec
they are to be joined together.

Explanation of Plate L.

|
A. The keel in four pieces, to be well bolted together, and elinched.

, . : -
I. 'The fore foot, one end of which is fcarphed to the fore end of the
keel, of which it is a part, and the other end makesa part of the ftem,,

to which it is fcarphed.
I11.

. u, 'Two pisces of dead wood, one afore and the other abaft, fayed
upon the keel. v

CC. The ftem in two pieces, to be fcarphed together.

Vv

E E. 'The apron in two pieces, to be fcarphed tégethcr, and fayed on:
the infide of the ftem, to fupport the fcarph of the ftem ; for which pur-
pofe the fcarph of the apron muft be clear from that of the ftem.

V1. .
o. The ftemfon in two pieces,” to fupport the {carph of the apron.
o. The falfe poft, which is fayed to the fore part of the poft. ‘
VIL

B. The ftern poft: It is tenanted into the keel, to which it is faftened
‘with a knee,
‘ D. The
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VIIL
. D. The back of the poft, which is likewife tenanted into the keel and
well bolted to the poft ; the defign of it is to give tufficient breadth to
the poft, which feldom can be got broad enough in one picce.
IX.
F. The knce which faftencth the poft to the keel.

X.

N. The wing tranfom. It is fayed acrofsethe ftern poft, and bolted
to the head of it: The fathion pieces are faftened to the ends of it; un-
derneath this and parallel to it is the deck tranfom. .

- XL _
0 O. Two tranfoms faftened to the ftern poft and fathion pieces, in
the fame manner as the wing tranfom,

XIL
P. The tranfom knee, which fafteneth it to the thip’s fide,

XIIL

. The fathion piece, of which there is one on each fide : Their heels
are faftened to the ftern poft at the height of the floor ribbands, and their
heads are faftened to the wing tranfom,

XIV. : ’
T. A floor timber. It is laid acrofs the keel, to which it is faftened -
by a bolt through the middle,

-

XV.
K. The lower Futtock. ,
XVI.

TTTTT. 2d,3d, 4th futtocks and top timbers. Thefe fhew
the proper length and fcarph of the timbers in midthips frame. ‘

XViL. A
UU. Riders. Thefe are fayed in the infide of the thip, and confift
of floor and futtock riders, ‘ '
' Cz Z. The

?
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XVIL -

Z. 'The keelfon. This is made of two or three large picces of timber

fcarphed together in the fame manner as the keel. It is placed over the

middle of the floor timbers, and fcored about an inch and an balf down
upon cach of them.

XIX. .

R S. Breaft-hooks. Thefe are fayed in the infide to the ftem, and to
the bow on each fide of it, to which they are faftened with proper balts.
There are geneally four or five in the form of R in the hold, one in
the form of S into which the lower deck plaoks are rabbited ; there is
‘one right under the hawie holes, and another under the fecond deck.

XX

X,Y,Z. are thick planks which are fayed in the infide, and firetch
fore and aft to firengthen the fcarphings of the timbers.

XXI.

Z. are thick planks in the infide, called clamps, which fupport the
ends of the beams.

XXII.

15, 15, 15,13, 15, are the wales. They are planks broader and thicker
than the reft, which are faftened to the outfide of the fhip in the wake
of the decks. We fhall have occafion in another place to thow how
they are laid down in a draught. As to the plank below the wale to.the
keel, and above it to the top of the fide, we refer to the feQion of one
half of the mid(hip frame, as laid down in the plate. .

XXITIL.

d,d,d,d, d, d, d, are knees. Thefe are crooked picces of timber con-
fifting of two arms, which form an angle, cither within or without a
fquare, or exally fquare; their ufe is to faften any two picces together,
as the beams to the fhip fides.

XXIV.

- 39. Therudder. Thisis joined to the ftern pofk hy the rudder irans,
upon which it turns round in the googings which are fatened upon the
ftern poft for that purpofe. Thege is a mortife cut out of the head of

it,

i 2.
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it, into which a long bar is fitted, called the tiller, by which the rad-
der is turned from one ﬁdc to the other

23. The cat heads Thefe are two large pieces of fquare timber, one
on each fide of the bowfprit. - They project out before the bow, in ‘order
to keep the anchor ctear of the thip, which is hove up by a rope called
the cat fall, that pafles through fhivers in the outer end of the cat-head
- Their i inger ends are faftened upon the forecaftle.

§ h J o, e XXVL.
. “\.

m, i, #, i, are the feveral ieces which compofe the knee of the hcad |
ﬁf t

.the,lo mis faydg to_the ftem, the heel of it is fear hed to the
head of tIN forefoot; ‘it is faftened to the bows by two knees called
checks, in the fosm of f; and to the flem by a knee called a ftandard,
in the form of K.

! XXVIL
s &. XY, are large pneces of txmber which ﬁrpport the plinks
of; th deck.

Hawing thus ex;lemed allsthe pieces in the plate, we jball in tbe jallowmg
, tﬂb/? gwe thesr jbantlmg:. ’

Pad

Ad .
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CHAErm
A Method e lay dewn a Seventy Gun Ship upon the Plane of

Elevation.

HE Dimenfions we have given of the principal parts of a fthip

of each clafs colle®ed from the pradtice of different builders,
which many have fo great a regard to, as not to vary from them in the
minuteft article, we think only to be fo far obferved, as they fhall produce
fuch a form as the fervice the fhip-is defigned for, thall require, agreeable
to mathematical principles. , ' ‘

We (hall now illuftrate what has been faid on that head by drawing a
thip from thefe dimenfions. But it will be firft neceffary to obferve, that
. the builders make ufe of three different planes for one thip; I, the plane
of elevation, in which the whole length is laid down according to a fide
view; 2d, The plane of the proje&ion, which fome call a vertical plane
of the timbers, becaufe it gives us an end view of the form of all the
timbers, before the plank is put on. 3d, The horizontal plane, u
which are defcribed all the curves that are formed by fe&ions of the bo-
dy parallel to the horizon, which muft be confidered as well as thofe
vertical fections which form the curves of the timbers, We may likewife
form the curves of the ribbands upon this plane] which will be of great
ufe in proving whether the form we give the timbers will produce a
fair fide.

It is indifferent with which of thefe we begin, though that of the
elevation feems moft commodious. But ficft of all it will be very proper
to draw out a lift ofall the dimenfions of the veflel we are o build, fo
that we may have a view of the whole defign. ,

This fhip then is to have two tier of guns, fo there muft be two decks
quite fore and aft, likewife a quarter deck as far as the main maft, a fore-
caftle 33 feet long, and a poop to the mizen matft.

There are to be 13 ports of a fide on the lower deck, the guns to carry
24 1b thot; 14 ports on each fide upon the upper deck, the guns to
carry 18 1b fhot ; on the quarter deck 4 guns, and on the forecaftle 2 guns
of 8 1b thot on each fide, and 2 of 4 1b on.each fide on the poop.

Ports.
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fect
Ports on the lower deck fore and aft 2
Diftance betwixt the ports 7
Aftermoft port from the poft o ..9
Foremoft from the ftem ——-o —_— —_—17
Height of the fells, including the lower deck planks - 2
Ports up and down on the lower deck 2

Diftance from the upper fide of the lower deck beam to the } 6

ufppcr fide of the upper deck beams

Rifing of the fecond deck abaft — ——

Second deck ports up and down 2
Second deck ports fore and aft =~ —— —_— @ — 2
Height of the fells from the deck line — 1
Diftance betwixt the fecond deck and quarter deck from} 6

plank to plank
Quarter deck ports up and down —_— I
Quarter deck ports fore and aft — 2
Height of the fells 1
Diftance betwixt the quarter deck and poop —_— 6
Ports on the poop fore and aft —_— —_ I
Height of the fells ——— Ce— 1
Length from rabbit to rabbit on the gun deck ~ —= 156
Extreme breadth — —_ ——— 42
Depth in the hold below the plank 21
Rifing of the lower deck abaft, not including the difference } 2
of the draught of water '

Height of the ftem — —_— 31
Height of the poft — —_— — 3I
Rake of the ftem vt —— — 15
Rake of the poft —— —— 3
Length by the keel — — 139
Depth of the keel — — 1
Length of the wing tranfom — — 27
Length of the midthip floor timber — 21
Rifing of ditto — — —— I
Difference of the draught of water abaft more than afore 3
Height of the rifing line of the floor abaft —_— 13

Height of the rifing line of the floor afore L—— 5

in,
10
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1 would advife young beginners in the art of drawing to copform

exadly to thefe dimenfions, which we have here given for an example,

and
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and obferve all the particular direGtions which we fhall give in laying
-down a fhip of 70 guns; for they muft begin by making themfelves -
“acquainted with the terms, and thereby gain. a general idea of the whole
defign. After finithing this draught, they may then proceed to anothet
ef a different rate, and as we have given the principal dimenfions of fe-
ven‘:al good fhips, they may chufe fuch a one as will beft anfwer their
defign.
~ Platell. Fig.1.]  1ft. Provide a fcale of equal parts properly divided into
fect and inches; adapted to the intended length of the draught, and draw
the line A B, which make 156 feet 3 inches for the length of the gun
deck, from the rabbit of the ftem to that of the poit.
To find- the length on the gun deck, multiply 13, the] f. in. 1.
number of ports, by 2f. 10 in. the dimenfions of each port } 36 10 o
fore and aft, the produét is .
Again multiply 7 f, 9.in. the diftance betwixt the ports, by } 93 o

12, the number of fpaces, the product is @
Aftmoft port before the po 9 3 o
Foremott abaft the ftem. 17 2 O
Length onthe gundeck ' 156 3 O

o

2dly, Draw the line C D equal and parallel to A B, let 21 feet, the half
of the main breadth, be the diftance betwixt them, and ereét the perpen-
dulars CFand DZ. -~ : ' '

3dly, Set off 3 feet 2 inches, the difference of the draught of water, from
Bto G, and draw the line A G, which will give the pofition of the:
lower fide of the.keel. From A fet off 1 foot 7-inches 3 lines; the depth
of the keel, as in the table of fcantlings, toK, and draw the line K I pa~
rallel to A G, which will: be thie upper fide of the keel.

4thly, Set off 1 foot 3 inches 3 lines, the breadth of the ftem, from G
to M, and draw the dotted line M N- parallel to G-Z, From G fet off
1§ fees 7 inches 2 lines, the rake of the ftem, to O.. _

sthly, Set up 31 feet 9 inches 3 lines, the height of the ftem fromx
G to P. With the radius I P deferibe the arch P O, which will be the
fore fide of the ftem, and from the fame center defcribe -another arch
within the former, which wilk give the infids of the ftem, and another
~arch for the rabbit may be defcribed four inches before the infide of
the ftem. - . - '
6thly, Set up 25 feet 1 inch from Kto I, for the heighit- of- the- gun:
-+ deck abaft, and 21 feet 6.inches from I to.e, for the height afore.
- ythly, Set up 2 feet g inches, the height of the port-fells from L to-a;
which will give the upper fide of the wing tranfom ; from which fetfup»

- 2 icete
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¢ feet 7 inches, the height of the ports; alfo 1 foot for the depth, and
6 inches g lines for the round of the helm port tranfom, to the point F,
which will be the height of the poft; fo K F will be 31 feet 7 inches
g lines. From K fet off 3 feet 1 inch f{ lines to f, for the rake of
the poft, and draw the.line F £ for the aft fide of the poft. Fromr f to
& fex off the depth of the keel, and draw the line 4 d tor the fore fide of
the poft, making Fd i of f 4, fo fhall £ O be the whole length of
the keel. :
. The builders are very much divided about affigning a proper place for
the midthip frame, for which the following method may be ufed.

- Divide the line CD into two equal parts, then take § feet 6 inches
ro lines, that is 'y part of 156 feet 3 inches, the length of the gun
deck : Set of this before the middle of the line C D, which will give
the point F, the ftation of the midfhip frame. Sst up 21 fect from F to
~Z, which will give the height of the gun deck at the midfhip frame.
From the point Z fet off 4 feet 7 inches 6 lines (the 3 of the height of
the gun deck at the midfhip frame,) through which point draw a line V T,
parallel to C D, which will be the load-water line. Fhrough the point F
draw the line G g, parallel and equal to the load-water line, which will
thew how much waterthe fhip will dsaw abaft more than afore.

Qne of the frames is. placed pretty neas the ches tree, which is called
the loof frame ; to find its place, from the point D fet off ; of the line

D C, and there draw 2 dotted line perpendicularte A B:  Again divide

the line F G into nine equal parts, and draw eight lines perpendicular to

A B, which will flation eight frames in the forc-bedy befides that of
the loof.

" There is in the after-body a- frame to balance ¢hat of the loof in the

fore-body ; thefe'two are of equal breadth in fome points, and this will

occafion the center of gpavity of that part contaited betwixt thefe two

frames to be near the plans of the midthip frame, which will keep the.

fore part and after part upon a balance. It mult be as far abaft the

- " middle of tha line C D as that of the loof is before it.

The frames.in: the after-bedy are the fame diftanee from one another
asthey are.in the fore, which will occafion one miore abaft than before ;
fo.there are nine abaft, befides that of the balance. - e

We fhallin the next place lay down the deck lines, and firft for the
lower deck draw a fair curve through- thie points L Z ¢,.and parallel to it
draw anothet cuive for the port-fells; which. are 2 foet 5.inches above
the deck line; - ) "I;he
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- The aftarmoft port is g feet 3 inches before the poft, which fet off-to 7,
and the ports are 2 feet ro inches fare and aft ; which fet off from # to x,
the diftance betwixt the ports is 7 feet 9 inches, which fet off from xto Y
for the aft fide of the ferond port; from Y again fet off 2 feet ro inches,
which will give the forefide of the next. Proceed in the fame manner
gill all the ports are fpaced; fo fhall the foremoft port be ry feet 2
inches abaft the rabbit of the ftem. The height of the ports is z feet,
7 inches, which. fetup. from %; draw a curve parallel to the deck line,
which will give theu part of all the ports; after which' thefe two
lines may- he wipcd.aﬁimd:aughc, which muft be therefore drawn with
a black lead pencil, and-only the ports inked in. :

Daw a linc fan the upper deck, which is 6 feet r1 inches above the
lower from the midthip frame forwasd, and 6-inclres more abaft. We may
then draw a ling for the port-fslls, and one for their height, parallel to the
- deck lig, and fpace the. ports fothat they may Be exatly over the mid-
dle of the diftance. betwixt the lower deck pores: ,

Before. we. can fet:of the. hoight of the quarter deek we muft'find the
true place of the: mmin maft, 'The general rule is to take 4 lines for
every. foot.the guo: dack is inlength, and fet it off abaft the middle,
which will give: the: forafide of the maft, now the Iengtlt 1 56 feet 3 inches
% 4 lines;sm G2y s04 fhev 4 inches v line, which fet off abaft the mid-
dlg:of the ling & Py and- there ezctt a line perpendicular to- the water-line,
which_will; be: the fore fide:ofithe meft; and:parallel to it'draw-a line' for
the middle, and: ane far the aft fide of the mafly the diameter of which iy
35 inches.  Setoff G: feet 6.inchee on-the aft fide of the main maft, for
the height: of the: quanter- decle afbre, and'6- feet ro inches for the height
abaft;, and- deawrasline neanly - paraliel to-that of the-upper deck, which
will;be-tha. Line: fortho: quarcer-deck. W& - may- therr fpace the ports;
fo that;they may be:exadily over thafb of thie lowerdeck. Theforecattle
is O.feat 6. inchns. high, at which diftamee draw 2 line: parallel to the up-
perdeck line, which, will. give thig line for thre forecaftle deck: As:to
the length of this deck, it ends forwardfat the beak head;.and -is carried:
aft difcretionally, obferving to leave room for the capftan bars. In fpa-
cing the ports upon the forecaftle, care muft be taken that none be op-
pofite to the fore maft. Now to find the center of this maft, take 15 feet
7 inches 2 lines, the tenth part of the whole length, which fet off from
the rabbit of the ftem upon the lower deck abaft, from which point fet off
" 3% inchesand 1 line, being the diameter of the maft ; through the middle

of this draw a perpendicular line, as in the plate.. The boltfprit gene-

tally makes anangle of 34 or 35 degrees with the load-water line. Th
' D2 e
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The poop is pretty near parallel to the quarter deck ; the diftance be-
‘twixt them forward is 6 feet, and abaft 6 feet 3 inches. Itendsabout
18 inches before the mizen maft, the aft fide of which is 3 of the main
.breadth before the.rabbit of the poft upon the gun deck.

“The counter is.generally an arch pafling from the upper fide- of the
.wing-tranfom to the lower fide of the beam of the fecond deck. The
rake of the lower counter is 3 of an inch for every foot of the main
‘breadth. The rake of the fecond counter is 3.of the lower; its height
above the deck is 3 feet 5 inches. The hollow of the counters is altoge-
ther arbitrary, infomuch that fome give none to the lower. The vpright
.of the ftern rakes 2 inchesin a foot, as in the plate. :

The beauty of .a fhip depends much upon giving the wales a proper
‘hanging ; for by them the theer and drift rails are regulated, being all
nearly parallel to one another, though they generally rife a little more
abaft on account of the accommodations for the officers, It is this
which makes a fhip look airy and graceful in the water. There is no
.cestain tule for laying them down ; thisis left entirely to the fancy and
tafte of the artift; but in placing the wales great care muft be taken that
they be wounded as little as poffible by the ports ; the foremoft port on
the gun deck muft be 1 3 or 2 inches above, and the third port from
abaft juft touch the upper fide of the upper ftrake of the main wales,
The lower cdge of the lower ftrake may glance with the edge of the wa-
ter when loaded. There are two ftrakes of wales, and one ftrake between
them of 15 inches broad each. The range of the deck fhould be confi-
dered in placing the wales, fo that the fcuppers may be in the firake,
‘betwixt the wales. The like caution muft be ufed for the channel wales
s may be feen in the plate, where they are all laid down, together with
the fheer and drift rails; the rails, cheeks, and knee of the head are like-
wife laid down in the plate, and being for an ornament to the fhip, are
left to the fancy and tafte of the builder. Though the knee.may help a
fhipto hold a good wind, the fore part .of it is generally one twelfth
jJart of the length before the ftem. '

A CHAP.

k)
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-CHAP "IV
To lay drwn the Frames upon the Plane of Projetfion.

HAV'I NG thus explained all that is neceffary to be delineated
upon the plane of elevation, the next thing to be determined is
the different breadths of the 4hip at any affigned points of the length,
whereby we fhall gain the forms of all the planes that are made by fec-
. tions, perpendicular to the load-water line. The timbers that compofe
the body of a thip are fappofed to have their planes in that pofition, and
may be all'delineated upon the plane of the proje@ion ; but as both fides
of a thip are exa@ly the fame, it will fuffice to lay down thd half of each,
thofe of the fore-body on the right, and thofe of the after-body on the left
hand. And whereas thefe planes diminith afore and aft, the planes of all
the frames may be all delineated upon the plane of the midthip one,
which may be called the mafter-frame.. The firft ¢hing then neceflary
to be known, is how to form this frame.

The mid-fhip frame is that which is at the braadeft part of the thip.
The builders differ about the form of this frame, but there are feveral
preliminary operations which are neceflary to be obferved in all the dif-
ferent metheds ufed in forming it,

: Pre?iminarj Operations for forming the Midfbip Frame.

* Plate I, Fig. L and [1.] 1ft, Draw the line AB to reprefent the upper fide
of thekeel ; it muft be at leaft as long as the fhip is broad. This line our
author calls the line of aculement, becaufe upon it the aculement of the
midthip floor timber terminates.

2dly, Draw the line CD parallel and equal to A B, fo that AC and
BD may be equal to the rifing of the midfhip floor timber. This line
may be called the rifing line, becaufe it limits the height of the ends of
the midthip floor timber above the keel. ,
: 3dly, Draw the line G H, for the height of the lower deck, parillel to

“the former ; and below this, draw a line to reprefent the load-water line, -
taking its diftance below the deck line from the plane of elevation at the
midfhip frame. Draw alfo the lines IK and L M, the one for the fe-
«ond deck, and the other for the theer rail or top of the fide in midthips.

The height of both are to be taken from the plane of levation. };1
' ' : -4thly,



T o e B TR SRR T S—

22 Of the Plane of Projeition Cuar. IV,

4thly, Draw the line N O -perpendicular to A B; this is called the
middle line, and reprefents the middle line of the ftem and poft, dividing
the wholc fhip into two equal parts; and parallel to N O draw the lines
AL and BM, to limit the breadth ; alfo a line for half the thicknefs of
the ftem, and one for half the thicknefs of the poft. Draw the lings zx
parallel to N O, dividing the lines O A and OB into two equal parts.
Draw alfo the diagonal G B. - Thefe lines being drawn, we may proceed
to form the midfhip frame by fome of the following methods,

METHOD L

To form @ Midfbip Frame, that fhall be neither toq fharp nor too fat.

Plawe 111, Fig.1] 1ft, Divide the line ax, which marks the head of the
Hoor timber, into three equal parts ; fet off one from 4 to &,
""2d, Divide the line 4B, tgq diftance betwixt the load-water ling and
the upper fide of the keel, into feven eﬂhual parts ;. fet off one of thefy
f@!yw ¢, and from. ¢ to 7, and draw the diai?nal 4V, which divide
intq,two cqual parts i’ the poipt m  Note, the disganal, &\, is wiped
auf, after finding the point n. -

3d. Defcribe “an arch of a circle to, pafs thropgh the points 4 and ¢ 5

.....

‘make the radius the ‘Fl.m.k length and half the length of the ling B, fo

ound by defcribing ap arch. with that radius. from ¢,
and, ang flom, 4 to. ipterfe@, ong angther 1, A, we thall only. make ufe of
that part of this arch betwixt /and m. Nows, to find the other arches
md, la, an, n'V, it muft be obferved, that, in order to reconcile two
arches, fo as tamake 2, fair. curve, a firait line muft pafs through the cer-
ters of both, and through the points where they unite or touch one ano-
ther.; draw, therefore the lings Az and A J; fo fhall; & be the centes of
the arch md, and o thg center of the a;qh_/ 4, ' Again, through thecenger
o draw, the ling @0, produce it to P, which will b the center of the arch,
an. Laftly, from Pthro’ » draw the line E's, s will be the center of the. -
ipverted.arch n V.  Note, the center s will be,without. the Plate,
4th. To form the top timber, fct back,the tenth part.of the half breadth,
from. K to S, upon the ling of the fgcond deck s deferibe an asch of a,
circle thro® thie points 4 and S, taking 3 of the.whole breadth for the ra-
digs: Agsin, from the, point M, upon thie lipe. k. M, ¢t back the fifth part
of the whole, breadth to . Defcribe.an. arch of g circle thro’ the.points
Sand /, taking the diagenal G B for the ragius.  As. this arch is inverted
in refpe® of the arch 45, the center will bg withgut the figure. This,
compleats, the form of half the mid(hip fame, apd by.the fame operations
we may find the other half, - : . '
- It.muft be obferved, that there is no regard had to the round of the
béam in fetting off the deck line or depth of the hold. ME-

the. center. A, may be

w
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METHOD IL |
To deferibe @ Midbip Frame of a circilar Floor.

Plate I Fig.IL] From the center G, the pdiht where the middle line
interfe@s the deck line, makling thie half breadth the radiiis; defchibe the
arch 4, G, ¢, O: Let d be the head of the floor timber, and d x the rifing.
Affume the point f; according to what round you propofe to give to the
fecond futtock, and defcribe the drch 4 f; the center may be found as dis
rected in the preceding method: Divide the arch ¢ O into three equat
parts; fet off one from ¢ to g, and from the center b, deferibe the arch
d g ; there remiins only the inverted arch g Y to be defcribed 3 the center
may be found as before diretted. : ,

METHOD I
To draw a Mid/bip Frame which fball be full,
_ Plate IR. Fig. L] jft, Draw the rifing and deck lines as before ; let 4%
be the rifing. . . , ‘

2d. Make d 4 the fide of the fquare dbac equal to Cb the ; of the
breadth. ' : ..

3d. Infcribe the two quadrants ¢ eb, and ¢ f5, into the fjuare.

4th. Divide the fide ¢ 4 into a ¢ertain number of equal parts in the
points O, N, M, L a; draw the lines /1 L, b M, &c. perpendicularto a -

5. Divide the line CG, the depth of the hold, after deduting the ri-
fiog, into the fame number o%equal in the points E, F, I, K, and
make the lines Ep, Fg, I, Ks, in the frame, equal to the' lines O 4,
N n, M e, L m in the fquare, defcribe a curve through the points G, p, ¢,
7,9, 4, and the remaining part of the frame¢ may be defcribed by the pre-
ceding. méthods, e

' ' METHOD IV,

- To deferibe a Midfbip Frame for a very fbarp Ship.

PlanTIl. Fig. IV.] Let the length of the floor timbér be half the bréadth
as before, and the rifing one fifth or one fixth of the whole length of the
floor timber ; lay this off from x to E, and defcribe a parabola through
the points G, P, Q, E, of which the point G is the vertex, and G C the
axis. This method is extratted from M. Bougser, The. parabola may
be forted by the following method: 1. Through the point E drdw th
line T x perpendicular to G C, and thé lin¢ #E pérpéndicular to'A'G, anit

. ST ‘ - produce




24 ' Of the Plane of Profeétion.. . Cuar, IV,
produce-thie line CG to D. 2dly, Upon the line CD find the center of
_ a femicircle that fhall pafs through the points T, 4, and D, fo thall G D be
the parameter of the parabola, by which we may find any number of’
points through- which the curve muft pafs: \For inftance, fuppofe le were
required- to find a point in the perpendicular X P, through which the
curve muft pafs ; upon.the line G.D find the center of a femicircle which-
fhall pafs through the points D.and X; this will interfe&t the line A G in.
8, make 5P equal and parallel to G X, fo thall P be the point required ;.
in Jike manner, the points 2Q f may. be found. The semainder of the
ourve from JE. to y. will be compoled. of two arches,. the one to reconcile
with the parabola in.the point E, and the other inverted to pafs through.
the point. y ; the center. of. which. may be found by any of the preceding.
methods. In order to find the center of that which joins with the para-
bola, make T R equal to half the parameter G D, and draw the line E'R,.
upon which find a point §: for the center of the arch.

We might thew a great many more methods of defcribing this midfhip:
frame. It is very true, that great care ought to be had in forming this.
frame, becaufe upon it chiefly-depends the form-of-all the other tmbers ;
I fay chiefly, but not altogether ; for two fhips may be fimilar asto their
midfhip frames, and yet very. different afore and abaft; and though the-
artifts fhould make themfelves acquainted with all the different ways of
forming this frame, I {hould recommend that method to them which is-
the fimpleft, and which gives them the moft liberty to vary the form of:
it, according to every one’s particular tafte or fancy ;. and it is- very pofli=
ble there may be feveral other methods as eafy and plain as-thofe we have-
defcribed.  This frame being once formed, we may form all the reft uporr
the ame plane. We fhall, in the mext place, thew the different-methods-
ufed by the builders for that purpofe.

The ancient builders; notbeing acquainted with the methods of laying
down their defigns in a draught, found out 2 mechanic way of doing thiss
only by help of the midthip frame, which they might have formed by.
fome of the preceding methods, or any other contrivance of their own;.
and though this method is defe@ive in feveral points, yet as it'is an inge~
nious contrivance, we fhall give it a place here..

METHOD L
Of forming the Timbers by a Mould made ts the Midfbip Frame ; a rifing
Staff and overcaft Staff. |

Plate 1L Fig. VIL] 3ft, Having formed the midihip frame, and fet cff ite.
fcantlings, make a mould to fit both outfide and infide, which may
called the bend mould. . : .
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- 2d. Draw the hine Z x tolimit the head of the floot timber at &; let d .

be the rifing, and draw the line 2 % ; let # be the height of the rifing line:
abaft, and draw the line 4 £ to reprefent the floor heads, or floor ribband.
Set off 4 x: from d to H ; and frome, the head of the firft futtock, to.6,
and divide each in fix equal parts, being the number of frames from
midthips to the balance frame.

3d. Divide theline 4 % into five equal parts, and fet off -twa of them
from ato S; divide the line 2§ into the fame proportion, that the part
A 6 of the bafe A C of the right angled triangle (Fig. 5.) is divided into,
and transfer thefe divifions to the bend mould, and let them be numbered
o, 1,2, 3, 4, §, 6, which. points will give the narrowing of the floor, as
we fhall thew, after conftructing the triangle. We fhall only remark,
that the line 2 S, which is ¥ of @ #, is nearly the difference betwixt half
the length of the midfhip floor timber, and half the length of the floor
timber at the balance frame. But as this appears to be too much, we may.
take 3 as in‘the figure, or any other quantity which fhall be thought

- - moft convenient.

To conflruét the Triangle, Fig.. 5.

Upon the line A-C, drawn at pleafure, fet off any diftance from A to 1,
and double that diftance from 1 to 2, tseble from 2 to 3, and fo on'in
the fame progreffion till we have as many divifiens on the line A C as
we propofe to have frames abaft the midthip. Ere a perpendicular at
A, which may be produced at pleafure, and from any point B draw lines
to all the divifions of the bafe A C. Obferve, that though inthe triangle
we have.drawn a line for every frame to the fathian piece, we thall only
make ufe of fix, thiere being fo many to the balance frame. The triangle
being thus conftru@ed; apply the line 4 S to it, in fuch a manner, that it
may be parallel to A C, and be contained betwixt the lines B A and B 6,
the lines drawn from the point B to the points 1, 2, &¢. will divide it
into the réquised. proportion. . -

" Do confirult the Rifing Staf, Fig. 5.

"' This ftaff K L mdy be of the fame breadth with the keel, and a Tittle
longer than a#, the height of the rifing of the floor. In order to graduate
that ftaff, fet off x «, the rifing of the midfhip floor from K to o, and
make o L equal to 4 #; apply theline oL to the triangle, fo that it may
be parallel to the bafe, and éontaing betwixt the lines A B and B C the

. ' 'lines.

L
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lines fram the point B to the feveral points in the bafe will divide it into
the required proportion, which will give the rifing of the floor.

Note, Qur author calls x v the acculement, and u d the rifing ;5 the line

u 8 will pafs through the point where theinverted arch joins the floor fuweep.
Yo conflruct the over caft Staff, Fig. 5.

~ That we may have zclear underftanding of what is meant by over<
caft, it will be proper to obferve, that in forming the frames by the bend
mould, when itis fet to the narrowing of the floor, the head of the
mould will come too far in at the deck ; the mould muft therefore be
moved round upan the point which reprefents the floor ribband, till the
head goes out to the ;proper breadth ; this will occafion the lower part of
the mould to rife a certain quantity, which is called the over-caft. In or-
der to graduate this ftaff we muft determine the difference betwixt the
main breadth at the midfhip frame, and at the balance frame, which fup-
pofe DF, let this ‘be placed parallel to the bafe, and contained betwixt
the line BA and B 6 ; fo fhall the lines B 6, B 5, &¢. divide it into the
required proportion. :

Thefe arc the inftraments that are neceflary for forming the after
frames, thofc for the fore part are conftrad@ed in the fame manner, only
the graduations for thefe are but halfthe graduations of the former, for
which reafon there muft be another bend mould gradvated for the
forebody. - : ,

Now, in order to form the framos by thefe infiraments, place the bend
mould upon the rifing ftaff in fuch a manner that the middle line of the
flaff progxc:ced. may pafs through the narrowing of the floor upon the
bend mould, expﬂ:ﬂfd by the divifion correfponding to the frame to be
. formed; - fuppofe frame 6, (Fig. 7.) the lower or Rrait part of it
expreffed by the detted line in the figure being applied to the ri-
fing ftaff, till the middie line B 4 pafs through the divifion 6 on the bend
mould : mark by the edge of the rifigg ftaff the point 6, which exprefies
the rifing of the floor at that frame. Set up the over caft (exprefled by
the fpace contained bétwixt the points § and 6 vupon the over caft ftaff)
from the lower part of the bend mould to the point 6 upon the line Ba;
then keeping the point 4 immoveable, twrn the hend meuld upen this

int till the lower part rife to the aver caft at the point 6, wpon the line

a, and when ip this pofition we may defcribe the curve to the floor
head, and then invert the bend mould, and ‘Placing.the, peint 6 (betwixt
4 and H) to the point fet off before to exprels the rifing,j turn the moﬂg

B e ——
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till the firait part touch the curve before defcribed, and then draw the
lower part, which compleats the frame.

‘This is the method that is ufed when they mould the timbers, and it
may likewife be ufed to lay them down upon a draught ;. for i the line
au of the bend mould (Fig. 8.) be laid upon the line AV, we may,
when in that pofition, defcribe the midfhip frame from the point d
to the point x. In like manner we may deferibe all the reft of the
frames, by giving each its proper over-caft and rifing; as for inftance,
if it were required to defcribe frame 6, take the rifing K 6 upon the
rifing {taff, and fet it off from the point B to the point 2 upon the
line B G, and draw a line through the point & parallel to A V, upon
which laying the bend mould in fuch a manner that the point 6,
which exprefies the narrowing of the floor, fhall be upon the point 4;
then will the point 4 be upon the point R: Set up the proper over-caft
from a to.6,and keeping the point 4 immoveable, pufh up the bend-mould,
which at ficft was placed at the peint 4, till it be raifed to.the point 6, which
will throw oat the point & te the proper breadth at the deck. But be-
caufe the deck is higher at timber 6 (t’g(an at the midthip frame. Take
the diftance betwixt ¢ and 6, at the head of the futtock on the bend
mould, and fet it up from x to 6, and then inverting the bend mould, fo.
that the point 6. betwixt 4and H be at the point X, and the ftrait part of
the mould touch the curve before defcribed : we may then defcribe the
lower part to the point X, which compleats the whole frame. The tim-
bers for the fore body may be defcribed by the fame procefs as thofe of
the after body, only making ufe of the bend mould, rifing, and overcaft
ftaff, graduated for that purpofe ; but, as we obferved before, we cannot
lay down any timbers by this method, but thofe betwixt the midthip and
ballance frame, ‘ »

The builders finding how very advantageous it would be for them to
form all the timbers upon the plane of the projeQion, becaufe they could
then at on¢ view fee how they would compare one with another, have
tried feveral expedients to perform this, of which I might inftance ten or-
twelve, but thall content myfelf with explining thre¢, which may be
fufficient for thefe purpofes, in order to which 1 thall ficft thew another
method of forming the midibip frame, different from thofe we have
fhewn before. :

. Ht. Draw the rifing deck, and load-water lines, and fet off

Blate III..th. ® the length of the ﬂoo% timber as before. -
2d. Take one fourth of the length of the floor timber, and fet it off
from O to 4, upon which ere& the perpendicular d¢, and divide it intd
two equal parts in the point e, E2 3d,
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3d. Defcribe an arch through the point 4, the head df: the floor tim-
ber, and the point ¢, taking for the radius the diftance from the upper
.edge of the keel to” the port-fells, or alittle more or lefs, according to
what round you propofe to the floor head. T his determinesthe rifing of-the
floor timber, and with the radins O./, half the length-of:: the floor timber,
«defcribe the arch e Y, which determines the aculentent of the floor timber.
.4th. At the point/, the middle of. the line A O, ‘erect the perpendi-
cular /7 ; and at the point #, the middle of the line ‘A /, ereét the per-
pendicular 70; erect alfo the perpendicular p-g at the middle of-the line
A 7n; and another rs, at the middle of the line A #; and laftly, another
2 u, at the middle of the line A r. o
_ §th. Take the diftance / z, which fet:off on the line n'0 from »'to =
and on the line p g, from p to g; then taking the diftance from ato g,
{et that.off from p to y ; again take the diftance p y, which fet off from
7 to.b, and the diftance 62 from rto F ; and laftly take the diftance r F ,
which fet off from ¢ to E, and then the diftance E a from ¢ t6 X, a curve
pafling through the point g, z, y, F, X, T, will form the miidthip frame un-
der'water. We may shsrifet off half the thicknefs of the poft and ftem
on each fide off the middle line, and form the reft of the timbers ; thofe
for the fore body -on the right, and for the after body to the left of the
-middle line. , o o
Pueqt. Wt Tolaydowa the poft.upon'the plane of proje@ion, take the
.+ difference-of the-draught of water abaft more than in midthips, as
marked on “the plane of elevation (Fig. 2.) fet-oft this from F'to ¢,
(Fig. .i.) and draw the line 4 ¢ parallel to A B; takealfo K F, the height
from the plane of elevation, which fet off from ¢ to r, fo thall the point »
be the head. of the peft. ,
2d, To lay down the wing tranfom, take its height from the plane of
elevation, which fet up on the plane of proje&ion to £, and draw the line
&/ perpendicular to ltlgc middle line, fo g f reprefents the upper fide of
the wing tranfom, without regarding the round wp or the round aft. Tike
alfo. the height ofthe rifing line upon the poft from the plane of elevation,
which fet off from e to-G.
3d. To form the fathion piece; take upon the plane of the projeétion
n G the height.of the load-water line, above the rifing line upon the
poft, which fet off from 7 to 0 upon the water line ; take alfo GP, the
diftance betwixt the rifing line and lewer deck, which fet off from P.te
¢ upon the deck line, and defcribe a circle through the points £; ¢, 0. There
is a problem.in geometry to find the center .of this arch. Note, the ‘point
g-may. be taken further out or in,.as you defign a lank or-full fathion pi{ctce.
. L . . Laft] Iy
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Laftly, defcribe the arch v G ; the radius of this arch may be the main
half breadth ; fo fhall £, ¢, 0, G, be the form of the fathion-piece, which
amay be varied according to the fancy of the artift, by altering the centers.

Having thus formed the mid(hip and after-frames, we fhall, in the next
place, ‘thew how to fpace the ribband lines, which are reprefented by the
diagonals in the figure ; but it will be proper to remark, that the ribbands
are thin narrow planks, which are made fo, that they may eafily be bent
to the timbers. Thatwhich is nailed to the poft at the height of the rifing
line, and to the midthip frame, at the end of the rifing of the floor timbers,
is-called the floor ribband. That which anfwers to the wing tranfom and
to the height of the lower deck, on the.mid(hip frame, is called the breadth
ribband ; all the reft betwixt thefe two are called intermediates.

From the point H draw the line HG for the floor ribband, and from
the point T draw the curve T, E, ¢, p for the breadth ribband, and draw
the two intermediates betwixt them, fo that by them the curve of the
midfhip frame and fathion piece may be divided.into three equal parts.

Now, it is wery plain, that.if the ribbands had a proper form, and nail'd
at the :proper heights and pofitions, they would compofe a kind of a
model, by which the circular form of every timber might eafily be dif~
covered ; but as we have only the extreme points ofg each given, we
cannot_from thence forn fuch a curve as thall be neceflary. We muft
therefore find a method to form fome intermediate timbers betwixt the

mid{hifp and after one, and thereby form the ribbands fo that they fhall
. make fair curves. There are fome preliminary operations which are ne-
.ceffary towards performing this. :

1t. To confirut an_equilateral Triangle for tbe Progreffion of the
Erames in the After-Body.

, From the point M fet off any diftance to 1, upon an
Plate V. Fig- I oy line, an%o from 1 to 2 treble that diftance, fror?xo 2to §
five times that diftance, fram 3 to 4 feven times that diftance, and proceed
in that progreffion, increafing the fpaces betwixt the figures by equal
differences, v7z. double the diftance betwixt.M and i1, till we have as -
many divifions lefs one as there are frames betwixt the midthip and poft,
mncluding that of the midfhip and poft ; and becaufe there ase nine frames
the line muft confift of ten divifions, from the point M to the point E. Let
-them be numbered 1, 2, 3, &c. make M E the:bafé of.an equilateral trian-
gle SME, and draw the lines § 1, § 2, &¢. obferving to produce them
all till the diftance betwixt the lines S E and S 9, upon-a line parallel to

:the bafe, be at lealt equal to the. diffanee betwixt the frames in thg plane
: : : , of
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of elevation. 'The line SM reprefents the midthip frame, and the liné
S E, the poft, and the nine intermediates reprefent the nine frames be-
twixt the midthip and poft.

In order to give us a clear underflanding of the ufe of this triangle, it
will be neceflary to remark, that the midthip frame being that which ine
clofeth the greateft fpace, and the aftermoft that which inclofeth the leaft,
it will follow, that the intermediate frames will partake of the form of
each, but moftly of that to which they are neareft; yet they will fill
retain a little of the form of each. Hence, when the intermediate frames
are all formed, their curves will divide all the diagonals, drawn in the
plane of projeQion, into as many parts as there are frames; and all the
methods the builders have invented ferve only to divide them into fuchr a
proportion as fhall produce the faireft curwes.

Now, if the proportion pitched upon for that purpofe, beas 1,3,5,7,9,
&c. then they muft all be divided into the fame proportions as the bafe
of the triangle is divided into; and this may be performed very readily,
only by taking the length of each diagenal from the plane of the projec-
tion, and :fpplyi’ng it to the triangle in fuch & maaner that it thall become
the bafe of an equilateral triangle ; as for inftance, te divide the firft ine
termediate diagonal, take the length of.it in the plane of proje@ion,
(Plate 1. Fig. 3.) and fetit off from the point S to m and 2 on the fides
of the triangle SM and SE ; and draw the line m £, which being parallel
to the bale of the triangle, will be divided into the fame -proportion.
In like manner, all the reft of the diagonals may be divided; but as
the builders are not agreed as to the precife form of a fhip’s bottom, fome
chufe to divide the bafe of the triangle into another proportion ;. others
again, in applying the diagonals to the triangle, give them different incli-
nations to the line M'S. It would be very proper to try feveral of thefe
methods, .by which means we might difcover which would be moft con-
venient; and after all the diagonals are divided into as many points as
there are frames, curves paffing through thefe points will determine the
form of all the frames from the mid(hip to the poft. It enly remains to
- fhew how to end each frame upon the poft. It was before obferved, thas
the keel is not parallel to the furface of the water, fo that it will ba
very cafy to conceive that the height of each frame, taken from the up«
per fide of ¢the keel, upon a perpendicular to the furface of the water,
will always increafe, the nearer the frame is to the ftern poft. Now,
g K is what the keel is deeper abaft than at the midthip frame ; and to find
how much any frame abaft exceeds that of the midhip, fuppofe the firft ;
.take thg diftance betwixt the line g G and K I at that frame, from the plane

of
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of clevation, (Plate 11.) which fet off from F towards 4, (Fig. 3.) and at |

that point draw a line parallel to ¢, which will be the firft frame upon the
keel. In like manner we may draw lines parallel to de, for all the reft, as
in the figure, which will determine their heights from the upper fide of
ghe keel to the furface of the water. -

It muft be obferved, that the diagonals in the plane of the projedion,
‘which end on the fathion piece, muft likewie.end on the fathion piece on
the plane of elevation ; we muft therefore draw the fathion piece on the
plane of elevation. Thus, take the diftance of the point G, in the plane
of the projeion, from the upper fide of the keel, which fet off upon the
ftern poft in the plane of elevation to the point b ; through #, the rabbit of
the wing tranfom, draw the ftrait line 5 M, which will reprefent the fathion
piece on the plane of elevation. Now, as only the loweft diagoaal ends
apon the poft, in the plane of proje&ion, which in the plane of elevation
ends at b, fo the other diagonals that end upon the fathion piece, muft
likewils end ‘an the fathion picce in the plane of elevation. Their
height muft therefore be transferred from the plane of the projetion
1o that of the elevation; fo the fecond diagonal will end at the paint P,
upon the fathian piecein the plane of elevation. In like manner all the
reft may be transferred to the plane of elevation ; and as the line that re-
prefents the fathion giece upon the plane of elevation'sakes aft, this will
occafion the line P 8, which is perpendicular to the line that reprefents
frame ¢, to exceed the line 5 M. dn the triangle, the line S M reprefents
the midfhip frame, and the line SE the poft; that is, if the point where
the ribband ends on the poft, be equally diftant from frame g, that frame
9 is from frame 8. Naw, as M 5 is longer than M L, we muft draw the
dine S D without the trianil:, which is to be ufed inftead of the line SE,
when we come to apply the diagonal H'G to the triangle ; for the point
# muft touch the line S M, and the point G the line SE. To find the
point D, take ML from the planc of elevation, and apply it to the
triangle, fo that BC (hall be equal to it, and parallel to R’IE;’ it muft
alfo be contained betwixt the line S 9 and SE. Then take A M, and fet,
it off from B, which will give the peint D. 1In like manner the line SF
muft be ufed, when we divide the diagonal MK ; and to find the point F,
fet off P S, in the plane of elevation, from B to F in the triangle ;and draw
the line SF. In the fame manner there muft be lines drawn for everp
Plate V. Fig.1] diagonal without the line S E ; fo the line SE is not ufed

' * 7% ™ in dividing the diagonals. Let it be further obferved, that
in applying each diagonal to the triangle, it muft not only be .contained
betwixt the line S M, and the line correfponding to the diagonal, which is
o be divided, but it muft likewife form a certain angle with the line M S,

that
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that is, with- that part of it which is intercepted betwixt the diagonal and
the point S. Thefe which a{{)pcar to me to be propereft for that pur-
pofe are as follows: The firft diagonal to make an angle of 60 degrees ;
the fecond 621, the third 68, the fourth 86, the fifth 65, the fixth 60 de-
grees; but the artilts vary thefe angles according to the form they defign
to give to the timbers ; nay, fome draw them always parallel to the bafe
of the triangle. .

Our autbor then proceeds to the forebody, and forms a triangle, the bafe
of which be divides in the fame manner as that already defcribed, by which
be divides each diagonal,  He likewife fhews bow to fpace the diagonals upon
the flem ; but as the artifts leave us 5[0 much undetermined as to the angles
that each diagonal is to make with the line S M, when they are applied to
the triangle, it will be very difficult to apply this method to practice. So
we prefume it will be needlefs to fay any more on that bead, judging what
bas been already faid fufficient to give our readers an idea of the principles

on which the method is grounded ; we fhall proceed therefore to the next me-
thod be propofes.

To form the Timbers by a Qyarter of a Circk. Plate IV, Fig. 2, 3.

1ft. Form the midthip frame, the fathion piece, the foremoft timber,
alfo the two balance frames, by fome of the preceding methods. Noze,
Thofe who make ufe of the following method of forming the reft of the tim-
bers, are fuppofed to be previoufly acquainted with the manner of Sforming
the midfbip ffime,. &c. '

2d. Space all the diagonals for the ribbands as direGted in the pre-
ceding method.

3d. From the center A, with any radius, defcribe a quarter of a circle,
and divide it into (0 manY equal parts, that there may be a point for each
timber to be formed, and draw the radii A 1, A 2, &c. to A g, fo we fhall
have one for each frame.

4th. Take a4, the firft diagonal, which fet off from the point A
upon the line AC, to 1.

sth. Take a ¢, the diftance upon the lower ribband, betwixt the poft
and balance frame, which in the plane of projection is the 6th frame, fet
off this diftance upon a perpendicular erected upon the line A B, to in-
terfet the radius A 6, in fuch a manner that the perpendicular G 1 fhall
be equal to ac. '

6th. Produce the line C A to F, and upon this line find a point, which
fhall be the center of a circle whofe circumference fhall pafs through the
point 1, before marked upon the line A C, and the point 1, now marked
upon thé radius A 6; defcribe the arch through thefe two points to the
.point 1 on the line A B, :
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7th. Let fall perpendiculars to the line A B from the points where the
arch 1, 1, 1, interfects the feveral radii. Transfer thefe perpendiculars to
the line 2 4, which will divide the lower diagonal into the points through
which the curves of the frames muft pafs.  Nore, tbe perpendiculars are
" mot drawn, to aveid confufion.

After the fame manner all the other diagonals are graduated, firft by
taking the whole length of each diagonal, and fetting them up on the
line AC, from the point A to the points 5, 4, 3, 1, 2, and fecondly, by
taking the feveral diftances upon each diagonal intercepted betwixt the
after frame and the balance frame, and applying them feverally to the ra-
dius A 6, in fuch a manner that they fhall be contained betwixt the radius
A 6 and the line A B, upon the perpendiculars let fall from the points

, 4 3» 1, 2. And, thirdly, by defcribing arches through the points in the
fine A C, to pafs through the Foints of the fame number upon the radius
A 6, whofe centers are in the line AF; the arches to be produced to in-
tetfect the line A B in the points 3, 4, 3, 1, 2, will interfe all the radii ;
the perpendiculars let fall from the ingerfections of the radii with the arch
correfponding to each diagonal, will divide that diagonal into the points
through which the curves of the frames muft pafs.

The diagonals for forming the framesin the fore body are divided into
the points through which the curves muft pafs by the fame operations,
enly obferving that frame 4 is the ballince frame for the fore body.

©

"CHAP W

Of ihe Projetions on the borizontal P es, and of the Water
and Ribband Lines on the Plane of Elevation, and that of
the Projettion. S

‘ x T AT ER Lines are defcribed upon a thip’s bottom by the fur-

face of the watar into which fhe fwims ; that which determines
how much is under water when fthe is loaded is called the load-water line.
Now it is plain, that if a thip is lightened, the will rife higher out of the
water ; and if fhe be lightened fo as to rife equally afore and abaft, the
furface of the water will then form another water-line parallel to the load-
water-line. - Again, if the fhip is lightened more, fhe will ftill rife higher ;
and if the fame difference ftill continues betwixt the draught of water abaft
and afore, we fball have another water line parallel to the two former ;

fo
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fo that by this means we may defcribe as many water lines as we pleafe,
all parallel ta one another. _
In order to form an idea how thefe lines are seprefented oa the different
‘plancs, let us fuppofe a (hip upon the ftocks upon a level ground, and her
keel in the fame pofition, with refpet to the horizon, that it is to be in
the water when loaded ; we may then deferibe feveral black lines upon the
thip’s bottom, which may be wﬁitcned for that purpofe, all parallel to the
horizon: Thefe will all be water lines, . '
Now, if a {peCtator be removed at any confiderable diftance from the
fhip upon a line in the fame direction. with the keel, all thefe black lines,
which were drawn npon the fhip’s bottom, parallel to the horizon, and
which are actually curves, will appear to him all firait lines, becaufe he
fees them all upon a plane formed by a fe@ion pafling through the mid-
fhip frame perpendicular ta the keel. . Hence the water lipes wild be re-
prefented by ftrait lines ypon the plane. of the projedtion. = .
Again, if a fpeQator is removed at any coafiderable diftance from thg
Thip upon a line perpendicular to the keel, fo as to fee the whole length of
the fhip at one view, the water lines will then appear to him ftrait lines,
becaufe he fees them upon a plane ere@ed perpendicular to the horizon
upon the middle line o? the keel. Hence the water lines will be repre-
fented by ftrait lines upon the plane of elevation,
' But if the fpeGtator be fuppofed to be placed underneath ths middle of
the fhip, at any confiderable depth, in a line perpendicular to the level
ground, he will then, viewing the thip’s bottom upwards, difcqyer the
curvings of all the water lines. Thefe carves are all projected upon a
plane, which we muft imagine to be formed by a fection of the fhip
through the load-water line, and we are. naw to fhew. how. thefe are
. farmed. . co T S

To form the Water Lines upon tbe.Ho.r;"zont:al Plane.

Let the water lines to _be formed be reprefented in the plane of the
proje@tion by ftrait lines, all’ parallel to.one another. Thefe will be re-
prefented by the ftrait lines in the plane of elevation. Suppofe g7, s¢,

“bx, and T V, all parallel to one another, and the fame diftance from the
load-water line T V that the lines which reprefent them in the plane of
tl])e proje@tion are from it. - In'order to form thefe upon the horizontal
plane, o '

ift, Take half the thicknefs of the poft from the plane of the projecs
tion, and lay it off on the horizontal plane from A to E, and through the

. point
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point E draw the line E s parallel to AB, five or fix feet long; lay off
the fame diftance from B to F, and thro’ the point F draw a line F R pa.
rallel to A B, five or fix feet long.

2d, From the points where the water lines interfect the ftern poft upon
the plane of elevation; let fall perpendiculars. In like ‘manner, let fall

rpendiculars from the points where the water lines interfect the ftem.

3d. Take upon the water lines, in the plane of the projection, the fe-
veral diftances intercepted betwixt the middle line and the curve of the
mid(hip frame, and lay them off from the line A B in the horizontal plane,
upon the perpendicular that reprefents the midthip frame. Take alfo
from the'p'gzc of projeGtion -the feveral diftances intercepted betiwixt the
middle line and the curvings of the other frames, and lay them off in the
horizontal plane from.the line A B, upon the perpendiculars correfpond-
ing to their refpetive frames, both in the fore body and after body, and
curves pafling through all thefe points will give the true form of all the
water lines; they end forward at the points where the perpendiculars
interfe&t the line F Ri .The. water lines abaft which end upon the poft in
the plane of elevation, will énd where the perpendiculars interfect the
line E s upon the horizontal plane. But the 3d and 4th water lines can-
not end upon the poft, by reafon of the fathion pieces; and in order to
6ind the points where thefe fhall end, we muft proceed in the follawing
manner. . ,

To find the point where the load-water line ends, let fall a perpendi-
cular from the gc]ﬁnt k, where it interfe@s the fathion piece on the plane
of elevation, to N. Take from the plane of the proje@ion upon the line
that reprefents the load-water line, the diftance betwixt the fathion -piece
and the mid-line ; lay this off upon the horizontal plane from the line AB
to the point N, which will end the joad-water line upon the horizontal
plane, -from whence it may be drawn to g; fo £ N will be the flat of
the Tuck ; and to find the point g, draw a line parallel to 2N thro’ the
point where the line T V cuts the rabbit of the poft, which will give
the point g.  We may, after the fame manner, find the ends of the other
water lines that do not go to the ftern poft for a fquare tuck.

To form the Ribbands upon tbe Horizontal Plane.

We obferved before, that the ribbands where thin planks nailed to all
the fames from the poft to the ftem; and that when they are carried
round, fo as to make fair curves, the form of all the filling timbers may
be by them determined. Thefe f}l}ing timbers are to be placed betwi}.vt
L 12 R the
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- the frames, which were methodically laid down in the draught. “We fhall
here further obferve, that thefe ribbands will round two ways, one in a
vertical, and one in an horizontal fenfe, occafioned by the nature of the form
of the fhip’s body ; for they will, in carrying them about, natusally fly
higher abaft and before than they are in midthips, which gives them a
vertical curve, and the narrowing of the thip’s breadth from the midfhips
both ways, gives them the horizontal curve ; thence they will be repre-
fented by different lines on all the planes. -

‘They are reprefented upon the plane of the projection by ftreight lines;
all but the breadih ribband, which is ufually reprefented by a curve; but
upon the plane of elevation, and that of the horizon, they will be repre-
fented by curves. The reafon of thefe different appearances arifes from
the different fituations in which they are fuppofed- to be viewed, as was
obferved in refpect of the water lines. .

Now, in order to comprehend the relation betwixt thefe horizantal
curves, and the lines that reprefent them upon the plane of the projeion,

_it will be fufficient to remark, that thefe horizontal curves refult from the
different lengths of the perpendiculars that are fuppofed to be drawn in
the. plane of the projection, from the points where the lines that reprefent
the ribbands interfe& the frames, to the middle line. Hence, if the
lengths of thefe perpendiculars are transferred to the lines correfponding to
each frame in the horizontal plane, we thall have the points thra’ which
the curve that forms the ribband muft pafs. ' ' ,

. But if thefe ribbands are to be reprefented upon a plane placed in an

oblique pofition to the horizon, that is to fay, a plane that has the fame
inclipation to another plane ereGted perpendicularly upon the middle line
of the keel, that the line that reprefents that ribband, has to the middle
line in the plane of the prejection ; in that cafe, they will have a quite”
different form from what they have upon the plane of the horizon.

Now, to conceive the relation betwixt thefe and the lines that reprefent
them upon the plane of the projection, it will be fufficient to remark, that
if the feveral diftances taken upon each diagonal intercepted betwixt the
middle line and the points where thefe diagonals interfe¢t the curves of
the timbers in the plane of the projection ; I fay, if thefe be transferred
to the lines that reprefent thofe timbers, we {hall have the points thro”
which the curves that form the ribbands muft pafs. :

Again, if thefe ribbands are to be reprefented upon the plane of eleva-
tion, they will have a different form from any iof the fgrmer ; to find
which, we need only take the perpendicular diftances from the points
where the diagonals interfect the curves of the timbers jn the plane

‘ of
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of the projeftion to the line that reprefents the upper fide of the -keel,
and transfer them to the plane of elevation, fetting them up from the up--
per fide of the keel upon the line correfponding to the timber, from
which they were taken upon the plane of the projection. This will give
us the Points thro’ which their curves muft pafs.

- Having thus given a general defcription of thefe curves, we fhall now
proceed to defcribe them upon the different planes.

To deféribe the Floor Ribband upon the Plane of Elevation.

1ft. Take the perpendicular diftance betwixt the point 2, where the
diagonal interfeCts frame ¢, and the lower water line in the plane of the
projection.

2d. Set up thisdiftance from the point S, where the lower water line
interfe@s frame g in the plane of elevation, and we fhall have a point G,
thro’ which the turve muft pafs.

Now, it is Klain, that we may, by repeating the fame operations, have
a point in eagh frame, -thro’ which the curve of the ribband muft pafs
upon the plane of clevation. - After the fame manner are all the other
ribbands formed, ' ‘

, .
Ty defcribe the Ribbands upon the Horizontal Plane.

The breadth ribband is formed by transferring the lengths of all the
perpendicuars that are fuppofed to be drawn from the points where the
curve that reprefents this ribband interfes the timbers, to the middle line
in the plane of the projection : This curve, in the plane of the projection,
is drawn from the breadth in midthips to the extremity of the wing
tranfom. ‘

1ft. Lay off the length of the wing tranfom upon the perpendicular N L.

2d. Take the length of the perpendicular drawn, from the point
where the curve that reprefents the breadth interfe@ts frame g, to the
mid-line in the plane of the proje@ion; lay off this from the line A B
upon the perpendicular reprefenting frame ¢ in the horizontal plane, ta
the point S, which will be one of the points thro’ which the curve of the
ribband muft pafs. . We may proceed in the fame manner to find points
upon all the perpendiculars, both™ afore and abaft, fo fhall the curve
L,S, Q, 1, be the form of the breadth ribband. But to compleat this
ribband, the round aft of the wing tranfom mutt be fet off,

' 2o
. - et
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To_form the Oblique or Cant Ribbands.

We obferved before, that thefe ribbands could not be formed either
upon the horizontal plane or that of elevation, upon which account they
were feldom drawn, becaufe each muft be drawn upon a feparate plane.’
However, thofe who incline to draw them may ufe the following method :

Let it then be required to form the firft ribband reprefented in the
plane of the projetion, by the diagonal HG.

1ft. Produce line H G to the point p in the middle line upon the
plane of the projection. T

2d. Take the height of the point p above the line that reprefents the
upper fide of the keel in midfhips, in the plane of the projection ; fet up
this from the fame line in the plane of elevation, on a perpendicular, upon
the poft, from which point let falla perpendicular to the point F in the
line CD, and produce all the perpendiculars that reprefent the frames to
the line CD; fo F Q_will be the axis of the ribband from the poft to
the midthips. .

3d. Take upon the plane of the proje@ion, in the line H p, the diftance
2 G, which fet off upon the perpendicular from the point F to £, '

4th. Take the diftance on the diagonal from the point p in the middle
line to its interfeCtion with the frame g. Set off this from the line C D
upon the perpendicular correfponding to frame ¢ ; this will give us a -
point thro’ which the curve muft pafs. Do the fame for all the other
frames to the midfhip.

In like manner the curve for the fore part of the ribband is formed
from the interfections of the diagonal 4, 5, with the curves of the frames
in the plane of the proje@ion ; but it is evident, this is a different plane
from that of the line Hp; therefore we muft have a different axis for
the curve of the fore part of the ribband. 1In order to which, take from
the plane of the projection the diagonal 4, 5; fet off this from the point
O to Z, and draw the line ZX panallel to CD. We muft likewife
take the height of the point 4 in the plane of the proje@ion, and fet it up
on the ftem; from which point letting fall a perpendicular to the line Z X,
we fhall limit the fore end of the ribband. The points thro’ which the -
curve muft pafs will be found the fame manner as thofe for the
after-body. . ‘

- The huilders make ufe of the cant ribbands to find the bevellings of
the timbers ; for we muft reprefent each frame as one intire piece of cir-
cular timber, and being all faftened to the keel they form the fide of the
fhip. They are {quare upon the upper fide of the keel; but bec&l:lg
o t
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both the autfide and infide of the fhip’s fides, length-ways, form curves,
it is plain, that the fe@ions of any of the frames, the midthip only except-
ed, will produce a furface in the form of a lozenge or rhombus ; the an-
gles which are formed by thefe feCtions are what are called the bevellings
of the timbers.

The thip-wrights take thefe angles mechanically by an inftrument cal-
led a bevel; thusthey draw, upon the plane of the ribband, a line parallel
to that which reprefents the frame, and diftant from it the whele breadth
of the timber ; and applying the ftock of the bevel to the line that re-
prefents the frame, and the tongue to the ribband, they have the quantity
of the angle which farms the bevelling of the timer at that place.

* It is plain the angle 4, 4, ¢, which points to the midfhip frame, will be
obtufe, whereas the angle 4, 4, d, which points to the poft, will be acute.

Now, as every timber has two planes, that which points to the mid-
fhips will have what they call a ftanding bevelling, and that which points
either to the poft or ftem will be under bevelling, .

We fhall {hew in another place how the modern builders, by putting
the frames in an oblique pofition to the keel afore and abaft, leflen the

bevellings.
CHAP VI

* Another Methad of laying down the Horizontal ?I;zm, .and
. the Plane of Profeétion. - |

H OSE who are well verfed in the art of drawing have taken a
.method quite different from any of thofe we have defcribed, which
fhall be the fubject of this chapter. , - _
After forming the plane of elevation, and drawing all the perpendiculars
for the frames, as before, the following method muft be gbferved :

L :
Yo lay down the Breadth Ribband on the Horizontal Plane.

“'The extremities of it on the ftem and poft, and the point thro’ which’
it is to pafs on the midthip frame are found as directed in the preceeding
chapter. It remains now to find the points in the balance frames, thro’
which itisto pafs.” . : . o '

To find the point in the fore balance frame take i<+ parts of half the
main
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main breadth, which fet off on the line that reprefents that frame in the
horizontal plane from K to L.

To find the point in the balance frame abaft, take 3+ parts of the half

of the main breadth from M to N. It will be neceflary to have another
oint in the fore body, thro’ which the curve muft pafs; for which pur-
pofe ufe the following method :

Divide the fpace contained betwixt the line that reprefents the balance
frame afore and the rabbit of the ftem, into two equal parts, and draw the
line 0 p, on which fet off the 16oth part of the main breadth, which
will give the point p, thro’ which the curve is to pafs. It muft be ob-
ferved, that the proportions for finding thefe points may be varied accord-
ing to the form we propofe to give to the ribband. After the points
H, N, Q,L, , s are thus fet off, we may defcribe the curve either by
moulds or penning battens.

IL
0 lay down the Floor Ribband on the Horizontal Plane.

1ft. The height of this ribband muft be determined both upon the
poft and ftem, from which points letting fall perpendiculars, we fhall have
the extremities of it on the horizontal plane, obferving to allow for
the rabbit.

2d. Take half the length of the midfhip floor timber, and fet off on
the line that reprefents the midthip frame on the horizontal plane from a
to s, which will be the point thro’ which the curve muft pafs.. .

3d. Take ;¢3 of the line 4 s, the breadth at the midfhip frame, and fet
it off on the balance timber afore, from K to T, and fet off ;43 of the
fame line, upon the balance timber abaft to V, and draw the curve thro’,
the points G, V, §, T, R.

: IIIL.

To lay down the after Balance Timber upon the Plane of Projection.

1ft. Produce the line which reprefents it on the horizontal plane to
the fheer rail, on the plane of elevation, and take the diftance upon this
line betwixt the upper fide of the keel, and the lower edge of the fecond
wale, which here reprefents the breadth ribband ; fet up this from A toC
on the plane of the projection, from which point draw the line CD,
perpendicular to the middleline, (Plate 11. Fig. 1, 2, 3.)

2d, Take the line M N in the horizontal plane, and fet off from D
to E, which will give one pofnt, through which the curve of the timber

muft pafs. ,
3d. Take
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3d, Take the height of the floor sibband, in the plane of elevation, aad
fet it up on the plane of the projeCtion to G; from the point H, at the
end of the floor timber, draw the line H G, which will reprefent the floer
ribband on the plane of the projection. (Plate I1. Fig. 1. 2. 3.)

4th, Take the diftance M V, in the horizontal plane, with a pair of
compafles, and move the compafles with one foat, in" the middle line,
and the other.in a line perpendicular to it, till it interfe@ the diagonal in
the point L, thro’ which the curve of the frame muft pafs. To thofe
who are acquainted with drawing, the three points E, L, F, will be fuf-
ficient to form the timber ; they who incline to have another point may
divide the line A C into two equat parts by a perpendicular M K, drawn to
the middle line, from which fetting off ;35 of the line M K, we thall have
another point thro’ which the curve muft pafs,

- IV, . .
To lay down the ninth Frame abaft on the Plane of the Projeition.

Take the height of the breadth ribband at this frame, in the plane of
elevation, and fet it up on the plane of the projection from F to O, and
draw the line O P perpendicular to the middle line. (Plate I1. Fig. 1. 2. 3.)

2d, Take the diftance X S in the horizontal plane, and fet off from O
to P, which will be the point thro’ which the curve muft pafs. :

3d, Take the diftance X Z in the horizontal plane, which fet off from
the middle line, to-interfect the diagonal- that reprefents the floor ribband,
iln the glanc of projection in Q, obferving to keep the compafies as before

irected.

4th, Divide the line K O in two equal parts, and draw the line R S
perpendicular to the middle line, ou which fet off % of theline P O,
from R to S, and draw the curve thro’ the points P, S, Q, F, which will
be the form of the ninth frame. :

V. '
0 lay down tbe intermediate Ribbands abaft on the Plane of the Projection.

1ft, Take the diftance betwixt the upper fide of the keel and the
breadth, upon the line that reprefents.the midthip frame, in the plane of
elevation, and fet it up from A to T, and from B to T, in the plane of
the projection, fo fhall the line T T give the height of the breadth ribband
in midfhips. :

2d, Dil\zrzde the curve H M T into as many equal parts as.there are to
. be intermediate Ribbands ; divide alfo the curve of the ninth frame QS P
" into the fame number, and, thro’ thefe divifions, draw the diagonals -
which will reprefent the ribbands a(s; in the plate.

V,-I. Te
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o lay down the firf! intermediate Ribband upon the Hurizontal Plane, -

1ft, Take the neareft diftance of the point V (which is the extremity
of the diagonal in the plane of the proje¢tion) to the middle line OF,
fet off this en the line which reprefents the midthip frame in the hori-
zontal plane, which will give the point thro’ which the curve mutft pafs
at that place.  After the fame manner we may find the points in the lines
that reprefent the balance and ninth frames in the horizontal plane.

2d, Take F Z, the height of the ribband upon the rabbit of the poft,
in the plane of the projection, and fet it up on a perpendicular, to the
point £, on the line that reprefents the rabbit of the poft in the plane of
ekvation; take the neareft diftance of the point £ to the perpendicular
of the poft, which fet off from F to ¢, and this will be the end of the
ribband : So a curve paffing thro® the points ¢, 4, ¢, 4, will be the form
of the ribband. o

| VIL
To lay down the Wing Tranfom upon the Plane of the Projetion, and on
tbe Horizontal Plane.

1ft, Take the height of the upper fide of the wing tranfom (inclading
* the round up) in the plane of elevation, and fet it up in the plane of the
. projettion ta the point e. , :

2d, Take the heightin the plane of elevation, without regarding the
round up, and fet off from F to f, and draw the line f g perpendicular
to the middle line,. on which fet off the length of the tranfom from f
to g, thisis equal to the line G H in the horizontal plane. The curve
£ e reprefents the upper fide of the wing tranfom. ‘ :

The round aft of the tranfom is reprefented upon the horizontal plane
by the curve L 2 ¢; H L is the {quare end of it. ‘

VIIL '
To lay down all the Frames in the after Body.

All thefe are laid down in the fame manner as the ninth and balance
frames before defcribed, that is, by taking the half breadth of the rib-
bands at each frame in the horizontal plane, and fetting them off from
the middle line in the plane of the projetion to interfe the diagonal cor-
refponding to the ribband, as direCted in forming the balance frame, by
this means we fhall divide each into as many points as there are frames: -
The eurves drawn thro’ thefe points will give the form of all the frames
in the after body. ‘
E . IX. To
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IX. S
To lay down the Pofition of the Fafbion Piece on the Horizontal Plane;

Let fall the perpendicular G H, from the end of the wing tranfom,
and draw the line H/, which will reprefent the plane of the fathion piece
upon the horizontal plane, obferving to make the angle G H J, about 2§
degrees. '
' X.

To form the Falbion Psece in the [ame manner it is to be, when put into its
proper place in the Ship, ‘ '

The fathion piece laid down in the plane of the projeion, regards
that frame as it would appear when viewed from abaft ; but as the fathion
pieces on each fide are not in one plane, as all the reft of the frames are,
we fhall be much deceived, if we imagine that the fathion piece laid
down in the plain of projection, will give the true form of that which
is to be put in the thip. We muft therefore lay it down upon another
plane, and, to avoid confufion, we fhall feparate it from the plane of pro-
jeQion.

! Note, The fafbion peice, mention’d by our author, deferibed in the plane
of the projection, is that betwixt the ninth frame, and the curve fqo G,
which reprefents the fafbion piece of a fquare tuck ; it is formed in the fame
" manner as the reft of the frames, by tranferring the lines n m, po, &c. in
the borizontal plane, to the plane of projection, to interfelt the diagonals co- -
refponding to thefe ribbands in the points i, 1, &c ;
1ft, Draw the line /G, to reprefent the middle line of the plane of
proje&tion. (Fig. 4.) :

2d, Draw the line f g perpendicular to G f, to reprefent the wing

tranfom.

3d, From 4, the point where the fathion piece interfects the floor rib-

. band in the plane of the proje@tion, take the neareft diftance to the ‘line
f &, which reprefents the wing tranfom, and fet off this diftance in Fig. 4.
from f to b, and draw the line & / parallel to fg. | '
~ 4th, From the point , where the fathion piece interfe@s the firft in-
termediate diagonal, in the plane of projetion, take the neareft diftance to
the line f g, fet it off from f to %, in Fig. 4, and draw the line % m, paral-
lelto f g. N : :

-~ sth, gin like manner, the points where the fathion piece interfects the
Aecand and third diagonals in the plane of projection, are to be transferr’d
to the points ¢aod », Fig. 4, and the lines pg¢, # o, drawn parallel
o fg G2 6th,
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" 6th, To find the paints through which the curve muft pafs: Take
the line /H, which reprefents the pofition of the fathion piece upon the
harizantal plave ; tay this off from / to g : Again, take the diftance /y in
the horizontal plane; which lay off from ¢ te p, in like manner fet off

“the diftance / 2, from nto.¢; and the diflance /p from & to m, and laitly,

the diftance /#, from b to /; fo a curve drawn through the points g, g, a,
m, f, wiltgive the true form of the fathion piece.’

XL
Ta lay down the Fuflion Picce upon the Plane of Elevation.

ift, Take the feveral heights above the keel, of the points where the
fathion piece interfeCks the diagonals in the plane of projection, and trans-
fer them to the lineso, p, 4,3, y, in the plane of elevation, drawn paral-
lel to the keel, and the fame height above it, that their correfponding
points are in the plane of projeGtion. -

2d, Take the neareft diftance of the point 7, in the horizontal plane,
to the line CF, the perpendicular from tge head of the poft, fet off this
from the fame line in the plane of elevation upon the line p; which will
be the point through which the curve muft pafs.

3d, In like manner the points 2, y, muft be transferr’d from the
horizontal plane, to the plane of elevation in the points 2, y, a curve
pafling through thefe points will be the projetion of the fafhion piece
on the plane of elevation.

We fhall hear remark, that fome builders to avoid giving a great be-
velling to the timbers, and likewife that they may not require fuch com~

a(s timber, do cha?,e the direGtion of all the frames in the fore-body
gcfore that of the loof; that is, the lines that reprefent them in the hori-
zontal plane make an acute angle with the line that reprefents the keel ;
thefe are called cant timbers, and may be formed in the fame manner as
the fathion piece, which we have mow defcribed. Tho’ feveral builders.
form all the frames perpendicular to the keel, to have the floor timbers in
one piece, which will be much ftronger that when in two pieces, and
this will inevitably be the cafe when the timbers are canted.

We might here thew how to lay down the top timbers, but as that part
under water is the moft material, we fhall proceed to form the timgm
sfore.. .

). | I ‘
To lay down the Frames for the Fore-body.

The balance and the eighth frame muft firft be formed in the fame

manner as the balance and ninth frame abaft : In order towhich the curvth:
: t
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that reprefents the breadth ribband muft be laid down in the plane of the
projetion afore. The diagonal, which reprefents the floor ribband, muft
likewife be laid down in the plane of the proj&ion, for which purpofe
we mauft take the height of tl.e ribband above the keel, upon the rabbit of
the ftem, and fet it upon the line that reprefents the rabbit of the poft in
the plane of the proje@ion, to the point 4; from which draw a line to -
the floor head, fo 4 § will reprefent the floor ribband.

XIII.

To jjw):e the Diagonals that reprefent the Ribbands afore, in the Plane
- ' of tbe Projection. "

1ft. As the points of their interfection at the midthip frame are the
fame afore that they are abaft, we need only transfer them from abaft to
&he fore body.

2d. Take the height of the breadth ribband upon the ftem, in the
planc of clevation, and fet it up from F to 17 in the plane of projecion.

3d. Divide the diftance betwixt 4 and r7 into four equal parts, which
will give the points in the plane of proje&ion, where the immediate dia-

onals end on the ftem. . ' _ -

After the diagonals are drawn in the plane of the projection, the rib-
_bands may be laid down in the horizontal plane, and from thence all the
other frames may be laid down in the plane of proje@ion, in the very
fame manner that the horizontal ribbands and the frames for the after-
body were laid down, - -~ 7

CHAP,
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CHAP VIIL. -~ - '
General Remarks on Ship Building.
L L the rules we have hitilerto laid down, collected from the prin-

cipal dimenfions of fhips built by the moft eminent mafters, thould
only be fo far regarded as they may aflift the artift in forming the body

~in fuch a manner as to produce effects anfwerable to the fervice for which

the veflel is defigned. ,

In order to qualify.a builder for fuch an undertaking,”it is neceffary he
thould underftand the nature of fluids, and of fuch bodies as will float in
the water ; when he has made himfelf acquainted with thefe, I would
recommend him to M. Bouguer’s treatife on thip-building.

.

The principal Qualities belonging to Ships. R

1ft. To be able to carry a good fail, not only becaufe, in forming the
body, the water lines are all fuppofed to be defcribed when a fhip is up-
right in the water, but likewile for doubling a cape, or getting ofFp a
lee thore, which will be impoflible to be done when a fhip lies over in
the water, this will likewife render her lower tier, if not all her guns,
ufelefs. : ' :

2d. A fhip fhould fteer well, and fecl the leaft motion of the helm.

3d. A fhip fhould carry her lower tier of guns four feet and a half] or
five feet out of the water, otherwife a great fhip, that cannot open her
ports upon a wind, but in fmooth water, may be taken by a fmall one,
that can make ufe of her guns, or fhe muft bare away before the wind,
to have the ufe of her guns; on which account it will be proper to raife
the ports higher before than in.midthips, becaufe the fore part of the,
fhip is often prefled into the water by carrying fail. , :

ath. A (hip thould be duly poifed, fo as hot to dive or pitch hard, but
go fmooth and eafy through the water, rifing to the fea when it runs high,
and the fhip under her courfes, or lying to under a mainfail, otherwife
fhe. will be in danger of carrying away her matfts,
* sth. A fhip thould fail well before the wind, large, but chiefly clofe -

- hawled, keep a good wind, not fall off to the leeward.

- Now the great difficuity confifts in uniting fo many different qualities

- in one fhip, which feems indeed to be impofiible ; the whole art therefore

confifts in forming the body in fuch a manner, that none of thefe qualities
{hall be entirely deftroyed,and in giving the preference to that which ismoft
required in the particular fervice for which the veflel is built; in order to

which
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which, it will be neceffary to know, at leaft nearly, what form will give a
veffel one of thefe qualities, confidered abftractly trom the reft.

To make a Ship carry a good Sail,

A flat floor timber, and fomewhat long, or the lower futtock pretty
round, a ftreight upper futtock, the top timber to throw the breadth out
" aloft; at any rate to carry her main breadth as high as the lower deck :
Now, if the rigging be well adapted to fuch a body, and the upper works
lightened as much as pofiible, fo that they all concur to lower the center
of gravity, there will be no room to doubt of her carrying a good fail.

To make a Skip fleer well, and quickly anfwer the Helm.

If the fathion pieces be well formed, and the tuck carried pretty high ;
the midfhip frame carried pretty forward ; a confiderable difference of the
draught of water abaft more than afore; a great rake forward, and none
abaft ; a fnug quartes-deck and forecattle, all thefe will make a thip fteer
- well; but to make her feel the leaft motion of her helm, it will be ne-
céflary to regard her mafts. There is one thing not to be forgot, that a
thip which goes well will certainly fteer well. '

To make a Ship carry ber Guns well out of the Water.

It is plain; that a long floor timber, and not of a great rifing ; a very
. full midfhip frame, and low tuck with light vpper works, will make a
thip carry her guns high.

To make a Ship go fmootbly through the Water without pitching bard,

A long keel, a long floor, not to rife too high afore and abaft, the area
or fpace contained in the fore body, duly proportioned to that of the after
body, according to the refpeive weights they are to carry ; all thefe are
neceflary to make a thip go fmoothly through the water.

To make a Ship keep a gt;od Wind.

A gobd length by ‘the keel, not too broad, but pretty deep in the imold,
- which will occafion her to have a fhort floor timber, and great rifing.
As fuch a fhip will meet with great refiftance in the water, going over

- - the broad-fide, and little whea going a-head, fhe will not [fall much to

the leeward.

- Now, fome builders imagine that it is not poflible to make a fhip carry
her guns well, carry a- good fail, and to be a prime failer, becaufe ll;
: wou
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would require a very full bottom to gain the firft two qualities, whereas 2
tharp fhip will beft anfwer for the latter ; but when it is confidered that
a full fhip will carry a gregt deal more fail than a fharp one, agood astift
may fo form the body as to have all thefe three good gualities, and likewife
fteer well, for which purpofe I would recommend fomewhat in length
more than has been formerly practifed. '

After what has been faid upon this head, I believe it will not be thought
impofiible to unite all thefe different qualities in one fhip, fo that all of
them may be difcerned in fome degree of eminence ; but when it happens
otherwife, the fault muft be owing to the builder, who has not applied
himfelf to fludy the fundamental rules and principles of his art.

Excepting fome anticat builders, who were happily born with a natarat
genius, and our moderns, who being inftructed in the principles of the

mathematics, have truly laboured very hard to make a progrefs in theast © .

of thipbuilding, one may, without violatihg the truth, affirm that the
greateft part fatisfy themfelves with copying fuch fhips as they efteem
good failers, and it is thefe fervile mechanick methods, which, to the great
reproach of the art, are but too common, that have produced all thefe
pretended rules of proportion, all thefe methods of defcribing the mid-
thip frame, and forming the reft of the timbers, which every builder en-
deavours if poffible to conceal, and keep wholly in his own family.

How low and mean is this ? it is as if a great archite¢t thould endeavour
to conceal the proportions of the different orders of architeGture ; whereas
they are publithed every where, and fo well known that many can raife a
very beautiful porch or triumphal arch ; but tho’ the methods of defcribing
the midfhip frame, and forming the reft of the timbers, be known to
moft apprentices, yet we have but few good mafter builders: This re-
quires more than thofe mechanick rules ; they thould at leaft have fuch a
knowledge of the mathematicks, phyficks, mechanicks, of the nature of
folids and fluids, as to be able to difcover what figure would procure fome
good quality, without hazarding or putting a bad one in its place.

Let us fuppofe one to have a colle@tion of draughts of a vaft number
of fhips, and whofe good and bad qualities have been remarked with all
poflible exaétnefs, fuch a valuable treafure would be of great fervice to a
perfon who could calculate precifely by the draughts where the fault lay,
and how it might be rectified. For inftance, fuppofe a fhip fails well,

* but carries her guns too low, a builder who is not acquainted with thefe

principles would raife her deck, in confequence of which fhe would not
fail well ; whereas, one that could exactly calculate how much the re-
fitance of the fluid is diminithed upon the prow, would take great care

to
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.to add no more to any of the other parts than he could find by an exa&
calcnlation might be done without augmenting the refiftance in the
fluids.

M. Bouguer has publithed feveral ufeful problems for making thefe
calculations, to which we refer the reader, and only explain what regards
the height of the gun deck, and the refiftance of the fluid, in one ex-
ample of a 70 gun thip. '

CHAP VIL

Tao know by the Draught bow bigh a Ship will carry ber Guns out of
the Water,

HIS is only to know if, when 2 fhip is loaded with all her ammuni-
tions and pravifions on board, and ready to fail, her feat in the water
will then agree exactly with the load water line in the draught. : '

It may be demonftrated by feveral experiments, that any floating body
of - whatfoever figure will juft fink fo far in the water as to difplace a
bulk of water of equal weight with itfelf. :

Hence it will be neceflary, firft to find a method of calculating the ex-
at weight of a fhip ready equipt for fea, and fecondly, to know the exact
weight of the water the thip difplaces, when loaded to the water line in
the draught. i Lo :

In order to the firft, the exa@ weight of all the timber, iron, lead,
mafts, fails, rigging, and in fhort of all the materials, men, provifions,
and everything elfe on board the fhip muft be known.

It muft be conféeffed that this is a very laborious tafk, yet the zeal of
our modern builders has furmounted all thefe difficulties, and got the
exa& weight of a fhip of each-clafs, with all its furniture, and fix months
provifions on board. It will be fufficient for our purpofe tp give the par-
ticulars, of the two following, one of 30 and another of g0 guns, both
ready equipt for fea, with fix months provifions on board, '
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Ang the Weight of the REN OMEE anm ef ﬂ:rq
Guns, with Six Mouths Provifions.

WeignT of the Huxe.

Above

Cubic | Under Total
feet | water | water
Pounds Pounds. ; Tons Pounds
Oak timb- § underw.at 72 &. perf. 5640 | 406080 | ., 860
bes above w. at 66 /b. 2920 192720 § 299 ¢
under water 600 00Qo |
Fir at 50 /b. per foot }abo've wates 560 |- 3 28000 hL 2g QOO
Carved work 2200 I 200
ron knees and ftandards 47200] 49010} 5 121O
ts, rudder irons, chain plates, nails 11650 6558 ¢ 208
Lead for the haufe holes & fcuppers 250 .430] o 68o
Locks 10| @
Oakum 1200 1830 1 1030
Piech and Tar —_— 650 © 650
Paint 440 0 440
In.the Cook room : \ 8oca| 4 o©o00
e Total 453380 | 248008 | 350 1388
WerarT of the FurRNITURE,
Under W. | AbovyW Total.
*  Pounds | Pounds. | Tons Pds
Mafts compleat fet and fpare :'gooo | 37000 | 20 . oC
Blocks S 1000} 54441 2 444
Pumps 1734 670 1 404
Cables and Hawfers 24444 12 444
Sails and their Cafes 4222 | 3778| 4 oo
Anchors and their Stocks. . sﬁn 6944} 4 1588 -
Cordage forthe rigging ;g-. M) 172821 8 1282
The mafter’s Stores 33 3 3 L1 3 g 3 g
Boats - 6666 6
Total 40344 | 75784 5% 128
WeicnT of the Provisions, &c.
Under | Above Total
water. | water
Provifions for 6 months for 200 Fouads. | Fouade. | Tons Poands
rovifi
men with all their equipage } 245420 1 122 1420
‘Water for two months anda half ~ 100000 50 000
Catks —_— 32800 16 800
The.Captain’s table " 15000 5000 | 10 ©OO
Total 393220 | 5000|199 220

150 .
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" Wrsent of the OFrIcERs STORRS.

~

-+ + - Under | Above |- . Total

. Lo water | water

o Pounds. Pounds. | Tons - Pds
The Carpenter’s Stores '+ 3000 | 1000 } 2 0O
The Caulker’s Stores . " 1000 @ 1000
The Surgeon’s Effe@s © - 2400 o I 400
Tle Pilot’s Effeéts A 740 | 360 | o 1100
The Chaplain’s Effe®ts - - . 100 | o 'ioo

‘ ' ~ 7140 | 1460 | 4 600

WeicnT of the Guns and AMMUNITION,

a—— . = =

Under | Above | "Total

water water .

Pounds. Pounds. | Tone Pds
Iron Guns 60300} 30 300
Carriages fitted . 14000 7  ©Oo0
Balls round and crofs bar 11570| 2430| 7 oo
Ralls of one pound ' . 60a. .| o 6da
Powder and Powder Barrels  ° 7108} ..a12| 3 1220
Implemgaf;xs' f(é; ;h:s pg:dct - 13681 . ..132} O 1500
Crows, dfpikes, Gunners Uten- L o
. fils, and Stores 3200 1500 2 700
Mufquets, Cuclafles, and Pale Ages 900l © . goo

S 23846 | 79374 | 5371220

-

WeicHT of the MEN and their EQuIPAGE.

Under
1 . water
" gprincipal Offcéraand thei Efe@ts
i ce reir
20p Men and their Effe@ts
L. . . ‘ . Total
Batcasy - ~ 20pooo |
P H3

Above Totat
water
Pounds. | Toss Pounds.

. 4000} 32 oo
40000 | 20 oo |
- 44000 | 22 0o

10 o0

RECAPL
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RECAPITULATION.

Under | Above Total
water water

C . Pounds. Pounds. | Tons Pounds
The Hull  ———— " 453380 | 248008 |-350 1388
The Furniture = — 40344 | 757841 58 128
The Provifions ————— 393220 5000 | 199 220
Officers Stores —_— 7140 1460|. 4 600
Guns and Ammunition . 23846 | 79374 | 51 1220
Weight of the Men - - : 44000 | 22 0o
Ballaft ©+ + * 200000 10¢ 00

‘Total 1119930 | 453626 | 785 1556

An Eftimate of the Weight of a Frigate of Fifty Guns, with Six Months

Provifions.
Under | Above | - Total
: . water |. water
' ‘- Pounds. | Pounds. | Tons Pounds
‘The Hull - —_—— 774270 [ © 769134 |- 771 1404
‘The Furnitare : * s 98237 | 163184 | 130 1421
Ballaft 1 ¢ -~ + . 300000 * | 150 - 000
Gunsand Ammunition . . 79400 | 199320| 133 1280
Provifions — 659400 8060 | 333 1400
Stores —— ~———— _ - 9800 2800 6 . 600
Men apd their Equipage “ 77000 1 38 1000

Total 1909667 | 1219448 | 1564 1105
But as all fhips of the fame clafs are pretty near the fame dimenfions,
and have the fame number of guns, &, we may have the exa@ weight of
ecach only by examining the draught of water, and computing the weight
of that column of water which is difplaced by the thip. .
Now if the Intrepide weighs .2718 tuns, the muft fink fo far into the
water till the has difplaced a column of water containing 73459 +7 cubick
feet, for a cubick foot of falt water. being fuppofed to weigh 74 Ib. the
73459 3 will weigh 5436000 lb. or 2718 tuns, or if fhe difplaces
73459 +7 cubick feet of falt water, we may thence conclude that fhe
weighs 2718 tuns. )
. Inlike manner, if the weight of the thip which is to be laid down in

the
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the draught be known ; .as, for inftance, that if a thip of 78 gtins, is 2335q
tons, we may with certainty know if the water line in the draught be pro-
perly placed, only by reducing the bottom into cubick feet, '

The antient builders were unacquainted with the manner of perform«
ing this, but our moderns make an exact calculation .of the tontents of

the bottom before they begin to build, whereby thej will be fure to keep
the lower tier of guns well out of the'water,

Ifa fhifP’s body were any regular figure, the folid contents of it could
cafily be found geometrically, but as the eafe is quite otherwife, we muft
be fatisfied with dividing it into feveral parts, of which we may have a
great number, and they will thereby become fo fmall, that they may,
without any fenfible error, be efteemed as regular figures, limited by ftreight
" lines, tho’ fome of them are a@ually curves. : .

In the draught of the 70 gun fhip which'we have laid down, the bottom
is divided on the plain of elevation into feveral parts, in a vertical way,
by the lines that reprefent the frames; and in an horizontal way by the
water lines ; fo that the whole may be faid to be divided into fo many
parallelopipedons, A, B, C, D, or 4,4,¢,d, contained betwixt the twq
frames 6 and 7, and limited on the fide A B by a plain fuppofed to be
ereted vertically upon the keel, and on the other fide by tﬁe roond of
the outfide of the fhip, at the height of the breadth water line, or ac. Now
it is very plain that the area of the furface, which limits the lower part
of this folid, is lefs than the area of the furface, which limits the upper
part: But if we increafe the water lines and frames, we may find the folid
contents to a fufficient exa&nefs for our purpofe. )

Now, in order to find the area of the upper furface ABCD, let AC
be 16 feet 11 inches, and BD 13 feet 6 inches; add thefe two, the fum
is 30 feet 5 inches, the half of which is 15 feet 2 inches and a half, and
this fom multiplied by A B, which fuppofe 8 feet, the diftance betwixt
the frames, the product is 121 feet 8 inches, the area of the upper furface
of the parallelopipedon. . '

The area of the lower furface of the parallelopipedon may be found
after the fame manner, whjch fuppofe 97 feet 4 inches. Now, if thefe
two areas be added together, their fum will be 219 feet, the half of which
is 109 feet 6 inches for the mean area, and this multiplied by 4 4, the
diftance betwixt the water lines, which fuppofe 4 feet 4 inches, prodaces
474 feet 6 inches cubick. . .

. By the fame pracefs we may find the folid contents of the other’ parallo-
pipeds, and adding them together, and doubling that fum, we thall ha}x;e

.- ' . the
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the folid content of the whole bottom of the ‘fhip in cubick feet to a
fufficient degree of exactnefs.

X made ufe of this method before M. Bougaer’s treatife was publithed,
where there is one which ismore convenient and expeditious, for, in-
ftead of finding the area of every fingle furface contained betwixt the
frames upon the fection of a water line, he 'finds by on¢ operation the
area of the whole furface formed by the horizontal fe@ion or water line,
except that part intercepted betwixt the aftermoft frame and the poft,

* and the part contained betwixt the foremoft frame and the ftem, which,
upon account of the rake muit be meafured feperately, asalfo all that lies
betwixt the upperfide of the keel and the firft water line. His method is
as follows =

Take the lengths of all the lines that reprefent the frames on the hori-
zontal plane, add all thefe together, excepting the foremoft and aftermoft,
of which take only one half of each, fo if it were required, to find the
area of the furface formed by a horizontal fection in the plane of the load
water line, it will be £ ZZ4BD+4AC4IH4-LK, &c. 4-KSxAB,
fuppofing AB to be the diftance betwixt the frames equally fpaced betwixt
<7 and NO,

To demonftrate this, let it be confidered by what operation the two
trapezia ABDCand HIA C are meafured. We oblferve in the proceeding
article that this was performed by adding the length of the lines BD and
AC together, and then taking half that fum ; the length of the lines AC
and HI, muft likewife be added together, and the half of that fum taken ;
now it is evident that it will be the fame thing to take half the line BD,
and half the lime HI, and the whole line AC, and add all thefe three to-
gether, becaufe the line AC, is common to both the trapezia.

After the areas of all the water lines are thus found, the folid content
‘of the fpace contained betwixt the water lines may be'had by multiplying
the are.. by the diftance between the water lines : But, becaufe the arcas
of the two furfaces which limits this part are unequal, a mean area muft
be found; this is half the fum of the two areas, fo that all that is now to-
be done, is to add the areas of the water lines into one {um, excepting
that of the upermoft and lowermoft, of which only one half of each muft
be taken, and if this fum is multiplied by the diftance betwixt the water
Jines, the produ@ will give half the folid content of the bottom, obferv-
ing that the water lines in the plain of elevation be cqually diftant from
ore another. ‘ - R

The application of this method in finding the cubick féet contained i
& yo gun {hip laid down in the draught. ] ‘ The

-
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The fo!'eﬁrt is divided into eight, and the after into nine equal parts,
hefides that betwixt the aftermoft timber and the poft, and that betwixt
the foremofttimber and the flem.

The bottom is likewife divided into four eéluat parts by water lines drawa-

parallel to the load water line, all which are formed upon the horizontal
plane ; for it will be very ufeful to know the folid content of each parti-
cular part contained betwixt the water lines, alfo to diftinguifh that of the
fore body from the after body, wherchy we may be enabled to know if
the weight be duly poifed. We fhall confider all this in the following
calculation. .8 :

Note, there muft be four inches added 10 each line that reprefents the frames
in the borizontal plane for the thicknefs of the plank, that being nearly @
wnean betrwsxt the thicknefs of the plank next the wale, and that next the keel.

The Area of the Upper Water Line abaft. 4

The breadth of the furface at the load water line, upon the midfhip

frame @ Q_is 21 feet 2 inches,

; : . . feet, ineh,
one hdff is —_— — 10 7,
[ 1ft Frame — — 21 2
2d Frame — —— 20 11
3(}1%mme e — 20 9
} 4th Frame — 2Q
Breadch at 4 5th Frame .  —— —_— — 19 lf ‘
.6tl}1l gmm —_— , 18 11 .
" »th Frame —_—— — I
Lgth Frame - xg 3
The gth Frame X S-is 12 feet g inches, one half of which is 6 " 4%
Total 171 1ir

the diftance betwixt the frames, is the whole area of the water
line, from the midfhip to the after frame, in cubick feet

To this muft be added the area of the trapezium XSLe¢

Now half of the lines XS and Le is 10 feet oinches

Diftance betwixt them is 9 9
Produtis -9 6

which being doubled is — 195 o
The whole area in cubick feet 2946 4

which total doubled is 3;§~fcct 11 inches, and multiplied by 8,}
2751 4

By ufing the fame procéfs, we may find the areas of all the other water
lines ;' and adding all thefe areas together, excepting that of the firft and

fifth, of which taking only one half, multiply this fum by 4 feet § i:;l?cz;;
- 1C.
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which is the diftance betwixt them, we fhall have the area in cobick feet
of that part of the thip abaft the midthip frame, contained betwixt the
lower water line, and load water line. -

feet inch. L. p.
Half of the area of the load water line ——— 1473 2 O O
Wholearea of the 4th water line =~ — ——r 2516 1 4 O
‘Whole area of the 3d water line === — 2052 O 4 O
Whole area of the 2d water line = —— — 1452 10 7 6
'Half ¢he area of the x&t water line 144 3 2°0
) Total 7638 5 5 6
Multiplied by the diftance betwixt the water lines 4 5 0 o
Produ in cubick feet betwixt the lower and load waterline 33736 6 1 3 6
Betwixt the lower water line and keel 333 6 3 o O
Keel and poft _ 101 8 o o o
Cubick ft. abaft the midthip frameunder water,when loaded 34171 8 4 3 6
Cubick ft. before the midfhip frame under water, whenload. 28928 6 1 o o
Total cubick feet under water —_— 63100 2 5 3 6
M ultiply by the weight of a tubick foot of falt water pounds 74

) ] o ) pounds.  tons. lb.
Wﬂg;‘:o:iﬁg:; ’wgge thip, with all her furmturc,} 4661498 2334 1498

We have omitted the operation for the fore part, becaufe it is performed
exactly by the fame method with the after part.

It mult be obferved, that in finding the cubick feet of that part contained
betwixt the lower water line and upper fide of the keel, we muft take
the heights of all the frames intercepted. betwixt thefe two lines, and di-
vide their fum by the number of frames abaft the midthip, the quotient
‘will be 1 foot g inches g lines.
. Feet 'In. Lines
The area of the lower water line is — 288 6 4

* The area of the upper fide of the keel - — _79 6 o

Total 368 o 4
One half is 184 o 2
Area of that part contained betwixt the lower warer line and keel 333 6 3

The ufe of the preceding calculation is to know if the load water line

upon the draught ge properly placed. '

It has been found that a thip of 7o guns, with every thing on board,

thould weigh nearly 2350 tons, which is only 15 tons 1297 pound more

than what is found by calculating from the load water line in the draught, -

this difference would occafion the fhip not to draw above one inch more
' wat
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Jwater it is ot worth the regarding. But them by this calculation we
difcover that the thip is too lean before ; for whereas the fore part fhould -
exceed the after part by jotuns, we find, by this calculation, that the aftes
part exceeds the fore part by 193 tuns 199§ pounds. - '
-Upon this account we muit confider earcfully if the midthip frame is
properly placed ; it is here 5 feet before the middle. If the midfhip.
frame was exally in the middle it would augment the weight of the fore
part 102 tuns 307 pounds, and diminith that of the after part exaily the
fame quantity, by which means the fore part would be 1172 tuns 1014
pounds, and the after part 1162 tuns. Now we -may fill out the fore
part, {o as to gain 1§ tuns 636 pounds, which was deficient, to make the
calculation taken from the dsaught agree with the real weight propofed
for a fhip of 70 guns fitted out for fea, with fix months provifion on
board ; and the fore-body will weigh 25 tuns 12 §§ pounds more than the
after part, which may be judged fufficient. ' :

CHAP IX.

A Method to calculate the Reﬁ/}aﬂcé of the Water upan the
fore Pars of the Ship. o

AILY Experience fufficiently proves that the fluids, by their

motion, attack the folids that oppofe them, as bridges, mills, &e.

with fuch violence as to carry all before them ; and this is agrecable to
the very nature of Huids.

For all fluids are an affemblage of a prodigious nember of fmall folid
bodies of a globular form, each of which being eafily put in motion will
a&t upon any furface with the fame farce that any other folid body of the
like mafs would do. Butas thefe particles have but a very fmall cohe~
fion with each other, fluids cannot a& with the fame force as folids which
have their parts united, : :

A mafs of water of 20 cubical feet will not a& with the fame force
upon the pier of a bridge which oppofes it, as a mafs of ice of the fame
dimenfions ; becaufe the whole mafs of ice having its parts fo united to-
. , that one cannot advance without the other, it gives the blow with
the united force of all the parts at once, whereas the parts that compolfe
‘the mafs of water, being but {lightly united, they cannot a& jointly’or in
concgrt, and they exert their force one after another ; they indeed fucceed
one another immediately, and are a little united by their reciprocal pref-
. : oo : S fure 3

1
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fure; but as every part has its own peculiar velocity, fo it makes its ef-
fort fingly by itfelf, and, being eafily put in motion, it will be as eafily
“tumed outof its direction, the parts being only retained together by the
weight of thof€ that come next them. ' '
" Fluids have a continual effort, becaufe when a certain number have
produced their effeCt they are fuccceded by others as long as the cur-
rent lafts,
. Hence it will follow, that when a veflel is left to a current of the ri-
ver, it can receive no more velocity than the current has, and its velocity
-will be accelerated till it is equal to that of the current.

If, on the contrary, any floating body receives a motion in a contrary
direCtion to that of the current, it will be continually retarded, till Rt
has none, and then it will change its direCtion to follow that of the current.

We fhall here remark, that it is indifferent whether we afcribe the
motion to the folid or to the fluid ; for the impreffion of the water upon
the (hip’s ftem is the fame when under fail, as when at an anchor, provi-
dcdftl:e motion of the current be equal to that which the thip acquires
by failing. '

y'I"he effort of ftuids is as the fquare of the velocity of the current. -

It is very plain that the more rapid the current is, the greater wiil
the impreffion of the fluid be ; for the parts will then fhock the folid with
greater force than when it runs flowly; fo that the force is augmented in.
‘proportion to the velocity. Again, the namber of the parts of the fluid
that ftrike the folid in-any fpace of time, is in proportion to the velocity
of the current ; for the fafter it runs the greater will be the nimber of the
parts that ftrike the folid in a fpace of time; fo that not only the effort
of the fluid, but likewife the number of parts that attack the folid, is
augmented in proportion to the velocity of the current, and when thefe
wwo are united, the effort of the fluid will be in a duplicate ratio of the:
welocity ; fo that if the velocity be doubled, the thock will be quadrupled.

Hence, the fafter a thip goes through the water, the greater will be the
refiftance the meets with, and this will be augmented in a duplicate ratie
of the velocity with which fhe fails. ,

The impreflion of a fluid inereafes as the furfaces which oppofe its
current.

: Mt ls very plain, that if one furface s double another it will receive

double the number of the parts of the fluid, and of confequence the im-

preflion will be double upon the furface, whofe area is double the arca of

another furface, Hence thefe fhips whofe midfhip frames have the
eft capacity meet with moft refiftance. , R

The efforts of fluids will be lefs when the furfaces are in an oblique
" pofition to the current, than when in a perpendicular pofition, Plat

: e
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PlateIV. Fig.7.] LetE A reprefent the courfe of the fluid fetting per-
pendicularly on any body AB; itis plain, that it seceives the impreffion
of all the parts of the fluid contained between A and B; whereas, if the
point B be moved to D, the parts of the water contained betwixt B and
G will have no impreffion upon A D. Hence the quantity of the fluid
which attacks A B is to that which attacks A Das A Bisto AG; .
that is, as the radius is to the fine of the angle of incidence EA D. But
if there were no other advantage gained by this oblique pofition, than
being expofed to fewer parts of the fluid, it would be of very little
fervice toa thip which muft have a fufficient breadth, fuppofe AB; itis
lain, the number of the parts of the fluid which give the impreflion will
the fame, when the fore })art of the fhip is in the form of A D B, as
when itis flat in the form of AB; but the fluid which exerts its force
on the furface A DB does not produce the fame impreflion as when it
exerts its force on A B, becaufe the direction of each particle of water,
which ftrikes any furface obliquely, may be refolved into two dire@ions,
ene perpendicular, and the other parallel to the plane.

In order to give us an idea of compound motions, and of the refolution
of their forces, let us fuppofe two rulers AA and BB, (PltelV. Fig. 5.)
placed upon a plane at right angles to one another, and a fmall ball C pla-
ced at the angle of their meeting, it is plain, if we flide the ruler B B in
a parallel pofition to itfelf, it will carry the ball C along the edge of the
ruler A A; butif both the rulers be made to flide together, fo that they
ftill preferve the fame angle, in fuch a_manner that when the ruler A A .
arrives at the line VII, VII, the ruler B B arrives only at the line g, 3.
Itis plain, the ball will defcribe the diagonal of the parallclogram é.
VII, D, 3. the fides of which will be proportional to the diftance the ru-
lers have moved, that is, D, VIl isto D 3 as 3 to 7; but if the rulers
be fuppofed to be moved cqually, fo that when A A arrives at the line
VII, VII, B B thall arrive at the line 7 7, the ball will defcribe the
diagonal C F of the fquare C, VII ; F 7. v
-~ Now, if we fubftitute any other two agents in the place of the rulers,

fuch as two hammers, and both be fuppofed to ftrike the ball with equal
force at the fame time, it is plain, the ball will goin the direion of the
diagonal CF ; but if the force with which one hammer firikes the ball
be to that by which the other hammer ftrikes the ball, as 7 to 3, then
the ball will move in the direction of the line C D,

I2 ' ‘ ‘The
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The principal Effeéts of Cordé)ound Motions. (Plate IN. Fig. 6.) '

I two powers C and B.a& with equal force on the body A, that is to
fay, that the power C would drive to B in the fame time that the power
B would drive it to C; in the contrary diretions of the lines C A and:
B A, the body A wilt remain at reft ; but if one of the powers aéts with
greater fosce than the other, the body will follow the dire&ionof that
which predominates, diminifhed by the quantity of the fmaller force. '

2d, If two powers Dand E a& upon the body A in the fame diretion,
viz. in the lines D A and E A, the body A will follow the direction of
both, and pafs through the point F, with this only difference, that it will .

go with greater velocity when impelled by both powers than with one.
' d, Let the two powers G and H firike the folid A, in the direCtion:
of the lines G A and H A, it will thereby receive a compound motion,
the force and direction of which may be expreflcd by the. diagonal of a
parallelogram, as was before obferved. ' ‘

In order to conftru this parallelogram, which is called the refolution
of the forces, let the two powers G and H be fuppofed equal and ex-
prefled by the lines H A and G A ; from the point G draw: the line EG
- equal and parallel toH A; from the point H draw the line E H equak
and parallelto G A, and the diagonal E A (the refult of the two powers
feprefented by the fides of the parallelogram H A and G A) fhall exprefs
the velecity and dire@ion of the compound motion; the effet of which
will be; that the body A will be carried through the point F. But fuppo-
fing the forces unequal, and let that of H, (Fig. g.) reprefented by the line
- H A, be doublethatof G, reprefented by the line R A ; then from the point
R draw the line R S equal and parallel to H A, which fhall exprefs the
forceand diretion ofthe power H ; and from the point H draw the line HS.
parallel to R A, which will exprefs the force and direion of the power
G ; the diagonal S A exprefles the velocity and direction of the body A,
which will pafs through the point T, whereas, if the powers were equal,
it would pafs through the point F.: :

It may be remarked, that two attra@ive powers placed at P and Q,,
would produce the fame effe&t as two impulfive powers at- G and H, and
that the parallelogram may be conftructed on the lines A Q_and A P.

"CONSEQUENCES.

1ft. Theacuter the angle of the diretion of the power is, the nearer
will they approach to one direction, and a& with greater force; fo the
refult of G.and H is greater than that of K and I, {uppofing the powers
to be equal. ; 2d,,
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2d. The greateft effet of two powers is, when they both a& in the
. fame dire&ion, and the leaft when they act in contrary directions.

3d. When two equal powers a&t in fuch a diretion that they form ar
angle of 120 degrees, as AK and A¥; inthis and in no other cafe, the
refult will be equal to the fingle force.of A or AK; it only ehanges the
direction ; for when the two powers act jointly, A will be carried to F,
whereas if K only acted, it would be carried to T ; or if Tonly atted, -
A would be carried to ¥; . if L only aQs it will be carried to V; if M
only-allsit will be carried to T. *

4th. If the dire@ion of two powers mike an angle lefs thar 120 de-
grecs, as G A and H A, they will affift one another; but if they form an
angle greater than 120 degrees, as L A and A M, they will be recipro-
cally diminithed.

The Ré/itlt: of @ Motion impreffed spen a Body A, in Relation to a
- Surface a b, which oppofes its Motion. (Plate 1V.Fig. 6.}

1t. When a body ftrikes a furface obliquely it will be with lefs force
than when it ftrikes it perpendicularly ; for it may ftrike it fo obliquelyas
only to graze along it; between the perpendicular fhock, which is the
greateft, and the oblique, which approaches neareft to a parallel to the
furface, there may be an infinite number of dire@ions, lefs or more ob-
lique, and the furface will be ftruck with more orlefs force. '
2d. If the two powers are united in D, they will a&, in the dire@ion
DF, with great force upon a 4; becaufc.they not only a& jointly, but
likewife in a perpendicular direcion upon the furface g 4. ‘
3d, If the twe powers be equal in force, and act in the direction of the
lines G A and H A, the body A will alfo fall perpendicularly on. the
furface g 4, but with lefs force than in the firft cafe, becaufe of the obli-
quity of the diretions. : ' -
4th. If the power H have double the force of the power G, then the:
direCtion will be changed into the line § A, (Fig: 9.y and the body wilk
ftrike the furface obliquely in the dire@ion of the line § T, but with,
lefs foree than in the fecond cafe, not only. on account of the diminutions
of the. force of the power G, but alfo an account of the obliquity of
the thock.
sth. It will be indifferent whether the body A receives its impulfe:
" from one fingle power, or from two, fo that it ftrikes the furface 2 4 i
the fame direction. Hence we fhall have no occafion to confider the:
powers which give the motion, but only the velocity and the direétion.in:
which they ftrike the furface. : - ‘
» 6th, It will produce the fame effe@, whether we change the line of
direction
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direGion, in which the body A ftrikes the furface 2 5, or change the po-
fition of the furface 4 & in refpe@ of the line of dire@ion. X

From what has been faid, it will follow, that if the common effe@ of
two powers acting upon the fame body be known, and alfo the direQion
and force of one of them, then the direction and force of the other may.
be found ; Yor let the body C (Fig. 5.) be carried to the point D by the
action of two powers, and ome reprefented by the line C, VII; draw the

- line D 3 equal and parallel to C, VI1I, and compleat the parallclogram, fp
thall C 3 exprefs the force of the other power. '

Tbe Application of what bas been faid to the Shock of Fluids.

We have hitherto confidered the thock of a folid body in different di~
rections upon the furface of another folid, but we will readily grant that
fluids do not a& in the fhock in the fame manner that folidsdo. It is
very probable, that when' a fluid falls perpeéndicularly upon a firface,
there is a mafs of water that refts immoveable before the furface, which
occupies the place of a folid bodz, and has nearly the fame effeQ as if
the {urface was round, fo that the fluid does not attack the body that ep-
pofes it in a direGtion perpendicular toits courfe ; befides, the particles of
water which attack a furface, whether obliquely or not, may rebound.
and change their direGtion, fo that thé laws of fluids are quite different
from the laws of folids in the thock.

The -oblique direion of a particle of water may be refolved into one-
that is perpendicular to the body which oppofes its courfes, and one thag
is paratlel to it. " o

In order to conftruct this refolution, (Plate IV. Fig. 11.) upon the
Iine A C inclined to the current, form the parallelogram A H E-F
(A E reprefenting the velocity and direcion of the current) making E F
parallel to C A and E H perpendicular to C A. The diagonal E A,
which reprefents a particle of water and- its velocity, will be the refult of
a motion fuppofed to be produced by two powers, one parallel to A C,
whofe force and direction is reprefented by E F, the fide of the
'Earallelogram, and the other perpendicularto it reprefented by the fide

H . .

Hence it will follow, that when a furface is expofed to the thock of a
current, in differentobliquedirections, the force of the direct thock is to that
of the oblique, as the fquare of the radius is to the fquare of the fine of
the oblique angle of incidence ; for the effort of the particle E A, (which
ftrikes tgc body A B, in a perpendicular direion,) is to the effort.of the
fame particle E A ; (which ftrikes the body A C in an oblique direQion,)

' : . . a8
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asEAisto EH; butEA isto E H as AB, the finé of the right an-
gls, isto AG, the fine of the oblique angle of incidence. But it was
- 'before obferved, that the fum of the particles that ftrike'A B is to the
“fim of the particles that ftrike A C as the radins is to the fine of the angle
of incidence. Hence, by multiplying the effort of one particle, by the
‘aumber of particles that ftrike A%, (that is, the effort of the whole water
upon A B) and multiplying the effort of one particle by the number of
articles that fall upon A C, that is, the effort of the whole fluid upon
8 A) we fhall have the following proportion: The effort of the whole
fluid upon A B is to its effort upon A C, as the fquare of the radius is to
the fiuare of the fine of the angle of incidence.
"W
unequal - (Plarz IV, Fig. 10.) the quantities of water which ftrike thefe
furfaces are as the produc of the furfaces by the fines of the angles of in-
cidence ; from whence we thall have the following proportion : The ef-
fort of the fluid upon A D is to that upon AB, as the fquare of A G, the
fine of the angle of incidence multiplied by the furface A D, is to the
Tquare of A B, the radius, multiplied Ey the furface A B.

CONSEQUENCES.

1ft, If twa eqmal furfaces, expofed to the fame current, receive its thock
in different obliquities, the impreffions will be to one another as the {quares
of the fines of the angle of incidenee.

2d; A furface parallel to the cyrrept can receive no thock, becaufe there
is no angle of incidence.

3d. If two, unequal furfaces are expofed to the fame current, the im-
preflions they receive t? the thack in different abliquities, are to ane an-
other as the prody@s of the fquares of the fines of the angles of incidence,
and of the furfaces that receive the thock. . . :

4th. If two equal furfaces receive the fhock of two unequal currents,
the im{preﬁ'mns will be to one another as the produ@s of the {quares of
the velacities, and aof the fquares of the angles of incidence.
.. 5th. If two unequal furfaces are expofed to two unequal eurrents,
which firike them with different obliquitics, the impreflions will be to
ore another as the produ@s of the fquares of their velocities; of the
fquares of the fings ; of the angles of incidence ; and of the furfaces.

. Al thefe confequences may be deduced from the preceding principles;

it only remains to apply them
- Let AB (Plate FV. Fig. 4.} reprefent the extreme breadth of a
weflel, and let the fore part be formed according tothe angls ACR,
: . o

en the furfaces A B and A D, which oppofe the current AE, are '
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or AFB, or ALB. In order to find the efforts of -the fluid, fappofing
the velocity and dire&ion to be the fame, and parallel'to the keel, in the
three cafes, upon the middle of the line A B, erect the perpendicular ;
E L, which will pafs through the tops of all the triangles; then to find
thie fines of the angles of incidence, with the radius A B. defcribe two -
arches, AF and BF, to interfe® one another in the vertex of the eq,ui’-
fatesal triangle ; the arches will interfect the fides of the angle, that is lefs
than 6q degrees ; but not the fides of that which is more than 60 degrees; .
produce one of the fides from C to M (Plate 1V, Fig. 4.} Lattly, let
fall the perpendiculars M D, FE, P K, upon the line A B, from all the
points where the arches interfet either the fides of the triangles, or the
fides that are produced; fo fhall AE, AD, and AK, reprefent the fines
of the angles of incidence upon the different triangles A F B, A C B,
and ALB. ,

It will be eafy to obferve, that the effort of the fluid upon the intire
fore parts ACB, AF B, or AL B, is to the effort upon the extreme
breadth, as the effort upon AC, AF, or AL, is to the effort upon AE;
but it was proved before, that the impreffions received by twe unequal
furfaces, oppofed to the direGtion of a current, are as the fquares of the
fines of the angles of incidence multiplied by the furfaces ; fo, in this cafe,
the impreflion on  AC will be to that on AE,. (or, which is the fame
thing, the impreffion on A € B will be to that on A B) as the fquare of
‘A D, the fine of the angle-of incidence, multiplied by A CB, is to the
fquare of the radius multiplied by AB:. - | ’ '

We have alfo the effort on AF B to the effort on AB; as-AF B,
multiplied by the fquare 6f A E, the fine of the angle of incidence, is to
A B, multiplied by the fquare of A B the radius. This proportion would
{hew the effort of the fluid upon the prow A F B, in a perpendicular di-
re&ion to the fides A F and BF, which would be very ufeful, if it wereé
required to determine the dimenfions of the timber that is to refift that
preflure of water ; but in the prefent cafe, where only the relative effort
upon the prow is confidered in the dire@ion of the keel, we muft form
another refolution. Let then C D (Fig. 8.) reprefent the effort upon F B;
perpendicular to that furface ; if from the point D we let fall the perpen-
dicular D H, and compleat the parallelogram G CD H, CG fhall repre-
fent the relative effort upon the prow in the dire@ion of the keel, fothe
whole effort upon F B, may he reprefénted by F B multiplied blZ the
fquare of the angle of incidence, which is to the relative effort as ' B is
to EB: The relative effort then is equal to the fquare of the fine of
the angle of " incidence multiplied by ‘EB, or. by the fum of the particles
which fall. upon F By for to find the relative :efforton F'B; we muft
' multiply
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multiply the fquare of the angle of incidence by the projection of the
plane F B upon the beamn E B. v .

Tho’ this method cannot be truly agplicgi but to reQilineal triangles,
yet, by dividing curves into a number of {mall parts, each may be con-
fidered, without any fenfible error, as a ftrait line. M. Bouguer makes
ufe of this method of approximation to a fufficient degrce of exactnefs.
What we have already faid upon that head, it is to be hoped, will facili-
tate this defcription to fuch as have'only a flight knowledge of the mathe-
matics ; {o that all that remains now is, to apply this to the draught of a
thip of 70 guns, which has been already laid down.

A Calculation of the Refijlance of a Fiuid upcn the Prow of a Ship of 70
Guns, which we bave laid down i a Drought, compared with the Effort
of the fame Fluid upon the drea of the Midfbip Frame.

As the operations are to be performed upon the plane of projeion
before laid down, all the frames in the fore part muft be exactly formed
as before in Plate I1. in order to which it will be neceffary to make ufe
of a larger fcale, as in Plate V.,

It will be very convenient to draw the water lines I, 1I, III, &¢, and
the frames 1, 2, 3, &e. to the midthip frame, at equal diftances from one

-another;’ ‘

_ It is plain, that the water lines and frames divide the prow into trapezia,
fuch as 74, 84, 7¢, &rc. correfponding to the trapezium A D, and pa-
rallelogram 4 4, in the plane of elevation, Plaze 11.

It will be neceflary to obferve, that there muft be fo many water lines
and frames, that the lines 84, 74, 6 ¢, &c. which are curves, may be
efteemed ftrait lines, ‘ » ’

. We muft draw the diagonals 72, 85, 7¢, &. through the trapezia;
but we may take two trapezia at once near to the midthips, becaufe the
thips fides are there nearly parallel to the current.

It will likewife be proper to obferve, that thefe diagonals are the pro-
jetions of the diagonals of the parallelograms reprefented upon the plane

of elevation, at leaft, on the furface of the fhip; as for inftance, the dia-
§onal 86, on the plane of the projection, is the proje@tion of the diagonal
8 d drawn on the plane of elevation. '

. Thefe diagonals divide the prow intt the triangles 1, 2, 3, 4, &¢. which
ftrike the fluid with different degrees of obliquity. - L

We have not the entire areas of thefe triangles, by reafon of the cuWir;g
: of the prow, but only-their proje@ion @n the midthip frame ; -but this s
‘sllswe want ; for the fum of all the particles of water that ftrike the tri-

' T K angles
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angles are proportioned to the triangle proje@ed on the midthip frame, -
fince the water that ranges along.each triangle may be confidered as a
. triangular prifin, the bafe of which is equal to the triangle r 4 8, Fig. 1.
Plate V. and this was the thing in queftion. M. Bouguer propofes to cal-
,culate the cffort of the fluid on each triangle, their fum will give the thock
of the water upon the whole prow, and compare this to the thock of the
fluid upon a furface parallel to the area of the midthip frame.

To attain this, M. Bouguer lets fall perpendiculars to every frame,

from the angles formed at the interfeCtion of the water lines and the dia-
onals that were drawn to form the triangle ; for inftance, upon the frame
5, the perpendiculars /4 and » p; upon the frame 7 8, the perpendicular
8 m on one fide, and the perpendicular z ¢ on the other fide, &¢, :
This method requires that there be as many right angled triangles
formed ‘as there are triangles on the prow; and as there muft be a great
number of them, it will be neceflary to find fome method of forming
them. The following feems to me to be the moft expeditious. :

Draw two parallel lines, BD and CR ; let.the diftance betwixt them

be equal to that betwixt the frames on the plane of elevation, and by this
one operation we have the height of all the triangles that are- coatained
betwixt the parallels. , g
As the bafe of all the re@angles fhould be equal to the perpendicular
of the correfponding trian'zl: of the prow, we may fet off the leagth of
each perpendicular upon the parallel CR ; fo fhall C H, Fig. z, be equal
to rp, Fig. 1; HL, Fig. 2, equal to 54, Fig.1; L E equal to 8 M, Ge.
To compleat -the triangles, draw the perpendiculars HN, L M, and the
byfothcnufcs DH, NL, &e. '
f one._of thefe reGangles be confidered fingly, D H may reprefent the
. radius, and C-H will be the fine of the angle of incidence.

All thefe triangles being defcribed, we may begin to find their areas on
the plane of the proje@ion, becaufe it is upon this that the relative imputfe
in the direion of the keel depends ; which is the thing now required, as
was before obferved. . :

The furface of a triangle is found by multiplying half the bafe by the
perpendicular ; fo the furface of the triangle 7, 4, 8, will be the produé of
- the perpendicular-7 p, (equal to C H) multiplied by half the bafe 4 8, and
this will be the fum of -all the particles which ftrike the triangle 7, 4, 8,
which is an element of the prow of the (hip.

In order to find the relative foree of the fluid in the dire@ion of the
keel on that part of the bottomv gorrefponding te the triangle 7,4, 8, it is
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only multiplying the furface of the triangle by the fqudare of the fine of

the incidence ; in place of multiplying it by the {quare of the radius,
which would give the impulfe the triangle would receive from the water
. 'in a perpendicular dise@ion ; now if we divide this impulfe by the oblique
one, the quotient will give the quantity that the impulfe is diminifhed by
the obliquity of the prow ; but there will be no occafion for this lagt ftep,
for as the fum of all the producs of the triangles multiplied by the fquare
of the radius, gives the effort of the fluid upon the midthip frame; the
direct effort may be found by multiplying the area of the midthip frame
by the {quare of the radius, and if this be divided by the fum of the pro-
duls of all the triangles, multiplicd by the fquares of the fines of the an-
gles of incidence on each triangle, we fhail ksow the dimination of the
tefiftance which the prow meets with in proportion to that of the mid-
fhip frane, ' ‘

It would be almoft impratticable to maltiply the furface of each trian-
gle by the fquare of the fine of the angle of incidence, u;on' which 2ccount
M. Bouguer fubftituted proportional lines in place of the fquares of the
fines, which we fhall now explain. :

It was befose obferved, that if D Hbe the radius, CH will be the
fine of the angle of incidence. . v -

If we. let fall the perpendicular € Oupon the line D H, we thall have
the triangle D C B fimilar to D OC; fo taking the equak lines C D,
and N H for the radius, C O will be the fine of the angle of incidence.

If we draw O P perpendicular te I C, the triangles DOCand COP
witt be fimilar, therefore the triangles D CH and C O P will be fimilar,
::nd.vDH is to CH as O Cto CP; but Dl‘ih:s to CHasDC to

O, and by multiplying thefe two propostions, fquare of D H will
be to the fq{are CH asgD Cisto PC; that i, if D C-reprefent the
{quare of theradius, P C will be the fquase of the fine of the angle of in-
sudence CD H. So the lines C P, H Q, L G, &, give the {quares of
the fines of the angles of incidence in the triangles 1, 2, 3, &c, which are
to be mrultiplicd by the furfaces of the triangles; and the parallels DC,
N H, &e. always reprefent the radius.. . .

ACal-
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ion of the Refiftance of the Fluid upon the Pra';v of a Ship of fo

Guns, compared witb that upon the Midfbip Frame.
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36 10 6 6 .
22 9 9 o
I5 11 2 8
1511 2 8 .
4 4 5 6
3 7 oo
1 3 10 IL
2'0 7 9
0O 5 5 o
© 5 5 0
| © ° 7 8
o 2 8 6
O O 2 6
o O 7 2'
O 0 O 4
0O o115 6
104 2 8 8
57 10 6 2
43 8 6 5
28 o 8 10
12 9 8 7
3 2 8 1r

Total 249 10 11 7

We mutt in the next place find the diret effort of the water upon the
area of the midthip frame, by multiplying the area by the fquare of the

OPE-
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OPERATION

Half the 6th water line » VI . 10 2 O
The whole 5th water line V., : 20 0 O
The 4th water line 19. 5 0
The 3d water line 18 1 o
The 2d water line ‘ 15 11 6
The 1ft water line - 12 0 o
T he breadth of the keel o 0 o
.-+ Total 95 9 6
Multiplied by the diftance betwixt the water o

lines, which is o 3 2

Product is the area of the midfhip frame 303 4 &
Multiplied by the diftance betwixt the frames 8 o o
Produ®t 2426 8 8

This being divided by 249 : 10: 11, the fum of the efforts of the fluid
upon the triangles of the prow; the quotient is g %=, which fhews that
the cffort of the fluid upon the prow is to that upon the midfhip frame
as I isto g 1%, which is a fufficient diminution of the refiftance for a
thip of this force. Hence we may conclude that the water lines in the
fore-bady are well formed, but a frigate will require more diminution,
as will appear by the following examples.

The Brillant, as 3 1 to 1, 2 very bad failer,

The Tigre, as 5to 1,a company keeper.

A fhip of 5o guns, defigned by M. Boyer, but not built, as 8 to 1.

The Monarque, of 74 guns, 4.1b. thot, built by M. Olivier in 1744, as

13 s t0 L. \ ’ S

The Adlcide, of 64 guns, by M. Qllsvier, at Breff 1741,286 3 to 1.

‘The Renvmme, built at Breft by M. Defakeurs 1744, a8 10 to ¥.—This

thip, by the accpunt of the captain, was a very fine failer,

‘The Badine, 6 guns of 3 1b. fhot, as 7 ; to 1.

‘The Pantbere, of 20 guns 6 lb. fhot, as 10 ; to I.

The Amazon, of 44 guns, builtby M. Blgfe Pengalot, as 8 § to 1.

- ‘The Superbe, built by M. Helie, as 5 < to 1. - Co.

The Mutine, of 24 guns, built by M. Gﬁﬁ'oi, fenior,as10 3 to 1.

We have compared the efforts of the fluid upon the prow of each
ﬂﬁf’ with that upon the plane, equal to the area of the midthip frame.

t will be proper alfo to examine if the refiftance in thofe be lefs than .
in fhips which are known to be good failers; but it may happen that a
. | f :

fhip,
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thip, whofe midfhip frame has a fmall area, may meet with little refi(-
tance, tho' her prow be not dimijnithed in praportion to that of her mid-
~ fhip frame ; fo it will not be fufficient to know this proportioa only, to
be aflured whether or not the fhip will be a fine failer. We muft alfo
compare the areas of the midthip frames, and pot reft fatisfied with com-
paring the efforts of the fluid, upon the prow of the (hip we “have laid
down, with that upon the prow of the thip of the fame rate, which has
gained a good charadter. _

The firft Example of Comparifon,

We know that the area of the midfhip frame of the 70 gun- thip, we
have laid down, is 606: 8 : 2, and that the effort of the fluid .upon the
row is to that on the midfhip frame as 1is to 9 y%. Now if another
fhip of the fame rate has the area of her midthip frame 7 or 8oo feet,
fuppofing the fails, and every thing that may contribute to failing, to be
alike in both ; - its plain this laft-cannot fail fo well as that we' have laid
‘down, and by this example, it is very plain, that if we would calculate
which of two fhips would fail beft, we muft, after finding how much the
refiftance of the fluid upon the midfhip frame of each is diminithed by
the form of their prows ; alfo compare the areas of their mithip frames,
that we may know which of the two has the greateft mafs of water to
difplace ; but if it was only required to know, which of two fthips of the
fame rate would fail beft, it would be fufficient to compare the efforts of
fluids upon their prows. : -

" The fecond Example of Comparifin.

We have found by the calculation, that the effort of the fluid upon the
prow of our fhip of 70 guns, is 249 : 10: 11:7; butif, by a like calca-
lation, we find the refiftance upon the prow of a fhip of the fame force,
~ and carrying the fame quantity of fail, to be 300 fge
conclude that ours will fail beft. -

It will alfo be proper to examine, by the fame calculation, whether the
thip we have laid down,can carry a good fail,drive but little to the leeward,

.

and fteer well,

FINTIS

t, we may thence
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N grateful acknowledgment to the public, for their fa-

vourable - reception. of my firft Edition, I have, in this.
Supplement, colle&ed all the difcoveries I could either make:
by my own obfervations, or gather from the writings of
M. Boucuer and M. DunamEL. -

I have likewife endéavoured to determine the thicknefs
of the plank in the direGion of the planes of the timbers,
and have illuftrated it with a Plate engraved for that pur-
pofe ; Plate V. in the firft edition, being too. much crowded.
with lines, to admit of any addition. '

Alfo an account of experiments that have been made to-
afcertain the form of a folid that will move through the:
water with the greateft velocity. Thefe experiments like-
wife ferve to determine the propereft pofition of the mid-

fhip f;rame . '

The proportions for mafts and yards, caps, tops, truffcl-

trees, and crofs-trees, are inferted.

Likewife the weights of the anchors, .the dimenfions of
the cables, the number, nature, length; and weight of the
guns on each deck, according to the rates of the feveral
fhips in his Majefty’s Navy.
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SUPPLEMENT

TO THE

PRACTICAL TREATISE

ON

SHIP-BUILDIN G.

\ BOUGUER, in the Preface to his TRAITE DU NAVIRE,
: gives an account of the progrefs of fhip-building in France,
® with the names of feveral eminent men who applied themfelves,
with much zeal, to reduce’ naval architeGture to certain mathematicat
principles ; and fays, that at a conference held at Paris in 1681, the
principal dimenfions ufed in France were eftablithed by an order of the
arfenal. He makes mention of Pierre Fanfle Horn, who, in the begin-
ning of the laft century, imagined that Noab’s ark fhould be made the
flandard and pattern of the form of a fhip: But M. Bouguer obferves,
he did not confider that the ark, far from being defigned to fail with
any degree of velocity, was built only to fuftain a great weight, when
lying at reft on the furface of the waters of the dcluge. Be that gs it
will, it feems, at leaft probable, that the firft.defign of building fioating,
veflels, was to carry goods from one place.to another.

Now, the propereft veflels for that purpofe would be fuch as. could
contain the greateft quantity of goods, and carry them in the ‘thortefb
time to the intended port :. So. that capacity and velocity feem to be two.
eflential qualifications, ’

As to the firft, that of capacity, a circle has a greater area than any

other plain furface of the fame circumference ;- and, confequently, a cylin-
drical tub would be the propereft form to anfwer the firft end, but the very

worft for the fecond, viz. that of velocity : For, by what method foever the.

power that fets the veflel in motion is to be applied, it is indifferent what:
point goes foremoft ; and if it were applied in an oppofite dire&ion, the

Supp.. ' A - veflel
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_ as it advances forwards, will ftill have the fame number o

(2)

veflel would go as faft a-ftern as a-head, if I may be atlowed that ex-
reflion, where there is neither head nor ftern. .
A Cube is the next folid of greateft capacity ; but this is fubje& to the
fame inconveniencies as the Cylinder : Hence we may conclude, that all

floating veflels may be longer than broad.
An oblong re@angular parallelopiped will go with greater wvelocity
-endways than fideways ; but it will be indifferent which end goes
foremoft ; and, befides, this form would meet with great refiftance in

. paffing through the water. For, let the component parts of that fluid be

fuppofed never fo {mall particles of a globular form, it is certain they
muft have fome kind of cohefion ; and the’ they are cafily fet in motion,
they muft aGually be feparated before any body can pafs through them;
and any plane moving in a direGion perpendicular to itfelf, mul difpkee
as many of thefe particles as are contained in the area of that plane; and,

tP particles to
difplace, before it can go a-head ; hence we may conclude, the parallelo-
piped will not anfwer the two effential propertics.

Let us next examine, how far the wedge would anfwer thofe pur-
pofes: This being tapered to an edge at the fore-end, will eafily divide
the fluid, and the fides will attack the particles in an oblique diretion,
and confequently will meet with lefs refiftance in pafling through the
water. If the particles of water were as clofely unsted as thofe of wood,
perhaps the wedge would be the propereft form to force its way through
a body of water. But it muft be obferved, that the wedge alts in a quite
different manner, when cleaving a tree, and when dividing a fluid ; for
the parts that unite the tree are feparated at a great diftance before the
wedge, and the parts through which it has pafled are fo far from endea-
vouring to unite themfelves again,. that the extremity of the tree will be
double its diameter afunder, before the wedge has advanced near the
other end ; whereas, the wedge has no fooner paffed through the particles
of water, but they immediately unite as clofe as before, and nonc of the
particles are feparated till the wedge aGually ftrikes them, and no fooner
has the wedge forced its way through anv number, but it has the fame
number to encounter, and drags a quantity of what is called dead water
after it: for, placing a flat piece of wood in the water, at the after end
of the wedge, it will keep clofe to it, till the wedge alters its direion ;
for which reafon, there feems to be a neceflity for tapering the after-end
of the wedge. It muft likewife be obferved, that the mall that forces
the wedge a-head drives it in a dire@ion perpendicular to the after-end ;
whereas the wind that forces a fhip a-head, fometimes ft:ilmsd.it’cé? a

ire&ion
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dire&tion oblique to the keel, which will be apt to drive it out of the
dire@ion of the keel, as is the cafe of a thip that lofes her rudder : This
is another reafon for tapering a fhip at the after-end, for otherwife the
rudder would have but very little power to keep her fteady in a firait
courfe. -

We have now found, that all fhips muft be longer than they are broad,.
and likewife tapered at each end: The next thing to be confidered is,
whether’ or na the fides thould be perpendicular to the bottom : In that
cafe, all vertical fections perpendicular to the keel, and at right angles,.
would be parallelograms, which would be a very improper form for di-
viding a fluid ; for though, by the tapering at the fore end, the refiftance:
would be’ leflened, yet the particles fhould be fo far feparated. as to allow
the plane of the midfhip frame to pafs through them; and though the:
effort of the fluid upon the midfthip frame would be greatly dimini(hed.

by its oblicit;e direction, yet as the fhip would then be as broad at the .

keel as at the water’s edge, the bow would meet with great refiftance

every time the fhip went about; fo that there feems to be a neceflity,,

not only of tapering them at each end, but likewife from the extreme.
breadth down to the keel.

The next enquiry muft be, whether thefe vertical fetions are to be:
limited with curve or ftrait lines, and how to afcertain their form.

The mathematicians have endeavoured to inveftigate the form of that
folid which meets with leaft refiftance in pafling through the water;.
but they have not drawn any praicable rules from thence, to determine
the form of a fhip ;. and fhould they be fo lucky, after a tedious calcu-

- lation, as to find out the particular form of fuch a folid, it would be of"

little ufe in forming the body of a fhip: For it is fuppofed,. that the:
folid is to continue in the fame pofition in the water, otherwife theim--
merged part will alter its form as often as it alters. its pofition, . unlefs it:
be, as M. Bouguer would have it, formed by the revolution of a curve
round its axis. Hence we may conclude,. that the particular form of a.
fhip cannot be determined by rules that will admit of a mathematicalt
demonftration. ,

The builders, finding they could. have vezy. little affiftance ftom the:
mathematicians, have applied themfelves to experience;. and though they/
have not found any particular form which may be a ftandasd for all:
fhips of the fame burthen, and defigned for the fame fervice,. yet in:

fome points they feem to agree. Hence it is, that, in fhips of war, of:

the fame rate, the principal dimenfions are nearly the fame; and in all.
fhips the midfhip frame is nearer the fore-part than the after-part.  For,.
A2 finding
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finding by repeated trials, that a maft or tree, when tapered, will tow
fafter through the water with the butt end foremoft than with the fmall
end, they conclude it will be fo in fhips; though M. Bouguer thinks
the only reafon for towing the butt end foremoft is, that the rope may
not flip. The rules given us by M. Bouguer, for calculating the refitt-
ance, feem to be deduced from the fame principles as thofe for afcer-
taining what weight will raife any heavy body on an inclined plane, which
may be effected with as great certainty as by weights in a pair of fcales,
as is proved by experiments.

If ‘the particles that compofe a mafs of fluid were folids of fuch a.

particular quality, that when once feparated, they could not be united
again, without the application of fome exterior force, the fame rules
might anfwer in both cafes. But when it is confidered that the particles
of the fluid have a natural energy, whereby they unite themfelves as

foon as the force that feparated them is removed, we may hence con--

clude that every particle has two motions, the one parallel, and the other
perpendicular to the axis of the maft. If the maft were at an anchor,
floating on the water, and a current fetting parallel to its axis, the thock
fuftained by the maft would be the fame as if the maft were in motion,
(with a velocity equal to that of the current) and the current at reft.
It feems probable, that the natural tendency the particles have to unite
themfelves, will as it were grafp the maft, and retard its motion, when
the fmall end is foremoft ; whereas, when the butt end is foremoft, and
hath once opened a paflage, the particles, by their union, will rather force
it a-head, or at leaft prevent its going a-ftern ; and experience feems to

favour thefe principles; otherwife a thip would go fafteft ftern foremoft.

M. Bouguer tells us, the reafon for making fhips fuller before than abaft,

is, not to make them go with greater velocity through the. water; for,.
he fays, that would have a quite contrary effed, but to make them

fteer well,
Since capacity is an effential quality, the immerged part muft be of
fuch a form as to be able to fuftain the whole weight of the fhip com~

pleatly rigged, with guns, ammunition, provifions, ftores, &c. The.

weight of all (hips of war, of every ratg, is now pretty well known; fo

that we may find, by calculation, if the load-water linc be properly .

placed : But this is not all that is to be confidered ; great regard muft be
had te the velocity, ftability, property of fteering well, carrying fail,
and many other neceflary and fecmingly oppofite qualitics. How to at-

tain all thefe qualities has been attempted by feveral eminent mathemati- -

ciaps and builders, who, inftead of determining any particular form,
’ " have
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have produced as many different, and feemingly dire@ly contrary rules,
as there are different complexions and ftatures among the projectors.

.The mathematicians have given certain rules for finding the center of
gravity, both of the {hip when properly loaded, and alfo the center of
gravity of the column of water the difplaces, M. Bouguer likewife gives
dire@ions how to ftow the goods, fo that the center of gravity may be
properly placed with refpe to the metacenter and the center of gravity
of the column of difplaced water ; which laft cannot be altered after the
thip is built. It is on the proper fituation of thefe that the ftability of
the thip depends.  As to velocity, they have given us rules for calculating
the refiftance of the fluid on the fore part of the fhip: but unlefs it can
be proved that the velocities are always proportional to the refiftances, it
feems we fhall gain little by this; as there is no account taken of the
after body, and 1n the calculations they fuppofe the fhip to be upright,
and failing in the dire@ion of the keel; whereas a'fhip often lays her
fcuppers in the water, when clofe hauled on a wind, and fometimes
makes two or three points lee way, feldom lefs-than one; and yet fome
thips in finooth water will then fail within two or three knots as faft as
when going large. We may venture to affert, there will be no propor-
tion betwixt the velocities, and refiftances in thefe two cafes; for in the
firft all the particles that ftrike the fore part loofe their power as foon as
they pafs the midfhip frame; afterwards, according to his principles,
they occafion no refiftance ; whereas, ih the fecond, "every particle has
its full force, acting on the whole length of the fide, and the area of the
fection, which in this laft cafe would receive the perpendicular fhock,
would be almoft double that of the midthip frame; add to all this that
there is room to fufpet thefe rules of being deduced from wrong prin-
ciples, as was before obferved. But admitting all this, and that the velo-
* cities may be calculated, after the fhip is built, and found even by ex-
perience to be proportionate to the refiftances, what will that avail us, if
we have no inftructions how to form the body fo, as to be capable of the
greateft velocity, in all pofitions, confiftent with the requifite capacity,
ftability, &c? There are other very material points to be confidered,
fuch as the center of ratation, or the axis on which the thip turns whén
the inclines to one fide, when fhe tacks or pitches ; -thefe are continually
thifting, as is the point of {uftentation or fufpenfion.

In all branches of the mathematical fciences, there are certain theo-
rems demonftrated, from ‘wherice the praical rules for the folution of
various problems are deduced, in which there are always fome neceffary.
data given, by which the unknown things may be difcovered.

It
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It is to be withed we could procecd in the fame manner, and with the
fame certainty, in fthip-building ; but I donot find that any who have
treated that fubjet have given us any invariable rules for fettling thefe
points ; and indeed, confidering the infinite number of properties, and in
{fome cafes fo oppofite to one another, that if any of them be purfued to
teo great a degree, it will deftroy another very effential quality. I fay
confidering all thefe things, it will be a very difficult tafk, if not impoffi-
ble, to unite them all in one body; add to this that the different feas,
and different fervices in which they are to be employed, will require as
different forms ; fo that theory alone, without actual experiment, feems
infufficient to reduce this complicated art to a regular fyftem. I thall juft
mention fome of the neceflary data.

it. The whole weight of the thip compleatly rigged and boarded.

This is generally given, both in fhips of war, and in thofe for the
merchant fervice, {acing what is generally underftood by tuns; that is,
builder’s tuns; but the true tunnage of moft fthips of war is now pretty
well known, as the number and weight of the guns, provifions, &c. of
€ach rate is eftablithed.

2d. The length of the gun deck.

This in (hips of war may be nearly determined by the number of guns.

3d. The breadth. ’ '

If the fection of the load-water line were a regular curve, the length
would determine this, and its area might be calculated ; and converting
the whole weight into cubick feet of falt water, and dividing thofe by
the area of the load-water line, we fhould have the depth or draught of
water ; that is, fuppofing the form of the body to be that of a bathing
tub, which perhaps would be very proper for carrying goods ina canal,
where it might be dragged by horfes ; but as fhipsare to encounter high
feas, and fuftain the violence of ftorms of wind, it is plain they will
require a quite different form.

4th. The depth of the hold, and draught of the water fore and aft.

sth. The extreme breadth of three fections at right angles to the keel,
+ and perpendicular to the plain of flotation ; and likewife the extreme
heights of thefe breadths, together with the breadths and heights of
the top-timbers of thefe feGions; one of them to be near the middle,
snother at the after end of the keel, and the third at the beak head.

6th. The rake of the poft and ftem. -

oth. The fitnation and exa& form of the midfhip frame and likewife
of the other two vertical feCtions ; and if to thefe three we add the other

, two
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two which M. Dubamel calls the balance frames we may fafely fay the
whole form of the fhip is determined.

The great difficulty will be to obtain thefe daze. M. Bouguer, and
after him M. Dubamel, hath purfued this {ubje& as far as the nature of
theory is capable; from whence they have deduced feveral ufeful prac-
tical inferences, but have ftill left thefe points undetermined, and at laft
refer us to the general practice of the moft experienced builders, So that
what improvements have been hitherto made feem chiefly owing to ex-
perience ; and fome think it highly probable that the form which comes
neareft nature, fuch as that of the fwifteft fithes, will beft anfwer the

urpofes of thipping. But here we fhall find ourfelves very much em-
garraﬁ'ed ; for fithes are wholly immerged, and the force that moves them
is wholly in their own power, and they are in no danger of being drove
out of their intended courfe by an external force, the author of nature
having furnithed them with every thing that is neceflary, either for pur-
fuing their prey in a dire& courfe, or turning themfelves as occafion re-
quires ; whereas in a fhip, it is quite otherwife, as fhe is entirely fubje&t
to an external force, and governed by the helm ; and therefore her form
muft be fuch as may be moft capable of receiving thefe impreflions, and
what nature has denied her, muft be fupplied by art.

As all who have written on this fubje@ have left thefe points undeter-
mined, I fhall not attempt it. I have in the appendix to the firft edition
abridged the fubftance of what M. Dubamel has faid in his treatife, and
in this Supplement thall extrac fome of M. Bouguer’s fundamental prin-
ciples, toicthcr with what M. Dubamel has advanced on the center of
gravity in his fecond edition ; which I fhall endeavour to tranflate fo as to
be intelligible to thofe who do not underftand the French language, and,
as occafion offers, make fuch remarks of my own as I think neceflary.

EXTRACTS
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FROM

M. BOU G UE R’s Trasté¢ du Navire.

of which contains a general idea of the conftruction of thips,
® and divers remarks on the common rules, in three feions.

In the firft fection, which he divides into twelve chapters, he defines
the names of the difterent pieces that form a thip, and their proportions,
according to the practice of the moft eminent builders ; and likewife de-
fcribes the various methods ufed by them in forming the timbers. This
takes up the firft nine chapters; for which we refer to M. Duhamel,
who has given us the fubftance of what M. Bouguer has faid on thofe
heads, as tranflated in the Appendix. .

In the 1oth and 11th chapters, M. Bouguer makes fome remarks on
the form which the common rules gives to a thip, and by what methods
they may be amended. , .

It would be needlefs, fays he, to give any further account of the
feveral methods ufed by builders to form the figure of their fhips, and
project the frames; but it feems that all thefe prove, beyond difpute,
that they have not yet found out a fixed rule. The only reafon why
they have ufed fo many different methods, is, becaufe they could not
find the beft. It would have tended much more to the advantage of
their art, if they had in practice kept by one general rule, and only
changed fome particular circumftances, -carefully remarking the refult of
fuch a change.

‘Experience would have proved the beft means of bringing naval ar- .
<hiteGure to perfection, if the thing had been poffible ; but it is plain,
that practice alone is infufficient in many cafes; for, though fome points
may be determined thereby, yet, with refpe& to many others, it ftands
in need of theory. As nothing but a fincere defire of finding the truth,
has engaged us in thefe refearches, we fhall not fail to take proper notice
of what is good in the common rules, and fhall fupport them by all the
arguments that may occur to us. I imagine the midthip frame might

Supp.

M BOUGUER divides his Treatife into three books, the firft
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be earried further forward, and placed, not at % of the keel, butat « of
the length of the immerged part, or even a little nearer the head. Thus
it would always be nearer the fore part than the after part ; the fore part
would be fuller than the after part, and the immerged part would have
more of the form of a fith.

It is well known, that the extreme breadth of every frame is higher
abaft and afore than in the midfhips, but more an the aft part, which will
make the thip draw more water abaft than afore, about one fixth part of
the depth of the hold. As the fore part cannot fo readily divide the
water, when the keel is perfcétly level, as when it is inclined to the ftern,
it being uncertain what property to afcribe to it, the moft cligible me--
thod would, doubtlefs, be to try the refult at fea, and make choice of
what experience indicates.

Seamen, no doubt, tried to find. her beft failing trim when at fea ; and.
Kaving frequently remarked, that it was neceflary to make her. draw more-
water abaft than before, they eftablithed it as a law, by-obferving it ;.
whereby we fhall at leaft gain this advantage, that the thip will anfwer
her helm better.. This will occafion the decks not to lic parallel to the
keel ; for, admitting they may be of the fame height afore,. that they
are in midfhips, they are raifed confiderably higher at the poft, about:
the fixth- part of the depth of the hold.

Now,; taking what we have faid for granted, the builders, after all.
their trials, are very far from having found eut the true figure of the
bow, from whence almoft the whole of the round fhould be taken.

away..

The decks being fixed will determine the height of the beams; fo.
the decks will be no where fo high as the extreme breadth of the frames, .
but in midfhips. There is another important reafon for raifing the
breadth higher afore than abaft, though few attend toit. When a fhip
is clofe hauled by the wind, and lays much over the weather fide, it will .-
lofe much of the breadth ; whereas, on the contrary, the lee fide will.
gain confiderably. The fhip then difplaces a great deal moré water on.
the lee fide, and, according to the manner in which: fluids a&, fhould be
fupported with greatcr force,. and of confequence be able.to carry the:
greater fail. Hence it is plain, that, by raifing the breadths, we keep.
them as a referve, to be ufed when the fhip ftands moft in need of re-
lief; that is, when fhe lays moft over. It may be remarked, that the flat
floored fhips have leaft need of raifing the breadths ; for, carrying all the
weight of their cargo fo.low, they are thereby capable of carrying a great
deal of fail. Though we cannot abfolutely condemn the pratice of

: making
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making a fhip draw more water abaft than afore, yet we cannot approve of
any of the rules that the builders have given us to determine the exa@ dif-
ference. A fhip may be built to a precife draught of water, by which
the conftruction will be founded on true principles; but when a fhip is
.not built to one precife draught more than another, which is the cafe of
moft of the fhips that have hitherto been built, it will be very difficult,
and one of the moft complex queftions in naval architeGure to deter-
mine this precife point: One would imagine there is no more to be done
but to make the thip fwim in the water, {o as to be capable of carrying
the greateft fail ; but when a fhip is very deep in the water, this will
greatly increafe the refiftance, and of confequence be very prejudicial to
her failing. We need not abfolutely find that part which will meet with -
leaft refiftance : When a fhip has but little hold in the water, fhe can
carry but little fail, and therefore cannot go fo fatt through the water,
The refiftance then muft be calculated, not abfolutely, but relatively, in
proportion to the canvafs fhe fpreads. This will be a moft laborious
and tedious calculation, as not only the various and irregular curves which
compofe the body muft be nicely examined, to afcertain the refiftance in
different draughts of water, but likewife the weights of every partin the
thip, and in what manner they are ftowed ; all thefe muft be given be-
fore we can determine, in every cafe, the power that will be fufficient
to fuftain the force of the wind ; on which account, it will be proper to
advife the mariners to make frequent experiments of the fhip’s feat in
the water; for the folution of this problem is only an approximation,
even when the minuteft circumftances are confidered. It is true, fome
builders, who would not be ftopt by any difficultics, even fuch as puzzle
the greateft mathematicians, have imagined they could find out this by
another method. Many of them pretend to examine the difference of the
draught of water when the thip is launched, and would have it to be the
fame when the fhip is loaded ; our readers cannot but pity us, to be ob-
liged ferioufly to confute thefe and fuch parallel maxims. If a fhip fails
‘beft when loaded to the propofed load-water line, fhe cannot fail {o faft
when fhe draws only one half, or one third part of it: So there can be
‘no manner of proportion between a fhip’s draught of water, when
launched and when loaded: And this method propofed fo myfterioufly
to us by the gens du metier, and received with too much refpe& by many
mariners, ferves only to confirm us in our opinion, that very little regard
thould be had to all their other rules,
But if thefe common maxims are found fo imperfe&, it muft be ow-
ing chiefly to the figure they give their fhips; for it is impoffible to
B 2 difcover
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difcover, by pracice alone, and by experiments, though never fo often.
repeated, all the properties of an entire furface, which is -an affemblage
ofP an infinite number of cueve lines and points. There can then be no
manner of doubt but it is in this very article the art ftands moft in need
of amendment. In general, the fore part is too full, and on that account
" the ribbands that form it are too round. The mariners are very fenfible
that part {hould not be too fharp, but they have not adverted that it will
be fufficient for that purpofe to carry the midthip frame further forward.
It may be, that, confidering all thefe particulars, we cannot always ri-
goroufly follow the precepts of theory, but it will at leaft be of great
advantage to know them, that we may have the point of perfetion al-
ways in view, even when we cannot arrive at it, but are obliged to ftop
thert of it. .

If the floor ribbands were formed only by narrowing the breadths of
the frames, without any rifing, and terminating the fore part at the ex~
tremity of the keel, this would occafion the ribbands to be perfe@ firait
lines ; by this means, the foremoft frame would be a re@angle, and the
bow formed by two vertical planes interfeCting one another in a vertical
ridge at the extremity of the fore part, where they would form an acute
angle. Fig. 1, reprefents fuch a bow, wherein the ribbands CA, F Dy
cannot fail of being ftrait lines. : .

But if we give a rifing to the frames, and cut.off the bow by the fore
part of the keel, asin Fig. 2, the ridge A D, or common fetion of the two
vertical planes, would run fo far below it, as is D'F, the whole quantity
of the rifing, and fo the bow could not be formed by plain furfaces ; the
ribbands- would become curves, and the more fo, by raifing the point Dj
‘or augmenting the rifing D-F: At the fame time that the figure would be
more advantageous, it would approach the nearer to a maximum maxi-
morum, in which refides the higheft point of perfeion.. In fuch a cafe,
the fore part would be the figure of a regular demi-conoid ; its bafe, in-
{tead of being circular, would be a rectangle.

But what is principally worthy of our notice, is, that, according to the
common dimenfions of thips, it always happens, that when the rifing is
the greateft poffible, and that all the vertical ridges at. the extremity are
vanithed, and the fore part has by that means acquired the moft advan-
tageous figure of any, the ribbands alfo, having acquired their- greateft
curvings, will round no more than the arch of a circle of 18 or 20 de-
grees ; or, which is the fame thing, they differ fo. little from a ftrait line,
that the round in the middle is but the twentieth, or the two and twen-
ticth part of the whole length. Now, taking all this for granted; the

: builders,
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Builders, after all their trials, are very far from having found out the true
" figure of the bow, which they have been obliged to make almoft ftrait ;:
fo far they are from knowing that rule, which would be fo very ufeful
to them, and which they may regard as the fecret of their art; namely,
that the lefs the rifing F D (Fig. 2.) is, or the lower they carry it on the
frames afore, fo much the ftraiter will they make all the ribbands
. CA,ED, &ec. ,
What we have advanced here depends on a very complicated theory ;.
one may be very eafily deceived, feeing the two points which limit the
curve are fo very near one another, that they will make the ribbands quite
ftrait, as in Fig. 1, or give them fcarce the round of an arch of a circle
of 18 or 20 degrees, asin Fig. 2 ; they will acquire this laft by increafing
the height of the rifing line afore; whereas, by diminithing the rifing,
the ribbands will come nearly ftrait. We may, by a diligent attention to
this. fingle maxim, without adhering ftrictly to fpeculative rules, reap
the fruit of the whole ; we may keep the form of the midthip frame,
but we {ball gain much by making the extreme breadth no more than
the fifth er fixth part of the length, if at the fame time we diminith the
depth proportionally. This we fhall elearly demonftrate, in another
place, and likewife this moft furprifing circamftance, that by diminithing
thefe two dimenfions, or by increafing the length, a fhip may be made to.
ga fome times as faft as the wind.

Let us now again return to the ribbands, which may be equally fpaced
on the ftem, and likewife' on the midfhip frame, from the head of the
floor + It will fuffice to make them round no more than the twenty-fifth
or thirtieth part of their whole length, whether we make them arches of”
circles, or ellipfes, and then there is nothing: to- hinder them from being,
formed in the fame manner they ufe to-make-a fair curve. :

- By this meansit will be eafy to give the bow nearly what figure we:
pleafe. After having formed the midfhip frame A D 2 A, Fig. 3, and pro-.
jeGted the ribbands AW, G Z, &c: take the length of onc of thefe, for:
inftance, if W A, the breadth ribband, make the ftrait line W" A (Fig. 4.)
equal thereto, and at the end of it W, draw the perpendicular W v,
- which may be made equal to. W A, as the point v may be affumed at:
leafure, and:draw the line ¥ A, on the middle of which.erect the per-
pendicular B C, which maft be-the 25th or joth part of the line v A,
when that happens to be the length of the ribband, but when it is fhorter,
as in this cafe, whereitis only the projection of it, B C muft be the 10th
or r2th part of it. Then defcribe an arch. of a circle thro’ the threa
points A, C, v; and dividing the line W @ into as many equal pax;t;;s,
(S
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there are tobe frames before the mid(hip ;. draw lines thro’ the feveral
divifions D, E, G, &c. parallel to W A, to interfet the arch v A. Thele
transferred to the line W A, will fpace the frames properly upon the rib-
band projeéted in Fig. 3, and will become an arch of an ellipfis, which
will have but a very fmall curving ; after the fame manner the other rib~
bands may be divided ; it muft only be obferved that by reafon of the rake
of the ftem the breadth ribband will be longer than thereft; their lengths
muft not be reprefented by the line W @ but by a thorter RQ. In order
to afcertain this length, fuppofe of the firft intermediate ribband of which
SF is the projeion, in Fig. 3; if it happens that R A is equal to S F
it isonly transferring the lines R 1, R 2, R 3, &c. to the projection of the
ribband, which will give the proper fpacings of the frames, but in ge+
neral produce the line v W, and from any point K, taken at pleafure, draw
ftrait lines to the points 1, 2, 3, &c. thefe lines will divide the line S F
proportionally to R A ; and by this method we may form as many frames
as we pleafe. Inftead of erecting the perpendicular on the middle of
the line v A, Fig. 4, we may have it at the third part of it, making
A B double of Bw; the curve A C v muft then be formed by two arches
of different circles whofe centers muft be in the line CB produced, by
afing the fame procefs ; in all other circumftances we fhall imitate that
curve which is propereft for dividing a fluid.

The after part may be formed by much .the fame method; the rib-
bands fhould be almoft ftrait, not rounding in the middle above the 25th
or 3oth part of their whole length ; thus the whole thip will be nearly
the form of two demi-cones, as in Fig. 5, whofe bafes unite at the mid-
{hip frame, which feparates the fore from the after part, and fhould be
placed as was before obferved, at % of the whole length from the point
B, the extremity of the fore part, whereas the general prafice is to. pre-
{erve the whole body, or a confiderable fpace, nearly of the fame bulk, and
at the fame time it will be as faftened to the keel. Although the part
A F G, which extends at fuch a diftance beyond the keel, may appear to
be ufelefs, yet it cinnot be wholly retrenched, becaufe of necefiity the
rudder muft be faftzned to the ftern poft G A. Asto the part BCF, it
might in a great meafure be taken away, if it could be done without
prejudice to the faftening of the members together, which is fo requifite
in forming the body, and were there not another very important reafon
for pot retrenching it, and that is becaufe this will conduce very much to
her keeping a good wind, when plying to windward : It is true it will be a
gteat difadvantage to her in wearing, and make her very fubject to broach

too,
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0, but to remedy this we need only give her-the more head fail, for
that we may without any inconveniency unite all thefe advantages.

It muft be remarked, that when fuch a fthip is formed fo as to fail on an:
even keel, we fhall gain nothing by making her draw more water abaft.
than afore, the refiftance which the fore part-meets with in dividing the
fluid is leflened very little, or fcarce perceptible; on the other hand, the
rudder cannot fail of producing its effect, becaule the water will eafily
firike it with its whole force. When a fhip goes-on an even. keel, there
is nothing to hinder us from laying the decks parallel to the keel, it is
likewife plain there will be no occafion for laying the wing tranfom fo-
high, it will be fufficient to make it higher than. the depth of the hold,.
about the eight or ninth part of that depth.

All that we have faid belongs chiefly to frigates,. that are built on pur-
pofe for failing, without regarding their capacity for carrying heavy
goods. But when this is required or when' it is neceffiry to have feveral
decks, and to carry guns, &c. we then form the bow according to Fig. 6..
At the fame time we make the: whole immerged part fuller, which will.
contribute much to prevent her pitching. Fig. 6 is only a fketch to.
reprefent things in gencral ; the builders no doubt can reconcile all the
angles, and breaches, or ridges of this figure : If we give the bow as much.
. rifing as poffible, all the curves which end at the extremity A, will then.
become arches of circles, of 18 or 20 degrees; but in diminithing the
rifing, and making the ribband E Dr horizontal, that will become quite-
ftrait ; the other ribbands as C M will likewife become ftrait and parallek
to the firft, for the whole fpace intercepted betwixt the planes BFE C,
and N D'M. But the rake of the ftem, together with the inclination of”
the fides of the foremoft frame B F E C, will occafion the upper ribbands-
to be curves ; the furface DM CE will be a plane, if theside E.C of the:
midfthip frame be a ftrait line ; whereas becaufe E C is commonly a curve-
it will become cylindric, and in every cafe D-M will be perfe&ly. equal
to EC. When the flat EF of the midfhip frame is half the extreme-
breadth, the half breadth L.M, which is equal to- H: C, will be half. of:
G C; fo the breadth N M of the bow, above D, at the extremity of the:
keel, will be equal to BC, half the extreme breadth.. It will be needlefs.
to infift on the manner of defcribing the frames ; it is plain that each of*
them, as P R S T, will be formed by. two parts perfetly equal to thofe
BF K, and HE C of the firft, but they approach to one another. The:
diftance R S, at which they muft be placed, will be the flat of each floor:
or frame, and that flat will diminifh-in proportion to the diftance from D,;
the extremity of the keel.. In regard to the part ANMD, it nf'iy be.

' ' medt
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formed by producing each ribband, as CM, by an arch of a circle
A MCM, a ftrait part of the ribband being a tangent to it in the point
M ; this will occafion the whole ribband C M A to be rounder, which
will be more o if we make the flat F E of the midthip frame lefs,
fince HC becomes greater, and L M is equal to HC. This bow,
whether we imitate it only in the principal particulars, or conform to the
whole, will meet with greater refiftance in paffing thro’ the water than
that fhewn before : But the great breadths which are carried high, from
B IC, the firft feGtion, to the height above the exremity of the keel, will
at leaft make themn more capable of fuftaining the weight of the fails.
This form will make the fhip more capable of refifting the violent pitch-
ings, occafioned by the feas ftriking one end of the fhip, which lifts it up,
the other end at the fame time being plunged into the water, continues
to fink till it is ftopped by the refiftance of the water, or by the weight
of that column of water it difplaces. Sometimes the fhip is not fthocked ;
itisonly the fea that loofes its horizontal pofition by -the agitation of the
furf or waves; the fea all of a fudden withdraws itfelf from the bow,
or from the buttock, which of neceflity will occafion’that part of the thip
to fall down till it find a fupport: Thefe violent motions may occafion
the carrying away of the malfts, and will always be prejudicial to her fail- -
ing. It is plain there can be no way of preventing, or even diminithing
thefe accidents, but by making them fuller both afore and abaft ; we muft
have recourfe to experience to form the fhip fuitable to the particular
fervice the is defigned for ; but itis always to be remembered, and it is
demonftrable, that when we have only velocity in view, and are to fail
in fmooth water, as in the Mediteranean, with fine weather, the form of the
thip thould differ very little from two cones joined together by their bafes.
In fhort, if the fhip is not full enough for the purpofe, we may continue
the whole breadth for a confiderable fpace ; the fifth, fourth, or at moft
the third part of the whole length, and then form the fore part by the
preceding rules, It feems to me, that when we have got a fufficient ca-
pacity in the hold, we fhould raife the floor ribbands afore ; otherwife,
the bow would too much obftruct her failing, This laft property is chiefly
to be obferved in fhips of war, where the breadth is continued ftrait but
a fmall {pace. If, inftead of fuch a veflel as is commonly built for a_
tranfport (hip, we fhould build a fly-boat; we need only take for a mo-
del the figure of a recangled parallelopiped, and form the fore and aft
part by two inclined planes, giving the ftem and poft a rake. = We muft
be always careful to preferve the two parts reprefented by BCF, and
¥GA, Fig.s. ' N A
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" As to the rake, if the whole length of the (hip be 144, the rake of
the ftem may be about 44, and when the breadth is continued for a good
~ {pace it may be 32, and 68 for the rake of the ftern poft. That form of
a fly-boat, where we need only round off the corners, will be the moft
perfect of any ; and, befides, as a great part of the fide is ftrait, it will
be thereby proper for carrying'guns, and fit for a fhip of war.

In the twelfth chapter, which concludes the firft fection, he fhews the
manner of launching a fhip.

In the fecond fection, our author treats of the furniture of a fhip ; fuch
as the rudder, capftan, and pumps, which takes up the firft two chapters.
The third chapter is on the cables and anchors.

The cables and anchors, fays he, are of indifpenfible ufe to hold a fhip
when in a road-ftead, where fhe is often expofed to all the fury of the
wind and thefea. Every fhip has at leaft five or fix cables of different
dimenfions ; and to rcgulate the largeft, which is called the mafter cable ;
they make its circumference the 24th part of the extreme breadth ; or,
which is the fame thing, one inch to every foot of the half breadth.
Suppofe a fhip to be 48 feet extreme breadth, the mafter cable fhould be
24 inches circumference ; but if the thip be 20 feet broad, the cable will
be 10 inches ; and the dimenfions of the other cables will be lefs, and is
always eftimated by their circumferences. In France, the length of all
cables, whether great or fmall, is 600 feet, or 120 fathoms ; for a fathom
1 always accounted five feet.

It is neceflary to have the cables longer, on which accourt, they are
obliged to fplice feveral to one anothers ends; but it will be very diffi-
cult to make them longer in one piece; the firft threads that form them
are of double the length, and more: Thofe of a cable of 120 fathoms
long are 180, fo that they loofe a third part of their length in twitting
them in the manner they do, to make the cable. Thefe threads muft be
in length and proportion to the propofed length of the cable, the exe-
cution of which will be attended. with difficulty.

- One thing may be remarked, which may ferve in all the different
forts ; that the weight of one fathom of cordage, in pounds, is nearly the
fifth part of the fquare of its circumference. This rule will always be
pretty exact, efpecially, when there is not too much tar put in the yarns;

as for inftance, the weight of a fathom of cable of 24 inches, will be |

found, by multiplying 24 by 24, and dividing the produ& by ¢, to be
1153 pounds, and the whole cable, which is 120 fathoms long, will
weigh 13824 pounds. The weight of one fathom of a cable of 10
inches will, by dhis rule, be 20 pounds; for 20 is the fifth part of 100,

Supp, C the
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the fquare of 10 ; and the weight of the whole cable of confequence will
be 2400. The weight of a whole cable may be had at one operation,
by multiplying the {quare of the circumference by 24.

The cables would be ufelefs without the anchors, the form of them is
to be feen in Fig. 7, which is the propereft figure for catching hold, in
the fand, or in the mud, in the bottom of the fea. The anchors in
France, England, and Holland, are of forged iron; but in Spain they
may be feen of copper, and likewife, in feveral parts of the Soutb Sea.

The part A D, s called the fhank, at the extremity of which there is
aring E; ABand BC, are the two arms, K Cand 1 B, the fleucks;
the ftock F G, which is of wood, is fixed at the end of the thank, at
right angles to the fleucks ; the ufe of this is to make the anchor fall, fo
that one of the fleucks will infallibly catch the ground. The two arms
generally form the arch of a circle, of which the point H, is the center,
being three eighths of the fhank from the point A; and each arm is
equal to three eighths of the fhank, or to the radius ; fo that the two arms
together make an arch of 120 degrees : The fleucks are half the length
of the arms, and their breadths two fifths of the length of the arms. In
regard to the thicknefs they generally make the circumference at the
throat A ofthe fhank, abont the fifth part of itslength, and the fmall
end two thirds of the throat ; the {mall end of the arms of the fleucks,
three fourths of the circomfcrence of the fhank at the throat. Thefe
dimenfions fhould be bigger, when the iron is of a bad quality, efpecially
when we ufe caft, inftead of forged iron.

When thefe dimenfions are obferved, an anchor of 16 feet 9 inches
long, will weigh about 7000 pounds; for the workman making fome
of thefe parts not exaltly to the dimenfions, will caufe a confider-
able difference in the weight: But if all anchors were fimilar, which they
thould be, their weights would be in proportion to the cubes of their
fbanks. There is a ready way to find the weight of any anchor, which
is to take the length of the fhank in inches, and divide the cube of that
by 1160. Suppofe the thank 10 feet long, or 120 inches’; we are only
to divide 1728000, the cube of 120 by 1160, the quotient 1545 will
be the weight of that anchor in pounds: But if the weight were given,
and the length required, we muft multiply the weight by 1160, and the
cube root of the product will be the required length in inches. '
- Asour author has given us no reafon, why we muft take 1160 for
a conflant divifor, or multiplier ; I fhall here endeavour to demonftrate
it: But, firft obferve, that if the length of the fhank of any anchor be
given, and its weight, we may then find the weight of @By other anc}}:o;,

whofe
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whofe length is given; and, confequently, if the weight be given, we
may, by the reverfe, find the length, fince all fimilar folids are in propor-
tion to the cubes of the fimilar fides. Now M. Bouguer has given us
this ; for he tells us an anchor of 16 feet g inches, that is, 201 inches,
weighs 7000 pounds. Hence, we have the followiag general rule:
Let @ = 201 inches, .the given length; ¢ = 7000 the given weight,
: 3

{ = any other length; w = the required weight, thena® :e:: /% : ,Ia—-;f, '
we fhall illuftrate this by the logarithms. The queftion he propofes ; is,
admit the length of the thank 10 feet, what is the weight of the anchor?

The firft thing is to find the logarithms of the lengths, and, maltiply-
ing that by 3, we have the logarithms of the cubes of the lengths.

a = 201 2.303196 X 3 is 6.909588
!/ = 120 2.079181 x 3 is 6.237543.

Having thus found the logarithms of the lengths, we have the folu-
tion by the rule of three, by the logarithms. :

As 2013 6.202588

Is to 7000 3.845098
Sois 120° 6.237543
10.082641 o
To 1489 ° 3.173053 , )

Now as the logarithms of the firft and fecond terms are conftant num-
bers, inftead of adding the firft and fecond terms, and, \from the fum,
fubtracting the firft; we may fubtra& the difference of the firft and fe-
cond terms, which will likewife be a conftant number, and the refult
will be the fame, as by the following operation. :

The firft.term 6.909588 the third term  6.237543
the fecond _3.845048 difference _3.064490
difference  3.064490 the fourth term  3.173053

The reafon of this isvery plain,for thefum of the fecond and third terms
is .082641, now out of this we are to fubtract the firft term 6.909 588 ;
which may be done, by firft fubtracting 3.845098; and again, fubtrat
from that remainder, 3.064490: Since thefe two numbers make
6.909588 the firft term, which is the whole number to be fubtract-
ed ; and if we do not add the fecond term to the third, we have only the
third term left, whichis 6.237543; and if from this, we fubtract the
- conftant differdce 3.664490, vz:e in effe@® fubtra® 6,909588, from

' 2 10.
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" '10.082641, fo the refult muft be the fame, as by the common rule, and
this accounts for making 1160 a conftant number: For 3.064490, is
the logarithm of 1160; which, by anerror in the prefs, isin the ori-
ginal 3.0644580.

We may by the fame principles, make a general rule for finding the
weight of any fhot, whofe diameter is given ; but we muft firft find the
weight of one fhot by a pair of -fcales. A fhot of four inches diameter,
is fuppofed to weigh nine pounds ; therefore, as the cube of 4 is to 9, fo
is the cube of the diameter of any other fhot to its weight.

The cube of 4 is 64 ; its logarithm is 1.806180; the logarithm of
g is 0.954242 ; their difference is 0.851938. Hence, we have the fol-
lowing general rule. From the logarithm of the cube of the diameter,
fubtrac the conftant logarithm -0.851938, the remainder will be the
logarithm of the weight, '

Example. Let the diameter be 8 inches ; required the weight 2

8 0.903090

3

cube 2.709270

conftantlog. o0.R51938
required weight 72 1.857332

This rule may be applied to gauging of fimilar veflels, or finding the
weight of fimilar folids, which will always be ia proportion to the cubes
of their diameters, or lengths, or any other fimilar dimenfions..

But if the folids be of equal lengths, and differ only in their bafes, as
isthe cafe of cables ; their weights will be in proportion to the areas of
their bafes, or, which is the fame thing, to the fquares of their circum-
ferences ; as, for inftance, if a ten inch cable weigh 20 hundred weight ;
what will a cable of 5 inches weigh ?

As 100 the fquare of 10 2.
Is to 25 the fquare of 5 * 1.397940
So is 20 hund. wt. 1.301030
" To 5 hund. wt. the required wt. 0.698970

It is upon this principle the rope table is conftrutted, which is on
fome pocket rules.

To return to our author: Thefe operations, fays he, may be done
with greater eafe by the logarithms, only taking three times, the loga-
rithm of the length of the fhank in inches, and from thence, fubtraéting
the conftant logarithm of 1160, which is 3.0644580, the rcmaindfalti

wi
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will be the logarithm of the weight of the anchor in pounds; but if, on
the other hand, the weight .be given in pounds, we need only add the
logarithm of the weight to the conftant number 3.0644580; and, di-
~ viding this fum by 3, we fhall have the logarithm of the required length.

The fmalleft (hips have five or fix anchors, and the greateft generally
eight. The mariners have different rules for determining the weight of
the anchors; and, on account of the conveniency of working the thip,
they have eftablithed it as a rale, that the biggeft anchor, or, in their
terms, the mafter anchor, thould be three eighths of the beam.

Another rule, but which does not agree with the firft, as we fhall pre-
fently thew, is to make it weigh half rhe cable; fo a firft rate, which is
48 feet broad, and whofe cable is 24 'inches circumference, weighs
13824 ; her mafter anchor fhould weigh 6912 pounds, and the other |
anchors thould be half the weight of their refpective cables. The fmalleft
anchor is the cadge, or ftream-anchor; in fhips of the firft clafs it thould
weigh 2300 pounds, and the length be about 11 feet 7inches. When
the length of the anchors is three eighths of the beam, as in large fhips,
the weight of the anchor will be in proportion to the folidity of the thips,
fuppofing them to be fimilar; and, if the fhip be twice as broad, the an-
chor will be eight times more weight ; but, according to the fecond rule,
the weight of the anchor fhould be half the weight of the cable, and
the weight of the cable is in proportion to ‘the fquare of the breadth ;
fince it is only the circumference of the cables that differ in great and
{mall fhips, the length being always 120 fathoms in all thips. When the
thip is double the breadth, the weight of the cable will then be four
times more ; and of confequence the weight of the anchor, which is in
proportion to that of the cable, will be half the weight it would be by
the firft rule; that is, in proportion to the beam.

Although the fecond rule makes the anchors a great deal lighter, yet
-we may conform to it, becaufe that will be fufficient when it fills in good:

round ; but when the ground is foft and ouzie, the mariners make ufe
of feveral expedients to fuccour the anchor; but the beft of all is, and
which is chiefly practifed, to fplice feveral cables at one another’s end ;
fo they will rub on the ground, on account of their weight; and by this
means, the effort of the thip, on the anchor, will be dimini(hed.

A fhip feldom anchors in- above 4o fathoms depth, and then it will be.
very proper to have two cables at one another’s ends ; for, if there is but -
one, the lower part of it will fcarce bear on the ground, and the anchor
will be obliged to fuftain all the thocks and jerks of the fhip, which will
gome quite home to the anchor; it will not pull it quite out of the:

: ground,
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ground, but drag it, in the fea term ; fo the thip will drive, and be in
danger of being loft on the firft rocks. Fig. 8, makes this very plain ;
A D is the anchor, at the bottom of the fea; D M N is the cable, by
“which the fhip rides, of which we have here only reprefented the bow ;
N the haufe-hole, thro’ which the cable pafles, between.the two lower
decks; The rope A B, faftened to the crofs, or throat of the fhank, is
called the buoy-rope, which fometimes ferves to weigh the anchor ; this,
in the fea term, is called, weighing it by the hour; 5 is the buoy, which
ferves to know where the anchor lies. It is very plain, that, if the len

of the cable be doubled, or trippled, the anchor will be dragged hori-
zontally, and with a great dea! lefs force; for its effort will be diminithed
by the whole power of the friction of the part D M on the ground.

A fecond advantage is, that by having feveral cables at one another’s
ends, they will be lefs liable to breaking; for all the parts, lying mare
upon a level, they will oppofe the thocks of the fea in a more perpendia
cular direion to the motions which the fhip receives ; whereas, whea
the cable is not fo long, it will be nearly vertical to the anchor, and there-
fore cannot bear fuch a ftrain: Let the fpace L O reprefent the force
with which the fhip endeavours to recoil; and having compleated the
re@angle L OPQ, L P, the part of the cable which is the diagonal,
reprefents the effort which the cable thould fuftain, which is greater than
OL; and the more it approaches to be vertical, the more it is augment-
ed, though OL continues the fame. . ‘ .

It is plain, then, that a fhorter cable is charged with a greater effort,
and fhould therefore be ftronger, otherwife it will only bear the fame
ftrain in the proper dire&ion, and will not be fufficient, in an horizontal
dire@ion, which is that in which the thip endeavours to drive : It is true,
the horizontal effort O L is all that is to be refifted ; but then the cable,
being inclined, cannot refift this, without being furnithed with a force
fufficient to fuftain the whole effort PL., ‘

The long cable will not be fo apt to break as the fhort one, becaufe it
will bear a great deal more ftretching, before it comes to the greateft
ftrain ; fo that, at the firft violent tugg, becaufe it will not bear ftretching,
it muft infallibly break. ‘

A long cable may be compared to a fort of {pring, which may be
very eafily extended ; and recovers its firft fituation, as foon as the force
that extended it is removed. Befides all this, a thip will ride much
{moother with a long cable than with a fhort one, and be lefs apt to
plunge in the water ; whereas, as the mariners have too often cxpcricnc}:lcd,

when
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when a thip rides with a fhort cable, fhe frequently pitches all the fore
art under water. .

The fourth chapter is on the power and a&ion of oars; and, in the
fifth chapter, he gives the following proportions for mafts and .yards.

All thips have generally four ftanding matls ; the firft is the main-maft,
which ftands in the middle of the fhip: The fecond is the fore-maft,
which is pretty near the fore end of the keel ; this is nearly as long as
the main-maft: The third is the bowfprit, which, inftead of ftanding
upright, ftives forward, and refts on the head of the ftem : The fourth is
the mizen-maft ; but fome fmall thips have not this maft ; it ftands abaft,
towards the poop. Befides thefe, the main and fore mafts have top and
top-gallant mafts, and the mizen-maft a topmaft. Al thefe mafts have
their particular fails, and are named according ta their refpetive mafts,

The main-matft is placed in the middle of the’fhip, meafured from the
head of the ftem to that of the poft, or its whole diameter abaft the mid-
dle of the thip: All the builders agree in this, but they differ widely as
to the reft; fome place the fore-maft precifely at the fore end of the
keel ; others again take the 4oth or goth part of the whole' length, from.
the ftern, for its place; and fome will have it ftand on the ftem. The
bow(prit generally flives, fo as to make an angle of 3§ degrees with an
horizontal line. Laftly, the mizen-maft is about three fixteenths of the
- length of the whole thip, before the head of the ftern poft: If the thip
be 160 feet long, the mizen-maft is 30 fect before the ftern poft.

In France, the main-maft is generally, in length, twice the breadth and
half the breadth of the thip; whereas, the Engli/a make it only twice
the breadth and two fifth parts of the breadth ; fo, fuppofing the fhip to
be 40 fect broad, the French builders would make the main-maft 100 feet
long, whereas the Englifb make it only g6.

The Dutch make their mafts fomewhat longer than ours, though they
agree with all other nations in regulating the lengths of their mafts by
the breadth of the fhip. The head of the maft is always the tenth part of
the length of the maft. ‘ ' _

The diameter of the main-maft, at the partners, is as many inches as
three fourths of the extreme breadth is feet; fo, if the extreme breadth
be 40 feet, the main-maft will be 100, and the diameter, at the partners,
30 feet, that being three fourths of 40 ; or, which is the fame thing, the
4oth part of the whole length of a fhip fuppofed to be 160 feet: The
diameter at the head is generally allowed to be two thirds of that at the
partners, which will make it 20 inches.

I muft own, fays our author, it is with violence to myfelf that ¥
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am obliged to give a detail of all thefe rules, which have not the leaft
foundation in reafon, and are}proper only to e confuted.

The fore-maft is in length twice the breadth and one quarter more ; and
its diameter, as well as that of the other lower mafls, is about the Jgth
part of the whole length; others make it nine tenths of the length of
the main-matft.

The length of the bowfprit, is the breadth and half breadth of tht:
thip, and its diameter the twenty-feventh part of its length ; fo if a fhip
be 40 feet broad, the bowfprit will be 60 feet long, and 26’ inches dia-.
meter at the bed, and at the cape it will be half wiat it is at the bed.

Laftly, the mizen-maft i is, in length, the breadth and three quarters of
the brcadth of the fhip; aud its dnameter, at the partners, as many inches.
as feven fixteenth parts of the main breadth is feet, or rather, the forty-

cxghth part of its length:.

Proportions for Top- mzyls

The maintop-maft, in length, is the breadth and half breadth of the
thip, which makes it equal to the bowfprit ; the diameter at the cape is
about the forty-third part of its length.

The foretop-matt, in length, the breadth and three eights of the breadth;
the diameter, at the cape, the forty-third part of the length.

The mizen-top-matft is half the length of the main- top-maﬁ and its
diameter, at the cape, half the diameter of the main-top-maft.

The main topgallant-maft is five twelfths of the length of the main-
top-maft ; and it is half the diameter.

The fore top-gallant-maft is four fevenths of the length of the fore-
top-matft.

El‘hc fpritfail topmaft is, in length, two fifths of the main breadth; and
its diameter generally as many inches as there are feet in feven thxrty-f X
parts of the breadth ; that is, fomewhat lefs than the twenty-fifth part
of the whole length

Proportions for Yards.

The main-yard, in length, is twice and one fixth part of the main
breadth; the diameter, at the flings, one inch to every foot in two thirds
of the main breadth; or, which is the fame thmg, the thirty-ninth part
of the whole length: The yards are of a quite different figure from the
mafls; they taper from the flings] towards the yard-arms ; the diameter,
at the end, is one third of that at the flings.

The main-top-fail yard, in length, is the main breadth and .quarter of
the breadth ; the diameter, at the flings, half that of the main yard, Th
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The main-top-gallant yard, in length, is three quarters of the main
breadth ; and the diameter, at the flings, half of that of the main top- .
fail yard.

: ’thc fore yard, in length, is exa&ly twice the main breadth of the
thip ; its diameter, at the flings, one inch to .every foot in five eights of
the breadth.

The fore-top-fail yard is, in length, the breadth and fixth part ; and its
diameter feven fifteenths of that of the fore yard.

The fore-top-gallant yard is, in length, two thirds of the breadth ; and
its diameter half that of the fore-top-fail yard.

+ The fprit-fail yard, in length, is the breadth and one quarter ; and its
diameter, at the flings, one inch for every foot in the third part of the
breadth, which will be half the diameter of the main yard. .

The fprit-fail top-fail yard, in length, is three quarters of the breadth ;
and its diameter feven fixteenth parts of that of the {prit-fail yard.

The mizen yard is inclined, on account of the triangular form of the
fail, and is the hypothenufe of a right angled triangle ; it is, in length,
twice the breadth of the thip, and its diameter one inch to every foot,
in one third of the breadth; at the lower arm it is two thirds, and at the
upper arm one third of the flings.

The mizen top-matt is, in length, three fourths of the breadth; and
its diameter, half that of the mizen yard.

Of the proper Figure of Mafls and Yards.

Our readers, fays our author, know very well that the mafts, as well

as the yards, are round, like cylinders, or cones; but, perhaps, they ima-~
gine the fides are firait.
. The beft maft-makers make the fides of their mafts curves, which
form an arch of an ellipfe. Our author herc fhews us how they form
thefe curves; for which we refer to Chap. VII. Selt. 1. pag. 106, of the
foregoing Treatife ; and proceed to the 6th chapter, where he makes
fome remarks and experiments on the before-mentioned proportions.

It is eafy to judge, that the dimenfions of the fails are regulated by
that of the mafts and yards.

‘The main-maft, of itfelf, is 120 feet; the main-top-maft 72, and the
.nain-top-gallant maft 3o feet, a monftrous height, whenall thefe are on
rend ; and they are proportionally fo in lefler thips : If the mariners would
but attend to what they fee every day before their eyes, they would eafily
be convinced, that it wonld be a great advantage to fhorten them prodi-
gioufly ; and, if they pleafe, make the yards longer, to gain what they -
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lofe in the height of the mafts. A fmall fail, when very high, will
ave more power to make a thip heel than to go a-head ; becaufe, be-
ing placed at the end of a long lever, it is removed at a great diftance
from the centet of gravity ; and whereas a larger fail, when placed low,
has lefs power to heel the thip; yet it does not hinder it from exerting
all its effort in refpe of failing. All that the mariners have to plead
for this rule is, that experience, and the univerfal confent of all nations,
are on their fide; but we can aflure them, experience, inftead of favour-
ing them, makes quit¢ againft them. There are daily inftances of fhips
being difmafted at fea ; and when they have got up jury-mafts, have failed
as faft as with the proper mafts; onthe contrary, when they give a thip
‘taunter-mafts, fhe will not fail fo faft as before; an inftance of this ha
encd fome years ago in bis majefty’s thip the Content, which they mafted

ieyond the common rules; or, perhaps, only obferved them to the ut-
moft rigour, and immediately fhe loft a great part of thefc advantages; a
certain mark that the mafts are too high.

We perfe@ly agree, with our author, that when thips are difmafted in
a very hard gale of wind, and the fea running very high, they will fail
better with jury than with their proper mafts, even when the top-gallant
mafts are ftruck, and all their fails ll?neam:h':d ; but when the ftorm abates,
and becomes moderate, fo that a fhip can carry top-gallant fails, it is pre-
. fumed fhe would foon runanother thip, with jury mafts, out of fight.

But the height of the mafts, fays our author, is not the only fault that
attends thefe rules; there is another fecret evil which they carry in their-
bofom ; they da not conform to the laws that thould be obferved in fhips.
of different dimenfions. If one fhip is twice as long, and twice as broad,.
they make the fails of this laft double the dimenfions of the firft; but,
as all hips are allowed to heel, a fmall fhip thould have a great deal lefs
fail, in proportion, than a great thip: Suppofing one thip half the dimenfions
of another, the fmall thip will only be the eighth part of the folidity, and.
the eighth part of the weight of the great one 3 and, as it is the weight:
that oppofes the wind, when it makes its effort to overfet, or at leatt
to heel the fhip, fthe will have but the eighth part of the abfolute force:
which is neceflary to fuftain the fail ; but this fame force, which is di~
minifhed to one eighth part, is collected in the center of gravity, and ap.
plied with double difadvantage. Secing all the dimenfions are lefs by
one half, the center of gravity will be but half the diftance below the
decks, or load-water line ; fo the relative force, by which the weight of
the thip oppofes the effort of the wind, is only the fixteenth part of what
the large thip has, In order to judge if thefe rules be good. or bad, we have
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only to examine if the relative force, which the wind has to overfet a
fmall fhip, be likewife diminifhed to a fixteenth part ; and, if they'agree,
the equilibrium will not be deftroyed. This will be a mark that the rules
are perfec, and we may continue to make the mafts proportionate to the
other dimenfions of fhips. .

But when the dimenfions of the fails of fmaller fhips are half the di-
menfions of the large, the furface of the fails is only diminifhed one quar-
ter: It is true, the center of that effort is but half the height above the
thip, and, of confequence, applied to the lever.of only half the length - But,
when all is confidered, the relative force which tends to overfet, is only
diminithed to one -eighth part; whereas the other is diminithed a fix~
teenth part, as we have juft now proved. It is plain then, that the force
of the wind will predominate, being two-fold too great; fo that if the
great fhip be properly mafted, the fmall one cannot be fo likewife, but
will be in danger of overfetting.

To fpeak in more general terms, the relative force with which the
thip oppofes the effort of the wind, is diminifhed in proportion to the
{quare of the {quare of the keel, or of the breadth and the weight ; or the
a%[olutc force is diminithed in proportion to the cubes. But the relative
effort of the wind is not diminithed, but as the cube of the keel, or as
the cube of the breadth; fince the abfolute force of the wind, which is
proportioned to the furface of the fails, is diminithed but as the fquare 5
and that the height of the maft, which ferves as a lever to that force,
«diminifhes only in proportion to the keel, or to the breadth ; fo, in fmall
thips, the force which they have to fuftain the preflfure of the fails is al-
ways diminifhed, in a greater proportion, than the relative force of the
wind to overfet them ; and, of confequence, if there be an equilibrium
betwixt thefe two forces in large fhips, it cannot fubfift in finall, the firft
being too little, and the force of the wind too great. It follows then,
that the common rules are defective, and will be at leaft fubject to one
of thefe two inconveniencies; for the fmall fhips, being over-mafted,
.will notbe able to carry fail with fafety ; and, on the contrary, the great
thips, for want of fufficient mafts, will lofe the advantages the taunt mafts
- would procure. .

The common rules being thus found defe@ive, we cannot fubftitute
-others fo fimple in their room ; but, if we had but one fhip properly
amafted, we might, by that, regulate all the mafts of fimilar, or nearly fi-
milar fhips. The relative force which fhips have to fuftain the preflure
of the fails, is a8 the fquare of the {quare of their fimple dimenfions;
aud the relative force, which theDmaﬁs have to ovesfet, is as the btcadth{
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of ‘the fails multiplied by the fquare of their height; fince this height
augments the extent of the fails, and at the fame time makes the.center
of their effort higher: On the other hand, we can {carce difpenfe with
regulating the breadth of the fails by that of the thip; we may make
them more or lefs, but they thould always depend on one another. So,
fince the relative force of the fhip, to fuftain the preflure of the fails, is
as the {quare of the fquare of the breadth, the relative force which the
fails have to make her heel is as the produ& of that fame breadth, by
the fquare of the height of the maft: But if there be an equilibrium be-
twixt thefe two forces, there will be an equality of ratios betwixt the
two quantities that exprefs them ; and this equality will fubfit if the
two quantities divided by the breadth. Hence it follows, that, to have two
fimilar fhips properly mafted, the {quares of the heights of their mafts muft
be as the cubes of their breadths, or of their lengths. This theorem may
ferve as a rule; and it will always be eafy to determine the dimenfions
of the mafts of any fhip, provided we have another properly mafted,
which may ferve as a ftandard.

It feems there can be no inconvenience in regulating all mafts by thofe
of the third clafs. In a thip of the third clafs, which is 137 feet long,
the fails on the main-maft are generally about 118 feet high. In order

then to find the height of the fails of a fimilar thip, which is 83 feet -

long, we have only to make this.fimple proportion : As the cube of 137
is to the fquare of 118, fo is the cube of 83 to the fquare of the height
of the fails, on the main-maft of the fecond fhip; this fquare is 30963 -
and, of confequence, the required height of the maft is about 553 feet;
which, by the common rules, would be 71 feet. Tho’ this operation is -
not long, it may be fhortened by the logarithms.

But if the fecond fhip is not fimilar to the firft; if (he be either
broader or narrower, deeper or fhallower, the mafts muft undgrgo a fe-
cond change in proportion to the breadth ; that is, if the thip, which is
83 feet long, inftead of 23 feet broad, according to the common rules, be
only 157, or two thirds of 23, the height of the maft muft be only 37+%,
inftead of 553. It is eafy to remark, that the fhip being the fame length,
but a confiderable change in the breadth and depth, the height of the mafts
muft receive a proportionable change. :

For, fuppofing that the breadth of the fails is regulated by that of the -
fhip, and that the height of the maft is likewife changed in proportion te
the fame breadth of the fhip, the extent of the fails, and, in confequence,
the abfolute impulfion of the wind, will be in proportion to the fquare of

that breadth, and its relative force in proportion to its cube ; at the e < _.
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time that the relative force with which the weight of the thip refifts the
inclination, is proportioned to the fame cube, and not to the fquare of the
fquare, fince the length of the fhip is fuppofed ftill the fame; for it
follows from thence, that the alterations made in the fails, anfwer exatly
to thofe made in the breadth of the fhip, and that the equilibrium

is no ways altered. If the breadth be doubled the fails will - be
doubled, both in breadth and depth; fo the furface will ‘be quadru-
pled; and, when the height of.the center of gravity is likewife dou-
- bled, its force will be cight times greater; but if the relative force
of the wind, to overfet the thip, be eight times greater; on the other
hand, the weight of the fhip which oppofes that has eight times
eater force, and then we fhall have nothing to fear. ‘The fhip in
effe@ has the fame number of vertical feGtions perpendicular to the
keel, which are the clements of the folidity, but each will be quadru-
pled, and the quadrupled weight of the fhip, being fituated twice
as low, or with double advantage, fince the depth is likewife dou-
bled, will have eight times the force precifely, as is neceffary always
to retain an equilibrium with the effort of the wind. We now perceive
the propriety of joining this fecond rule with the former, which every one
may eafily do, who has one fhip properly mafted, by which to determine
the dimenfions of the mafts of all other fhips, even of thofe which are not
fimilar, provided the vertical fetions of the immerged part be fimilar.

The firft rule is, that the fquares of the heights thould be as the cubes
of the fimple dimenfions.

The fecond is, that the heights of the mafts thould be proportionate to
the breadth of the fhips, provided they be the fame length.

Thefe two rules being admitted, we may ufe the beft we can pick
out of the common rules, and examine the heights of the mafts of each
thip, as if fimilar to thofe of the third clafs, as they build them at this
time ; and then we nced only enlarge, or diminith, the fails, and the
heights of the mafls, already found, according as the fhip is great, or
fmall. :

We may find other rules, which tend to the fame end with the preced-

-ing. As for example, a third is, that in thips of the fame breadth, but
of different lengths, the heights of the mafts thould be as the fquare roots -
of the lengths; for the relative force which thefe fhips have to fuftain
the preflure of the fails, or to oppofe the inclination, is proportionate to
their lengths ; feeing the other dimenfions are no ways altered. The cen-
ter of gravity is neither raifed, or lowered; it is only the whole weight
that is greater or lefs, according ta the length ; and the relative forcci will

always
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always be in the fame proportion: But when the breadth of the thip con<
tinues the fame, that of the fails will likewife be the fame ; and the re-
lative force they have to make the thip heel, depends wholly on their
height, but that is two ways: The firft is, becaufe the height of
the maft will increafe the furface of the fail expofed to the wind ; the
fecond is, becaufe the center of effort is raifed, or the lever is longer ; fo
the relative force of the fails increafes the fquare of their heights, and in
<afe of an equilibrium,that fquare muft be proportionate to the length of the
dhip, which exprefles the other relative force : And of confequence, the
heights of the mafts and fails fhould be proportionate to the fquare root
of thelength. Suppofing that, without altering the breadth and depth,
we fhould make the (hip four or nine times longer ; we need only, ac-
cording to that rule, double or triple the heights of the mafts. Lattly,
if we add this third to the fecond above mentioned ; namely, that in thips
of the fame length, but of different breadths, the heights of the maits
thould be proportionate to the breadth, we may from thence deduce the
following fourth theorem. .

In thips of differcnt lengths and breadths, the heights of the mafts
thould be in a compound proportion of the breadth and of the {quare
toot of the length, or they [?nould be as the produtts of their breadths, by
the fquare roots of their lengths. : '

Such of our readers, continues our author, as are not well verfed in
geometry, may eafily be convinced of the truth of the moft part of what
has been faid on this head, by trying experiments. If the heights of the
mufts thould have the fame proportion in all thips, it muft hold in the
fmalleft as well as in the largeft ; and, on the contrary, if thofe rules are
erroneous, the true way to difcover the fault will be, to maft an enormous
large thip by thele rules, and likewife 2 very fmall one; perhaps one or
two feet loag ; this will be, as the faying is, hitting the nail on the head.
We may by this way bring the rnle to {fuch a proof, as may be deemed
the true touch ftone. When 1 was at Havre de Grace, continues our
author,and ruminating on thefe things, I caufed two fmall thips to bemade
perfeCtly equal; and of the fame form with the Gazele frigate, building
at that time for the king. My two fmall thips were each about 18 or 20
inches long, 1 cannot be pofitive to the exad length; ‘but this I may
wenture to affert, that they were exa&ly fimilar to the frigate, and one of
them mafted according to the eftablithed rules. I took upon me tomeaft
the .other, which 1 did not to the utmoft perfection, that I might depart
as little as pofiible from the common rules. In fhort, we gave the two
Khips the fame loading and ballat, we carried them to a piece of ;vzi:er of
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fufficient extent for our purpofe, where they were expofed to the whole
force of the wind, which then blew pretty hard ; the experiment was
fcarce begun, when that mafted in all refpe@s fimilar to the Gazele, over-
fet topfy-turvy a hundred times, to the great aftonithment of all the
fpeQators : Not confidering that although all the parts could be made
proportionate to thofe of the frigate, but 50 or 60 times lefs than the cor-
sefponding parts of the frigate, yet they could not atall abate the fury
or force of the wind, and by this means they expofed the little thip to a
perfect ftorm fo furious, that the greateft thip could never encounter.
It is granted, continues M. Bouguer, that the fails of the fmall thips are
6o times lefs than thofe of the frigate ; and therefore the impulfion they
receive, will be 3600 times lefs than thofe received by the frigate, al.
lowing the wind to blow with the fame force, and the effort of the wind
to overfet the fhip, will be 216,000 times lefs. But the force which
the weight of the fmall (hip has to recover or right hesfelf, is likewife 6o
times lefs, for the weight itfelf is become 216,000 lefs, and when applied
to alever, 60 times fhorter, it thould have 1,296,0000 lefs relative force.
After this, it is no ways furprifing, that the fmall fhip which has 6o
simes lefs force, in proportion to the Gazele, to fuftain the preflure of the
fails, thould not for one moment refift the effort of the wind, not even:
when great part of the fails are furled ; and feveral other expedients tryed
by many who intereft themfelves too much to preferve thefe proportions,
and fave, if poflible, the credit of the common rules. I fairly own that
the model I made overfet likewife feveral times; becaufe, as I obferved
before, I fatisfied myfelf in making the dimenfions of the mafls, nearer
to the true, only in retrenching fimply the principal defets in the com-.
mon eftablithment ; and the wind at the fame time blew in heavy {qualls,.
but the other {mall fhip, after they had reeft part of their fails, overfet:
20 or 3o times to one of mine, which is a plain proof that. the mafts.
thould not be proportionate to the other parts of the thip..

Ins the feventh chapter, he treats of the names and ufés of the ropes,,
which conftitutes the ftanding andrunning rigging ; which.coneludes the:
fecond fetion,

In the third fe@ion, he treats of the abfolute relative force of folids,.
whether wood, iron, er any other metal ufed in fhipping, and endeavours:
from thence to- make a general rule, for determining the feantlings at
every particular piece of timber in a thip ;. Healfo confiders, whether the:
common methods are fufficient for prewenting a thip’s hogging or cam~
bring ; this takes up four chapters; but as. M, Dugﬂmd s given us &
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table of fcantlings and dimenfions, we refer our readers to the Appendix
for determining that point.
- In the fifth chapter, he gives us the following account of the folid of
leaft refiftance ; that is, fuch as is not liable to be broke in one part
more than in another.
- Seeing it is certain, that in all bodies whofe elementary flices form
fimilar figures, the relative refiftances are in proportion to the cubes of
the diameters of their thicknefs, we may from that principle determine
the figure of the folid of leaft refiftance, that is fuch as is not liable to be
broke in one place more than in another.

Sappofe a power applied to the top A of the body A B, Fig.g, and
acts at the upper end in the direGtion A G, perpendicular to the axis of
the folid, of which all the eclementary flices are fuppofed to be either
fquares, or cylinders; this power will have more or lefs relative force to
break the body according to its diftance from that part which bears the
greateft ftrain,  If that part be near to the top, the relative force of the
power aling on A will be weak, but ftronger when ata greater diftance ;
it will always be proportionate to that part of the axis A C, which ferves
as a lever to the power: Now the relative refiftance of folids, which are
as the cubes of their diameters, thould be equal to the relative efforts of
the power that preferves the equilibrium ; fo the cubes of the diameters at
different parts of the lengths, fhould be in proportion to the lengths of
the parts of theaxis ; confequently the folid of equal refiftance in all its
parts, thould be a conoid formed by the firft cubick parabola. A power
at eight times the diftance will have eight times the effort to break the
{folid, on which account the diameter at that place muft be double that
which is at the top, where the power is fuppofed to act. If the power
is 27 times the diftance, it will have 27 times more purchafe ; but if the
diameter at that place be three times bigger, it will be able to fuftain
that whole weight.

We need not obferve that this thould be the figure of matfts ; it will be
proper here to thew how this cubick parabola may be defcribed, which
may be done by the following method, delivered to us by our author,

- Divide the length into 64 equal parts, and the diameter at the partners,
into four equal parts. In order to determine the diameters at thefe feve-
ral parts of the length; at 27 parts of the length, the diameter is three

. fourths of that at the partners ; at 8 of the length of the diameter, half
that at the partners, and at the firft divifion of the length, the diameter
one fourth of that at the heel, .

. Note,
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* Note. "The parfs of the length are accounted from the top, and in or-
der to find the intermediate points betwixt thefe, fee the following table.
Parts of Paraof Parts of Parts of

the  Diam. the  Diam, the  Diam. the  Biam.
length. length. _length. length.

. éo 3.91 ° 45 3.56 30  3.11 15  2.47

55~ 3.8 490  3.42 25 2.92 10 2.1§

50. 368 | 35 3127 20 271 | 5 171

" Inregard to the yards, they fhould not have the fame figure, they
fhould terminate in a point at each end, and each half fhould be formed
by the revolution of a fecond cubick - parabola. It is eafy to perceive
the reafon of this difference ; that power which tends to break the yards
is not only applied at a lefs diftance towards the extremities, but is alfo
kefs, becaufe the effort of the fails being diftributed the whole length of.
the yard, there will be only that force which' exerts itfelf on each part of.
the yard. The whole effort which the maft fhould fuftain, is applied at
the top, foit is always the fame abfolute force which tends to break the
maft; whereas in the yards, the abfolute force is greater towards the
middle : “The middle of the yard has not only the greateft effort to fuftain,
but this force is.likewife applied at a greater.diftance. If we examine
the effort of the fail at one quarter of the length of the yard, we fhall
find it but one half of that which it isat the middle, and, befides, the cen-
- ter of .ts effort is applied but at one half of the diftance. In one word,
the relative forces which tend to break the yards are, as the fquare of
their diftances from the next yard arm, and as the refiftance fhould be in
amr equilibrium with thefe forces, it muft follow that the cubes of the dia-
meters be in proportion. to. the {quares of the diftances from: the yard arm.
Hence, if we divide half the length of the yard into 64 equal parts, and
the diameter at the flings into 16, the diameter at 277 parts of the length
accounted from the yard arm, mutft be nine ﬁxteenthsofpthat of the flings ;.
at 8 partsof the length, the diameter muft be one quarter of that at the
flings, and at one fixty-fourth of the length, the diameter muft be ong -
fixteenth of that at the flings. , :

- Our author, then confiders the miafts that thould be made of feveral
picces, being too large for to be made of one tree, and thinks they fhould,
be of a different form ; at the fame time, he tells us, the mariners do not
<onform toany of thefe proportions ; and that they are as much deceived,
i refpe of the figure, as in the length; though, they are very fenfible,
the figure of mafts thould differ from. that of the yards.” The builders,
however, fays he, have found toas great perfection as poffible the pro-
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ortions the diameters fhould bear to the ather dimenfioas ;. for when they
Siﬁ;overed the weakeft part, they have made them higger at that: placs,,
and, by the mere dint of repeated trials, have brought that point to
as great perfe@ion as could have been done, by the aflitance of
eometry. _ .. ‘

In tbrg fixth and feventh chapteis, he confiders :the’ftrength of the
cordage, which concludes the firft bpok. . = - '

In the fecond Book, he confiders ‘the -fhip when a float, and ‘at reft.

. In the firft feGion, which, he divides into fix chapters, he treats.of the
weight of a, thip, and the force of the water to fuftain, that weight. ;

he firft three chapters are ¢hiefly employed in _prefcribing, rules tor
afcertain: the Pr;:&;i(e' raught of water a_fhip, thould. draw; when properly.
loaded ; which he performs by meafusing the. immesged part, and:
thereby difcovers if her load-water line.carrefponds to that in.the dranght ;
the fubftance of which M. Dubamel has extraded, for which we refes
to the Abridgment, Chapter VIII. '

The other threg chapters are. wholly taken up. in gauging of . fhips,
and determining their tonnage, either in: weight or halk, and regulating,
the fees for anchorage, aoﬁ other duties,” which are regnlaged by the
tonnage. .

Th%s concludes the firft fection; and, in the fecond, he tyeats of the
weight of the fhip, and the proper pofition of the center of. gravity, and
gives rules for findingit, This with his remarks, takes up.ten  chapters,,
which M. Dubamer has.givén us in his fecond edition, the tmﬁation of,
which is hereto annexed, to-which we refer ; but we mnft not pafs over
what M. Bouguer, fays of .the mechanick way of finding the: center of

ravity, :

£ All the mechanicks, fays he, know hew. to find the, center cf: gravity
of any body by fufpending it. It is worthy te be semarked, continugs.
our author, that this method may be very, ufeful, and eafily executed in.
thenaval arfenals, where they-have ready prepared every thipg, that is.
neceflary. for that purpofe : All that, i required is only to make.a block
of wood exactly fimilar to the immerged part of the fhip, and proportion-,
ing all the parts of the, block te the correfponding. p:gts of the fhip, by a
-t T or one thitd of an inch, or any other convenient {pace,
orrefponding pasts of the fhip ; care muft. be taken. toy

ght as poffible. The block beiag thus prepared, may.

iece of packthread, in different fituations ; if we can-

d ‘produced, it will point out the center of gravity.

: implicity of this pratice, our author fays, it will be

convenignt
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&onvenient on foimie occaflots to afe other methods, which may be mo¥e
dire@ly applied towards findingthe center of gravity.— Thus far dur atthor.
~ ‘We thall here add, that fome ufeful difcoveries may bé made by ino-
dels, or blocks, and this, we conccive, with as great certdinty 4s by cal-
culation ; for it muft be allowed by the niceft calculdtors, that the dats
taken from the draught of a quarter feale, may be liable to great errors;
but, upon ftri® examination, we may venture to affert, that there
are very few fhips that have both their fides exaétly equal in every fefpéét,
and there need be mo mor¢ convincing proof of this, than fufperding
the block by a piece of pack-thread faﬁenéd to a liook in any part of a
firait line, drawn from the middle line of the ften to that o? the poft,
“This hook may be moved forward and aft to different places in the mid-
dle linie, and a plumet fufpended from the upper pait of the midline of
the ftem, and another from the]upper.part of the middle liné of the
oft, if the two fides beé exadly of equal diménfions, and likewife
mogene, they will be of equal weight: A plane pafling through' thefé
three lines, whatever part of the middle line the hook be in will likewife
pafs through the middle line of the keel, ftem, and poft; a block that
will ftand this proof may be truly faid fo be a.mioft valuable piece
of workmanthip, executed to thé greateft poffible perfection, and
may be deemed the mafter-piece of the ait, and muft redound to the

geeat honour of the workman. . ‘

The block being. thus provided, and fufpended by the hook, the
plumb-lines at the ftem and poft af thé fame timé correfponding to their
middle-lines, and to that which fufpends the block, we may hold a bat-
ten out of winding, a term well known to the thipwrights, with the line
that fufpends the block, and with a pencil draw a line on the block; a
plane hga.ﬁi? through this pencil line, at right angles to the keel, and paf-
fing' likewif¢ through the line that fufpends the block, will likewife pafs
through' the center of gravity, which, therefore, muft be fomewhere in
this plane ; again, move the hook to fome other part in the middle line,
and let the'blotk be fufpended from that point ; draw alfo another pen-
<il line out of winding, with this Jaft line of fufpenfion : The interfection
of the two pencil lines will give the height of the center of gravity above
the keel, anid likewife its diftance from the Pol’c and ftem ; and if the hook
Be moved to any othér parts in the midline, and a pencil line drawn as
before, it will likewife interfé& in the fame point, or let there be never
€0 many points affimed- in the middle line, and the block fufpended by
each, and pencil lines drawn, they will'all interfe@ in the fame point,
#nd as the center of gravity will allaways‘ be in that plane whicg‘w pafes
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through.the middle lino of the keel, ftem, and poft, it may, with cers
tainty, be marked on the draught, : T -
"1t muft be allowed this will require the utmoft nicety, and, if well
executed, will agree exactly with that found by calculation, provided the
dimenfions be taken with an exceeding good fcale of equal parts, for
which we judge the diagonal fcale of equal parts in Plate II, of the fore-
going Treatife to be fufficient. , - » .

Having thus found the center of gravity of the immerged part,. we
may, by the likceé)rocefs, find the center of gravity of the whole fhip,
compleatly rigged, mafted, and with all her guns, ammunition, provi<
fions, &e. on board. Inorder to which the model muft be compleated,
her upper works, &e. fimilar to the thip, mafted, rigged, and have the
fame number of guns, thot, cafks, caft ballaft, in fhort, every particular
fpecies that compofe the whole Weight of the fhip, all fimilar to the re~
{pe&ive fpecies in'the fhip, thatis, in proportion to the cubes of their
fimilar dimenfions.  All thefe things being ftowed in the model, they
may be fhifted fore and aft, higher and lower, till fuch time as by re-
peated trials ‘the center .of gravity of the whole thip may be properly
fituated with refpet of that of the immerged part. .

It-muft be allowed this will require the utmoft carein the execution,
but it muft likewife be allowed, it will require no lefs care and accuracy.
to find the exa& dimenfions of the feveral feCions of the fhip, efpecially
as every dimenfion in the fhip is 48 times bigger than their fimilar ones irx
the draught, fo that an error of a quarter of an inch in the draughe,
which is only the 48th part of a real inch in the fhip, will occafion arf
error of 110592 cubick quarters of an inch in the thip, provided the er-
ror be in all the three dimenfions, viz. length, breadth, and thicknefs. ’

There are feveral models compleately mafted, rigged, with guns, an-
chors, &c. proportioned to thofe of the thip ; fuch as have thefe in pof-
feflion may make feveral ufeful experiments in water ; a few of which
we fhall mention. | . )

Firft, to find the whole weight of a fhip when properly loaded to the
propofed water-line. . ,

To attain this, let the loadwater liie be drawn with a pencil on the
" model, and loaded till that line come exactly to the water’s edge, after
which take the model out of the water, and let it be fufpended till all
the water drains off, and then weighed. . The following proportion will’
give the weight of the fthip; 1 is to the weight of the block, as the
cube of 48 is to the weight of the fhip. Noze, this may be done with-
out the mafts, and the block may be loaded with fand, or any ot‘lixer‘
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portderods body, that will fink the model to an ofed draught of
g:ater. If tggywcight of the fhip be given, we ma; fgfgpwhat the weight
of the block -thould-be by the reverfe of this proportion. We fhall il-
* luftrate this by an example. '
- Example. Admit a model, when properly loaded, weighs 163 ounces,
what will be the weight of the fhip mn tons-? _

As1 o.
, Is to 48° 5.043723
- Sois 163 2.212188
. 7.255911
Subtra . 4.554368
. Tuns 503. 2.701543

" As the index of this logarithm is 77, the natural number muft confifb
of eight places, and the anfwer will ge in ounces, which cannot be had -
in the common tables. We fhall therefore reduce them to tons by the
common rules of reduction. Firft divide the ounces by 16,, gives pounds;
divide the pounds by 112, gives hundreds ; lattly, divide the hundreds by
20,and we have the anfwer in tons. Nowall this may bedone by {ubtracting,
_the fum of the logarithms of thefe three divifors from the fum of the lo~
garithms of the firft and fecond term, asin the preceding operation..

16: 1.204120
ri2  2.049218
20 1.301030 - -

Sum 4.554368. o

- Hence we have the following general rule : To the logarithm of the
weight in ouaces, add the conftant logarithm of 48, which is §.043723,.
and from the fum fubtract the conftant logarithm 4.554368 ;: the re~
. mainder will be the logarithm of the number of tons, it muft be obfer-
ved, that if the fcale be nota quarter of an inch to a foot,. we muft not:
take the logarithm of 48°, we muft find how many of the parts that re-
prefents one foot in the draught will make a real foot ; as for inftance, if
the draught be a three eighth fcale, it will-take 32 of them to one foot,
fo that in that cafe we, muft take the logarithmo; 32’; if by a half inch
fcale, éﬁc' logarithm of 247 ;. if by a three qparters, the logarithm of
163, &, : . L
Secondly, we may, by the fame rule, find the weight of the thip:

when launched : It is only loading the block to the fame draughtof wa=
ter with the thip when launched, and then taking the weight in opnces,,
pos e IR WUCR TINTICS, ant e e S|
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and ufe the fame preces as befare ; 'we may repeat the fame ‘whea bat<
lafted, whea rigged, in fhost, we osay fiad the weight of the mafts, guns,
provifions, &c. or how mugh weight will be neceflary to be put on board
to make her draw an inch more water. It muft be wnderfiood that this
rule will give the tons, in the common acceptation of that word ; for by
that is meant the builders tons; for finding which there is an eftablithed
rule, which may vary according to the cuftam of the place fhe is built
in. The freight of goods in the merchant fervice is either in weight, or
bulk ; the weight is 20 cwt. to one ton, and 4o cubick fect make one
ton.

The general rule for determining the tonnage of fbips taken into bis Ma-

Jefly's fervice.

1. Let fall a perpendicular from the back of the main poft at the height
of the wing tranfom, to the rabit of the keel prodaced.

2. Set forward for that two inches and a half for every foot in height
for the rake of the poft, and from ﬂrl:(POim meafure to the perpendicular
ket fall from the forefide of the fiem, obferving, if the fhip is not on an evea
keel, to make ufe of a fquare applied to the bafe board.

3. Dedu@ three fifths of the extreme breadth’ aut of that length, the
remainder is accounted the length of the keel for tonnage.

4. Multiply this length by the extreme breadth, and this produé by
the half breadth; divide this prode& t(?; 94, the quotient will give the
required tons; or, which is;ﬂl;c fame thing, multiply the leagth of the
keel by the fquare of the breadth, and divide the produ& by 188 ; the
quotient will give the tons. '

Example. Keel for tonnage 144.5 feet; breadth extreme 51 5 required
¢he tons? ‘The following is the operation performed by logarithms :

g1 3415040
1e45 2.159868
' 5575008

188 2.2744148

1999 tons 3i3e0fi50

(Seg this aperasiom.parformed by the fliding rule, p. o9 of the foregving Treatife:)"
In the merchant fecvice take the depth of the keel belown the. rabit,
-and:fet that off from the rabit of the- poft, then proceed as befase ; for
boats, in general, proceed from the back of the poft, and. proceedias abowe.
It is the general practice of the builders to meafie the tonnsge by
the real-dimenfions of the thip, when upon the blocks. The builders.and
mgriners agree in-this point, and experience proves beyond difpute, f{ha!i
: ewW,
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fewr, - if any thips,-ase exa@ly fimilar to the draughts; and, indeed, it
is impofiible they theuld, uniefs the thicknefs of the plank b hid down
in the draught, which, perhaps, may be' one of the moft intricate ope-
fatiens in the practical part of (hip-building ; however, I fhall attempt
itin E;pothér. place. The chief defign. of laying down the propofed di-
menfions on paper, and then in the loft, is to determine the exa& form-and
bewvelling of every-timber in the thip, which is new done to fo great per-
feGtion in his Majefty’s dock-yards, that. they want. very little reconciling
when going to be planked. As there is-fcarcely a poflibility of afcertain-
ing the truc dimenfions. from: a drauglhit, it feemds there can be no great
&pendancc on: the calculations mentioned by our author. FHe has, to-
his great honour,, carried bis inveftigations to-the utmeft nicety ; having
conﬁ‘dcted the-minuteft ciscumftances, and the- alterdtions the thip under~
goes in all different fituations, and has brought the theory of fhip-build-
ing to as;great perfe®ion as.the nature. of the fubject will permit, though
very. few fhipwrights can follow him in. his deep refearches. ‘

éur amthor, .in:the eleventh. chapter, fhews how te'find,. by. 2 fimple
experiment if thecentes of gravity.of a thip.be properly fitusted; evemrafter-
fhe_ is built.. . .. , ' ‘
"It would, fays he,undoubted]y be. of great advamtage, aftcr.a thip is:
built, rigged,.and loaded,, to have'it in our. power to be well affured, even:
when.fhe.is.in the harbour, that the ceater of gravity be preperly: fituated:
with refpe& torthe metacenter,. - - ’ : '

Sometimes. there are many things ranged and placed ih 2 very different
manner:  The confumption of ammunition’ and provifions ih a long,
. voyage is very confiderable, and it will be neceflary to know what changes.-

refult from.thence’; and this is what may be hed by a very fimple expe~
riment. We are obliged for the firft idea of this to Father Hoffe.. .

If. we place.a weight P; on the outfide of the fhip O E.C, Fig. 10,
at the outer end Q_ of a fparr, laid: acrofs:the fhip, this will make-the
thip incline to a certain point, at.which timie there will be an exdét equi-
librium. betwixt the weight fa{pended without the fhip, ard the whole:'
weight of the fhip, on each fide of the line Y Z, in the dire@ion of the:
vertical effort. of the water. The: common center of gravity G, is
in the fame vertical with the metacenter, when the fhip is in.an hori- -
zontal fituation ; by the metacenter our author underftands that point,.
above which the center of gravity fhould mever be placed. The more:
the fhip inclines, the further will the center of gravity G be removed:
from the line Y Z, the vestical of the metacenter, and it is plain. that:
G T, the diftance from that line; is alwaysin propostion ta ﬁnetﬂ:
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the inclination ; at leaft, when the inclination Is but fmall. Now if that
diftance, and likewile the whole weight of the fhip be known, we have
likewife its moment, or the relative force with whicfx that weight aQs, in
endeavouring to right the thip, and bring her again into an horizontal fitu-
ation ; but fince both the fituation, and likewife the weight that produces the
inclination are known, we may from thence know if the moment of

~ one be equal to that of the other, and thereby eafily difcover if the

center of gravity be in that very point we propofe. ‘

We cannot be too nice in taking the quantity of the angle of inclina-
tion, for the fuccefs of the whole experiment depends on this: To attain
this, we may ufe a level line for the fenfible horizon of the fea, or a
plumb-line faftened to the head of the maft, and take its diftance from’
the foot of the maft, both when the fhip is upright, and likewife when
fhe heels; the plumb-line feems to be the moft convenient, becaufe we
have thereby immediately the proportion in which the center of gravity-
recedes from the vertical of the metacenter, which will always be in pro-
%tvz‘rtion to the diftance of the plumb-line from the foot- of the maft,

e muft be very careful, during the whole time of the operation, to
render all the circumftances abfolutely the fame, that we may be welt
affured the inclination is produced only by the weigh¢ applied to the ott-.
fide of the fhip: No doubt, this will require the afhftance of many
hands, to put every thing requifite in its proper place, but they muft all
withdraw, when the diftance of the plumb-line and the other dimenfions
are meafuring. The weight of two or three, or fometimes even ten
men, need not be regarded; whereas the weight of the whole crew’
would produce a very fenfible alteration ; and, I conceive, the crew might
be difpofed to great advantage in this experiment, as they may be eafily
moved from on= place to another. .

We may, by this means, find the center of gravity of the fhip, pro-
vided we know only the metacenter ; for, having the quantity of the’
weight that produces the inclination, and examining R 7Z, its diftancg
from the metacenter, or from the vertical that pafles through that point,
.and on which the effort of the water exerts itfelf, we have likewife its
moment, or its relative force, which is equal to that of the weight of the
whole thip, fince thefe two exattly ballance one another; fo it is only’
dividing this moment by the whole weight of the thip, and the quotient
will give us the diftance of the center of gravity, G, from Y Z, the ver-
tical of the metacenter. If the weight that makes the thip incline be i
tons,: and its diftance from Y Z be 30 feet, its moment will be expreﬁ'e
by. 150 ; .and if this moment s divided by 1800, which is fuppofed ‘t)o'
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-be the whole weight of the fhip, we fhall find that the diftance of the
center of gravity is from the vertical, Y Z, one inch. After this, it will
be eafy to difcover how far the center of gravity is below the meta-
center g; fince there will always be the fame proportion betwixt the
diftance of the plumb-line from the foot of the maft, and the height of
the maft, that there is betwixt G T, one inch, the diftance of the center
of gravity, G, from Y Z, the vertical of the metacenter, and g G, the
diftance betwixt the metacenter and the center of gravity. If a plumb-
line, of 5o feet long, is one inch diftant from the foot of the maft, we
have this proportion, 1: 50::1 (inch, the diftance of the center of gra-
vity from the metacenter) : 5o inches, which makes G g, the diftance
of the center of gravity, below the metacenter 4 feet 2 inches.

" 'We may remark, that, in order to determine this exatly, it is not ne-
ceflary to know the precife point in which the metacenter lies; it may be
fuppofed in the middl¢ of the breadth-line O C on the upper deck.

The fmaller the weight is that makes the thip heel, fo much the
‘greater muft be its diftance from the fhip ; however, an error of fome
inches, in the horizontal diftance of the weight, will be fcarce per-
ceptible. :

a fine, where neither the fituation of the center of gravity, nor of
the metacenter, Is known, this experiment will at leaft have one confi-
fiderable advantage, that thereby we may know if thefe two points are
always fituated in the fame proportion with refpet to one another. We
may, by this means, be in condition to reap the profit of all experi-

'ments made in former voyages, and eafily find the fhip’s beft failing trim,
which the mariners call her feat in the water ; and it is only by thefe re-
peated trlals, that hitherto they have found it out. Though the builders
always draw a water-line on their draught, to determine the precife draught
of water the fhip will draw when loaded ; it is but too true, that they
have no certain method to afcertain this, and are altogether ignorant what
fhould be the difference of the draught of water afore and abaft.

" All thips have a fcale of feet and inches on their poft and ftem, to
determine the draught of water afore and abaft : We may, by this fcale,
difcover if the whole weight, and if the goods be ftowed exatly in the
fame manner, with réfpect to the length of the thip, and likewile if the
center of gravity be properly fituated in refpect of fore and aft. But tho’
thefe be important difcoveries, yet thefe alone are not fufficient; for,
admitting we have all thefe, the center of gravity may be either too
high or too low ; to afcertain which, we muft have recourfe to the pre-
ceding experimerit, ‘Thofe who have the charge of navigating the thip,
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and flowing the goods, make particular mention in their journals, of the
weight of the cargo, the number of guns, the exa& draught of water
fore and aft ; they need only make one remark more, which is, to fpe-
cify the exa® weight that will be neceffary to be laid on the outfide,
in order to make ‘her heel to a certain determined point.

When all this is given, it feems we know all the circumftances of the
weight, which contributes to the fafety and perfection of navigation ; for
what more can be defired, but the exact quantity of that weight, and the
precife point in which it is united. It does not appear that the mathemati-
cians who have examined this fubjet, have proceeded on any other fup-
pofition, than to render our examination compleat : Thefe refearches muft
be carried further. The weight of the thip may be exactly the fame,
and the center of gravity may likewife be fituated in the fame point, with
refpect to its height, and yet produce different effe@s. The effe@ will
be exactly the fame while the fhip continues in the fame fituation; but
it will be quite different, when the fhip begins to rowl, and this ay
happen even in a calm, when a fhip has no head way. If any exteriar
caufe, as the continual motion of the fea, or a fudden thock of the
waves puts the thip out of her horizontal fituation, on recovering herfelf
fhe contracts a motion which makes her incline to the oppofite fide, and
her ofcillations continue fometimes a confiderable while; becaufe the
exterior caufe is renewed, and a&s a fecond time, which perpetuates the
motion : This concludes the fecond fection,

The third fetion contains three chapters. -

The firft on the point, round which the fhip rowls, and how far the.
weight will conduce to her rowling,

The fecond. The figure of the fhip being given, and the diftribution
of its parts, to know the direction of the ofcillations.

‘The third chapter is to find the changes produced on the rowling,
by the tranfpofition of fome parts in the thip, with fome remarks on

itching.
P As M. Dubamel’s remarks contain the fubftance of what our author
has faid on this fubje@, we refer our readers to our tranflation of his
tenth chapter of his fecond edition, which is hereto annexed, and pafs
on to the conclufion of M. Bouguer’s fecond Book. ‘

After expatiating on the great advantages that will accrue to naviga-
ting, by a proper fituation of the center of gravity. He fays, no labour
thould be thought too great to obtainit; and that the builders, endea-
vouring to make two fhips equal in point of failing, have made their
bodies fo exactly equal, and of the fame figure, that na difference could be

' : perceived
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Ecrcci\red in the very minuteft article : But thefe thips were fcarce out of
arbour, when their difference, in point of failing, thewed itfelf in a
very great degree, to the extreme amazement of all the beholders. This
great difference cannot be attributed to the chimerical caufes, for they
deferve no better name, to which they have recourfe.. Whence comes
this difference, if not from the center of gravity, the fituation of which
they had given themfelves no trouble to examine, if in the fame place
in both ? But granting that it may fo; yet when the cargo is dif-
ferently ftowed, and fhe inclines more, or rowls to a greater or lefs
. degree; the immerged part ceafes to be the fame, and of confe-
quence the fhip will, in this refpe® be different, and produce diffe~
rent effes. It may here be afked, if the two fhips were to undergo
M. Bouguer’s experiment, and the center of gravity, metacenter, &c.
agre found exa&ly the fame in both; and, if then, there fhould be
any confiderable difference in point of failing, whence this could arife ?
For they are fappofed to be rigged exactly both alike.

The chimerical caufes, he mentions, are, that fome imagine thata
thip’s failing depends on driving wedges, in fome particular places; on
fetting up the rigging, which may be too tight or too flack, ona piece
of fail being fpread to the wind, or on a weight of 15 or 20 pound being
fufpended in a certain place, &c. he fays there are not wanting feamen,
who not knowing the caufes of fuch changes, have afcribed them to
fome fuch caufes, and affured us they have confirmed them by experience :
And what is ftill more ridiculous, it is ufual, on prefling occafions, to faw
the gunwales,and to loofen fome parts,whereby they imagine the thip’s mo-
tion will be quicker, becaufe they are more fenfible of her motion them-
felves. ‘This is, fays our author, as ifa poft chaife badly flung would go
fafter, becanfe they who are in it feel themfelves more fuddenly toft and
tumbled about. What ever may be in thefe remarks of our author, we
may venture to affert, shat a fhip, after being loofened, has got away from
another that has gained on her very faft before.

M. Bouguer, in his third Book, examines the laws which fluids ob-
ferve in their thock ; as the wind in ftriking the fails, and the water in en-
- countring the fore part of the fhip : He divides it into five fections.

The firft feGion has eight chapters,

In the firft, he confiders how the impulfion of the wind on the fails,
and the fhock of water on the bow, contribute to the failing, which he
treats ina moft elegant manner, as a fpecimen of which we fhall give
the following extracts. : :

. F 2 When
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When. a thip fails out of the harbour, the acquires her motion by in<
finitely flow degrees; much after the fame . manner as heavy bodies, in
their fall, arrive not at a certain velocity, but by an infinite repetition of
the acion of their weight. . g

The firft impulfions of the wind greatly affect the velocity, becaufe
the refiftance of the water might deftroy them, for the velocity being at

firft {fmall, the refiftance of the water, which depends thereon, will be.

very weak ; but the fafter the fhip goes, the lefs will be the force of the
wind on the fails, whereas it is quite otherwife, with refpe& to the im-
pulfion of the water, on the bow ; becaufe it augments in proportion to
the velocity with which the fhip fails. So the new degrees, which the

effort of the fails adds to the motion of the fhip -are continually decrea-.
fing ; whilft, on the contrary, thofe which diminifh the refiffance of the:

bow are continually increafing. The velocity is accelerated in propos-
tion as the quantity added is greater than that fubtrated ; but whea
thefe two powers become equal, when the impulfion of the wind on the
fails, has loft fo much of its force, as not to act but in proportion.to the
force with which the refiftance of the water acts on the bow, in the, op-
pofite fenfe ; the fhip then will go no fafter, and will fail with a conftant
uniform motion. The great weight of the thip may be the caufe of the
thip’s being fo long in coming to her greateft velocity ; but this weight
makes nothing to the degree of velocity ; and when the fhip has ance;
come to it, the afterwards ‘goes on by her own intrinfick -mption, .and
fhe can neither gain nor loofe any new degree of velocity : She moves as
by her own proper force #n vacuo, without being afterwards fubject,,
ejther to the effort of the wind on the fails, or the refiftance of the water
on the bow. If at any time the impulfion of the water on the bow
thould deftroy any part of the velocity the impulfion of the wind: on the.
fails will repair it, {fo the motion will continue the-fame ; but it muft
be obferved this will only be when. thefe two powers a& in a quite: con-
trary direCion to one another ; otherwife, they will not mutually deftroy
one another. The wholé theory of working fhips, depends on this ap-
pofition and_ perfect equality; which fhould fubfift betwixt, the impulfion:
of the water, ang, the impulfion of the wind. '

In the fecond chapter, he treats of the meafure of’ the abfolute thock
of the water, and of the wisnd. : '

- When, fays our author, the wates, or any other fluid,. ftrikes a_plane;;
every pasticle will: a6k with greater: or lefs farce, according as the direc=
tion is nearer or farther from being perpendicular. b
) : o he
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The effort of one particle is expreffled by the fine of the angle of inci-
dence ; butat the fame time that each particle makes a greater or fmall-
er impreffion, the number of thefe particles will be greater or fmaller,
according to their right, or oblique dire@ion ; and this number is like-
wife exprefled by the fine of the angle of incidence, fo the impulfion is
in proportion tothe fquare of the fine of the angle of incidence. When
the angle is right, the impulfion will be the greateft that it poffibly can
be ; whereas, when it is only 30 degrees, every particle will make only.
half the impreffidn, and there will be only half the number that will
contribute to the thock, fo the effort will be only one quarter.

But it is not only the obliguity of the direction in which the fluid gives
the fhock, that makes the differenee; it is likewife more or lefs, in pro-
portion to the abfolute velocity, which it has, independent of the obli-
quity : As foon as the fluid moves fafter, the thock becomes greater, and
is in proportion. to the {quare of the velocity, If the water, which for
example, ftrikes a furface, acquires three times the velocity, every fingle
particle will a& with three times the force ; but as there will be three

times the number that make their effort, the whole thock will be nine’

times greater, This is a property which is common to all fluids, which
makes their efforts fometimes very prodigious. Salt-water, for example,
running at the rate of one foot in a fecond, will have but a fmall effe&t,
but if the velocity is ten times greater, the thock will be a hundred times
greater ; a force fufficient to break thro’ the thickeft dykes. .

Hence, when the fame fluid ftrikes the fame furfaces with different
velocities and. different obliquities, the impulfions are as the product of
the fquares of their velocitics by the fquares of the fines of the angles
of incidence.

If not only the velocities, and the fines of the angles of incidence be
different, but likewife the furfaces ; the impulfion will then be in
proportion td the extent of the furface, which will, nearly, be as the
produ& of the fquares of the velocities, and of the fquares of the fines
of the angles of incidence, multiplied by the arca of the plane, which. re-
ceives the thock : Ifay, neaily, for it may happen that tﬁe thocks are not

_ proportionate to the areas of the furfaces that receive them ; for inftance,
a furface of double the area may not receive exaétly double the thock,
on account of the greater or lefs difficulty with which the particles
retire after having accomplifhed their fhock. o "

Be that as it will; if the preceding rules be admitted, we need only
make fome experiments on- the fhock of the fluids,' by which we may
judge of the force of the fhock in all other cafes. It may be admitted as’

a prin-
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a principle eftablithed by experiments, that the perpendicular fhock of
falt water, whofe velocity is one foot ina fecond, upon a furface of 2
foot fquare, will be nearly equal to one pound feven ounces. If the ve-
locity be greater,the impulfion increafes in the duplicate proportion : If the
furfaces be greater, the effort is in proportion to their areas, and, laftly, if
the thock be oblique, the impulfion changes according to the fquare of
the fine of the angc%e of incidence.

Upon the whole, if the velocity of water, or of any other fluid, be
known,we need make no doubtabout determining the force’of the fhock ;
but it is not fo with refpe@ to the wind. The denfities of the air are
very variable, and are feldom fufficiently known ; fo it will be better to
endeavour to determine the force of the wind immediately, without per-
plexing ourfelves to deduce it from the velocities. There have been
feveral inftruments contrived by the ingenious for this purpofe; to thofe
who are not furnithed with any, 1 recommend the following, which is
very fimple, and I found it very ufeful in pratice.

This Anemometer, is only a piece of light pafte-board applied to a fort

- of fteel yards, which performs its office by a fpring. The pafte board

ABDE, Fig. 11, is 6 inches fquare, faftened to the rod CF, which is
putinto the pipe F G, and refts on a fort of fpring in the bottom of the
pipe ; the piece of pafte-board being placed directly againft the fhock of
the wind, the rod CF will prefs the {pring with greater or lefs force, in
proportion to the impulfion of the wind. There isa rowler at F, in the
mouth of the pipe, on which the rod C F moves, to take off the friction.
The rod being graduated, we have the quantity of the impulfion of the
wind, in pounds and ounces, in the fame manner that the fteel-yard
gives the weight of any thing elfe ; but as the wind may be variable,
the impulfion may move the rod backwards and forwards ; fo, to eftimate
the quantity of the impulfion, we muft take a mean, betwixt the leaft:
and greateft. One of the principle advantages of this inftrument is, that

.we need only place the pafte-board parallel to the furface of the fails,

without regarding the obliquity of the fhock, by this means it will be
eafier to determine the quantitiy of the whole impulfion that makes the
thip fail, and, from that, be able to judge whether the mafts will be in
danger. I prefume it will not be fafe to charge a foot fquare, with a
weight of fix pounds, In France, the velocity of the wind is about 50:
feet in a fecond, if it be in winter; but if in fummer it will be about 60.
or 63, and ftill more, over all the torrid zone. This is only its relative
velocity, which it has with refpe to the fhip, whereas, its abfolute ve--

locity is much greater, and is fufficient to overfet the fhip, and if on lanld
‘ : ' ' would
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would overturn houfes, and tear trees by the root out of the ground. The
reafon of what our author advances here, I take to be, that the houfes ot
trees do not go from the wind; whereas, the maft of the thip, before it
breaks, forces the fhip a head, and as it were, runs away from the ftroke,
which cannot be the cafe of any thing that is faltened inthe ground. -

The Anemometer may likewife ferve to meafure the effort of the water,
as well as that of the wind. In the builder’s yards, where they have
every thing that is needful for the purpofe, they may eafily make a {fmall
bow of wood, fimilar to the bow of the fhip, and then, inftead of the
pafte-board ABDE, Fig. 11, fix this fmall bow to the rod CF, which
being expofed to the thock of the water, we fhall then have the quantity
of the effort in pounds and ounces; we may fee, by the dire&ion of the

rod, in what direCion the bow receives the thock. Laftly, we may re-

peat the experiment, by expofing to the thock of the fluid, a plane equal
to the bafe of a conoid, which reprefents the fmall bow ; by which we
fhall percceive how much the thock of the fluid is lefs on the bow, than
on the midthip frame. Thefe mechanick experiments may help us te
judge of the impulfions which furfaces receive in moft cafes ; but the gene-
ral method is, to reduce the impulfions which curve furfaces receive, tq
thofe which fall on plane furfaces, in order to which the curves muft
be divided into fuch a number of fmall -parts, that they may be deemed
ftrait.

In the third chapter, the impulfion of fluids, on different figures, is
confidered ; at firft on a bow formed by two ftrait lines.
. Let the bow BA D, Fig. 12, be formed by the two ftrait lines A B,
and A D, and the direction of the thock be in an infinite number of lines

parallel to the axis AC. The angle of incidence will be equal to the .

angle BAC, or to half theangle BA D, and, if we maultiply cach fide
A B and AD, by the fquare of the fine of the angle of incidence, we
fhall have the whole abfolute impulfion which exerts itfelf on each fide,
in the perpendicular direction of the line E F'; let this be reprefented by
the fpace EF, and form the parallelogram EGFH. The fides EG
and F H, are parallel to the axis A C, and the other two fides perpen-
dicular toit. It is plain, that EG and F H reprefent that part of the
impulfion which exerts itfe}f in a direction parallel to the axis ; and it is
as plain that it will be Jefs than the abfolute impulfion, in proportion as
B Cis lefs than A B. Since the triangles AB C and F E G, are fimilar
BC:AB:: EG:EF; fo, inftead of working for the abfolute impul-
fion on the fides A B and AD, which partly deflroy qng another, we

* . ' need
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need only work for the direct relative impulfions, which a@ in the di-
reGtion of the axis, and mutually affit one another ; but we muft not
multiply the fquare of the fine of the angle of incidence by the length of
each fide, A B and AD, for this would give us the abfolute impulfion ;
we muft multiply the fquare only by CB, or CD. By this means, we
have the two direct relative impulfions; and then, if we multiply the
fquare of the fine of the angle of incidence, by the whole bafe BD, we
fhall have the relative diret impulfion on the whole bow.

If the angle at A, formed by the two fides, be 60 degrees, .the angle
of incidence will be 30; and its fine, being balf the fine of go, the fquare
of this fine will be four times lefs; whence the dire@ impulfion which
the bow receives, will be but one. quarter of that received by the bafe
BD, fince the angle of incidence is 45 degrees, and the fquare of it is
half the fquare of the fine of go degrees.

He then confiders the impulfion of the water on a bow, formed by a
femicircle, and likewife on a. parabolick bow, which concludes the
chapter. .

Ig the fourth chapter, he gives a general method of finding the im-
pulfion on curve lines, which he introduces with the following preface. .

The impulfion of fluids on feveral other curve lines may be had by
an analyfis purely geometrical ; but it will be neceflary to have recourfe
to algebra in thefe refearches, as it is only by this means we can extend
our-views ; for what is proved this way will be univerfal. We conceive
then, that, inftead of dwelling any longer on an examination which can
only be applied to particular cafes, we fhould afpire to make our difco-
veries general, which may be applied to all forts of curve lines that can
. receive the fhock of fluids.

Of the Impulfion of Fluids in refpect of the Axis,

Let BAD, Fig. 13, be a curve line; A C its axis, ABand AD the
two branches perfectly equal ; let x be the variable parts, AC or AH
of the axis, and let y be the correfponding ordinates BC and E H ; let
dx exprefs the infinitely fmall parts Hb of the axis, and ‘4 y exprefs
EF, the difference of the ordinates. Again, that I may not have occa-
fion to return here a fecond time, I fuppofe the ftuid to move in the ob-
lique direction of the lines L eI, L eI, which make the angles FeI
with the axis of the curve, or with the line ¢ F, which is parallel to the
axis. Let 7 reprefent the fine of go degrees, m the tangent of the angle

Fel; then /n'4m* will be the fecant of the fame angle.
| The
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The angle F e 1 is the oblique angle the thip’s true courfe makes with
the keel, or the lee-way; now, fuppofing the curve B A D be the projec-
tion of thebow upon an horizontal plane, and A its extremity, the
angle of incidence will be E el, and will be greater on that fide of the
the curve where the fluid ftrikes it more dire&ly, than on the other fide,
where it is more oblique. From the point I, let fall the perpendicular
1K, on the fmall part E¢, fo- fhall IK be the fine of the angle of in-
cidence to the radius e L. .

In order to find I K, the fimre of the angle of incidence, our author has
a very intricate algebraick inveftigation, by fluxions, and as it may
be prefumed, many of our readers are not fo well verfed in algebra as to
follow him in thefe deep refearches; I fhall endeavour to explain the
whole by right angled triangles. -

All that he propofes by this long procefs, is, to find 1K, the fine of
the angle incidence E e 1. :

The angle F ¢1, the lee-way, is given, which fuppofe 11° 15’; then
the angle F 1 ¢, its complement, will be 78° 45”. '

Let EF be 40 equal parts, and F e 50 equal parts; then EF : Fe::
R : tan. angle IEK =FEK, now fubtracting the angle IEK from
9o degrees, we have the angle EIK, and this laft angle fubtra@ed from
the angle F I ¢, there remains the angle K1e.. The angles being thus
found, our next bufinefs is to find the fides Ee, K1, and e L.

In the right angled triangle IFe, R : fec £ Fel::Fe: ¢I; again,
in the rightangled triangle IKe, R : fine 2 1¢K ::¢1: IK, the fine of
the angle of incidence. Lattly, to find E ¢, the fmall portion of the bow
which receives the fhock; in the triangle FEe, R:fec. 2 FEe ::
¥e:Ee. See this operation by the logarithms.

EF 40 1.602060 Angle FIe 48° 457
Fe 50 1.698970 Angle EIK 38 40

R Angle KI¢ 40 o3 .
Tan. 51° 20’ 10.096890 Angle Kel 49 355 -
Com. 38 40
‘R R -
Sec. £ Fel 11° 1501 10.008426 = - Sine £ 1¢K 499 55 9.883723
Fe 50 1.698970 Ie _1.707396
Ie ‘ : 1.707396 IK 1.591519
R
- Sec. £ FEe 519 20’ 10.20426%
EF 40 1.602060
E ’ 1.806427

¢ ' .
Supp. G Having
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Having thus found I K, the fine of the angle of incidence, and E ¢ the

part which reccives the fhock, multiply this laft, by the fquare of -the

angle of incidence, and the product will be the abfolute itnpulfion, as by
the logarithms,

IK 1.591119
2

E 3.1 822 38
¢ 1.80632

4~9385'6;5

The angle of incidence, on the other fide, will be 27° 25, the fine of
which we may find by the fame proportions.

I fhall only remark on the whole, that our author fuppofes the angle
of the lee-way to be known, on which the refult of the whole procefs:
depends; and as there is yet no expedient found to afcertain that angle,
even to a qoarter point of the compais, &t is to be feared we thall gain very
little by this general rule,therefore it is needlefs to detain our readerson this
fubje&, as the conclufions drawn from them are no ways to be depend-
od on. Our author indeed attempts to determine the lee-way, which
we fhall confider in its proper place.

The inference he gives, from the preceding procefs, is the refolution
of this furprifing paradox, as he calls it, which is, that the relative direct
impulfion deponds neither on the nature of the curve which receives
;;, nor on the length of the axis AC, but only on its extreme breadth

D.

- Let the curve B A D be an arch of a circle, parabola, or hyperbola ; let
it be a geometrick or mechanical curve, &e. fo the breadth continues ftilt
the fame ; the impulfion it receives, in refpect of its axis, by a fluid which
ftrikes it at an angle of 45 degrees, will always be the fame, and equal to
half the fquare of the fine of go degrees, multiplied by D B the breadth ;
in ether words, it will be half of that which DB would receive, fup-
pofing the Buid fhould ftrike it perpendicularly ; fince that firait line
may be confidered as the curve B A D, fuppofing the axis to be in-
finitely fmall.

Admitting all this, our author does not tell us how to apply this to
the formatien of the fhip’s body, nor yet how his angle of 45 degrees is.
to be found.

In his fgfth chapter, he confiders the impulfion of flvids on curve fur-
faces, partxgularly on a conick bow, and on a conoidale bow, formed by
the revolution of an arch of a circle, which he inveftigates algebraically,

' and.
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and from thence infors, thata baw, formed by half the revolution of
quarter of a circle, meets with double the refiftance in an horizontal thae
it does in the vertical, and concludes,that by confulting the trigonometrical
tables, we fhall find the whale or abfolute refiftance, which is compofed
of thefe two relative impulfions, exerts itfelf in a direction, which makes
an angle of about 26° 34 with the horizon.

In his fixth chapter, he gives a method ta find the impulfion on curve
furfaces, by dividing them into 2 number of equal parts, which may be
deemed plain furfaces, for which we refer to our Appendix, tranflated

- from M. Dubamel's extrals.

In his feventh chapter, he has fome remarks on the change of the
impulfions on curve furfaces, when the fluid alters its dire@ion, and ob-
ferves, that without perplexing ourfelves with examining all the ablique
courfes a fhip may fail, it will be enough to calculate the refiftance,
when fhe fails in the dire@ion of the keel. It is certain, fays he, that
the angle the fhip’s courfe makes with the keel amounts to an angle of
45 degrees or §4° 44', to loofe the advantage of the figure, and fill
lefs, to change it to a difadvantage. 1 have, continues our author, in a
memorial, communicated to the Academy of Sciences in 1733, proved
this truth a pofleriors. When a plain furface, exactly circular, is expofed
to the perpendicular thock of a fluid, the nature of fuch a conoid that
thould cover it in fuch a manner, as thereby to meet with the leaft pof-
fible refiftance, has been difcovered long ago; but this is limited to per-
feCt conoids alone, and befides there is room to believe that it will not be
the fame in a direct and oblique courfe. In order to clear this point,
which has embarraffed the greateft mathematicians, I not only aflumed
any figure for the bafe, but even fuppofed the fluid to ftrike it obliquely,
and was well recompenfed for my labour, for I thereby difcovered, that
tho’ the conoids of leaft refiftance be different for different bafes, yet it
will be the fame thing in refpect to the impulfion, whether the courfe
be direc, or oblique to the keel. Hence, fays he, we may be excufed
from calculating the refiftance in oblique courfes, for it may be attained
by calculating the refiftance in a direct courfe. We prefume, our author
means, whatever be the form of that bow that will meet with leaft refif~
tance in a dire& courfe, will likewife be the form of that which will
meet with leaft refiftance in oblique courfes.

In the eight chapter, he purfues the fame fubje&, and confiders tha
lateral impulfion, which he concludes with the following remark.

The bow that meets with leaft refiftance in a dire® courfe, not only
meets with leafkrefiftance jn oblique courfes,but is thatlikewife which isleaft

: G2 ' fubject
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fubje to drive to the leeward, which is a double advantage gained by
forming the bow fo as to give it that figure which will meet with leaft
refiftance in moving thro’ any medium. -

We have now given our readers a fpecimen of our author’s method:
of examining the laws which the fluids obferve in their thock ; the wind
in ftriking the fails; and the water in ftriking the fore part of the fhip;
which he comprifes in the firft fection of his third Book. He proceeds,.
in the fecond fection, by the fame method, te attempt a- general folu
tion to all the problems relating to working a fhip. i

In the firft chapter, he confiders the velocity of the fhip’s failing, in
proportion to the velocity of the wind. :

I has been always fuppofed, continues our author, that the wvelocity of
the thip has no proportion to that of the wind, M. 4'Ons-en-Bray-was.
the firft who thought this fubject worthy- of our attention, and it feems;
has defigned to referve: the refolution- of this queftion to-himfelf;- the
principles he was to proceed upon, can only be executed by experiments
taken at fea ; but I attempted a diret folution of the prablem ; and, con-
tinues M. Bouguer; as this is entirely my. own; I fhall give the following:
account of it

Let a thip be 163 fect in length from the ftem to the ftern-poft; the
exreme breadth 44 feet g inches from outto out. I found the area of the
vertical feCtion perpendicular to- the keel to be about 691 fquare feet..
Fhis feCtion would' receive the whele impulfion of the water, fuppofing:
there- was no bow; but by reafon of the convexity-of: the-bow, the im~
pullion will be much lefs ;- the only difficulty will-be to: determine how
much lefs it wil be. )

In examining a fmall fhip at Croific, I found the fhiock: of the water
on the bow to be one fixth and an half of: that: on the plane of the ver-
tical fetion. 'The area of that plane-carefully meafured was 6687 fquare
inches; the impulfion it received- 66,870,000, whereas, by. dividing the
bow into 18 triangles, and adding up all the particular impulfions. of .each
triangle, the whole fum was 10;245,73 §,nearly the 6 ;part of 66,870,0003:

for 10,245,735 % 63 = 66,597,2%77.5.

I imagiflz %lfat in fhips ofs ({var 'i7t7 \f:i}l be lefs; and may be reduced to
the ninth part; fo that we may take 77 inftead of 691 fquare feet for the
area of the midfhip frame. But having occafion myfelf to vifit:our fea-

, and to-know the form: of our great (hips, I was forced to acknow-
m that the fhock-on the bow was only one quarter,or at- moft one quarter
and an half of that on the midfhip frame. This great difference betwixt
the large thips, and the conoid of leaft refiftance, is occafioned from. '?[}‘lhl;

~
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The conoid diminithes gradually from the extreme breadth, at the midthip
frame, which is its bafe ; whereas, in fhips, the whole breadth is conti-
nued for a confiderable fpace, and then diminithes fuddenly ; which wilF
Bave the fame effe@, asif the bow were fhorter, or had' lefs rake. In fine,
according to the prefent form of our fhips, if the area of the midfhip
frame be 691 fquare feet, we may account about 1 50 fquare feet for that
which receives the relative direc¢t impulfion.

We muft now confider the effort of the wind upon the fails ; the area.
of the three fails on the main-maft, fhould be about 10316 fquare feet,
and if the wind be on the quarter, moft of the fails on the fore-maft will
bear a part of the impulfion, on which account we may add one half more,,
fo we have 15474 fquare feet for the area of thie fails that receive the
fhock of the wind; which fhould be equal to the impulfion of the:
wateron 1§o {quare feet, as was before proved, to which the bow is fup~-
pofed to be reduced ;. befides the denfities of the two fluids fhould.be.
confidered, for if one fluid be double: or triple the denfity of another, or,
which is the fame thing, if it be double or triple the fpecifick gravity, then
the fhock will have double or triple the force. Mercury, for example,.
with the fame velocity will give an impulfion with fourteen times more
force on an equal furfiace, than water; becaufe Mercury is fourteen:
times heavier than water, and for the fame reafon watér will make an:
impulfion 576 times ftronger than the wind, becaufe as M. Mariotte. ob~
ferves, water. is §76 times heavier than air, and their impulfions-are as.
the fquares of their velocities. All this being admitted, let the velocity.
of the fhip bBe 100, then 1 50, the fquare feet that receives the impulfion:
of the water, muliplied by 576 the denfity. of the water, and this produé:
by 10,000, the fquare of the velocity, we have 864,000,000, which ex-
prefles the impulfion of the water on thie bow ; and’ this fhould be.equal:
to.the impulfion of the wind on the fails, that is to 15,474 fquare feet;,
the area of the fails multiplied by 1, the denfity of the.air,,and this pro-
du& multiplied by the fquare of the velocity of the wind, fo if. we di--
vide' 864,000,000, which is the impulfion of the water by 15,474, the:
area of the fails, multiplied by 1,. the denfity of the aif,, we fhall have.
55,835, the fquare of the velocity of the wind ; the fquare toot of which, .
15 nearly 236.  As this is only the velocity with which the fails are-
* ftruck, we muft add ta that, the whele. velocity of* the fhip; which
makes the abfolute velocity of the wind-336 ;. hence, the velocity of the.
wind is to that of the fhip’s failing, as 336 is to.100; It muft be re-
marked, thatif inftead of 576 we take 1100 for the fpecifick gravity of:
water. to that of air, we fhall find the velocity of the. fhip to that of the.

- - wind;,
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wwind, as 100 is to 419; Wwe fhall take 2 mean betwixt thefe two, be=
caufe §76and 1100, compared to unity, are near the limits of the pro-

tion the denfity of the air bears to that of the water. ‘

From the whole, we may conclude, that the beft failing fhip’s go with
two fevenths of the velocity of the wind ; when the wind blowes two or
three times fironger, the. impulfion will be four or nine times ftronger,
but the thip will fail only two or three times fafter, becaufe the impul-
fion of the water will be four or nine times ftronger. Notwithftandin
all our author has faid on this fuhje&, he tells us it cannot be ftrittly ap-
plied to all forts of fhips, fo that the beft that can be faid of it is, that it may
be an approximation, but feems to be of very little fervice in forming a
thip’s body ; I fhall therefore, only mention the heads of what he fays in
the following chapters, with fome remarks as they occur. '

Chapter II. Of the changes which the motion of the furfaces pro-
duce on the fhock they receive.

The impulfion, fays he, will be confiderably lefs becaufe the motion
of the furfaces makes the fluid, as it were, loofe a part of its velocity ; he
concludes this chapter with examining the fails of a wind-mill.

Chapter III. Of the changes which the motion of the fhip will pro-
duce on the force and apparent direction of the wind. -

Suppofe, fays he, the velocity 5o feet in one fecond, and the force on
a foot fquare fix pounds; the area of the fails 15,474 {quare feet being
ftrack perpendicularly, will receive an impulfion of 92,844 ; but, fuppo-
fing the angle of incidence about 19 and a half degrees, the fine of which
is one third of the radius, the impulfion will thereby be diminifhed to the
ninth part ; and if, by the motion of the fhip, the velocity of the wind
be diminifhed to 25 feet in a fecond, that is, to half the abfolute veloci-
ty, the impulfion will be four times lefs, and, confequently, the whole
will be 36 times lefs, and reduced to 3863+ pounds.

It is plain our author fuppofes the abfolute velocity of the wind, the
angle the wind makes with the meridian, with the keel, and with the fails,
to be given, and likewife the angle the fails make with the keel, and thean-
gle of lee-way ; hence the conclufions deduced from fuch uncertain daza
muft be more uncertain ; our readers will, therefore, we hope, excufe us for
omitting the application. We fhall only obferve, that in calculating the -
angle of lee-way, he condemns the common vanes, which, he fays, de-
ceive us very much in determining the angle the wind makes with the
fails, and recommends a quoit, fuch as children play with, as better a-
dapted for that purpofe than any other inftrument hitherto invented,
The principle from which he calculated the lee-way, is, fuppofing ths

angle
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angle the falls make with the keel be 60 degrees, and the lee-way, at the
fame time, four degrees, from thence he proportions the lee- way to all the
angles the fails make with the keel to 30 from go degrees. The experi-
ence of all mariners is fufficient to contute his theory, and, it may be pre- .
fumed, the rules given in our Engli/b navigation books, by allowing the:
Jec-way in proportion to the fail a (hip carries, may be much more de-
pended on, as they have been calculated from the journals of the ex—
perteft mariners ; for, after all his refearches, he refers to experience to find!
eut this angle of four degrees, which he calls the lee-way ; and tells us, the
mariners find it by fetting the fhip’s wake in the water. This has been.
the fubje& of his IVth chapter ; and in

Chap. V. he treats of the different velocities of the fhip, in different
eblique courfes, and from his procefs infers, that, in order to double the:
selocity of the fhip’s failing, the muft fpread fixteen times more canvafs..

The VIth and VIIth chapters contain the conftruion of tables to af--
certain the velocity of the (hip’s failing, which concludes the fecond.
e&ion. . '

In the third feGtion he confiders the thip with refpe&t to her propriety
of fteering well, either by means of the rudder, or of the fails..

The firft chepter is upon the fituation and number 6f mafts, and on the: -
equilibrium, which fhould fubfit betwixt the head.and after fails,. out:
of which we fhall make the following extraéts. ‘

"The principle, fays our author, having been already eftablifhed, touch-.
ing the equality and perfe& oppofition which fhould fubfift betwixt the:
impulfion of the wind, and the impulfion. of the water; we may, fromn
thence, deduce a fuce method for placing the mafts. If the fhip has but one:
maft, it muft be, of neceflity, in the point C, Fig. 14, which is the in-.
terfe@ion of the direGion of the fhock of the water with. the keel, in:
ablique courfes ; but if in place of onec we put more matts, they muft be-
before and abaft the point C, in Z and ¥, fothat the fails on. each fide:
that point be in equilibrium ; it-is of great importance to. determine this.
point C. According to- the ordinary form. of our fhips, the line of. di-
re@ion F C interfets the keel in about two ninths. of the length from.
afore, or nearly five fixteenths of the whole length of. the fhip; that is,,
let B A, the length from the head of the ftem to the poft be 160 feet,
€ A will be about 50, this will not- anfwer in all thips.. If the thip be:
formed by two cones joined at' the fame bafe,. one i{;r the fore and the:
other for the after part; the fore part five twelfths and the other part:
feven twelfths of the whole length, and the extreme breadth one. quar—
ter of the whole length, C A. will then be. about 483 of. th?whcﬂm
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Iength; bat if the breadth DF be the fixth part of the length A B, then
C A will be only the 46th part of the length.

It muft be remarked that thefe lengths agree only to the point C in
its firlt fituation, or firft oblique courfes.

Without being at the trouble to find this point by calculation, it may
be done by a imple experiment, on a model of two fect long, or on a
thip already built, by bauling it in the harbour with a tow line faftened
to one fide of the bow ; if this line be produced it will interfe@ the keel
in the required point C. This point being once determined, we can place
but one maft in that point, or if it be requifite to have more, they muft
. be placed on each fide in fuch a manaer as to preferve an equilibrium
betwixt the fails; for inftance, if we place the maft in Y, at lefs than
the tenth part of the length from the center of effort C, without altering
the other mafts, the fails muft be enlarged in the fame proportion the
diftance from the point C is diminithed

It may be demonftrated, that thips that are built on purpofe for failing
thould be made confiderably longer, or which is the fame thing narrower,
at the fame time the fails muft be narrower; and then we may have
four inftead of three ftanding mafts; it is only by experience we fhall
difcover if the thing be practicable ; but they muft be {o placed that the
total of the moment of the head fails be equal to the total of that of
the after fails, on each fide of the point C: We may eafily difcover if
the equilibrium betwixt them fubfifts.

The area of the main and main-top-fails of a thip of the firft clafs is
about g 500 fquare feet, and that of the fore and fore-top-fails, about
8040, nearly, in an inverfe proportion to their diftances from the point
<C, and multiplying each area by its diftance from the point C, we have
their refpe@ive moments. The diftance of the main-fail from C is 32
x 9§00 makes 300,375 its moment, and the diftance of the fore-fail
38+ x 8040 makes 309,540 the other moment,

We may without doubt narrow the fhips confiderably, if we be allow-
ed to increafe the number of the mafts; if we have four mafts the fore-
maft Z muft be as near as poffible to the point A, the extremity of the
bow, and two main-mafts, one in P, if poffible before the point C, and
the other in Qabaft it, and likewife abaft the middle of the fhip; the
fails of thefe three will be in a perfe& equilibrium, or which isthe fame
thing, the moment of the two firft will be equal to the.moment
of the third, obferving, at the fame time, to make the fpace PQ a
little more than the fpace P Z, nearly in proportion, as the fum of
the areas of the two main-fails is more than the fum of the area}
‘ ' (0]
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of thé other main-fail and fore-fail. Laftly, the mizeritmaft muft
always be in Y, or a little further aft. The ufe of the fail on this
maft is to preferve the equilibrium, when ‘the fea takes the fhip on
the after-poft, fo that the point C comes nearer the middle of the thip.
The fails on the bowfprit Kave likewife their proper ufe and have a con-
trary effe& to that of the mizen. -

Our author then tells us, that if we puth this to the atmoft rigopr;
we may, inftead of four, have a great many ftanding mafts, and gives us
a rule for placing them properly ; butas it may be prefumed this is an
experiment that will {carce ever be tried, 1 fhall omit .

The fecond chapter is on the figure a thip fhould have in order to
make her fteer perfe@ly well with her fails, of which we here fubjoin
fome extrals,

The only means, fays our author, to attain this is to make it fo that
I1C, Fig. 15, the diretion of the thock of the water in the oblique
tourfes, fhall always pafs thro’ the center of gravity G: This has put the
builders under a neceffity of making the fore part full, tho' they alledge
a quite contrary reafon for doing it; which is, that thereby a fhip will
divide the fluid with a greater eafe’; and to prove this, they tell us that
fithes are broader at the fhoulders and head, than at the tail, 'and that a
maft will tow beft with the butt end foremoft ; thefe pretended reafons
have gained fuch credit as to be adopted by feveral eminent mathema-
ticians; but they do not confider that the author of natume created
fithes, living creatures, with a head, ftemach, &c. and it is not certain
that their form is the propereft for dividing a fluid, fince perhaps they
muft loofe fome part of that advantage, in order to gain fome other of
which we are altogether ignorant. As to the maft, the only reafon for
towing it butt end foremoft, 1 think, is, that the rope may not flip over
the end ; but, continues our author, we may reconcile the whole, by
faying, that this form is proper, not to make the thip fail fafter, for we
are fure it will have a quite contrary effe@, but to make her fteer well.
It happens unluckily, that we muft loofe a little of the firft advantage to
gain {fome of the other, and as we have not arrived at that perfe@ion, to
ballance them perfetly, becaufe they are of different kinds, we muft
have recourfe to experience, to difcover the proper mean betwixt the
two: Notwithanding, our author feems here to think that making a
fhip full before thould net be, becaufe the form would thereby refemble
that of fithes; yet, in Page 59, he tells us the midfhip frame
fhould be placed at five twelfths of the length from afore, and gives for
onc reafon, that thereby the immerged part will better imitate the
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figure of fithes ; and here, after all his laborious calculations, refers usto
experience, which may poffibly give it contrary to his theory.

He afterwards propofes Noab’s ark, or the Ghinefe junks, as beft -
formed for fteering, tho’ not for failing ; and, befides, they will be very
fubject to drive to%ee-ward ; and the like may be faid of any other form
which will make a fhip fteer well ; and this he endeavours to prove by
confidering a fhip formed by two cones; he chufes that figure not only
to render his refearches more fimple, but becaule, he fays, that figure
differs little from the form of the folid of leaft refiftance. The inference
he deduces from his algebraick procefs, feems to be only this, that thefe
two properties of fteering well, and failing faft, are incompatible ; and,
therefore, we muft part witha little of the ane, that we may not loofe the
whole of the other. I fhall only remark, that the mariners have adapted
a dire@ contrary maxim, that is, that a thip that goes well, will undoubt-
edly fteer well, which hasbeen confirmed to them by experience.

In the third chapter, he endeavours to determing the exact point
where the extreme breadth fhould be placed, to render the fhip more
fenfible of the power of the helm. -

Many mechanicks, fays our author, have longago difcovered, that when
a power isapplied to the extremity of a rod of equal weight throughout, in
order to make it turn, the point of rotation will be about two thirds of the
length ; the rod being fuppofed of equal weightin all its parts ; from whence
our mariners infer, that the extreme breadth of the thip fhould likewife be
two thirds from afore, without confidering the cafe may be different. It
has been the general practice to have it at that place, tho’ they have
by degrees drawn it nearer the middle, to render the bow fharper, and
dimini(h the refiftance ; but it is certain, that, by fuch a change, they very
much affift the aGion of the rudder, and herein is one of the particular
circumftances, where we had better be entircly governed by experience,
than by theory which continues imperfect, becaufe it has not been puthed
to a fufficient pitch; however, after a long algebraick procefs, he infers,
that it fhould be placed neither at the middle, nor at two thirds, but near.
ly betwixt thefe two points, or about the twelfth part of the whole
length befors the middle. ‘ P

In the fourth chapter is his method of knowing if the thip, that is
_propofed to be built, fhall fteer eafily; or an examination of the motion
which a body fhould take, when two powers exert their farce, in cona
trary diretions, to tura it on different fides. . P

The fifth chapter is only the fequel of the preceding, and, after exa-
mining the quantity and pofition of .the" fails, he concludes, that in that
article, they had too much regard tq the failing, to the prejudice.of her
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ftecrage ; to remedy which, he fays, we muft either give thé (hip more

head-fail, or if fhe is not yet framed, carry the midfhip frame farther
- forward. 'Thisends his third fection, ’ : ’

In the fourth fetion, he examines a thip with refpe& to the qualitics
beft adapted to make her carry a good fail, in eight Chapters. "

Chap. I. Of the mutual vertical effort formed by the united impul-
fions of the wind upon the fails, and the water on the bow. '

Chap. II. Of the different ftations of the fhip, occafioned by the mu~
tual vertical thock of the wind on the fails, and of the water on the bow
and the conditions requifite for properly mafting a fhip. =

Chap. III. General principles to determine the greateft height the
mafts may have, fo as not to be in danger of being difmafted, with
fome remarks on the power a fhip of each clafs has to carry fail.

. Chap. IV. The fequel of the preceding ; to determine the limits of the
higheft maft, and the application of that rule to a fhip of the firft clafs,
and the Gazele frigate. - o

Chap. V. After anfwering fome objections, he examines what di-
menfions of the fails thould be enlarged ; and if proper to make the’
mafts of a thip of different heights.

. Chap. VL. To determine the moft advantageous fet of mafts for a

- fhip already built, the draught of water being affumed at pleafure.

. Chap. VIL Of the form a fhip fhould have in regard to her girt,
beft adapted to make her carry a good fail, and ge faft thro’ the water.

Chap. VIII. Of the girt of a thip, in refpe& of her length, moft con-

ducive to make her carry fail, with the means which may increafe the
velocity of her failing to a very extraordinary degree.

. Our author fuppofes the following particulars to be known, or at leaft
attainable, by his preceding rules : _

1ft. The direion in which the fhock of the water ftrikes the bow ¢

This exerts itfelf in a double capacity, for it not only endeavours, by the
refiftance, as it were, to puth her a ftern, but likewife lifts up the bow ;
this angle, in his calculation, he fuppofes to be 48° 20/, which the line
D H, Fig. 16, makes with the horizon. E :

. 2d. The line S K, reprefenting the direftion of the wind on the fails,
that is to fay, the angle that line makes with the horizon; for tho’ the’
wind always movés nearly parallel to the horizon, yet the impulfion on
the fails is in a perpendicular to their furface, and if we confider the
whole as united in I, the middle of the fail, the impulfion will be in a-
dire@ion, perhaps not parallel to the horizon, :

3d. The whole force of the thock of the wind on the fail, ‘which, he:

fays, may be had by an Anemometer. - o
DI . H2 4d. The
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4th. The point N, which he calls the veligue; to” determine which:
we are to erect a perpendicular VT to the water lioe, to pafs thro’ the
center of gravity Y ; the interfe@ion of this line, with the line D-H,.
will give the point N, thro’ which S K muft pafs; and when the center
of the effort of the wind paffes thro’ this point, we may, without run-
ping any rifk, give the fails what extent we pleafe; it is prefumed,
our author means, this thould be in the middle of the main-fail, but, he
fays, if the maft be higher, it may be of dangerous confequence.

sth. The center of gravity of the immerged part, the center of gravity-
of the whole thip when loaded, and the metacenter ; likewife their pofi-
tions and refpeive diftances from one another.

6th. The weight of the whole thip when loaded, and the exa-
draught of water. He fuppofes, in a firft rate, the center of gravity to.
be two feet below the metacenter, and the center of gravity,.by the in-
clination of the fhip, to be moved four inches from the vertical pafling:
thro’ the metacenter, in which it was when the thip was upright; he.
likewife fuppofes the greateft inclination in a fhip of the firft rate to.be
9° 30'. 'The inference deduced from thefe data is in page 564, that-
thips that are built on purpofe for failing cannot be too narrow, fo theic:
length be preferved, and afferts, thatto have a thip abfolutely perfe@, the
muft be infinitely narrow, on which account the muft have an infinite:
number of maftsand fails, and, in page 566, he. aflures us that a frigate,
which is 18 or 19 times longer than fhe is broad, will fail fafter than the.
wind, and.if it were permitted to reduce her to. half the breadth, if then
the wind ftaikes the fails in a perpendicular direCtion, the fails at the-
fame time making an angle of 19° 30’ with the keel, the fhip will then.
fail with a velocity notonly equal to the wind, but with a.velocity a
third or fourth part greater than that of the wind. I. fhall not take.

n me to follow him.in thefe deep refearches,. but refer our readers to

e original, as it is fcarce poffible, at leaft probable, that this (hould’
be ever reduced to pra@ice, and fao have the theory confirmed by ex-.

eriments..

In the fifth and laft fe@ion, he confiders a.fhip, with.refpe@ to the-
velocity of her failing, and the qualities neceffary to. make her keep a
good wind, and drive but little to lee-ward in oblique courfes. This:
takes up ten chapters. v .

. Chap, I.  An examination of the fimpleft. figures which reccive the
leaft poffible refiftance from the mediums through which they move.

A table of the dimenfions of an angular, and reilineal bows, in an ho~
rizontal fenfe, which. meets with leaft refiftance in paffing through the

water, :
Lo - Chap. Ik
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Chap. II.  Of the conoid bow, which meets with the leaft pofiible
refiftance in dividing the fluid.

_A table of the dimenfions of fuch a conoidal bow.

A table of the dimenfions of a new conoid, which will meet with |
leaft refiftance.

A table of the dimenfions of two conoidals, which meet with little:
gefiftance, only when they are not wholly immerged.

Chap. III. A bafe being given, to find the figure of that folid which
thould cover it, fo that it fhould meet with the leaft poffible refiftance:
in. paffing through the water.

Chap. IV, Of the formation of feveral other bows of leaft refiftance;

Chap. V. Of the bow of greateft velocity, or of that which will
render a fhip more capable to carry fail, and at the fame time will divide:
the fluid with greater facility.

Chap. VI. To determine the figure of the bow of greatelt velocity,,
when it is terminated by a fimple horizontal draught. ’

A table of the dimenfions of a curvi-lineal bow of the greateft velocity:.

Chap. VII.- Of the figure of the after part, when it is terminated by’
a ﬁmpﬁ: horizontal draught, and the method to- be ufed in order to form.
Frigates. ‘ '

g(?hap. VIIL. The fequel of the preceding; an examination of the.
after part, when it is a conoid, and how to form a frigate.

A table of the dimenfions of the conoidal after part, which contri-
butes to the greateft poffible degree of velocity, by the impulfion it re--
ceives from the reflux of the water., co

Chap. IX. Of the form. of tranfports, and: of fhips of war; and of a.
new form for frigates. «

The firft folution. When the bow is formed by twa vertical planes,.
‘which make an angle.

The fecond folution. When the bow is: terminated by one inclined.
planc afore.

A particplar method to form. thips-of war-and- frigates

Chap. X. The fequel of the preceding: An examination of the par-.
ticular form propereft for the bow of a tranfport..

A table of the dimenfions of a bow of the greateft: motion, which,
our author tells us, differs from that of. greateft: velocity in fome cafes.

In this Iaft fection our auther obferves, that it is very doubtful whether.
that figure which meets with the leaft refiftance in dividing the water,.
may be the moft advantageous to acquire the greateft degree of velocity 3.
for it is poffible that a bow, which meets with a little more refiftance, may-
xeader the thip capable of carrying a proportionate quantity of. n‘x;lxic,

! wits



fail ; neverthelefs, the two bows, which we may di&inguiﬂx, by naming

(

62 )

the one that of the leaft refiftance, and the other that of the greateft ve-.
locity, fhould have fuch an affinity to one another, that one fhould, in a
great meafure, partake of the moft effential properties of the other.

He then proceeds, in his ufual method, by an algebraic procefs, to in-"
veftigate the form of feveral bows ; and, to fave his readers the trouble of
an intricate calculation, has conftru &ed tables of their feveral dimenfions,:
which we fhall hereto fubjoin and illuftrate, by forming one of the
curves from thefe dimenfions, which may ferveasa fpecimen for all the reft.

TABLE L Of the Dimenfions of an angular and reitilineal Bow, in an bori-
zontal Senfe, which meets with leaft Refiftance in paffing through the Water.

f Br. . Half Br, . Half Br, . Half Br,
it ok i o | o | oo
o| 899 374 | 1300 %78 2000 § 1164 | 2900
14 | 900 408 | 1350 26 | 2100 } 1200 | 3000
‘ 79 950 440 | 1400 871 | 2200 § 1236 | 3100
132 | 1000 471 | 1450 918 {" 2300 § 1271 | 3200
180 | 1050 502 | 1500 g62 | 2400 | 1306 | 3300
223 | 3100 561 }| 1600 § 1004 | 2500 § 1341 | 3400
265 | 1150 619 | 1700 § 1046 } 2600 § 1376 | 3500
303 | 1200 674 | 1800 § 1086 | 2700 § 1410 | 3600 .
340 | 1250 728 | 1900 § 1125 | 2800 § 1444 | 3700
T ABLE 11. Of the Dimenfions of a convidal Bow, which meets with the leaf
. palfible Refifance in dividing the Fluids.
Abfeifie, | HalfBr. | Abfeiffie, . Helf Br. Abfiiffe, | Fif Br.
orpsenmof | or Ordi- | Fmpulfions. ¥ or parsof | or Oidi- | Impulfions. | orparts of | or Ordi- | Impulfions,
_tlle_ a.x_u_.. nates. the axis. nates. { the sxis. __mates, :
o 308 | 148993 | 4518 | 2545 | 1949062 § 41862 1204014543335
6 | 317 | 155239 ) 5194 | 2791 | 2189549 4538§ 12765 | 15615915 .
20 | 336 | 167905} 5943 | 3053 | 2453469 § 49118] 13520|16837987
. 44 364 | 186165 676g 3333 | 2743083 § 530801 14304 (18132351
78 | 400 | 208184 ) 7678 | 3631 | 3059421 § 57280} 15119} 19505003
125 { - 444 | 236721 § 8675 3938 3404528 § 61727] 15966 120049435
185 | 496 | 268916 § 9767 | 4284 | 3780198 § 66423| 16845|22478039
260 | 557 | 307900 | 10959 { 0440 4188257 71386 17755 | 24089705
354 | 626 | 353607 § 1225 5016 | 46305 6| 76624| 18699 25790519
468 704 4.05%64 13668 | 5413 | s109155f 82139| 39676]27580596
_Gog | " 792 | 466875 ] 15198 832 | 5626246 } 87935| 20688}29463846
766 890 | 536439 | 16852 273 | 6182762} 94086 21;36 31444132
956 | 999 | 615734 | 18639 | 6737 | 6792289 100524 22817 33523478
1178 | 1118 | 705619 | 20565 | 7225 | 7426420 f107285| 23936 | 35708216
1434 | 1250 | 807369.f 22636 | 7736 8117030 114587 25090 | 38001324
1729 | 1394 | 922068 § 24861 | 8272 | 8867188 J121835| 26279 |40399311 :
206% 1550 | 1050881 | 27246 | 8833 | 9648764 § 129642 2750742913773
8 | 1720 | 1194679 § 29800 | 9421 | 10493903 } 137820 28757 43543900
2880 | 1904 |1355015 | 32531 10034 | 11395391 f146380| 3JooBs| 48298823
3366 | 2102 I533275‘ 35447 (10675 | 12355760 155334) 31431 5146256x ,
3911 ]| 23w |1730807 § 38555 [11343 113377500 [164694| 32818 54183109

.




TAB L E IMl. Of tke Dzmay&'om J 4 new Conoid, which will meet with Iea/l

Refifance.
Abfciffe or| Halfbrea, | Abfciffie or| Half brea,
parts of the| or ordi- § puts of the| or ardi-
axis. nates. __2“ natel.
o| 100 143 | 2593
.23 122 0%.7 34. [1
55| 150 10261 2
97 | . ,3 14608 g9
1551 2 20909 gg
2331 280 30122 | 117
40 | 349 | 43619 l6379
75 | 552 64753 22961
962 og . g e 32;22
I §35920 | 4
13;75’ u?; 207366 | 66766
2619 | 1501 311931 | 9704§
3665 | 1969

T ABLE IV. Of the Dimenfions of two Conoidales, which meet wlt%lmﬁ Refift-
ance only, when they are not wholly immerged.

When the Axe of the Bow is elevated 100> || When the axe of the Bow is clevated 20co

arts above the Surface of the Water, _pars abowe the furface of the fey.
Drdinates, § Ablcillie, | Ordinates, | Ablcifie, ; Ordinates,g Ablcifize, , Ordinates,
orpartsof | or half Forparts of| arhalf Jorparts of| orhalf Jorpertsof| or half
the axis. ] Breadths. ] the axis, {Breadths. § theaxis. |Breadths. fthe axis, Brndth:.
o | 1045 § 1372 | 1800 o | 2023 | 3223 3400
3 | .1050 } 1854 | 2000 § | 2030 | 3825 | 3600
21 | 1070 § 2368 | 2200 14 | 2040 | 4449 | 3800
83 | 1125 | 2910 | 2400 36 | 2060 509 4000
150 | 1175 § 3478 | 2600 89 | 2100 2 4200
264 | 1250 J 4069 | 2800 248 | 2200 4400
347 | 1300 § 4682 | 3000 | 433 | 2300 713 4000
435 | 1350 § 5969 | 3400 636 | 2490 s1 | 4800
527 | 1400 § 7329 oo | 1082 | 2600 582 | 5000
721 | 1 goo 8753 | 4200 1570 | 2800 27 | 5200
927 | 1600 10239 | 4600 | 2093 | 3000 Jro8s 600
1145 | 1700 11781 | 5000 | 2645 | 3200 }1244 000

-

TABLE V. Of the Dimenfioss of a Curvelineal Bow of the greatef Velocity

Firft Figore. Second Figure. Third Figare Fourth Fieure,
Abfeif ] Ordi- | Mo- JAbfeil ] Ordi- Mo- | Abkil.] Ordi~] Mo- JAbfif | Ordi- Mo-
or partelnates, IlmpuL mente, orplm’:atu lmpul-mcnto, Olpll"l - iments, arpam nateo,Jlmpnl- ments,
of thefor hali] fions. ‘or fta-Jof thelor hall] Gona. jor Ba-Jof the . Jor @a- Jof thejor Gons. jor Ra-
axis, .E'_“_ ‘bility. § axis. § Biea. biliey. | anis, bility..} axis. | Brea. bility.

of ¢ o o ) o ° ) of- of of o
126i209] 146 o] 35 16gg 1 o} 200 o{ 125 g: 2| o
'399] 531} 333 9 T2] 335] 01 | 4 § 400 o259 021 41 O
627] 714] 406 46} 371} 402| 71 | 10 §23 1§ 500 122} 7| o
758] 788 425/ 8 1042 464. 38 I9 I g 671] 1 9| =
884] 838l 432 ng 26 31035 7827 198l 10 X.
936; 853 433 139 1200 510 82 | 31 §1100 8 | 900l 214{ 11| 2
963| 859f 433) 18241272 526| 84 | 38 205 10 § 999 233 12 | 2
9§7 862] 433 188 1310, 533 84 | 42 1288 13 §1174 260] 14 | 4
9871 864 433 193]1330! 536 34 44 41333 14 {1267 2811 54 | . 5 -
mox 86s| 433| 199 13651 4. 47 J1401 17 §1380] 295| 14 | 7
xo14] 866| 433' 204]1399' 54 51 J1466 19 V1490] 302| 14 | ¢




‘T ABL E VY. Of the Dimenfions of the comoidal after part, which contributes re

the greatef poffible Degree of Velacity, by the Impulfion it receives from the Rew
Sux of the Water. - ‘ B

Abfciffie, | Ordinates, gAbfciflie, ,Ordinates,f Abfciffie, Ordinates,g Abfciflie, | Ordinates,
or parts of | or balf for parte of | or half Jor parts of| of half Jor parts of| or half
the poop. [Breadths. Rthe poop. |Breadths. § the poop. |Breadths Jthe poop. |Breadths.
of 260§ 315} 485§ 1538 | 996 § 4487 | 1831
2 | 262 382 | s21 f 1709 | 1054 4832 1914
9 agr 456 | 559 } 1893 | 1114 § 5188 1938
2r | 283 § 539 | 60o f 2089 | 1177 } 5564 | 2084
37 | 299 § 630 | 642 [ 2301 | 1242 | 5964 | 2174
59 | 317 %zg 686 § 2525 | 13 6381 | 226
86 339 38 | 732 § 2762 | 1378 | 6811 | 235
119 | 364 § 937 81 § 3013 | 1449 | 7265 | 2454
159 | 390 [ 1086 31 § 3278 | 1522 738 | 2551
204 | 420 | 1225 | 884 % 3 g 56 | 1596 234 | 2652
256 | 451 ] 1375 | 939 § 3849 | 1672 § 8750 | 2754
. 4158 | 1750

T ABLE VIL Of the Dimenfions of the Bow of greateht Movemens,
Abicifie,

Ordinates,

Abfcifle,

Onrdinates,

Shesiis] dopnof | ora [oriheniis| deihar | hepar '
waibebow | e Bow. " Ponthetow| e bow. |
o o () ;zgg so8 397
50 50 2384 524 402
3 38 al 3% 538 | 406
3 185 | w82 ] 32 550 | 409
35| 252 | 2450 349 561 | 41r
so| 297 | 285 ] 365 ] s70| 413
61 320 | 30 381 578 | 414
63| 325 | 30 412 | 592 | 41
69 | 335 | 316 437 | 602 | 41
83| 352 | 327 457 610 | 419
102 | 375 340 § 486 620 | 420
- 326 | 400 354 s1r| 628 | g4er -
152 | 425 | 365 ] 541 | 636 | 422
179 | 448 3;5 ga 6145 | 422
206 | 470 | 383 2 649 | 422
233 | 490 | 391 628 | 650 | 422

Our author remarks on' Table I, that in joining two furfaces,
A BRS, (Fig. 17) the bow may be formed nearly to what the figure re-
prefents, and will meet with the leaft poffible refiftance, in pafling thro’
the water, in a dire& courfe, or in any oblique courfes which do not
-exceed 4§ degrees. 'This bow has that particular property, that it will
meet with the leaft poffible refiftance, without tegar£ng how deep it
finks into the water, It is not the curfes of the ridges, AI S, and

1§ hot A BHR,
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BH R; of which we give the abfciffa and ordinates ; it is of that which
refults from the feGtion of the furface ABR S, cut vertically and per-
pendicularly to its length ; the point A being the origin of the abfciffx
extending along D C. :

On Table II. He fays, we muft take the value of each abfciffa from
a fcale of equal parts, and lay it off from A to X, or to C, on the ftrait
line AC, Fig. 18, beginning always at the point A ; and then make
the perpendiculars XV and CD equal to the correfponding ordinates in
the table. y

We fhall now give our readers the fubftance of his Conclufion.

_ After having, to the utmoft of my power, fays our author, executed
every part of the engagement I undertook, it will be proper now to re-
capitulate the principal things I have explained, efpecially fuch as relate
Yo the figure of the fhip; and I fhall make no fcruple again to affirm,
that, I believe, I have given infallible rules to the builders, to determine
their choice of the different plans that may be prefented to them of the
fame thip, We have, in the fecond book, explained all that concerns
a thip while a-float or at reft: We may know if the whole weight be pro-
portional to the folidity of the immerged part; if fhe has ftability or
force to carry fail ; or if fthe carries her guns high enough out of the wa-
ter: And, in the third book, we have given proper rules to aflure us
the will fail well; drive but little, when clofe hauled upon a wind, and
readily anfwer 21l the motions of the helm. All the other qualities are
fubmitted to the proof of a calculation, which cofts but little labour :
Even fuch accidents as feem to depend on very irregular caufes are con-
fidered ; fuch as the duration «of the vibrations occafioned by rowling,
and thofe of pitching ; we may judge of them by examining the diftri-
bution .of the weights, and in what manner every particular weight is
fupported in every different circumftance,

‘Geometricians think no labour too hard, and do not fatisfy themfelves
with what knowledge they have acquired, but are continually puthing
their refearches to the higheft pitch ; notwithftanding all this, we muft
Tometimes have recourfe to experiments on fhips already built, which
may ferve as a term of comparifon. By thefe experiments we may, in
an inftant, difcover things which could not be done any other way, with<-
out a great deal of labour; and, in forming another thip, it may fuffice
to take notice of their different dimenfions, and the neceflary caufes that
may occafion fome alterations, _

‘We have endeavoured, out of an infinite number of forms, to pick
out the beft ; and where the difpofition of different parts cantribute to
= Sup. I " cay
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carry a certain property to a higher degree, we have fearched the moft
advantageous combination, to determine the maximum. We may, with

certainty, make which property we pleafe predominate, and at the fame
time know how far we may carry the others.

We have thewn, that the extreme breadth fhould be five twelfths of

the length, fom the fore part, which is the pofition beft fuited to make
the thip anfwer the motions of the helm; but it muft be carried a little
further forward, to make her fteer well by the affiftance of the fails,
though, by this means, the bow will become fuller, to the psejudice of
her failing, and of that property which thould make a fhip lefs fubjec
of driving to the leeward. It will be impoffible to reconcile thefe four
propertics ; and, that we may not lofe too much of any one of them,
'we muft refolve to lofe a part of the others; and the fureft way, in motft
cafes, will be to embrace that which moft favours the a&ion of the
rudder. .

We have, in the firft book, explined feveral methods of defcribing:
the midthip frame, which may be improved by the remarks in the fe-
cond and third books. : :

Suppofe we cannot perfuade ourfelves to abandon the common prac-
tical rules, nor venture at once to go to the utmoft point of perfetion,
yet it is to be withed, that the breadth and depth fhould bear but a very:
fmall proportion to the length ; it is a matter of great importance, and:
merits the utmoft attention of the builders. The fection of the midthip.
frame thould be a triangle in light frigates, but a rectangle in fhips built
for burthen. In thefe laft, the breadth is continued the fame as in mid-
fhips, for a confiderable fpace, nearly the fifth part of the whole length:.
The common rules are very well adapted to the building of fuch (hips;
and want very little amendment, but are very deficient in the frigates,.
which begin to narrow, both fore and aft, from the very midfhip. frame.
The fhips of war, as-it were, keep a mean betwixt thefe two; they are
fhips of burthen, but their great weight is fituated in a very inconve-
nient manner, their center of gravity being too near their metacenter ;
they muft, on that account, and on account of carrying their metal, be
broader in proportion than other fhips.

The principal dimenfions being eftablithed, we may form the rib-
bands, and fo the work will be compleated. We may ufe the method

of approximation, delivered in the XlIth chapter of the firft fe@ion of -

‘the firft book ; or conform to the tables, which we have with great pains
calculated, and inferted at the end of the laft fection, that the practical
part may receive all the benefit that may accrue to it from theory. .

So far M. Bouguer ; and here follows what M. Dubamel has faid on

the enter of gravity, ‘
- Abridg-




ridgement of what M. DUHAMEL has JSaid in bis
| Jecond Edition on the Center of Graviy.

DUHAMEL in this edition, has given us an additional Chapter,
« Whertin be explains a method to find, whether or no a thip will
carry fail. '

The principle on which he fixes the ftability or ftiffnefs of a (hip is
the proper fixing the center of gravity of the whole body, including, as
well, the mafts, yards, guns, &c. that are above the water, as the am-
munition, ballaft, &c. that are below the water; and in order to give
us a diftin@ idea of that term, the center of gravity, he proceeds in the
Jollowing manner :

" It is eafy to conceive that the fame quantity of any matter may be
put in different forms, but it will ftill be the fame weight ; for a piece of
lead in form of a globe of one inch diameter, may be extended fo a8
to cover a circle of one foot or more diameter; but it i}lplain the lead
will be the fame weight in both forms, and if it were poffible to prefs it
1o as to become a globe of one eighth of an inch diameter or lefs, this
¥mall globe would weigh as much as the other great one; but becaufe
the parts of matter cannot penctrate into one another, this cannot be
effeCted. Let us then fuppofe the whole weight of the globe A (Fig. 20.)
to be united into one point 2, and we fhall have anidea of what in
mechanicks is called the center of gravity.

" The center of gravity then, of any body, is that point, whether it be
within or without that body by which if it was fufpended, or upon
which, if it were fupported, it would reft immoveable in any fituation,
as if the weight of the whole body were united in that fingle point.
Hence, to find the center of gravity of any body, is to find that point,
upon which, if the body refted, all the other parts would be in an equi-
fibrium. It will be neceflary, firft, to fay fomething of the equilibrium ;
for then we fhall eafily explain what is to be faid on the center of

vity.

gmln treating of the equilibrium, I thall explain the balance, becaufe the
ufe and conftructionof the balance, and-of the equilibrium, are founded on
the fame laws,

" The balance (Fig. 21.) confifls of abeam A B, and a fulcrum or point
of fupport C, the center on whic;x the beam moves, and if this be the

2 .- center

L4
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center on which the beam refts in equilibrio, it is the center of gravity
of the beam ; but as this pdint may be confidered as one of thofe tha¢-
form a line, it may be confidered as the axis of the equilibrium ¢ that is.
to fay, asif formed by a line pafling thro’ the center of gravity : If we

imagine a plane crofling the beam in the point C, we fhall then have an
idea of the plane of the equilibrium ; that is to fay, of a plane in which

the center of gravity is to be found.

In order to make the beam of a balance true, the arms CA and C B
muft be exaétly of the fame length, and likewife the weight of one arm
muft be equal to that of the other, and the fulcrum muft be applied to the
center of gravity.

Let us firft confider the line A B, abftrated from breadth. and thick~-

nefs, and, {uppofing all its points te be homogeneous, they will all. have
an equal tendency to the center of the earth; and if there be as many
points betwixt Cand A as there are betwixt C'and B, the line will reft
in equilibrio on the point C, which will point out the center of gravity
for the point S on the arm A C; and the point S, on the arm B C, being
equally diftant from the point C, and having an equal tendency towards
the center of the earth, reciprocally deftroys the weight of each other.;
‘and there being, by fuppofition, the fame number of. elementary points,
betwixt A and C, as betwixt B and C, each will defiroy the force of its
oppofite, and the line will reft in equilibrio, becaufe the line is fup-
pofed to have neither breadth nor thicknefs, the point C, will be in the
center of gravity ; butif the fulcrum be moved towards. A, or towards B, -
it is plain the equilibrium will be broke, becaufe there being more ele-
mentary points on the one fide than on the other, there will be a pre-
ponderating force, which will caufe the line to incline; fo we may per=-
ceive that the center of gravity of aline, or of a rod, every where of equal
thicknefs and breadth, and all its.parts of equal weight, will be exactly
in the middle of theline or rod. : .
" It will not be amifs here to remark, that in finding the centers of
gravity of lines, or furfaces, we need only confider their extent, becaufe as
the matter of which they are formed is fuppofed homogeneous, all the
parts will be equally affeted with that tendency they have towards
the earth’s center, or that force which make bodies defcend,- affe@s all
the parts equally. . .

Itis eafy to prove that the center of a parallelogram (Fig. 22.) is in
N, the center of the figure ; for, fuppofing the parallelogram to be form- -
ed by elementary lines parallel to A B, as we have already proved, that
the center of gravity of a line is in the middle of it, if the line I g( be

rawn
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drawn thro’ the centers-of gravity, of the elementary . lines parallel to
A B, it will be the axis of the equilibrium in which the center of gra-
. vity, of the figure muft certainly be found. Let us then fuppofe other
clementary lines parallel to B D; we (hall have L M another axis
of the equilibrium, in which likewife the center of gravity muft be ;
and becaufe the point N .is the only one, common to both axes, it
muft be the center of gravity ; hence, the center of gravity of a parallel-
ogram muft be in the center of the figure ; and for the fame reafon the
centers of gravity of circles, ellipfes, of polygons, of any even number of
fides, will be in the centers of the figure, as is evident by a bare infpeion
of the figures.

It will be as-eafy to find the center of gravity of any triangle (Fig. 23.)
for, fuppofing it formed by the clementary lines A B, we have C D, one
axis of the equilibrium ; again, fuppoling it formed by the elementary
tines EF, we have G H, the other axis of the equilibrium, fo fhall N,
the point of their interfection, be the center of gravity: of the triangle ;
hence, the center of gravity of any triangle will be in the point of in-
terfe@ion of two lines bifeting any two fides, and drawn from the
angles oppofite to thofe fides. If we fuppofe a regular pentagon,
(Fig. 24.) formed by elementary lines A B, we: fhall have the axis D-C,
again, fuppofing it formed by the elementary lines EF, we fhall have
the other axis G H, fo thall N, their point of interfetion, be the center of’
gravity of the pentagon. '

As by fuppofing all farfaces to be formed by lines,” we have difcovered:
an eafy ‘method to find the centers of gravity of regular furfaces, fo if we
confider furfaces, as the elements of folids, we may as eafily find thé
centers of gravity of folids; for if we conceive the parallelopiped,
(Fig. 25.) to be formed by an infinite number of parallelograms, parallel
to 2 b, the centers of gravity of all the parallelograms will be in the
center of the figures as was before proved ; and if we draw: a line ¢ 4,
thro’ all thecenters of gravity, we fhall have the axis of the equilibrium;,,
-in which the center of gravity of the parallelopiped is-to be found, and:
as all the fparallclogmrns are-equal, we may conclude that the- center of’
gravity of the parallelopiped is in the middle of the axis ¢ 45 and, for-
the fame reafon, the centers of gravity of a cylinder, of a fphere,. or of an,
ellipfoid, are exaltly in the center of thefe folids. ‘

As any’ prifm may be confidered as compofed of furfaces, or thin.
flices equal and fimilar to their bafes, and that a fkrait line drawn from.
the center of gravity of one bafe to that of its oppofite, paffes thro® all the:

' o ' elementary:
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elementary flices, the center of gravity of all prifms, or cylinders, will be
in the middle of that line which is the axis of the equilibrium. o

As to the center of gravity of a triangular pyramid, it is plain it muft
be in a ftrait line, drawn from the vertex to the center of gravity of the
bafe; for, let the pyramid be divided -into elementary flices, parallel to
the bafe, the centers of gravity of all thefe furfaces will be fimilarly
placed, and, ufing the fame operation on all the fides of the pyramid, we
thall have different axes of the equilibrium; their point of interfeGtion,
which will be one fourth of the length from the bafe, will be the center
of gravity, and as a conc may be confidered as a prifm of ap infinite
number of fides, its center of gravity will likewife be in the one fourth of
its axis from the bafe. .

Hitherto we have confidered furfaces and folids as compofed of parts
which are of equal weight ; but if the parts are of unequal weights, the
folutions will be falfe; for, fuppofing the part CB, {Fig. 26.) of the
line A B to be gold, and the part C A to be iron, and the fpecifick gra-
wity of C B 3, and thatof C A 1 ; the fulcrum being in the middle of the
line, the part CB will raife the part CA. In this cafe, in order to find
the fulcrum, on which it will reft in equilibrium, we need only find the
center of gravity of CB; which will be in 4, the middle of that line,
that part being fuppofed homogeneous, and, for the fame reafon, the cen~
ter of gravity of C A, will be in ¢, the middle of the line CA. Let us
now confider the whole weight of the line CB, united in 4, and the
whole weight of the line C A, united in the point ¢; all that remains to
be done, is to find the center of gravity of? two bodies (Fig. 27.) the
weight of 4 being 3, and thatof ¢ 1 pound. In order to folve this
problem, let the two bodies be joined by a. rod that will not bend, and
as the two bodies together weigh 4, divide the rod de into four equal
parts, fo thall the center of gravity C, be in the third divifion from E,
{Fig. 28) ; for the weight 4, multiplied by the arm B C, will be equal to
. the weight ¢, multiplied by the arm A C.  The arm of the lever A G,
is to the arm B C as dto ¢; we fhall explain this by an example taken
‘from the common balance, Let A B (Fig. 29.) reprefent the beam of a
good balance, four feet long, C the fulcrum ; now as A C and B C are ex-
actly the fame length, that is, two feet each, and of equal weight; the
beam will reft in equilibrium on the fulcrum C: If we fufpend to the ex-
tremities of the beam, the weights D and E of one pound each, the beam
will ftill continue in equilibrium, becaufe the weight D of ope pouad is
to, the lever CB of two feet, as the weight E of 1 pound is to the amm
‘€ Aof 2 feet: But fuppofe E 2 pound, and D 1, and placed as before,

itis
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# is plain, the beam A B will incline to the fide on which D is placed,
becaufe the weights are not reciprocally proportional to their diftances
from the fulcrum; and, in order to regain the equilibrium, we muft thorten:
the arm of the beam C B, in the fame proportion the weight E is aug-
mented ; fo placing the weight E (Fig. 30.) at the point F, the two
weights will then be in equilibrio; for now the weights will be reci-

rocally- proportional to the lengths of the arms of the lever. Since
5=IIBXAC=2 feet; E2lb x CF=1foot=2; which may be
proved by experiment.

This may be demonftrated after another manner; for, fuppofing the-
weights fufpended to the extremity of the beam, 'if they be equal, as in:
Fig. 31, the fulcrum muft be at the point C, the middle of the beam ; but:
if E be double the weight of D, then muft the fulerum be inthe point F,,
two thirds of the beam from the end A; and then D:BF::E:APF.
Suppofing then P, (Fig. 32.) to be 4 pounds, and R 12 pounds, and
one fufpended to each arm of the beam ; ir order to find the fulcrum, fay,,
as 16, the fum of both the weights, is to. 12, the greateft weight, fo is:
MN, 8 feet, the length of the whole beam, to MF 6. feet, the diftance:
of the fulcrum from M, Then P:FN:: R:FM.

Hence we difcover a remarkable property in the lever 5 for in moving:
the fulcrum from Cto F, ( Fig. 31.) neither the abfolate weight of the mafs:
D, nor that of the arm of the lever A F, is augmented, fince the beam:
is fuppofed to. have no weight: And, to try this by an experiment, let:
there be as much weight added to B, as will accafion the beam to be in.
equilibrio on the point F, before we put or the weights E and D
neverthelefs, the fmall weight will refift the a&ion of the great one. So
the relative force of D, in refpeét of E, is augmented in varying the:
welocity ; for if we put the lever in motion on the fulcrum F, we fhall per--
‘ceive that in the time B deferibes an arch, fuppofe of 1 foot, A will de-
feribe an arch of 3 feet: Hence we may fay, with Des Cartes, that it:
wiH take as much forée to move ten pounds with 20 degrees of velocity,,
as to move twenty pounds weight with 1a degrees of velocity..

Let us endeavour to make this ftill plainer.. If the two bedies, A and:
B, are of different weights, their center of gravity (or the fulcrum on which.
the rod E D, that joins. them, will reft immoveable) will not be in the:
middle of the line ; this will appear very plain, only by obferving what:
will happen to the beam, when there is more weight in one fcale than in
the other. \ :

In order then to find the fulerum F, on which the beam fhall reft in
eqilirio, et us fuppole it alicady foond, and thut £ i doublthe
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weight of D ; it is evident, that E cannot have the leaft motion, without
giving D a motion at the fame time ; and the two bodies will continue
in equilibrio till both are put in motion. ) ’

It is not then neceflary, that the two bodies be of equal weight to pres
ferve the equilibrium ; but it will be neceflfary, that D have the fgmp
.difficulty in moving that E has; and, becaufe E is fuppofed double the
weight of D, it muft take double the purchafe to move it: Hence it
follows, that the fame force which will make E run over one degree,
will, in the fame fpace of time, make D run over two degrees, provided.
- E be double the weight of D ; but if triple the weight, it will run over
three degrees, and ¢ as m, (Fig. 31.) for the effett is always proper-
tioned to the caufe. Hence this natural confequence ; if the motion of
D be double or triple that of E, its relative weight will be double or
triple its real ; and if the motion of D be triple that of E, the equili-
brium will be preferved, although D be only one third of the weight of
E. Now, if it be obferved, that the fulcrum F, is three times_the diftance
from A that it is from B, and that the arches of circles are in proportion
to their radii ; the arch, defcribed by the point A, with the radius
F A, will be thrice the arch defcribed, by the point B, with the radius
F B, in the fame fpace of time, juft asthe weight of E is triple that of
D. Hence, to keep two bodies in equilibrio, their diftances from
their common center of gravity muft be reciprocally proportional to their
weights. D:E::FB:FA. o _
. We have made this digreflion, to fhew the difference betwixt the ab-
folute and relative force of any body, which will aflift us to underftand
the nature of momenta, which fhall be treated of hereafter: We fhall
here thew how to find the centers of gravity of a {yltem of bodies of
different weights, fuppofing them joined by an inflexible rod, pafling
through all the centers of gravity, the rod being conceived without any
weight.
‘ Lget us then fuppofe the inflexible rod AB (Fig. 33.) pafling through
the centers of gravity of the feveral bodies 4, 4, ¢, 4, ¢, f, whofe abfo<
lute weights are different ; firft find the center of gravity of two, as of
a and 4, which will be in g, if we make g a (the diftance of a from the
center of gravity) to g4 (the diftance of 4 from the center of gravity)
as the weight of 4 is to that of a: Then confidering 44 as united in g,
Jet us find the center of gravity of g and ¢, which fuppofe in 5, and
then confider the weights 4, 4, and ¢, as united in 4 ; and then ufing the
fame procefs, on the other fide, we fhall find the center of gravity of e
and f in the point ;5 and gonfidering ¢ and f as upited in s, we may
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find the center of gravity of ¢ and 4, which fuppofe in £ Now, tlte
fum of the weights 4, &, and ¢, being united in 4, and the fum of the
‘weights ¢ and / united in /, we need only find the center of gravity of
b and /, which will be the center of gravity of the whole fyltem, com~
pofed of the'bodies a, 4, ¢, 4, e, f; and if the center of gravity be at m,
there muft be the fulcrum, on which the whole fyftem will reft in e-
quilibrio ; juft asif 4, 4, and ¢, were put into one fcale, fufpended on
the point 4, and 4, ¢, and £, put into another {cale, fu(pended by the point
J, they would be in equilibrio, provided m were the fulcrum on which the
beam refts; becaufe b m is to / m,as d, e, f, placed in/, is toa, b,c,placed in 4.

It is very plain, that if the bodies 4, 4, ¢, and 4, ¢, f, (Fig. 34.) were
placed in the fame plane, on different fides of the axis of the equilibrium
A B, they would remain in equilibrio upon that axis, provided their
feveral weights be the fame as in the preceding: The diftance of each
body from the axis A B, will be equal to the diftance of each body from
the center of gravity m (Fig. 33.), that is, Aa, 6 M, ¢ N, (Fig. 34.)
equal to am, bm, cm, (Fig. 35.) and PB, e P, and d O, equal to f'm,
em, and d m. '

It is likewife plain, that if in a fyftem of bodies on the line A K,
(Fig. 33.) their center of gravity m be in one of the bodies, it may be
reckoned as a cypher, inregard to the center of gravity of the whole
fyftem ; though its. particular weight adds to. the weight of the whole.
fyftem.. -
g Though my intention here is to confine myfelf to treat of the center-
of gravity, fo farasis neceffary to give my readers a clear underftanding
of the method of finding it in fhips, yet I cannotallow myfelf to omit
thewing how to find the center of gravity, of any number of bodies
placed at random in the fame plane ; fuppofe 4, 4, ¢, d. (Fig.35.)

The center of gravity of each particular body, (fuppofed to be known ;)
we muft firft findthe center of gravity of zand 4, joined by an inflexible rod,.
by the foregoing method, which fuppofe in‘e ; and then confidering 2 and &
as united in¢,. find the center of gravity of ¢ and d, fuppofe in /' laftly,
confidering 4, 4,.and 4, as united in f, we need only find the center of”
gravity. of fand ¢, which. fuppofe in g, fo fhall g be the center of gravity-
of the whole fyftem. I fhall conclude.this fubje¢t, with fome remarks.
on what has been faid..

1. The center of gravity. of any {yftem. of bodies, may be found with-
out knowing the dimenfions of their bulk, if their weights be known,; -
for fuppofing @ and. 4 to be of different matter, (Fig. 36.) the one of:
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ftone, and the other of wood, and each to weigh one pound, their center
of gravity will be in ¢, the middle of the beam 4 4.

IL. If the bodies be homogeneous, and of the fame fpecifick gravity,
their centers of gravity may be found by their bulks, without knowing
their weights ; for, let the two bodies 4 and 4, (Fig. 37.) be homo-
~ geneous, and let 4 be double the bulk of 4, then will their center of
gravity be in ¢, two thirds of the length of the beam Je; and this is

found without having any regard to their weight, @ d ¢ being double
ce;thena:b::ce:cd.

III. As the center of gravity of any {yftem of bodies, confidered, ab-
ftraGed from any weight, may be found by their bulks; it is in this
fenfe, that the centers of gravity of lines, furfaces, or of any fpace whofe
weight is not confidered, are faid te be found.

IV. We may likewife perceive that the center of gravity of any fur-
face, limited by ftrait lines, may be found by reducing them to parallelo-
-grams, triangles, or any other regular figures, whofe centers of gravity
aay be found by the preceding rules; we may then fuppofe an inflexi-
ble rod paffing thro’ thefe centers of gravity, and the center of gravity of
the fylem 4, 4, ¢, it may be found asin (Fig. 35).
© It will be the fame with refpect of folids ; for every folid may be divid-
«<d into parallelopipeds, prifms, cones, or triangular pyramids, and by

- forming another {yftem by the centers of gravity of the feveral bodies,
‘wemay find the center of gravity of the whole {yftem by the rules al-
ready delivered.

We may now perceive how the center of gravity of a fhip may be
found ; for as the two fides Aand B, (Fig. 38.) are equal and fimilar, it
follows that the center of gravity muft be in a plane ere@ed perpendicu-
lar to the keel, which will be in the plane of the equilibrium of the fhip,
and tho’ fhip’s bodies are very irregular figures, they may be reduced,
nearly, to regular ones, by dividing them into feveral fmall parts, and the
center ,of gravity of each may be found as before; but as this method
would be too tedious for practice. I fhall therefore attempt to thew
how it may be performed by M. Bouguer's method of momenta.

The momentum of any heavy body, or of any extent confidered asa
heavy body, is the produc of that weight, or of that extent multiplied by
the diftance of its center of gravity from a certain point affumed at
pleafure, which is called the center of the momentum, or from a line
which is called the axis of the momemtum. _

In order to comprehend this, it muft be remembered that we made a
Aiftin@ion betwixt the relative and .abfolute weight of any body ;l "the

relative
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relative weight of any body confidered with refpeé to that of any other
body, or, with refpect to a point, is augmented or diminifhed in pro--
portion to the diftance of that body, from the fulcrum, the abfolute weight
remaining ftill unvariable ; or it is the relative weight which mathema-
tians confider, when they ufe the momenta, by multiplying the weight,
or extent of any body, by the diftance of its center of gravity from a
int or line aflumed at pleafure. :

Example. LetB, (Fig. 39) be 6 pounds, A the center of the momen-
tumof B; and let A B be 4, then fhall 24 be the mgmentum of B, rela-
tive to A. Again, let B be 6 pounds, (Fig. 40.) A B 4, as before; 24
will {till be the momentum ; let C likewife be 6 pounds, and A C 3, fo its.
momentum will be 18, and the momentum of the two bodies will be 42.

If the two bodies in the fame plane are not inthe fame dire&ion, from:
the point A, that will make no alteration,. if we confider them relatively
toanaxis A A 4, its momentum will be 24, and the diftance of C being 3,
from the axis A A, and weight 6 pounds, its mamentum will be 18, fo.
fhall the momentum of the two be 42 as before. I faid the center, or
axis of the momentum may be placed at pleafure; fo it may be placed:
betwixt two bodies ; if then it may be at the point A, (Fig. 42.) precife-
ly bétwixt the two bodies B and C, fuppofe 6 pounds each, the momenta,,
of each being r2, they will be equal, and the center of the momentum
will be in the center of gravity of the two bodies ; but if we place the.
center of the momentum in. D, the momentum of C being 6 x 3 =18,
and that of B 6 x 1 == 6, the equilibrium will be deftroyed.

We may now begin to perceive the relation betwixt the center of gra<
vity and the center of the momenta, but to make this ftill plainer, we
thall thew thatthe fom of the momenta of all the bodies that compofe a
fyftem is equal to the smamentum of all the bodics. confidered as united in.
their common center of gravity. .

If we multiply all the weights 6, 5, 8,.4, 10, &c. which are placed
along the beam A B, (Fig. 43.) by the diftance of the center of gravity
of each, from the point A, which isaffumed as the center of their mo-
menta; thatis, 6 x 1 4 5§ x2 4 8 x 3, &, and, laftly, 6 x 11 the
the fum of all thefe products, will be 396; on the other hand, if we
add the weights of all thefe bodies into one fum, thatis, 6 4 § + 8 -4,
&e. + 6, the whole will be 66; and this multiplied by 6, the diftance
of the point C, the center of gravity of the fyftem from A, the center
of their momenta, we {hall have 396 for the momentum of the fum of all
the weights as united in C,- the center of gravity of the whole fyftem,
equal to the fum of all the "?””"”’i of the bodies taken feperately ; :l;)ad
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that it will always be fo is evident, for, fince the point Cis the center of
gravity of the whole fyftem, in which all the weights are fuppofed to
be united, and the point itfclf fo placed, in refpect of A, that all the
weights placed betwixt Cand B gain as much energy or force, by their
diftance from the point A, zs the weights, placed betwixt C and A, loofe
of their particular relative force.

Hence, the momentum of the center of gravity, of a fyftem of heavy
bodies, is equal to the fum of the msmenza of the feveral particular bodies
that form the fyftem ; but it will b proper to remrk, that if we confider
the memcenta of a (yftem, with rcfpe@ to a point A, which happens to
be in the center of gravity of one of the extreme bodies, (Fig. 44.) it
will make no alteration in the operation, only omitting that body which
may be deemed a cypher; for, fuppofing the body A 6 pounds, then
§Xx148x2+4x3+41x 54+ 9x6=292,and 6 + 5+ 84
4+ 41 4 9 = 73, which, muliplied by 4, the diftance of the center
of gravity of the fyftem from A, the product will be 292, equal to the
former, ’

Let the bodies be the fame weight, and placed as before, and D, the
center of the momenta (Fig. 45.), be betwixt two of the bodies, the fum
of the weights, 8, 4, 41, 9, 6, 5, multiplied by their diftance from D,which
is fuppofed the center of the momenta, will be equal to the fum of all
the weights 6, 5, 8, 4, 41, 9, multiplied by the diftance of their center
of gravity C, from D, the center of their momenta ; obferving to fubtrat
the product of the weights of thofe on one fide of the point D, from thofe
on the other fide, becaufe each endeavouring to turn the beam to its own
fide, they will have contrary effe@s. :

Suppofing D to be exactly in themiddlebetwixt 5and 8; wehave 8 x §
=4+ 4x1.5§ =64 41x 3.5 = 143.5§ + 9 X 4.5 =40.5, the fum of
the whole is 194 ; and on the other fide § x .§ =2.54+6 x 1.5 =09,
their fum 11.5 fubtratted from 194 remains 182.5, exactly equal to the
fum of all the weights 8 444 41 4+ 94 5§ 46 = 73, which,
multiplied by 2.5, the diftance of their center of gravity C, from D, the
center of their momenta, is 182.5; but it muft be obferved, in this laft,
we take the fum of all the weights, without fubracting thofe on the one
fide from thofe on the other, becaufe they all tend towards the center of
the earth ; whereas, in finding the momentum of each particular body,
they being fufpended on different fides, their effects will be in a recipro-
cal proportion to their diftances.

Laftly, fuppofe the center of the momenta be in E, (Fig. 46.) it is
plain E equal 8 can have no mementum, becaufe its diftance from the
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Center is 0 ; E x 6 =0, and then multiplying 4, 41, g, by their refpec- -
tive diftances from E, and, from the fum of their produ&, fubtracting
the product of the fum of 5and 6, multiplied by their refpective diftan-
ces from E; fubtra&ing, I fay, this product from the fum of the other

rodudts, the remainder will be equal to the fum of all the weights,
multiplied by the diftance of their common center of gravity C, from E,
the center of the momenta. Having thus proved that the fum of all the
particular momenta that compofe a fyftem are equal to the produ&t of
the fum of all the weights, multiplied by the diftance of their center of
gravity, from the center of the momenta, it will thence follow, that, if
the fum of all the momenta.be divided by the fum of all the weights, the
quotient will give the diftance of the center of gravity from the center
.of the momenta ; or, which is the fame thing, if the momenta of feveral
bodies, in refpec of a point or line, be divided by the weight of thefe
bodies, the quotient will be the diftance of their center of gravity from
that point or line which was affumed for the center of their momenta.

As for example, if it were required to find the diftance of C, the cen-
ter of gravity of the fyftem, (Fig. 47.) from A the center of the momen-
ta 5 the fum of the momenta is 292, this divided by 73, the fum of the
weights, the quotient 4 is the diftance from A to C.

As examples taken from things of common ufe are moft inftruétive, I
thall fhew that the conftruction of the fteel-yards is founded on the fame
principles; bat let it be obferved, that we have no regard to the weight
of the beam A B, (Fig. 48.) or we fuppofe that the part A C, of the
beam is in equilibrium with the part BC, C being fuppofed the ful-
crum on which the beam refts; we likewife fuppofe the diftances A C,
Ce,ef, fg, bi, ik, kI, I m, to be equal; and that the weight ¢, is one

ound. :

d Is is plain, if we put the weighte in E, we muft put one pound in
D, to gain the equilibrium ; but if ¢ be pot in £, we muft put 2 pounds
in D, becaufe the momentum of e placed in £, is 2; and for the fame
reafon, if e be putin g, we muft put 3 poundsin D; if in b, 4 pounds;
ifin 7, § pounds; if in%, 6; if in /, > pounds; and, if in m, 8 pounds;
for ¢ equal 1 pound multiplitd by m /, equal 8, is equal to D 8 pounds
multiplied by A C equal 1. o

Suppofing the points E, £, g, 5,4, %, ], and m, had a weight of one -
pourid fufpended to each, thefe weights being all equal, and equally dif-
tant from one another ; - and fuppofing C, the center of their momentum,
wé fhall have their fum by taking E once, ftwice, &c. and m eight

: : times,
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times, their fum will be 36, which, divided by 8, the quotient 4. 5, gives,
the center of gravity of the fyftem C B.

Now we have got an eafy method of finding the center of gravity of
a {yftem of heavy bodies. Thus, fince the centers of gravity of a fyf-
tem of heavy bodies, or of furfaces, or of folids, will be in the fame place,
and when we know the abfolute weight, or the extent of each of thefe
bodies or furfaces, and the diftance of each center of gravity from a cer~
tain point, aflumed for the center of the momentum, or from a line,
which is fuppofed the axis of the equilibrium, we may always find the
diftance of the center of gravity from that point which we have chofe for
the center of the momenta, or from that line which we regard as their
axis. It is from thefe principles that M. Bouguer has furnithed the
builders with an eafy method of finding the center of gravity of thipping.

It now remains to apply thefe principles, which we have eftabli(hed,.
to the finding of the center of gravity of a thip, and to begin with the fim-
pleft operations, we only propofe at firft to find the center of gravity of:
the area of a fe@ion of a fhip taken at the load water line, which is re~
prefented in (Fig. 49) by AB. :

I. The two fides of a {hip being equal and fimilar, the line AB may
be confidered as the axis of the equilibrum, in which the center of gra<
vity of that furface is to be found.

IT. The curves that form the fides of that furface, being very irregular,
muft be reduced as near as poffible to regular ones,. by dividing the fur-
face, with the ordinates a4, 66, cc, d d, abferving to place them at
equal diftances from one another, and likewife the diftances muft be fo
fmall, that the portion of the curves intercepted betwixt them may be
confidered gs ftrait lines, which will be near enough for practice, as we
do not here propofe the utmoft degree of exa&tnefs.

II1. Thefe ordinates will divide the furface A, into a.number of paral-
lelograms, fuch as 4 d, 4 4, which may be confidered as fuch, on account
of their being fo very. fmall, it is plain, the center of gravity of the paral-
lelogram 4 d, d , is at the point where the line ¢ ¢ interfets the line
A B; and it will be fo with all the reft, fo the centers of gravity of all
the parallelograms will form a fyftem diftributed on the line A B.

IV. To find the center of gravity of the fyftem, in refpet of A, which
is afflumed for the firft term of the momenta; we muft, as was before
obferved, muliply the furface of each parallelogram by the diftance of
its center of gravity from the point A, and fo, having the fum of all the
momenta, we may divide that fum, by the fum of the furfaces of all the
parallelograms, or by the whole furface A B, and the quotient Willﬂl:cc
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#he diftance of the center of gravity from the. point A, the axis of the
momenta.

M. Bouguer has abbreviated this operation ; for, confidering that we
muft have the area of the whole furface A B, before we can obtain a
folution, he finds that by the method delivered in Chap. VIIL. of the Ap-
pendix, which is as follows : ‘ .

1ft. Divide the whole length in feveral equal parts 24,54, cc,d 4, &e.

2d. Meafure all the ordinates @4, b6, cc,dd &%, and add them al-
together except the firft and the laft, of which we muft only take one
half of each. _

gd. Multiply that fum by the diftance betwixt the ordinates, and the
produ& will be the area of the fection A B, :

The fecond thing to be had is the fum of the momenta of all the ele-
mentary parts of the furface, which M. Bouguer has readily done, by
multiplying each ordinate into its diftance, from the point A ; then he
takes the fum of all thefe produ@s, except the firt and laft, of which he

-takes only one half of each ; and by multiplying that fum by the diftance

betwixt the ordinates, he has the fum of all the momenta of the elemen-
tary parts of the furface, which he divides by the area of the furface,
before found ; the quotient gives the diftance of the conter of gravity of
the whole furface from the point A. -

To explain this by an example, let it be required to find the center of
gravity of a furface A B{Fig. 50.) 160 feet long, in order to which :

ift. Divide the furface by the ordinates @5, ¢d, e¢f, which are here
20 feet diftant from one another.

2d. Omitting the line A, which here reprefents one of the tranfoms,
becaufe we affume it for the axis of the momenta. Itis 18 feet long.

©rdinates. feet, in. lines. Difant Produ&,

trom A.
1A 18, 9 feet.
ad 23 0 O x 1 23
cd 28 0 o0 x 2 56. i J
ef 30 o o0 x 3 90
gh 31 O O x 4 124
ik 30 0 O x 5 150
Im 28 o o x 6 168
no 2I O O x 7 147
+B o 6 o x 8 4
Sum of all the Produés 762
Diftance betwixt the ordinates 20
£ in. lines.
Sum of the ordinates 200)15240( 76 :0: 3%
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Suppofc then we find the centers of gravity, of the Turface of each
fe&ion conrained betwixt the load water line and the keel ; by the fame
method, we fhall then have a fyftem of heavy bodies, which will have
their centers of gravity in a plane ere€ted perpendicular to the keel at
their feveral diftances from the line A B, which is affumed for the
axis of the momenta. In order then to find the pofition of the center
of gravity of the hull, in refpe to the length, we muft find the pofition
of the center of gravity of the fyftem, with refpe& to the line AB,
which we aflume for the axis of the momenta, or for the firft term..
(Fig. 51.) ' . .

Having by the preceding operations found the area of each water-line,
and its center of gravity, we need only multiﬁly the area of each fetion
by the diftance of its center of gravity from the line A B, and add all the
produdls, except that of the firft and laft, of which we muft only take
one half of each, and then divide the fum of all the produs, by the
fum of all the areas, obferving to. take only half the firft and laft, and the
quotient will give the diftance of the center of gravity of the whole fyf-
tem from the line A B, the axis of the momenta ; we (hall-explain this,
by the following example :

Areas Centers of

of gravity Proluéts, .

furfaces. °~ from A'B. Al
‘YA 2000 x. %6 26000
C 1800 x. 82 147600
v D 1000 x goO 90V00
E 3700 x 8o 56000
F 400 x 70 28000
+ Keel. 55 x 8o 4400

—_— — f. in. lines.
4955 : ) 402000(81 1 6

Having dividéd 402000, the fum of the momenta, by 4955, the fum of
the furfaces, we have 81 feet 1. inches, the diftance of the center of
gravity of the fyltem from the vertical line A B, which will be neaily
in the line H H.

It yet remains to find at what height above the' keel in the line H H,
the center of gravity of the hulk, or of the fubmerged part of the thip,
will be found : In order to which, let us take G g, the upper fide of the
keel for the axis of the momenta, or the firft term ; then it is only find-
ing the momentum of each furface with refpect-to the keel ; (the diftances
betwixt each fection being fuppofed 4 feet,) and then dividing the fum of
all the produéts by 4955, the fum of all the furfaces,

. : Sur-
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" Surfaces.
Jf 400 x 1 400
ez 700 X 2 - 1400
dd 1000 x 3 3000
¢c 1800 x 4 7200
aa 2000 %X 25y 5000
17000
Diftance betwixt 4

f. in. Iines.

4955 ) 680oco (13 8 2 isthe diftance

of the center of gravity of the hull above the keel, which will interfe&
the line HH in the point 1.

In the preceding calculations we have fuppofed the hulk to be com-
pofed of an homogeneous matter, all parts of which, in bulk, will be .of
equal weight; now, tho’ this is a cafe that can never happen in a fhip,
which contains various things of different weights, yet it may not be al-
together ufelefs to the builders, fince all fhips of the fame rate havingthe
different weights placed nearly fimilar to their lengths, they may find the
center of gravity as above, and comparing it with the center of gravity
of a {hip, which is known by experience to have all the good qualities
~ that can be expe@ed, we may difcover if the center of gravity of the thip
we are to build be properly placed, and befides it will affift us to under-
ftand what follows.

It would be a very complicated and laborious tafk to find the center
of gravity of a fhip properly mafted and rigged with all her provifions
- and furniture on board, and, tho’ I do not defign to engage in the folu-
tion of that point, I think it would be unpardonable in me not to men-
tion the aGtion of a heavy body upon the -fluid that fupports it, and the
re-action of the fluid on the floating body.

It was obferved, in the beginning of this chapter, that the whole weight
of any body may be confidered as united in its center of gravity, and
that if it were {ufpended by a line faftened to its center of gravity, that
line would reftin a vertical pofitien, and its direGion would pafs thro’
the center of gravity, and the center of the earth ; but a body which floats
in a fluid is not fupported by its center of gravity, but by the preflure of
the environing filaments of water, which being confidered as infinitely
fmall, each will act uppn an infinitely fmall portion of the furface of the
- floating body, relative to the fpecifick gravity, and, in proportion to the

height of thefe filaments, conform to a principle applicable to all-

fluids ; namely, that the weight of a column of any fluid will be in propor-
© Supp. L tion
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tion to the fpecifick gravity of the fluid, and the height of the columnr
multiplied by its bafe. '

The preflure of the fluid acting upon all the fubmerged parts of the
folid body, in the fame manner that gravity 2&s upon all the parts of
matter, the effe@ of fuch preflure will be united in a fphere of wax, of
the fame fpecifick gravity with the fluid, and which is intirely fubmer~
ged, precifely to the fame point as the center of gravity of the {phere of
- wax; we muft then conceive shat the preflure of the fluid acts im-~
mediately on the furface of the fubmerged body; but its action is united:
in its center of gravity, juft as if it exerted itfelf upon every part of the.
folid body. Wax isnearly the fame weight with water, and if one finks
a fphere or ball of that matter, its preflure on the fluid will be united.
precifely in its center, or in the fame point in which the whole weight:
of the ball does a&t; fo in that fuppofition the center of the preflire of
the fluid ‘coincides with the center of gravity, the action of each being.
united in the center of the {phere.

But this is not all ; for as heavy bodies, by their gravity, endeavour to-
approach the center of the earth, in a vertical line pafling thro’ their cen-
ter of gravity, tending directly towards the center of the earth ; fo the
preflure of fluids endeavours to carry bodies in-a vertical tending from the
center of the earth towards their furface, and paffing thro’ the center of
gravity of the fubmerged part whieh forces them towards the furface; fo

" in any fubmerged body at reft, thefe two oppofite forces coincide in the

fame vertical, acting ina quite contrary direction to one another:.

We muft conceive then all heavy bodies” endeavouring to approach
the center of the carth, by a fecret force: inherent to all the parts of
matter ; fo, (Fig. 52.) the globe of lead 4 tends towards the center of
the earth in 2 vertical firetching from the point of fufpenfion 4, thro’
the center of gravity of 4. :

Thofe bodies that weigh lefs than a column of water, (of the fame
bulk), in which they fwim, endeavour to rife by the preffien of the fluid
in a vertical line tending from the center of the earth to the center of
gravity of the fubmerged body; fo the globe of cork 4 tends towards
the furface in a vertieal line firetched from the point ¢, to which it is
faftened to the center of gravity of the body 4. '

Let us then fuppofe two hooks # and ¢ faftened to the oppofite bafes
of the glafs cylinder A, B, C, D, full of water, and let a ball of lead be
fufpended by a hair to the hook 4, and one of cork, faftened by ano-
ther hair to the hook ¢ it is plain, if the cylinder be upright, the ball
of lead will defcend towards ¢, with a force equal to its weight, leflened
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by the weight of the fluid'it difplaces, and the ball of cork will rife with
a force equal to the weight of water it difplaces, leflened by the weight
of the cork, and if the hair that faftens them be cut, they will be affected
by contrary forces, 4 defcending in the vertical 2 ¢, and 4 afcending in
the vertical c 4, they will meet in the fame point ¢, of the axis of the
cylinder ABCD. But if we fuppofe the cylinder inclined as in (Fig.
§3.) each body will take a different vertical, but parallel to one another ;
fo that if both were let loofe, 4 would defcend towards £, and 4 afcend
towards. g, and never meet. Let us fuppofe them joined by arod 4, ¢, 4d,
of the fame weight with water ; it is plain that each body will obey the
force that a@s upon it, & defcribing the arch g, and 4 defcribing the
arch d b, they will place themfelves in the fame vertical, parallel to af,
‘or ¢ g3 and if the force which the preflure of the water exerts on d, be
greater than the force of gravity exerting on 4; then will 4 draw & to-
wards the furface of the water. On the contrary, if the force of gravity,
acting upon 5, be greater than the force of the preflure of the ‘water,
aing on d, then will 4 draw it towards the bottom : But if the forces
be equal, 4 and 4 will reft in the middle of the fluid in the fame vertical.

The two bodies will then turn round a point in the rod 4, ¢, 4; but it
will not'be eafy to affign that particular place ; it appears that if 4 en-
deavours to defcend with a greater force than 4 to afcend, in that
cafe the center of rotation will be neareft to 4, and, on the contrary, if the
force that raifes 4 be greater than that which deprefles 4, it will be near--
eft to 5. Hence, in all heavy floating bodies which are at reft, the cen-
tei where the effect of the gravity of the body is united, and the center
where the effet of the preffion of the water is united, are in the fame
wertical, tho’ feldom in the fame point, asin a globe of wax which
was fuppofed to be of the fame fpecifick gravity with water.

In order to apply thefe ‘Principlcs to fthipping, let us examine what
would happen to a ftick, funk endways perpendicularly into the ftanding
water. Now this ftick (Fig. 54.) being fuppofed all homogeneous, its
center of gravity in air would be in ¢, the middle of the ftick; let us
{uppofe the ftick fo light that it finks perpendicularly only to 4, the one
fourth of the length 4 4 : Now the ftick being an homogeneous cylinder,
the center, where the whole force of the column of water difplaced is
anited, will be in ¢, the middle of the fubmerged part.

Now, admitting all thefe fuppofitions, it is plain, when the fick is in
a vertical pofition, the two oppofite forces acting in the fame vertical
line will deftroy each other, and the ftick will reft in that vertical pofi-
gion ; but if the ftick be buta littliiuclined as ip (Fig. 55.) the cafe will
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be quite otherwife ; for'the gravity which refides in the point ¢, exerting
itfelt in the direGion ¢ g, it will concur with the preflure of the water
alting in the direGtion of the line e f to overturn the ftick, or place it
horizontally on the furface of the water.

The center of gravity of the ftick will always be in the middle of it,
at the point ¢, becaufe it never changes its pofition with refpect to the
hick (Fig. 56.) and the center of the preflure of the water will always be
in the middle of the fubmerged part, or rather of that fpace which is
abandoned by the mafs of water diplaced, which will be in the point e,
in the fame vertical with the center of gravity of the ftick, and fo the
whole will be at reft.

Let us alter fome of thefe fuppofitions, and we fhall find the fame
eaufes produce diffcrent effeéts. : :

Suppofe then (Fig 57.) the part ac, of the ftick 44, to be, if you
pleafe, three times the weight of ¢4, of the fame ftick ; the center of
gravity of the ftick in air will then be towards d; the ftick being nearly
of the fame weight with the column of water difplaced, will fink, fuppofe
to ¢, the center of the impreffion of the water will be pretty near to d;
but fuppofing it in ¢, or in any other point not below d, it is plain,
when the ftick is inclined, as in Fig. §3, it will return to the vertical
pofition ; for the force of gravity which acts in the direction of the line
d g, will draw the end @ towards 4, and will concur with the force that -
refults from the preflion of the water in the dire@ion of the line ¢ £, to
bring the ftick into its vertical pofition. :

To make this ftill plainer, let'us incline the ftick a little more ; we
may eafily perceive, in Fig. 59, that if one purchafe be applied to g,
acting in the dire@ion of the line g 4, and another purchafe applied to
f> a@ing in the direGion of the line ¢f, the extremity 4 would approach
to b, and the extremity a4 to 7, and the ftick would be in the vertical 4 7.

We may conclude, from this experiment, that any floating body will
recover its vertical pofition, when the center of gravity is below the
point where the force of the preilion of water is united. The ftability
will be diminifhed, if the center of gravity be never {o little above the
center of preflion ; and the body will overturn, when the center of gra-
vity is raifed to a certain height above the center of preffure ; for,
in this laft cafe, both act in concert to overturn the body; whereas, in
the firft, both join to preferve its upright pofition.

It was before obferved, that the point fhifts, on which the points ¢
and d are turned round. We fhall now remark, Firft, That this will
be according as the force of ¢ or 4 predominates.  Second, According to
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the pofition of ¢ and dupon the ftick a4. Third, According to the
difficulty that ¢ will find in difplacing the fluid, to bring itfelf to 7, or
that 4 will find in bringing ittelf to 4 ; and it is poffible, it may vary
according to the different inclinations of the ftick. If this point of ro-
tation were invariable, and a-method of finding it could be obtained,
we might then, without regarding the preflure of the water, know
where to place the center of gravity, either to keep the ftick upright or
horizontal. I fhall explain this by an experiment, which may be made
by a well-known toy, or play-thing for children.

Every one has feen (Fig. 60.) the {mall ivory puppet, which keeps
itfelf in a vertical pofition, upon the point of a needle, by the affiftance
of two counter weights, ¢ and 4, which being joined together by a wire,
are placed a good way below the pivot that fupports the figure.

The weight of the figure is efteemed as nothing, when -compared
with the weights ¢ and 4; fo the center of gravity of ¢ and 4 will be
towards m. If the figure is inclined towards 7, the weight ¢ will be
carried towards e, and the weight 4 towards f; fo the center of gravity
will thift towards #; and as it ftrives to approach the center of the
earth, and place itfelf in the vertical 74, the figure will recover its firft
* fituation. It is evident, that it will be quite otherwife, if the weights
¢ and 4 are placed above the pivot, which fupports the figure ; for if
- they are placed in 7 and £, and the figure be inclined never fo little, they
will both a&t in concert to overturn the figure. . We may likewife fee,
that if they are placed in g and b, at the extremities of the plane of the
pivot, which is fuppofed to be their center of gravity, they will not,
in the leaft, contribute to keep the figure upright.

From this experiment we may infer, Firft, In order to keep the figure

upright, the two weights, ¢ and 4, muft be exattly equal, or their dif. -

ference adjufled by their diftance from the line 4m, fo that.their center
of gravity may be in that line 6m. Second, It will be neceflary, that
the counter weights be below the axis of rotation of the whole fyftem.
Third, The further the weights are below the axis g5, or the point 4,
the greater power will they have to recover the vertical pofition of the
figure. Fourth, The nearer the weights are to the point 4, orline g 4,
the lefs will be their power to recover the vertical pofition of the figure ;
and they have no power at all when the weights are placed in the line
gb. Fifth, When they are placed above the pivot, they will both con-
tribute to overturn the figure ; and the greater their diftance above the
igure, the greater their force to overturn the figure.. In order then to
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keep the figure in an equilibrium, the center of gravity of the counter
weights muft be placed below the extremity of the pivot.

This important point, which M. Bouguer calls the metacenter, might
eafily be found in floating bodies, if the center of their motion were in-
variable and known. '

It is not my intention to follow M. Bouguer through the various fteps

of his elegant inveftigation of this point. We fhall here obferve, that
there is a great difference betwixt M. Bouguer’s metacenter and the point
of rotation of floating bodies. Though, in Fig. 6o, they be exactly the
Qame, yet in floating bodies it will be quite otherwife ; and it is poffible
the point of rotation may be continually fhifting, from the time the
body begins its vibrations till it arrives at fuch a ftate as renders them
regular ; but it is not fo with regard to the metacenter, as M. Bouguer
has proved beyond difpute; and c is certainly the metacenter, in Fig. 61,
for the fub-merged part is fuppofed perfectly round.
. In order to apply what has been faid to fhipping, let us examine the.
cafe of a cylinder (Fig. 62.) lying in the water, of which let 244 be
a fetion perpendicular to the axis ; let ¢4 f reprefent the hold, which
contains the ballaft, &¢. ¢4 and 4 f reprefent the upper works; e f the
line of flotation, and b the maft, of the fame fpecies with the fhip.

It was before proved, in Chap. VIIL of the Appendix, that the weight
of the whole fhip, including mafts and rigging, and all above water, as
well as all below water, was equal to the weight of that column of wa-
ter difplaced by the fub-merged part. Now, g, the center of gravity of
the whole thip, and likewife 7, the point where the preflure of the water
is united, muft both be in the vertical plane 4 4; s muft always be in the
center of gravity of the fub-merged part ¢4 f, fuppofed homogeneous ;
or, which is the fame thing, the center of gravity of the column of wa-
ter difplaced by the fub-merged part.

It is evident that if, by bad ftowage, the ‘center of gravity of the fhip
bein 4, and that of the preflure of the water in 4, the thip would in-
cline fo far to e, till the two centers, # and 7, fthould be in the fame
vertical /m (Fig. 63.) the thip would then come to her bearings, and
lay faft in the water, but in a very bad condition for failing,

Now, as the feGion of the cylinder ¢/ f, when it is inclined, is fimilar
and equal to the fe@ion ¢ 4 f, when upright, it will follow that 7, the
center of preflure of the water, will be in the vertical /m; for it
will always be in that line which bifects the line of flotation.  In this
«cafe, the metacenter does not thift, becaufe the feftion being a circle, all
the werticals will pafs through the center ; tho’, in any other form, this
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point would thift higher or lower, according to the inclination of the
body : But it may be found by M. Bouguer’s method, the inclination-
being given. _ ' '

It will be proper here to remark, that the center of gravity of the
fhip will always continue in the fame point, even when the thip heels;
for if it fhould happen to be otherwife, by the fhifting of the ballaft, or
any other accident, it would be of very dangerous confequence. If then
the center of gravity be in g (Fig. 62.) in the line 6 5, it will continue
in that line, when the fhip lays over, as in Fig. 63; for it will not be
in the vertical /= ; but it will endeavour to place itfelf in that pofition ;.
and the force of the preflure of the water, exerting itfelf in the direction
of the line /m, both thefe efforts united will contribute to right the
thip; and this will always be the cafe, if the center of gravity, g, be not-
placed above the point ¢ towards b; for, in that cafe, the weight of the
thip, and the preflure of the water, would both contribute to heel:
the fhip. :

We gxay, without having recourfe to M., Bouguer’s geometric. nicety,
fhew how dangerous it would be,. to raife g, the center of. gravity of
the thip, to any confiderable height above ¢, the point where the prefe
fure of the column. of water difplaced is united, as in*Frg. 64, if the
center of gravity be placed in 7, no fooner does the fhip begin to heel;
never fo. little, but the force of gravity acting in.the direGtion of the line
n o, will caufe her. to. heel more, at the fame time that the preflure of
the fluid, united in the point 7, aing in the direction of the line 7 p,
will ftill raife the body higher ;. and both thefe forces will continue to
a& in concest, till. they both come to be in the fame vertical 6n. It is
now very plain, the more we raife the center of gravity. towards 4, the
more we lower the center of preffure of the water towards 4, the
greater force will thefe two powers: have to-overfet the fhip: It is like-
wife plain, that if the center of gravity were placed in ¢, it would con=-
tribute nothing cither to heel or right the thip. Latftly, the nearer we
come to 4; the more will it contribute to keep the fhip upright;; and
when the center of gravity is below the center. of. preffure of the
water,. thefe two will ac in concert to.keep the fhip upright..

The center. of gravity muft not, at any rate, be. placed above the
point ¢, which M.. Bouguer calls-the metacenter.; but it will be proper.
here to remark, that C, the center. of the arch e &f, (FKig. 61.) will
derve to limit the center. of gravity, even when the body is.fo light as
to fink only to.g & 4, in an.upright, or to /4, in an inclined pofition ;:
It is eafy to perceive, that if the center of gravity be in the line /m, any,
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where betwixt cand m, the nearer it is placed to 4, the greater powep
will it have to bring the fhip upright, by ftrugeling to bring itfclf into
the line /4; on the contrary, it it be placed betwixt ¢ and m, the nearer
it is to n the greater power will it hzve to overfet the fhip.

The center of gravity, then muft not be placed above the point ¢; but
the thip may continue upright, tho’ it be placed above #.

The misfortune is, that it is only fegments of circles that have their
metacenters in their centers, and could toey be as eafily found in thips it
would be a great advantage : Itis true, M. Bouguer has furnithed us with
a method to inveftigate the center of gravity, ot a hull in form of a fphe-
roid ; but it is not my intention kere to follow him in his -refearches,
which he has carried on with all the clearnefs they are capable of. -

As we confine ourfelves to what is diredtly applicable to practice; it
may fuffice to have thewn what effe@ the weight of the (hip, and the
preflure of the water will have upon the ftability of the thip; and that, by
~ what we have colle@ed from M. Bouguer, we may conclude that the
metacentef thould be placed a little above the line of flotation; but the
center of gravity will be higher or lower according to the form of the
bottom, or according to the manner of ftowing the hold.

At firft fight, it is certain that all the weight above the line of flota-
tion helps to make the thip crank, and of confequence, the lighter the
upper works the fiiffer the {hip, and it is by this method of lightening the
upper works, that M. de Goyon, captain of one of his majefty’s fhips ;
made thofe fhips carry fail which were before thought to be very crank.

The builders may vary the form of a fhip, chiefly, in three dimenfions,
20 wit, length, breadth, and depth: Let us examine how far enlarging
of thips, in any of thefe particulars, will contribute towards making her
carry fail. ~ :

IfY the length only, without altering the other dimenfions, be enlarged,
the center of gravity and the métacenter will continue the fame height,
fo her ftability in refpe@ of inclination to one fide will increafe in pro-
portion to the weight of the thip; and as the weight generally increafes
or diminifhes in proportion to the length, we may fay, that in fhips that
differ only in length, their ftability will be in proportion to their length.

- It will be quite otherwife, if we alter the'breadth, for, by enlarging we
gain, and by diminifhing the breadth we loofe a great deal of the ftabi-
lity ; M. Bouguer has proved that the ftability increafes in proportion to
the cubes of the breadths. For, fuppofing the bottom homogeneous.
then, 1ft. The increafe of weight, and of confequence of ftability, will be
double the increafe of the ‘breadth. 2d. The additienal weight will act
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with fo much the greater force, as the length of the lever is increafed, or-
as the metacenter is raifed, and the height of that point is augmented in
proportion to the fquare of the breadth ; hence, the ftability will be in-
creafed in proportion to the cube of the breadth: For example, without
altering the othér dimenfions, let the breadths be doubled, we thereby
double the weight, which, aQing upon the arm of a lever, double the
length will be quadruple, fo the thip will acquire eight times the ftability..
We may prove this by an experiment upon two models, the one double
the breadth of the other ; ifa ruler 5/ (Fig. 65) be ereted perpendicu--
kir in the middle of each, and a plumb line faftened thereto, and if like-
wife an equal weight #, be fufpended to each lever bm, we fhall find, '
by the angle the plumb linc makes with the ruler, the flability will be
as 8 to 1. We may likewife prove it, by comparing the different angles.
made by the fame weight, or which, perhaps will be more finmple, let:
the inclinations be equal, and, fuppofe the one model three times the
Breddth of the other, then we fhall find that it will take- 27 times. more:
weight to produce the fame inclination, or the fame weight placed 277
times furtber from the axis than the other.. Fence, in general; the fta-
bility will be in proportion to the cubes of the breadths, provided all the-
* other dimenfions be equal, fo if the breadth be as.x to. 3, the ftability:
will be as t to 27, for 27 is the cube of 3..

Experience has proved to the builders what theory. has demontftrated:
to M. Bougner, for without doubt it isfor that reafon they place the ex-
trerne breadeh of the mid(hip frame pretty near the line of flotation.  Te:
would be very inconvenient to raife- the breadth in midthips ; but By raife
ing the breadtlt afore and. abaft we gain in fiffinefs. This will appeat-
very plain, if we compare the feétion that forms 2 reftangnlar paraliclo.
- gram at the load water-fine to one that formd a rhomboides, whofe
acute angles arc-at the flem and poft, which M. Boaguer has proved to-
be four times the ftability of the other. Now when, by increafing the-
breadth, the water lines Becotne lefs fair, and therefore meets with: more:
refiffance in dividing the fluid, it will not from thence follow that will:
hinder her failing ; on the contrary, as {he will therehy carry a2 great deal.
more fail, it may affift her going. ’ '

We have hitherto. conftdered the Bottomras homogenoous, but it 1s evi-
dent, the Riffnefs of a fhip very much depends.on flowing. the liold, as.
the center of gravity may thereby be lowered. '

- ¥ weonly increafe the depth, without enlarging: either the length or.
Breadth, all the ftabifity we: can gain will' be in. the: ftowage ;. which is.
the next thing to be confidered. )
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The feamen know very well that a thip will not carry a ftout fail ill
loaded fo deep that the furface of the water may glance on the extreme
breadth in midfhips, as the line ¢ f, (Fig. 65.) or a little above ¢ d,
(Fig. 66.) and that they muft have a great deal of weight, fuch as ballaft,
dinnage, &c. which ferves for no other ufe, but to bring the thip to a.
proper trim in the water; for if (he be too light, as in (Fig. 66.) fhe
will lay over till her extreme breadth g refts upon the water;. hence it
follows, that a fhip that carries a good fail will heel but little, and ply
well to the windward ; but if, for want of ballaft, the fhip be not loaded
quite fo dcep, if the wants but alittle, it will be no great difadvantage,
for after {he once comes to lay over to her breadth the will go no far-
ther, and the will fail very well in that pofition. .
. ‘There will be great danger in overloading a thip, for then her guns
will not be a proper height out of the water, an article of great impor-
tance, and fhe would meet with more refiftance in paffing thro’ the -
water ; for, admitting her to be loaded to the line oz, (Fig. 65.) fhe
would difplace no more water by heeling to the fide o, and fo the preffion
of the water would not contribute with the center of gravity to bring
the fhip upright. o
I thall not prefume to determine this point to a nicety, fo as to admit -
<f no exception. It may fuffice to fay in the general, that a thip fhould
be loadcd to her extreme breadth; but it is not indifferent what manner
of ballaft we ufe, for the quality and ftowage of the ballaft may very
much increafe, or diminith, the ftability. It is evident then we muft
have no more ballaft than will load her to the extreme breadth ; fuppofing
400 tons, together with provifions, &c. to. be fufficient to' load a fhip to
her breadth, we muft put no more weight on board, but we may take
heavier ballaft, by which means the center of gravity will be lowered
proportionally to the fpecifick gravity of the ballaft. Hence is deduced
the general practice of ftowing the heavy goods lowermott, and the light
~uppermoft, whereby the thip will be able to carry the greater fail.
Itisnot a matter of indifference how goods are ftowed in the hold;
for, fuppofing a fhip loaded with lead, guns, iron, or and other weighty
goods, her hold would not be near full, when loaded to her proper
.water line ; and tho’, by placing thefe goods on the floor, the thip would
certainly carry a great fail, yetfhe would fail very badly, and be in dan-
-ger of being difmafted by her prodigious rowling and fudden jirks,
. The mariners finding by experience how dangerous this would be have
an a great meafure, found means to prevent it by the dinnage, whereby
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“the heavy goods may be raifed, this will make her rowl ¢afy, and gw
fmoothly thro’ the water, :

. What we have faid ofthe ftability of thipping has infenfibly led" us
to confider the rowling and pitching; we have already thewn that the
rowling may be very much prevented by ftowing the hold ; the form of
the bottom may likewife contribute thereto,

. To explain this by an example ; let us fuppofe the fe&ion of a fhip,
perpendicular to the keel, to be exactly round as (Fig. 63), it is plain,
if this be agitated in the water, it will have nothing to fupport it, becaufe
i difplaces no more water when inclined than when upright, and of
sonfequence would rowl prodigioufly. But if we put a plank below 4
fuppofe to.g, to run quite fore and aft, itis plain, when the thip is in~-
clined te the right, the plank g will difplace a column of water to the
left, which will retard her motions, and this obftruction will always a¢t
contrary to the way the fhip heels, and will very -much. diminith the
rowling, but will add very little to her ftiffnefs ; for, admitting the fhip
to heel as in (Fig. 63.) the plank 4 g would contribute very little to.
bring her upright. But the depth of the keel, the rifing of the. floors,,
- and thedead wood fore and aft, as in (Fig. 66.), will anfwer the fams

- purpofe as the plank 4 g.

In regard to the pitching, Iam of opinion, the beft method that can
be taken will be to proportion the capacity of every, part to the weighs
it is to contain, and it will be very dangerous to depart from this rule; we:
have an inftance of it in the w70 of 60 guns, which, wanting capacity
abaft, was always a very bad failer;. and, notwithftanding all propes
means were ufed to remedy this, by moving the iron ballaft forward,
and the fore-maft guns aft, yet all their endeavours proved unfuccefsful,
for the fometimes pitched. to.that degree, that her counter was undes:
water.

. It would not be advifeable to build a bad fhip on purpofé to try ex~
periments ;. but when we find a fhip that has fome bad qualities, it:
will' be of fingular ufe to find the proper means to remedy the fault,

In order to.comprehend the means tobe ufed to prevent the bad con-
. fequences of. violent pitchings, let us fuppofe a fhip at reft, and a. fea
taking her afore ; if the bow be well fupported; that is to fay, if.the fore-.
moft frame be pretty full, and her breadth line of the rifing. of the floos
not carried. too high, this veflel will infallibly rife with the fea ;. it is true;
when the fea leaves her fhe will fall- again, but it will be eafily, becaufe
the breadth increafes gradually, even above the load water line ; and this.
fwelling of the body, being gradual, will hinder the fhip from falling with
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fudden fhocks ; on the contrary, if fhe be very tharp forward, the wilf -
not pitch fo much, but the will, in the fea term, bury herfelf under
water forward, fo that the foremolit guns will be entirely unferviceable
in a fea-gate, . '

We may perceive then, that their are two rocks to be avoided ; though
the breadth muft be carried above the load-water line," to fupport the
bow that (he may rife to the fea, yet it muft be divided in parts to pre-
vent vielent pitchings.

Let us ftill confider the fhip pitching, or heaving and fending, in a
fea-gate ; if the foremoft frames have no hollow, that is, if they be ftrait,
€rom the breadth to the rabbit of the keel or ftem, or if the verticd@
curve refembles a wedge, thofe thips will fall eafy, becaufe the breadth,
increafing gradually, the refiftance will likewife be gradual ; but, on the
contrary, if they are vety tharp below, and the frames form a hollow
from the rabbit almoft quite as high as the breadth, it is plain {he will
meet with a very fudden thock, as the fea meets with no oppofition, til,
all of a fudden, it is refifted by the breadth; fo that, in general, it is
lefs dangerous to have a full bow, which will rife to the fea, than a very
tharp one which will plunge the (hz)'s fore-caftle in.

- Hence, the whele art confifts in finding the proper mean betwixt thefe
two extremes; that is, to give the thip fuch a form as may rife and fall
<afy into the fea, and likewife not hinder her failing,

We have now given our readers the fubftance of what thefe two émi-
#ient mathematicians have faid on the theory of Ship-building, and for
further particulars, begleave to refer them to the originals ; - they will
then be able to judge how far they have fucceeded in determining the
neceflary data ; one thing may be remarked, that they at laft refer us to
experience, but experience feems not to agree with M. Bouguer’s principle;
on which he fays the velocity depends: For he afferts, that if the midthip
frame be carried before the middle of the fhip, it will obftru& the velo-
<ity ; becaufe the bow will thereby become fuller; however he places
it at one twelfth of the length before the middle, to give the helm more
purchafe. '

1 thall new give our readersan account of fome experiments taken
one of our own countrymen, whofe abilities are snexceptiomable. He,
by long experience, and anwearied application, has made feveral wiefol
difcoverics, which baffied the deepeft refearches of the moft eminent ma-
thematicians ; his experiments prove beyond difpute, that we thall gain in
point of velocity, in carrying the midfhip frame befors the middle, perhaps
v - - “
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attwo thicds of the length from the after end. I fhall not take upon
me to affign thereafon of this, but there is no difputing againft matters
of fa&, perhaps it may bo owing to what I faid on that head, when
treating of towing a ‘maft, butt end foremoft, or it may. be on account of
the center of gravity, which will thereby be further forward; it muft
"be allowed this laft circumftance will give the helm more purchafe, tho*
it cannot be difcovered by his experiments, the whole defign of thefe
experiments being to determine the form of that body which will go
thro’ the water with the greateft velocity, and to afcertain the moft advan-
tageous fituation of the midfhip frame, and that this muft be nearer the fore
part than the after part, he has demonftrated in fuch a clear, elegant,
and familiar manner, that I fhould only difcover my own weaknefs, in
prefuming to fay any more on that head ; fo I fhall give it in his own
words. . ‘

Of the Friftion, or lateral Preffure of Water.

HE cylinders made ufe of in the following experiments were {olids
of feafoned ozk, 36 inches long, by four inches and a half diameter 5
the fides were ftrait, and turned exadtly round. , )

A, in Fig. 74. is the flandard to make the comparifon from; when
the pieces 1, 2, 3, 4, 5, are fcrewed together, they make the cylinder
B equal to A, thefe are drawn thro’ the water with the end 5 foremoft ;
until (by encreafing or leflening the weight a little at the roller or pully)
the velocities agree.

After which take out 2, and put together 1, 3, 4,and 5, which makes
the figure C to be one fourth part thorter than A, at which time ‘it gains
the velocity of ope eighth. A

Then take out 3, and put 1, 4, §, together, and it makes the cylinder
D; which being drawn againft A, as before, it makes the velocity one
fourth part more. ' ‘

After which, if we join 1, 2, 3, 4, and 6, together, it makes the cy-
linder E, with po more difference from A, only that there is a direét
flat fuperficies in lieu of a convex ; this drawn againft A, lofes in velo«
citzronz' fixth part. ' ‘

ake off 6 and join 7; it makes the figure F, 2 concave, and, when
drawn as before, it lofes ane fourth part of the velocity.

When the flat fuperficies is drawn hindermoft, it lofes one twenty+
fourth part.  When the concave is drawn hindermoft, it lofes the fame
oac twenty-fourth part, :

o From
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From fuch experiments, we may gain a proportion for latéral preflure,
or frition ; we alfo fee the great difference between a convex ard a flat
fuperficies to feperate the water; and the difference between a concaye
end to feperate the water and a flat fuperficies ; alfo between a concave
and aconvex end ; and alfo, that there is a fenfible difference as to: its
feperating the water, by being foremoft, tho’ not fo by the clofing in- of
the water by being hindermott.
~ Thefe things may be of fervige in theory, and feem capable of being
improved by further experiments.

NOTES relating o EXPERIMENTS.

Method for knowing the lines of leaft r_eﬁﬂank. Intended for the pur~
pofe of forming the bodies of [hips; alfo, relating to an attempt for-
Jfinding the proportion for the frictian or lateral preffure of water.

Provide a ciftern for-the water as reprefented in the plate (Fig. 75), not
lefs than 30 feet long, and divide it in halves by a partition length ways,.
that the motion of the water in one part- may not difturb that in the-other
obferve, as the leaft blowing of the wind difturbs the furface,-it is beft to be
under cover, namely, in a fhed or warchoufe.

Obferve the pullies, reprefented on the plate, be made very exa&, the-
- lines may be filk or Indian grafs.

There muft be alfo a line ftrained very tight over the middle of each
water, and wices fixed upright in the end of each block or folid; which
by the ends, turning back over the line, keeps the block or folid direct
in its courfe. ' .

At each end of the block is fitted a fmall ftaple, by which the lines
faften with a hook to draw the block ; there muft be time given-between.
cach drawing for the water to become ftill..

The blocks muft be as. near as poffible equal in. weight, and {wim truly
level with the furface of the water ; if they do not, it muft be remedied
by cutting out a finall piece, ar by making a groove: in the folid, and fo
trim the block by putting in fmall thot: The whole will- require much
care and exactnefs.

The figures reprefent folids, whofe lengths are 2 feet 3 inclies; and
diameters fomcthing lefs than one third of their lengths ; thefe are made
perfectly round, one end of thefe folids is of one fhape,. the other ends
yary as the figures reprefent. '

The
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"The quantities and weights are made equal and drawn thro’ the water,

‘with equal power, thatis, firft make the ftandard folids agree in velo-
" city, then fix equal weights to the lines that pafs over the rollers.

Whoever repeats thefe, or proceeds in making other experiments will
do well to obferve, what weight nearly he choofes to ufe; for, if the
power is very fmall, a little obftacle may impede the motion of the folids
too much. If the weight is great, the velocity will be too much for
the obferver to decide with exactnefs the difference of velocity between -
the two moving folids. '

P OSITTION.

Thefe blocks being perfectly round, and as the water prefles on bodies
in all direGtions, therefore, thefe blocks are truly reprefented by fingle
lines in the figure A, B, C, D, in (Fig.76.) and without having Ter
lines of different curves intermixt with them; fo that which foever of
thefe folids fhall have the greateft velocity, has fo far the lines of leaft
refiftance. : :

EXPERIMENT.

. There were two blocks or folids reprefented by figure A, of equal weight,
fize, and velocity. This velocity was made equal by altering a little the
weight that ﬁaﬂ'cs over the brafs roller ; one of thefe folidsis made a ftan-

dard to try the other, otherwife we could not have known fo perfectly
which end foremoft, of A, would have the greateft velocity.
: Reverfe the ends.

A drawn againft A equal velocity. H againft A lofes about one 27th.
B againft A gains in velocity about one 16th, G againft A lofes about one 16th,
C againtt A lofes in velocity about one 70th. F againft A gains about one 1 4th.
D againft A gains in velocitv aboutone gth. E againft A lofesabout one gth.

Obferve, that if the brafs rollers are not exa&, they will affect the
motion of the folids ; fo that it is proper to change each folid, together
with its weight, over each roller, for the fame reafon we change the
weights to try fcales. The roller which upon careful trial appears to in-~
creafe the effe@ of the weight may be leflened in the circumference, or

“ the .other increafed in the circamference.

D hath the greateft velocity, I fay it is becaufe the breadth de-
clines nearer the head than ia the others, which eafes the la-
teral preflure fooner thah in the pthess. The extreme breadth 02 + the
. gure
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figure B, is nearer the end, which breaks open the water fooner, but therr
the breadth is continued further aft, by a ftrait {ide, fp that the fri®iors
is not eafed by the declining of the fides fo foon as in P, and therefore
the difference in velocity is accounted for as before..

Experiment with the Solids I, K, L. (Fig. »7.)

I, and K, are two diftin& blocks, the extreme breadth of each is in
the middle; they are equal in quantity, equal in length, and equal in
weight, but not equal in breadth. The block K is narrower in the:
middle and fuller towards the ends: The black I is broader at the mid-~
dle, and narrower towards the ends ; they are drawn, and found that K
hath more velocity than I, by one forty-fixth pare. ' '

L is the fame length, fame breadth, fame quantity asI; the extreme:
breadth of this is removed from the middle to one third of the length:
from one end, by which means onc end is fuller, and the other jaft fo.
much the fharper, and the floor thorter ; this drawn, the fullend fore<
moft, againft I, gains in velocity one ninth part, and when the fharp end
is foremoft, it lofes one ninth part.

. Doth not this thew, tha® if a thip was built with the linés that form:
the body fimilar to the folid whofe breadth is in the middle, and if ano-
ther was built with the lines that form the body fimilar o the {olid:
whofe breadth is one third from the ftern, the latter would lofe of thve:
former one ninth part of the velocity ? oo

If another thip was bailt, whofe lines that form the body were fimi-
far to the folid whofe breadth lay at one third from the head,. it would
outfail the fhip whofe breadth lay in the middle one ninth part. Alfo,
that the thip whofe breadth lay at_one third from' the head, would eut-
fail the fhip whofe breadth lay at two thisds diftaoce from the head,
two ninth parts of the diftance qun. oo

The abfolute and relative force of a current of water, againft the fore-
part of a fhip, may be computed from the fines of the angles of idci-
dence taken in many parts, as is defcribed by M. Dubamel, or fomé
other way equal thersto, as far aft as the midthip frame ; and as the
midhip, or the wideft frame may be placed in the middle, or forther aft
er further forward, and the guantity of the bulk remair the fame in the
whole ; -fo by moving the midthip frame further aft, the tines thet form
the fore end of the thip thereby runs nearer a paraliel to the keel, and
confequently have the lefs abfolute refiflance to the ecurrent of water ;
but this accounts but for one part only, that is the refiftance of the cur«

rent
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verit from the ftem to the iiddle of the thip. Yet there is a fricion, if
I may fo call it, from the lateral preflure of the water againft the fides
.and bottom of the fhip that muft be confidered alfo, which I will en-
dedvour to explain in the manner following. Woater, according to its
depth, is by its own weight comprefled together, againft the ends, fides,
and bottom, in all directions ; if the body placed therein be not fp:ci-
fically heavier, the water will bear it up, and, in proportion, as the body is
lighter, the more it will float out of the water ; this is familiarly known,
but the applying this to the prefent purpofe muiy bear ftating in this
manner. '

Water, or any liquid, placed in a box, or veflel of any figure, prefles
againft all the fides with a force equal to its depth, and, at the fame
time, the whole weight on the bottom. On the contrary, when a veficl
is placed in water, the water prefles the fides and ends inwards, and
upwards, under the bottom, with a force to bear up the veffel, thip, or
any other figure whatever, that is not fpecifically heavier than the
water. )

The moving this body, as it is thus circamftanced, with the water
prefling againft it on all direCtions, muft put all the parts of the water
that are next, or near it, in a ruffle and fort of confufion ; the particles at
the fore-end of the fhip, near the bottom plank, appear to be conftantly
removed by frefh particles of the current prefling in, and impelling
againft them, and fo one after another ; but when we come to a more
ftrait part of the thip’s fides, and the declining part of the fhip’s bottom,
the particles next the plank are not fo foon difpaced; this appears, from
obferving the grafs that grows on the fides of the thip ; it fhall be feen to
grow right out, and wave backwards and forwards, from the fides of
the fhip, as if the water had no motion, when at the fame time, the thip
may be failing three four or five knots an hour, or more : This is, in part
the cafe when the fhip’s bottom is clean, but much more fo when the
bottom is foul. ‘This atmofphere, or carrying part of the water along
with the fhip, is what T have here called friGtion, and is to be confider-
ed, and muft be taken into the account of the refiftance. In order to
‘form fome conception thereof, the folids, reprefented by the figures, were
‘contrived, being turned exactly round, and the water preffing in all
dire@ions, they are by me efteemed as fingle lincs.

By thefe experiments, it appears, that by moving the middle frame
from the middle, nearer one:- end; that end unto which the wideit
frame is peareft, gives the greateft velocity, when turned foremoft, and
fo contrariwife it is reverfe.

Supp. N Now
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Now it is plain, that by fo doing, the entrance of the thip doth make
a more fudden, or is of more abfolute force againft the current of
the water, than when in the middle of the fhip, or .folid, on which the .
experiment is tried. To account for this, Iam fatisfied. with conceiving
that by moving the midfhlp frame nearer the fore-end of the. fhip than.
in common is done, the body thereby declines fo much fooner, and:
takes off part of the friction caufed by the lateral preffure, which appears.
to be of more fervice to the velocity, than what is loft by making the fore
part of the fhip fomewhat fuller.

To infift that the difference in velocity of thefe experiments, as fet .
down to that account, is exattly ncither more nor lefs, than what is:
there mentioned, may not be ftrictly or fcrupuloufly true, but that it is:
near the truth is demonftration; and it hath been long ago thewn by
Sir Ifaac Newton, that a blunt headed figure, impelled in the direction of’
its axis, was the fhape of leaft refiftance in a fluid; but the properef¥
proportion between the length and breadth is not deduced.

In the next place it refembles nature, in the form of the faft fwimming:
fithes, and hath been experienced with fuccefs; from all which. it is.
become to me a rule, or pattern, that, fo far as other confiderations. will.
admit, the lines that form the bodies of fhips thould be fimilar to the
pattern that had the greateft velocity. :

Suppofe a cruifing thip had all the perfe&ions in her dimenfions, and
every other part, and the midthip or broad-fide frame placed near the
middle of the thip, and built fharp at the ends; confider the weight. of
the fore-maft, rigging, and fails, belonging to her ;. the anchors at the
bows, which; with the preffure of the wind into the fails, all unfupported.
but from the body farther aft, and united to prefs down. into the hollow:
of every fea; I fay, for want of more body further forward, fucha fhip.
muft plunge deep, and hinder the velocity ;. this is not the cafe of the -
hinder part of the fhip. Another confideration is, the fide refiftance of the
bottom of the fhip muft not be equally forward to that abaft, for, if it
was, the fhip muft be trimmed greatly by the ftern, ar her rudder would
not command her, to bear up in a'gale of wind. When.a thip is preft
with fail, the water is forced up at the bow, a little above a level, and-.
the thip is prefled a little down, which amounts to the fame, with, re-.
fe& to her helm, as if the fhip was trimmed by the head. Then f(hips
that carry their tilier near the middle in light winds, require it more a
weather, when it blows. Suppofe, by moving the midhip frame a
little farther forward than M. Dubamel propofes, and is commonly done,
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if it did not add to the velocity, by fo doing, provided it retard not the
.motion, it is of fervice for the reafons mentioned,——>So far thefe Ex-
periments, ) :

We may now venture to affert, that by carrying the midfhip frame
forward, as in the preceding experiments, we fhall gain, not only in point
-of velocity, but likewife, according to M. Bouguer’s own principle, in
point of fteerage, which will be a double advantage.
As thefe experiments were made in ftill water, it may be préfumed,
when a thip is to encounter a great head fea, there will be at leaft as
auch, if not more occafion for a full bow.

N 2 The
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The Method of bevelling the Cant Timbers by the- Diagorial
Ribbands, and likewife the Fafbion Piece of a Square~
. Tuck, by Water Lines. . ‘ < :

* To bevel the Cant Timbers by Ribbands.

"FVHE angle Fo4,"(Plate VII. in the foregoing treatife) will be the-

l angle which the fathion piece will make with the third ribband : For-
o being the point where the plane of the fathion piece interfe@s the third.
ribband ; a line drawn from o to F, will be the line in which the plane of the:
timber interfets the plane of the ribband : But then, as thefe planes-are not-
perpendicular to one another, theangle F 0 4 will not be the true bevelling,.
unlefs the bevel be fo applied that the tongue may be in the direCtion of the.
ribband, and then the ftock cannot lay flat upon the fide of the timber ::
For which reafon this method will not do for pracice;. for the fureft
way to take any bevelling, is when both the ftock and.the tongue of the:
bevel are fquare to the timber..

In order then to find the true bevelling: upon-a fquare,. the dire@ion in:
which the ribband interfes the timber muft be given, as well as the an--
gle Fol; and likewife the breadth of the timber : Now if thefe three-
be given, the angle upon the fquare may with certainty be found by the-
follow method.

Let the diftance betwixt the parallellines A B and E F be the breadtl::
of the timber; B 4 the direGtion of the ribband; and 24 what the be--
velling is without a fquare. (See the Fig. under the Scale, Plate VIL.)

Now, that we may the eafier conceive how this bevelling may be
found, let us fuppofe the timber to be guite ftrait, fuppofe the partition of’
the cheft, Page 124 ; and firft trimmed fquare. Then, becaufe 24 is
what it is without a fquare, it is plain there muft be fo much lined off the
aft fide of the timber ; the line 4 B will be the breadth ef the outfide of
the timber, in that dire@ion before the wood is taken off; and if B D
be made equal to Ba, and D 4 equal to @ 4, and the angle at D a right
one; then it is plain theangle A B4, equal to the angle F 0 4, will be the
bevelling, if the tongue of the bevel can be kept in the direction of the
line Ba: But when the ftock of the bevel is laid flat on the fide of

¢ Thefe direCtions are again inferted in the Supplement for he benefit of the
Purchafers of the firlt Edition. : th
the
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.the timber; the tongue- will naturally be perpendicular to the plane of
the timber, which will be in the line BF ; and if F £ be made equal
and parallel to D 4; then will the angle A B £, be the true bevelling.
upon a fquare. _

DEMONSTRATION. (Plate VILY

I the right- angled triangle 2 F B, B F the breadth of the timber is
‘given, and @ B the common feion of the plane of the ribband, with the
planc of the timber; again in the right angled triangle 42 Bor B D 4, its
equal, we have 2 B or B D the breadth of the timber in the direcion of
the ribband, when the timber is yet fquare, and 44, or D4, what the
bevelling is without a fquare, fo the angle A B D will be the bevelling.

But if BF were the common fe@ion of the ribband, and timber, then
the line of direGtion would be fquare to the timber, which does not alter:
what the bevelling is without a fquare, v7z. the line 2 Bor D 4..

In the right angled triangle F Bf, F f; and F B are given, hence we:-
Rave the angle A B f; the bevelling on a fquare ; but it is plain the rib-.
band will be higher on the aft than on the fore fide, when in. the after-
body, and the contrary when in the fore body; therefare the heighth of:
the ribband muft be transferred  from the contra to the moulding fide,
which muftbe the firmark when the bevel is f{quare to the timber; fo-
the firft thing to be done, is to find the height of the ribband, on the-
contra fide, for its heighth on the moulding fide is given before the tim--
ber can be formed. . , -

‘Before we givedirection how to find this, it will be proper to obferve,.
firft, that tho’ the planes of the fquare timbers interfe@ the planes of the
ribbands in the diagonals, in the body plane, yet the cant-timbers do not,
for the plane of the 4th ribband cuts the c{alane of the fathion piece, in the
line 7 F, and not inr the line » 5. Secondly, we muft remark; that the
“breadth-of the timber muft be determined, which, fappofe F ¢ in the -
floar plane; fo fhall B reprefent the forefide of the fathion piece, on the
floor plane, it being parallel to F P, which reprefents the aft fide: Let-
F e be fquare to the point F; fo the fore fide of the plane of the fathion
piece muft be broader than the aft fide, by the length of the line Bee, that
“being what its bevelling to the theer plane is without a fquare ; this being
premifed, we may find the heighth-of the third ribband, on the contra fide
of the fathion piece, and from thence find the bevelling of the cant tim-
ber by the following method :. y

A ¥ LI
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1/7. 'Take Be, thatis, what the fore fide of the plane of the fathion
piece is without a fquare ; fet this off on the perpendicular 74, in the
body plane, and draw,the line 4 4 parallel to K O.

"Note. The line d d will be in the fore body for the after cant timbers,
and in the after body for the fore cant timbers.

2d. Produce the common fe@ions of the planes of the ribbands, on
the aft fide of the fathion piece, to cut the line 4 4, as F r in the plate
meets the line dd ine.

34. From the point ddraw a line parallel to » F, which will be the
common fetion of the })Iane of the ribband and.the plane of the forefide
of the fathion piece ; uie the fame operations for finding the other rib-
bands, as you {ee in the plate, and call them new diagonals.

4th. Find points in thele new diagonals thro’ which the curve of ano-
ther cant timber would pafs, this will be the fore fide of the fathion
piece, obferving that the lines taken from the floor plane muft be fet
off from the line 4 4, and not from the line K O ; the diftance of thefe
points from the curve of the aft fide of the fathion piece will be what
the bevellings is, within or without the fquare. In applying the bevel,
the ftock muft be laid on the new diagonals, but when this is not fquare
to the timber, take the neareft diftance to the curve of the moulded fide
oof the timber from the forefaid points, and there place the firmark, fo the
ftock and tongue will be {quare to the timber, as in the firft ribband, and
from thefe points make an exa@ bevelling board, as in the plate ; the like
procefs may be ufed for the fore body. ‘

The difference of the heighth of the ribbands on the moulding, and con-
trafide, may be bad by proje@ing the planes of the diagonal ribbands on the
theer plane. The forms and bevellings of all the other cant timbers may be
had by the fame method, but every timber will require another line, for
the line dd will fall betwixt that and the line K O, till at laft it
«coincides with it, thatis, when the timber has no cant, and the new dia~
gonals will be approaching to thofe that reprefent the planes of the fquare
timbers in the body plane.

The cant timbers may likewife be bevelled by water lines ; their planes
are reprefented by level lines in the body plane, which, in fome cafes,
will be very oblique to the curveof the timbers, but this may be reduced
to af{quare, and 31
firft tranfom in the plate.

To bevel the fafbion piece of a fquare tuck by water lines.
The fafhion piece of a fquare tuck may bevelled by water lines, in the
fane manner the cant timbers are by ribbands, for as it both rakes and

e bevellings found as before direCted:  See that of the -

£ants,
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cants, the planes of the water lines will interfe it higher on the aft than
on the forefide; and, before we have .their heights on the forefide, the
breadth of the timber muft be determined, which fuppofe 4 » (Fig. 71.) ;
but this is not all, for, as it cants, the breadth in the direétion of the water
line, will be more than the true breadth: In order to find the true breadth,
form the aft fide of the fathion picce, as direGted in page 140 ; bat, as we:
intend here to allow for the thicknefs of the plank, we fhall alter both
the rake and cant.

Let £ 5 (Fig. 69.) be the aft fide of the rabbit on the out fide of the
poft; WM the common fetion of the plane of the fathion piece, and
theer plane ; but before this laft line can be determined, draw the feve-
ral water lines I, 2, 3, 4, and §, parallel to the keel, which may reprefent

. fo many tranfoms ; let all thefe water lines be formed and ended at the
aft fide of the rabbit, as in Fig. 70, where the round aft of the tran-
foms is defcribed, and limits the curves of the water lines. Now the
line WM muft rake fo as to leave room for half the thicknefs of the
pott at the tuck ; in order to which, produce W gto r, make r g half
“the thicknefs of the poft, thro’ 7 draw a line parallel to g M, to interfe&
g G in é; with the radius » 4 from x, the point of the tuck as center,,
defcribe an arch, and draw the line W M juft to touch the back of’
that arch.

The lines parallel to g G muft likewife be fo drawn as to cut off no
part of the tranfoms in (Fig. 70.) the lines g G, a 4, s 3, are abaft the
ends of the tranfoms, fo all that wood muft be taken off after the fathion
picce is bevelled. ,

Having thus drawn the line W M, firft affume any point 4, at plea~
fure ; in the line WM, Fig. 69, let fall the perpendicular £y, and
draw yf parallel to g G, to interfe a perpendicular drawn from the
point M in f, Fig. 70.

2d. From M draw the line M 1 fquare to yf, and then the lide y»
fquare to W M. _ :

3d. Make M n, Fig. 71, (equalto M 1, Fig. 70.) the bafe of the .
right angled triangle 272’ M, of which M £ is the perpendicular equal to
ty; fotheangle 22 M will be the bevelling to the horizontal plane ;,
and to find its bevelling to the fheer plane.

1ff. Make M 2z, Fig. 71. (equal tony, Fig. 70.} the bafe of the right
angled triangle f= M, Fig. 71, of which, / M the perpendicular, is equal
to f M, Fig. 70 ; fo the angle fz M will be the bevelling to the fheer,
as demontftrated in page 126.

Having thus found the bevellings, draw the line 4 4, Fig. 71, parallel
to zn; let 2 a, equal # 4, bethe fcantling of the timber, then 7x willdl;e

S Q
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the breadth of timber on the horizontal, and = ¢ its breadth on the fheer
‘plane, and a4 ¢ what it is within a fquare.

Now, as thelines g G, a 4, s 3,5 2, y 1, reprefent the aft fide of the
fathion piece on the horizontal plane, Fig. 70, we may draw the dotted
lines parallel to them to reprefent the fore fide as in the plate; making
nx, Fig. 71, the fquare diftance betwixt them, and their correfpondings
-on the aft fide, and by thefe dotted lines form the forefide of the fathion
piece in the fame manner the aft fide was formed ; but thewater lines on
the fore fide of the plane of the fathion picce muft firt be drawn, in
Fig. 69. Thus,

1ft. Draw the lines ¢4 and ¢ d parallel to WM, (Fig. 69.) making
the diftance betwixt W M and ¢ 4 equal to a¢, (Fig.71.) and the dif-
tance betwixt WM and ¢ d equal to z¢. (Fig.71.)

2d. Draw a line parallel to W F, through the point where the line
< d interfe@s the fifth water line, Fig. 69 ; draw a line parallel to 2 A,
through the point where the fourth water-line interfe@s the linc ¢4, Do
. sthe fame by all the water-lines.

We may now project the fore-fide of the fafhion-piece by the new
-water-lines, obferving that the diftances muft be fet off from the line e 5,
and not from the line W M ; or find the points through which the curve
thould pafs on thefe new water-lines, and the neareft diftance betwixt
thefe points and the curve of the aft fide, is what the bevelling is with-
out a fquare, when both ftock and tongue are fquare to the timber; and,
when the water-lines are not fquare to the timber, reduce the bevelling
to a fquare one, and place the firmarks on the moulding edge, as you
fee in the plate, and from thence transfer the bevellings to a board, the
exa breadth of the timber.

After the timber is trimmed and bevelled from the aft fide, there will
be a fpiling, ed, (Fig. 70.) to be fet off forward from the line G g
produced ; and a {piling, co, from 4 4 produced ; laftly, a fpiling, /m,
from s 3 produced ; and as the aft fide of the fathion-piece winds, there
muft likewife be fpilings fet off for the infide, as in Fig. 6g.

Let 11, 12, 13, 14, Fig. 69, be the infide of the fafthion-piece ;
make g, 11, Fig. 70, equal to W, 11, Fig. 69; 4, 12, Fig. 70, equal
to g, 12, Fig. 69, &c. So 11, 12; 13, 14, will be the {pilings, and
wear off at the point 1; Fig. 70.

There will be no occafion to fide the moulding fide of the fathion-
piece quite ftrait; it may be fided fo, that, when the mould is flightly
faftened to it, the head of the fathion-piece may round from the mould
nearly the whole quantity of the fpiling, and then it may be bevelled
from the mould, and afterwards the proper fpilings fet off, h
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*The timber being thus trimmed, the planks will come to the aft fide
of the fathion-piece, which will make the ends apt to ftart off with the
caulking ; to prevent which the thicknefs of the plank muft be fet off
without the moulding edge of the fathion-piece, as in the plate; and,
when the fathion-piece is bevelled to this mould, we fhall have the whole -
thicknefs of the pﬁmk, without the moulding edge both of the aft and
fore fides; fo the planks may be rabbitted into the fathion-piece, leaving
fubftance enough on the aft fide to cover the ends of the planks. The
planes of the timbers, in fome cafes, cut the plank very obliquely, which
will occafion the plank to be thicker in that direction than really it is;
therefore the thicknefs of the plank, in the dire@ion of the plane of the
timber, at each water-line, muft be determined before the mould can be
made. This will be a very difficult tafk ; however, we fhall endeavour
tto perform it in the following manner.

ift. Draw a line fquare to the fecond water-line, at the point 2,
where the plane of the fathion-piece interfects it on the floor plane, Fig.
70 ; and produce this line, from the middle line, to interfect all the o-
ther water-lines, which muft be produced for that purpofe ; fo the fquare
line, in Fig. 70, will be 2, 2, v. :

2d. Form a cant timber in the direGion, or cant of that line, as in
£ig. 68.

gd. Set off the real thicknefs of the plank fquare from this timber,
to interfe& the correfponding water-line in the point 7; fo rs will be
the thicknefs of the plank on the plane of the water-line,

4th. Set off rs parallel to the fecond water-line, Fig. 70; to avoid
confufion this was done by a pencil, and we have only the point #_in
the plate, where the plane of the fathion-piece interfes it.

sth. Produce b2, Fig. 70, to interfe& the curve inz; fo 7 2 will be
the thicknefs of the plank in the direCtion of that line.

6th. Produce the line 5 H, Fig. 69, to g, making bg, Fig. 69, e-
qual to b#, Fig. 70; fo ¢ will be one point of the curve.

Thotgh this method may be too tedious for practice, yet, as it feems
to bear a mathematical demonftration, we have adventured to infert it ;
far from imagining that there are not other methods berter adapted for
that purpofe ; for, without fome fuch contrivance, a fhip could not be
built exa@tly of the fame dimenfions with another already built, having
only the dimenfions of this laft, by taking them off when in a dock,
which muft be from the outfide of the plank ; whereas, when they
form the timbers, the dimenfions mut be taken from the infide of
the plank. , )

- Supp. 0 : On
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On the Mafling of SHI1PS.

8 M. Bouguer has given us the general proportions for the lengtly
: and diameter of mafts and yards ufed in France, it may be expeétedi
we thould give the proportians ufed in England,

It moft be owned, the art of mafting fhips is quite as imperfe® as.
that of forming the bodies, for they bear no manner of proportion to any-
of the other dimenfions of the fhips, and feem to be wholly regulated by-
the judgment and experience of the commanders. This will appear
very plain by examining the dimenfions of the mafts and yards of the:
following fhips, and comparing them with the breadths and lengths of:
thofe thips, and yet their commanders were all allowed to be. expert fea~

men.,
Dimenfions of Maf# for East-INDIA. Ships.
' Length, Diameter.. Length. Diameters.
Feet..  Inches. : . Inches..
Main-Masnp 8o 24¢ Main-Yarn, 66. 161
Top-maft 50. 15" Da. 52 125
Top-gallant-maft- 28 8 Do. 36 6.
Fore-MasTt 72 24 Do.. 6o 15
+ Top-matft 48 1 YO Do. 48 12
Top-gallant-mafl: 25 7% Do.. 34 5%
MizeN-MasT 70 17 Do.. 61 125
Fop-maft 36 10 Do.. 36 74
Bowf{prit 50 25 Do. 50 12
Jyb-boom 36. 1L Crofsjack- 50 ¥
Dimenfions of Capt. Kennevy’s Mifls and Yards, of about 182 Tuns,
Length, Diam. Length..
: Feet. Inch, cet.
Main-Masr 62 16% Yaro 44
T0p-maﬂ: 33 0. Do.. - . g2
Top-gallant-maft: 18 5% Do.. 24
Forz-MasT 56 16% Do. 39
Top maft 30 Y Do.. 39
‘Top-gallant-maft 16 5 Do. 22:
Mizen-Mast 53 1z Do.. 40
Top-maft 28 6% Do. 24
Bowfprit 36. 16 Crofsjack and fpritfail” 32 feet long:
Extreme breadth 2

3 Spritfail topfail-yard -24
Length on the lower deck from the aft fide of the fiem to the fore 1 f. in,
fide of the ftero-poft 81 8

L X
Di<
-
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Dimenfions of Captain ALLEN’s
Mafis and Yards, about 176

Tw‘o N
A{%b. Yards.
Length. iam. Len.
cet. Inches. [Feet.

Main-Mast 63 16F 44

Do. top 33 107 33
- Do. top-gallant 25
Fore-MasT 58 16 39
Do. top 3t 10+ 33
Do. top-gall. 23
Mizen-Mast 53  11fh.miz.
Do. top 25
Bow(prit 37 16 31
) Crofsjack 32

. Breadth 23f. 2 in.

Length low. deck 78 feet, 11 % in.

Capt. BowMAN, about 162 Tuns, |

Mafts. Yards

Length. Diam. Len.

Feete Inches. Feet.

Main-Mast 6o 16 41

Do. top 32 10 31

Do. tep-gall. 17 5 24

Fora-Mast 54 152 36

Do. tep 28  ob 28

Do. top-gall. 15 4% 22

Mizzn-Mast 50 11 20

" " Do. top. 35 6 25

Bowf{prit 34> 16+ 30
Crofs;

Extreme breadth pck” feet, 6 inches’
.dength lower deck 76 feet, 6 inc‘l)m,
_ . Q2

Capt. Lvons, about 167 Tuns.

Mafis. Yards.
Length. Diam. Len,
eet. Inch. Fest,

Mamw-Mast 60 16+ 42
Do. top 33 10 32
Do. top gall. 138 5% 24

Fosg-Masr 54 16

. top 30 9+ o
Do.cop-gal. 16 5 2‘2
Mizen-Masr 52 11 40

Do. top - 28 61 24
Bowf{prit 36 16+ 32
Crofsjack 32

Breadth 22 feet, 6 inchcs,

Length low.deck 79 feet, 1 inch.

Capt. DeRrY’s, about 150 Tuns,
Mafs, Yiords.

Length. Diam, Len,

Feet, Iuches. Feet.

Main-Mas? 58 16 4@

Do. top 3t 9t 30
Do. top-gall. 18 55 23

.Forz-Mast 52 15 36

Do. top 29 g% 28
Do. wp-gall. 15 5% 21
Mizen-Mast 49 11 37

Do. top 27 2

Bowfprit 35 1% 33
Gibb boom, 2y
Extreme breadth 23 éct.

Length L deck 74 feet, 4 inches.
Cape
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Capt. HiLr, 130 Tun,

Mafts.  Yards

mz;ll:a.dl. Diam. Len..

Feet. f. in. Inch. Feet.

Main-Mast 55 96 143 39

Do.top 29 33 ‘9 30

Do.top-gall, 18 3 0 43 23

Fore-Mast 50 7 0 13% 35

Deo. tap 27 30 8+ 29

Do.top-gal, 16 2 o 4% 21

MizeN-Mast 46 50 10 22

Do. top 21 30 6 24
Bowfprit 35 143

Extreme breadth 21 f. 2%in.

Length lowerdeck. 67 4.

Capt, —dmme, 131 Titns..

Mafis Yards.

L'Cn._ Bjm-. Len.

Feet. Inches. Feet.

Maix-Mas» 57 16. 40
Do. top 30 9r 30
Do. top.gallant 18 5 28
Forz-MasT 52. 155 '35
Do. top. 28 or 28

Do. top-galtant 15, 43 21

Mizen-MasT 50 101+ 22
Do. top. 26 6r 23
Bowfprit. 34 16 30

Crofsjack. 30
21 feet, 2 mchcs.
73f. 3in.

Breadth
Tower deck length

f

l;

Capt. Hour.nnkson Bxﬂander,.
about 160 Tz uns. ‘

Y.brd.r

Mapts.
_ Length. Diam. Ler;._
eet. Inch
Main-Mast 16t
Do. top - 6.8 10 2
Forg-MasT 54 15 33
Do. top 30 9 29
Do. top-gallant 18 5 23
Bowfprit 36 15
Gibb boom, 26;
Breadth- 21 feet..

Lawer deck length, 71.f 4im. -

Capt. Rosr’s, Snow, 130 Tunss.

Mafls.  Yards..

Len. ' Diam. Lems

Feet, ‘Inches. Feet..
Man-Mast 56 15 . 40
Do. top. 30 9 30
Do.top-gallant. 14 24
Fore-Masrt, 50 143 36
Do. top. 28 g, 2%
Do. top-gallant 15 22
Bowfprit 35 15 30

Breadth 21 feet,

Lower deck len: 71 féet, 4 inches..

N. B. The three lower mafts wera fhortened two feat each, and»the yacds ten:
inches.apeach cod.

Eapts
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Capt. Smrrn’s Shiep, 100 | Capt. Giueer’s Shop, 83 | Capt. NickALL's Slop, gw
Tans. : Tuns. Tuns,
Diam, Length Diam. i
Leng i B ect. Tn. L et o
Maft 80 19 | Maft 73 17| Maft 65 15
Bowfprit 44 15 | Bowfprit 42 14 | Top-maft 14
Boom §2 12y [ Boom 50 | Top-gallant mat 2r ¢
Gaph ) 28 Spread-yard 37 Bowfprit 40 1L
- Spread-yard. 40 Top-fail-yard. 26 Boom. ' 44
Topfail-yard 33 Crofsjack 33 Gaph 24
_ Crofsjac 36 Top-gallant-maft 13 | Spread-yard. 34
Top-gallant-maft - xg _ Do. yard - 22 Topfail, Do. 27
Do. yard 2 Gibb boom 26 Tep-gallant, Do. 26
Gibb boom: 30 Breadth 18 f. gin | Crofsjack, Do. 30
Breadth 20 Length - 57f. 2in | Breadth 16
Length er | .

Proportions | Jor Mafts and Yards in the Royal Ndﬂ].‘.'

"\ HE mafls are proportioned to the extreme breadth of the thip
from out to out, and the yards to the length of the gun deck ;,
and as this treatife is chiefly defigned for the fhip-wrights-of his Ma-
jefty’s dock yards, we fhall here give the general proportions of mafts.
- and yards, for the: Benefit of fuch of them as may be employed:
at foa : : : )
"~ Asto the form of mafts and yards, the general. method is to-quarten
the mafts from the partners to the hounds, and the yards. from the flings
. to the yard arms; f{o that both yard arms are exally the fame, except
. the mizen yard. The diameters at the gparters are n proportion to that
~ at the partners or flings; whether this curve will be anareh of acircle
or of an ellipfe, or only a fair curve, we fhall not at prefent examine,.
only give our readers the propartions; but as the beams. are allowed to.
. be axl'::il'lcs of circles, we fhall here thew a ready way of makiag a.beam:
. mou :

Let A B, Lig. 73, be the length of the beam, € D the round in the
middle, fo it is only defcribing a circle thro’ the three points AD B
But as the circle in fome cafes will.be fo-large that: we cannot. come at:
the center we may ufe the following method,.
34.. Draw the lines AD and DB,

S T o 24.Etorm
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2d. From the center D, and with the radius D C, deferibe a circlé
mnake the arch g ¢ equal to the arch Ca, and the arch 4f equal to the

arch C4, fo the arches a¢, and 4/, will be equal, and of confequence,

the angles ADC, AD¢, BDC, BD f, will all be equal.

* 3d, Divide the lines DC,De, and Df into as many equal parts as

you propofe to find points in the curve; it is indifferent whether
“thefe parts be equal or unequal ; only obferving to begin the divifions
from the point D, and that the divifions of the lines D¢, and D £, be
the fame diftance from the paint D that their correfponding divifiong
in the line D C are from the fame point. :
4th. Draw the line Bx to the firft divifion of the line Df, and a line
- from A, thro’ = (the firft divifion of the line DC), to interfect the line
8 x in g, which will be one point in the curve.

In like manner the other points are found, by drawing lines from B.

to the feveral divifions of the line D/, and lines from A thro’ the cor-
refponding divifions of the line D C, to interfe& thofe drawn from B,
which will all bein the circumference of the circle. In the figure we
" have only drawa the lines B, and Ag; but, in pratice, we may take
two chalk lines and faften oneut A and the other at B, and ﬁretchin(g
the one thro’ the points in the line D €, and the other thro’ the corref-
ggondiag points in the lines D £, and De, the interfeGions of the chalk
ines will give the feveral points in the circumference.

DEMONSTRATION

The angle at the circumference of a circle is meafured by half thd
oppofite arch, as demonfirated in page 28. Hence all angles at the cir<
cumference of a circle that ftand on the fame chord are equal, and of
<onfequence, if there be never fo many equal angles ftanding on the fame
<hord, they will be all in the circumference of a circle; or, which is
the fame thing, a curve drawn thro’ the feveral angular points will be any
arch of a circle,

The triangles BD », and A D = are equal, for the fides A D, and
D B are equal, the fides D x, and D z are likewife equal, ‘and the angle
BD x included by the fides BD and D %, equal to the angle AD =,
included by the fides A D and D z; therefore the angle DB x is equal
“to the angle D.A 2, o '

The angles D AB, and D BA, are equal, and fubtracting their fum
from 180 we have the angle AD B; but the fum of the angles xB A,
and z A B, is equal to the fum of the angles D AB, and DB A, for the

-@agle D B x is added to the angle DB A, and the angle D Az (equal
. - - T - to

—
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to the angle D Bx) is fubtracted from the angle DA B ; therefore, the

atgle AR is equal to the angle A DB, and of confequence the arch.
of the circle will pafs thro’ both ; the like may be faid of all the reft..

. Proportions for the length of Mafls, Anna 1743,

Guas
r748 ) (100
\ 756 :: : . go _
.753% . o
1000 : breadth :- {,74;: : » main matt in yards < ~oand fo
in feet 740 : 50
747 44
g6o 1 u)oL ;g. - 80
.. . .0 95 e ’
2000 : main:maft : : 901.} fore-maift | { all the reft
1000 : main maft : = gg‘; } mizen-maft { l:ﬁ’ m&um
woo:mainmatt:z {071 bowgprie 330,90 .5
" 600 2 100 go 8o
1000 :'main maft : {205 } main-top-maft { 70 6o 50 4
6oy : ).
moo:mainetop-maﬁ::{ gfg } fore-top-maft xguo the9°m&8°
e ) S
H o g
1000: main-top-maft : : ;os } { all the reft. ’
1000 : fore top-maft : :{' ;g‘; } fore mft‘tgalh“f' { 300 90 reﬁgm
000 : bow-fprit::::: 360, fprit-fail top-malt 100 go 8@ ol

Proportions. for the length of yards..

f 560 :
. 559:
1000 : gun.deck ::3 4 g;g s
575 :
880-;
874:

20€0: main.yard : {
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T820:7 Troo o8 80 6o ¢
w000 : main yard : : 847:} mizen yard . 70 "
. . 840 : 24

3000 : mainyard : : ;ig i main top fail yard{ ol dz‘:r ok,

719 : . 70
1000 : fore yard : : 726 : 3  fote top-fail-yard ‘24

715 all the reft.
1000 : main topfailya. :: 292 :  maintop gall.yard all the rates
1000: fore top-fail ya.:: 630 fore top gal. ya.{ all7t;|?e reft.
1000:fore top-failya. :: ;:g miz. top-failya.{ all thgc: oft.

Crofs jack and fpﬁt-fail yards equal to the fore top-fail yard. :
Sprit top-fail yard equal to the fore top gallant yard.

Having now found ¢he length of the mafts and yards ; our néﬁ bufi-
nefs is to determine their diameters at the partners and: flings.

Proportions for the Diameters of Mafls and Yards,

The main and fore maft in all thips down to 6o guns, 1 inch dia-
meter to every yard in length.

For 50 and 40 guns, twenty-feven twenty-cights of an inch diameter,
¢to one yard in length,

For 24 guns, twelve thirteens of an inch diameter to one yard in
length, :

Ig&tll top mafts are nine tenths of an inch diameter to one yard in length.

The fore top-maft as big as the main top-matft. '

The tep gallant maft,-one inch toa yard. S

The mizen-maft 1§ of an inch to 1 yard in length. '

The mizen top-maft five fixths of an inch to one yard in length.

‘The bow-{prit an inch and half to one yard.

The flying gibb-boom feven cighths of a fhip to.a yard,

‘The main.and fore yard five fevenths of an inch to a yard.

The top-fail; crofs-jack, and fprit-fail yards nine fourteenths of ‘an inch
%0 one-yard, - ' I T

The toipvgallant, mizen top-fail, and fprit-fail toévfail yards eight thir«
geenths of an inch to one yard. RS I T

o7 -
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The mizen yard five ninths of an inch to one yard.
. All ftecring fail booms and yards half an inch to one yard in length.

Proporssens for the diameters, at the quarters of mafts and yards, according
te their diameters at the partuers, or flings.

For the main and fore meft, firft quarter 43 parts; fecond quarter

" ?n.ns ;. third quarter ; parts; houads % parts; for the head $ parts;
heel  parts. .
- Far the mizen maft, and floops mafts that head themfelves, firlt quar-
ter 375 for the fecond quarter 11; for the third quarter, a frait line
from the fecond to the hounds; hounds three quarters; for the head
two, thirds.

For top and top gallant mafts, firft quarter +7 parts; fecond quarter
4 Ppans; third: quarter & parts ; hounds +’y parts ; head 3 parts,

or the bow-fprit, firft quarter 33 parts; fecond quarter % paits;
shird. quarter 3 quarters; at the cap one half; at the heel 3 quarters.

For yards in general;. firft quartes 3 parts ; fecond quarter hine tenths;
third quarter feven. tenths ; yard. arm twa fifths.

For the lower arnx of the mizen yard, firfk quarter 32 parts ;. fecond.
qQuarter 13 parts ; third quarter § parts ; yard.arm two thirds.

The upper acm. of the mizen yard the fame as yards in general.

_ As fome of our readers may not be acquainted’ with the way of nota<
tiah, in thefe propostions, we refcr them to what is faid on:that head in
the firft part, where the principles.of the rule of proportion, and.the con-
firu&ion of the line of numbers is explained, and:the ufe of the fliding-
sule illuftrated by a great variety of examples in. the sule of three. -

Thofe. that are but the leaft acquainted with the rule. of three, know
that there are three numbers. gjven:; and, that if the fecond be multiplied.
by the third, and that produ¢t divided by the firft, the quotient will give
d{e fourth term, which will have the fame proportion to. the: third, that
the fecond term has to the ficft. : '

The proportion for the main maft of a fhip of o guns; is thus ex-
prefled; 100G: 740 :: breadth : length, that.is to fay, (fuppofing the
breadth be 4u feet,): If 1000 give 740, what will 41 give ?

Now; in.order to give a.folution to.this by the. fliding-rule, draw out
the flider till: 1000 is right againft 740, and. right: againl%t 41, you'll find.
304, nearly, which is the length of the main-maft inyards: It is indif-

Supp. P ’ ferent
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ferent whether 1000 be on the flider or on the rule s but if 1600 be on
the flider, 41 the breadth muft likewife be on the flider, fo 740and 304, |
will be on the rule, and the contrary; or univerfally, the firft and fecond -
terms will be on the fame line of numbers, and the third and fourth on
the other line of numbers, and it isindifferent whether 740, or the breadth,
be the fecond term, but 1000 muft be the firft; and the length the
fourth term ; the one upon the flider and the other on the rule.

. The diameter at the partners you will find in the proportions 34 parts of
an inch to every yard in length ; that is to fay, if the maft were 28 yards
long, the diameter at the partners would be 27 inches; and therefore
by the rule of three 28 : 27:: 303 :29+; therefore, draw out the
flider till 28 is againft 27, and right againft 30 is 29 1. - :

The diameters at the quarters are given in what the fhip-wrights call
frattional parts of the diameter at the partners, or flings; that of the firft
quarter of the main maft is 33, that is to fay, if the diameter at the part-
ners:be 43, that at the firft -quarter will be 42. Now the diameter at
the partners, by the preceding operation, is 30 ¥, fo we bave three terms-
of the rule of three given, thus exprefled, 43 : 42 : 30 1, -and
when the flider is drawn out till 43 is againft 42, we fhall find 29 &+
againft 30 3, fo 29 ; inches is the diameter at the firft quarter; hence
. we have this general rule; when the fraGional part is given, draw otit-
the flider till the denominator is right. againft the numerator, then look
for the dianfeter at the partners, or flings, on the fame line with the
denominator ; and right againft the partners, or flings, you have the dia-
meter for that quarter, and by ufing the fame operation as for finding the
firft quarters, we fhall find the fecond quarter 28 4 ; the third 253 ; the
hound 20}; and at the head 17 % ' E '

Now, to find the length and diameter of the main yard ; the length of
the gun deck is 144 feet, the proportion for the length is 1000: 575 :2
144, therefore, draw out the flider till 1000 is right againft 575, and

right againft 144 is 83 nearly,which is the length of the main yard in feet.
' The diameter at the flings is 4 of an inch to -every yard in length;
83 feet is 27 5 yards, therefore draw out the flider till 7 is againft 5, and
againft 27 3 is 19 L. S .

It is prefumed thefe examples may fuffice to explain the rhanner of
aotation in the preceding proportions, and likewife the method of work-
ing by the fliding-rule, which may be applied to all queftions in the rule,
of three, fuch as meafuring plank, and timber, wainfcoting, &c, - W Yoo

- . . . - . ‘e . L c
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We thall now give our readers the proportions, for the heads, and
hounds of mafts, and likewife for thc caps, tops, truffel-trees, and

crofs-trees,
Proportions for Heads and Hounds of Mafls.

The head of the main and fore mafts, five inches to one yard of
the length of the matt. : Lo
Mizen-maft head, if it fteps in the hold, 4+ of an inch to one yard
in length. : . :
All top and top-gallant maft heads, four inches to a yard in length.
The length of the hounds, two fifths of their refpective heads.

: Proportions for Caps. , ‘

All caps, except the flying gibb boom, to be in breadth twice the
diameter of their top-mafts; and their lengths to be twice their breadth.
The thicknefs of the main and fore caps, half the diameter of their
breadths.; the mizen cap three fevenths, and the top-mafts two fifths of -
their refpeétive breadths. i T T

The flying gibb boom cap, to be in length five times the diameter
of the boom, and in breadth twice its diameter,- and, in depth, nine
tenths of the breadth. .
Proportions for Teps. . -

The breadth of the. top thwart{hips, to be one -third of the length of*
the top-matft ; the mizen-top thwartthips, by fome, is nine thirtieths of
the length of the mizen top-maft; all tops, before and aft, three fourths
of what they are thwartthips; the fquare hole five inches to a foot. -

. Proportions for Tru]él-tfm.

In length, to reach within three inches of the outer edge of the top.

The depth of the main and fore truffel-trees, 3£ of-an inch to one
foot in leagth ; their breadth five fevenths of their depth,

The depth of the mizen truffel-trees, fix fevenths of an inch to one
foot in length ; and their breadth eleven fixteenths of their depth.

The main and ‘fore top-maft truffel-trees, to be in length the fifth
part of The length of their top-gallant<mafts ; their depths 3 of an inch
to one foat in length, and their breadth ;3 of their depth.

The mizen-top-maft truffel-trees, half the length of the main-top-
maft truffel-trees ; their depth, one inch to a foot in length, and their
breadth five fixths of their depth, = - Co e

- ' " Pro.

% -



( 116 )
Proportions for Crofs-trees.

The length of the crofs-trees, for the main and fore crofs-trees, to
reach within three inches of the outer edge of the top.

‘The mizen crofs-trees, the fame length with the truflel-trees.

The crafs-trees the fame breagdth with the truffel-trees, and half their

th, .
%‘P Weighe. of Anchors, and Dimenfions of Cables.

In the merchant fervice, the theet, beft, and finall bower anchors are
gencrally different,” but -in" the navy thefe three are of the fame
weight. The dimenfions of the cables are eftimated by their circuma
ferepces.

ANcHORS. 1‘:3. G, os..?.  do 5:6;:'.. of?.‘ ot P e, Sloope.

oo F o | O [ G (S |G [ & [ O | CT e | €
Bowers |77 0171 23}66.2|71 2154,.2{440{37.3|330|150
Stream 19 2 1,7,9“54 13 113 9)1290f1@ap 8 L[ 70

CaBLES. !Eho rincllel. inches. Lim:lles. | inches. | inches. | inghes, | inches, | inghes.

Sheet &bow.| 237 | 23 "] 2t a2 184 axb| 167 | 144] 13
Stream . P aghl 13:| 13 | igt| as2| of [ 10 [ 8F| 8
Hawfers or| 9 t] 9| 8| 7| o] st| 4
ditto 9 83| 87| 8| 4| 64 6 Tl 43

4, Tap1x of ibe Number of Gtef;;. oneach, Deck, their. Length, Weigit.
. ? ’ -

of Meta], and Sho.
Number. Wt of | Wt of
Guns Dizcks on each Length metal. | fhot,
' T fet fn. | Cwt. | poonds.
| Lower. 28. 10. @ 7. 43
Middle . 28 | 9 6 49 | 24
100 | Upper. .28 | 9 6 34 12,
- Quarter . J2 .8 o 22 6.
Fore Caftle 4 |9 9] 24 | &
P IOW;I’, . 26 9, g1 55 ,..ir...g.z ’
wd.kn ' 25 9 6 42 I8 18
90. | Upper. 26, 9. 0 32- 12
gs“”'“ , 10 | 8 o} 23 6.
[ForeCaflle | 2 9 © 24 | 6

4 TanrLx




A TABLE of the Number of Guns on each Deck, their Length, Weight

( 17

)

of Metal, and Shet.

Number Wt. of | Wt. of
Guns Drcks oncach | Len8th | il | ot
feet in. Cwt. pounds.
" | Lower 26 9 6 55 3%
8o Middle 26 9 o 40 18
Upper 24 9 © 29 9
, Quarter 4 7 6 205 6
Lower 28 9 6 55 32
Upper 28 9 o 40 18
74 | Quarter 16. 8 o 265 9
Fore Caftle 2 9 O 1 29 9
Lower 26 9 6 55 32
6 Upper 26 9 O 40 18
4 1 Quarter 10 7 6 245 9
Fore Caftle 2 8§ 6 27% 9
Lower 24 9 6 49 24
60 Upper 24 9 o 32% 12
Quarter 8 7 o 20t 6
Fore Caftle 2 8 6 23 6
nnupi s —
Lower 22 9 O 47% 24
o Upper 22 8 6 31 12
5 Quarter 4 7 8 18 6
Fore Caftle 2 22 6
Lower 20 9 o 40 18
44 Upper 20 8 o 26 9
uarter 4 6 6 18
L P —_— TR
wer 2 7 0 23 9
24 | Upper 20 7 0| 23 9
Quarter 3 4 6 7 3

FINTIS
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BOOKS Printed for and Sold by A. MiLLAR oppofite Catherime-
Street sn fhe Strand.

New Syftem of Geography : In which is given a general Account of the Situation and
f(A Limits, the Manners, Hiftory, and Conftitution of theg::verﬂ Kingdoms and Eftates in the
n

own World ; and a very particular Defcription of their Subdivifions and Dependencies ; their
Cities and Towns, Forts, Sea-ports, Produce, Manufaltures, and Commerce.
B‘BL A. F. Bufehing, D. D.
Carefully tranflated from the laft Edition of the German Original. To the Author’s Introduftory
Dxﬁ:mué are added three Efflays, relative to the Subje®. ' Illufirated with 36 Maps, accufatel
profecuted on a new Plas. This Work makes the beft Geographical Dictionary extant, by a fu{
and excellent Index now added. JIn 6 wols. .

2.The Doétrine of Chances: Or, a Method of calculating the Probabilities of Events in Play. The
third Edition, Fuller, Clearer, and more Corre& than the former, being enla.rged One Third more.

. Mifctllanea Analytica dp Seriebus et Qnadraturis. Cum S NIt
3 M 7 The above l;w‘?o'by Abrabam de M?x)vl::

4. An Account of Sir Jfaac Newton's Philofophical Difcoveries. In four Books. By Colix Mac
Lawrin, A. M. late Fellow of the Royal Society, Profeflor of Mathematicks in the Univerfity of
Edinkargh, and fecretary to the Philofophical Society there. Publithed from the Author’s MSS Papers.
‘;I';o Xhl::d isF atli{dcg, An Account of the Life and Writings of the Author. By Parrick Mardech,

5. Geometria Organica:  Sive Deferiptie, Linsarsm Curvarsm Univerfalis. " MuGere Coline
Mac Laurix.

. 6. A Treatife of Fluxions. In twe Books. By Colin Mac Laxrin, A. M. Profeffor of Mathema-
ticks in the Univerfity of Edinbargh, and late Fellow of the Royal Society. 2 vols.

7. Mercator's Sailing, applied to_the true figure of the Earth. With an Introdution concemning
ﬁwbgfa;ve}yaand Determination of that Figure. By Patrick Murdach, A. M. ReQor of Straddi-
in Sugfolk. '

8. A New Syftem of Arithmetick, Theoretical and Pratical,

o3 A Treatie of Book-keeping, or Merchant's Accounts 5  in the Jalian Method of Debto?
Creditor. -

-10. Aftronomy explained, upon Sir Jfaac Neawos's Principles, and made eafy to thofe who have
not ftudied Matbmicks. 3d Plgsition,{vitb great Aditions. ¥

11. LeQures on fele& Subje&s, in Mechanicks, Hﬁdﬂ:ﬁt& , Pneumaticks, and Opticks ; with
the Ufe of the Globes ; the Art of Dialing, and the Calculation of the Mean Times of new and full
Moons and Eclipfes. The 2d Edition Corretted.

The above two by Fames Fergufon. F.R. 8,

12. Some Qbfervations made in travelling through Frawee, Zaly, t¢. inthe Years 1720, 1721
and 1722. 2d Edition, By Edward Wright EQ 2 vols, “ e

13, Matbg : Or, The Cofmatheorig Puerilis. A Dialogue. In which the firft Principles of Phi-
Jofophy and Aftronomy are accommodated to the Capud% of Perfons; or fuch as bave yet
1o TinQure of thefe Sciences,. Hence the Principles of m:loﬁlgm are deduced. In 2 vols.
The 2d Edition. To which is added, an Index. A

15. A com-



BOOKS Printed for A.MirLar:

14 . A complete Treatife of Pradtical Navigation, demanftrated from its fict Principles: Togetber

with all the neceflary Tables. To which are added, the ufe Theorems of Menf{aration, Survcying,
- and Gauging ; with their Application to PraQice. By dvbéiba/d Patoan, F. R.S. The dixth
Edition, with Additions.

15. The Figure of the Earth détermined from Obfervations made by Order of the French King at
the Polar Circle: By Modiienrs De ertuis, Camws, Glairaut, Le Monnier, Members o?g the
Royal Academy of 8ciences; the Abbe Owbier, Corre%ondont of the Academy ; and M. Crlfu,
Profeffor of Aftronomy at Up/al, Franflated from the Freach of M. De Maupertuis.

16. Newtomi Gensfis Curvarmm por Umbras. Seu Perfpelive Univerfalis Elementa; Exemplis
Coni Sexiomem & Limparam Tertdi Ordinis Illaftrata. .

« 17. Pbilofophie Moralis Inflitutio Compendiaria Libris 1I1. Ethices et Jurifprudentiz Naturalis
Elemema continens. Au@ore Francifce Hutcheofm in dcadmwia Glafpmenfi, P, P. Edito altera
auftior & emendatior,

18. A Treatife of Decimal Arithmetick ; or, Decimals applied to the common Roles of Auich-
metick. By R. Gadeshy, Writing-Mafter and Accomptant.

1. A Treatife of Algebra. The 2d Edition.

20. An Account of Sir Jwac Newsson's Philolophical ‘Diftoveries. In Four Books. Publithed
from the Author’s MSS Papers. To which is added, An Account of the Life and Writings of the
Auathor. By Pasrick Murdoch, M. A. and F. R.S. The 2d Edition. -

The sbove two by Celin Maec Lawrin, A. M.

21. Ewclid's Elements of Geometry, from the Latix Tranflation of Commandins. ‘The 7th Edition.
By Sawnel Caonn.

22. Euclid’s Data veftored to their True and Genuine Order, agreeable to P Alexandrinns’s
Account of them, in kis Preface to the feveath Book of his Mathematical Collettions. By Richard®
Jack, Teacher of Mathmauckt . '

Uz_g.e‘ﬁSe_le&Pam of Profeflor Saamieyfom's Elomeats of Algeben, fr the ufe of Studeats at the
niverfities.

24. The Method of Fluxions, applied to a felet Number of Ufeful Problems; Teogetirer with
the Demonttration of Mr Cote's forms of Flaents, in the 2d Part of his Logamstria ; the Awalyfis of
the Problems in his Scholium Generale : And ah Rxplanation of the printipal Pro;;?ﬁtion of Sir #faac
Newton’s Philofophy.  Illuttrated with Copper-Platte. By Nicholas Saunderfon, L. L.D. late Pro-
feflor of Mathematicks in the Univerfity ridge.  2d Edition,

.. 25. A Treatife, containing the praQical Part of Fortification. In 4 Parts. lllofirated with 28
Copper-Plates. For the ufe of the Royal Academy of Astillery at Woshuich, By Fobs Maller,
Profeflor of Artillery and Fortification, _
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