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figura plana curvilinea, quae diametro eft pra.dita,!k^ Sc duas juxta hunc diametrum habet partes
perfe&efiivjiles & xquales, in aqua fecundum dircdtionem dia-

metri movetur, refif.entiara patitur, illamque diverlam
pro diverfis anguiis incidentice, quibus curva aqua. im-
'pingit. Jnveniri itaque forfuan pofTet talis curvatura
figurx, quaz minimam pateretur refiftentiam Ut vero
'h_ec disquifitio fuccedat, lex, fecundum quam minuitur
refiftentia aquas pro diminutis angulis incidentia;, cogno-
Fcatur necefle eft. A prioii quidem demonftrarunt plu-
ies Mathematici celeberrimi (*) refiftentiam aquae ratio-
■nem fequi dupplicatam finus anguli incidentiae, & hanc
■legem ad inveniendam refiftentiam in figurus planas &
"corpora folida appliearunt. Confiderarunc auiem aquam
oiti congeriem particularum minimarum folidarum, quje

A nulla

(*) de fHoPixAL in Mem.- de PAcad. Roy. des Scielices
de Paris 1699, pag. 147- Joh. Bernoulli in Effaid'une tiouv. tbeorie de la manoeuvre des vaisfern/x, Easle
1714, Cap. /, § 1. I.OLGUER in Traite du navire, _P._»
ris 1746, L Ul, Secl. I, Cbap. 11, §. 1. Leonm. Eu-
ler in Scientia naval. Pctrop, 1749, Part, I,Cap.$ }

§ 474-



$ ) 2 ( #■
aulla vi inter fe coha_rerent, tacite fimul fupponentes,
partic.ulas aquce, ne fequentium refiftentiam mutarent,
mox pofi: impulfionem vel omnino evanefcere, vel fal-
tem ita reflefti, ut ceteris non occurrant (*). Cumque
hcec hypothefis minime fit admittenda,. docentibus expe-
rimentis, quce in Gallia communi follertia d'Alembert,
de Condorcet & Bossut (**), nec non in Anglia
Vince, infticuerunt, refiftenciam aquce in motu obliquo
ceteris paribus non diminui in ratione quadrati Sinus an-
guli incidentixj theoria illa refiftentice vulgaris nullius ift
praxi eft ufus. Experimentis itaque invenienda.erat nova
lex refiftentice, naturce- rei magis apta, taliaque anno 1794
infiituic clallis noftrce bellicce Prafecftus gener. Fredr 11.
A Chafman. Ex iis hanc pro decerminanda refiftcntia
aquce deduxit regulam,, ut fadto angulo inridentia. —n.,

& Sinu toto =1, quantitas Sin 45°+ Sinw* — ,
2 CoJ XV

fi w non. excedit4J°, fed pro ip>4s° quantitas i-p-_.£-'«»>
L Sin 45 0 — —~.—~ j du<fta. in aream projectionis li-
neae, cut refiftic aqua,_ orthogonalis in. illa linea_. quae di-

redtio-

~ft Cfr. EJfai d'une nouvelle tbeorie- de la refiftance des
jiuides, par d'Alf.mbert, Parts 1752 ytritrod.pag XXIII;
£AM. Vin_e in Pbilof. transaciions of tbe roy Soc ofLondon 1798, & in Annalen der Pbyfik, berausgeg. votl
L. W, GiLßEiir, Halle 1800., 4 B. 1 St. pag. 34,

(*») Vide: Nouvelles experiencesfur la refifiance des flui-des, par d' xlembert; de Cowd.-Rcet & Bossutj Pa.*-
vis. 1777/ cbap, V, Secl, IV. pag, 175».
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Teftioni motus normalis eft, fumtae, proportiomlis Tit ra-
iiftentia .*). Obfervavit allatas formulas refiftentice va-
lere, fi planum quoddam in fitu vel horizontali vel Vet-
dcali movetur.

Ad inveniendam figuram plani, quod minimam pa-
tiafur refiltentiam, leges has Chapmanianas bona lecforis
venia jam applicabimus. Cum autem; minor fit refiften-
tia pro minoribus angulis incidentice, per fe patet, illam
tancum in hac quaeftione efle adhibendam regulam, quae
fupponit _t>>4s°.

Sint (Fig. i) AC & AB axes coordinatarum ortho-
gonaiium in plano, quod horizontalicer in dire&ione a-
xis AC movetur,& ipfa. coo__dinatie.<4/>=.r atque PM-y.
Sumta Pp-dxy atque duttis pn & mn redtis PM & AP
parallelis, nec non fadto arcu BM-=s; erir Mm-=. — dy,
& Mn--ds. Cum fit vtn motus diredioni parallela , trit
Mnm angulus incidentia. aquae in elementum curva: Mn,
adeoque ang. A/«w = a>. In triangulo vero mMn eft
ds : — dy:: i-. Sin w, Sc ds: >dx:; l; Cofzv, quare habetur
Sin w= — -"_- & Cofxv = — His valoribus fubftitu-

ds ds
tis, fadloque s*/« 45° = .?, erit quantitas refiftentiae in e-
lementum ds, cujus projectio -orthogonalis in ordinata y
«ft-<y, ha.c: -(a -f Sin rv~- -_ . !__ )dy = ii^.

\ z Cof rv/ 2dx
A 2

(*) Cfir. Kongl. Vetenfk. Acad. nya Handlingar, Tom,
XVI, jor dr 1795, 2 qvart.
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t£ _£_L — ady. Expreflio autem htec evanefcit adeoque

./_■-

minima evadit fatfa dy — o, quod indicat fieri j confhn-
tem, & quidem in cafu minimas refiiT.en.i_e yz*=o' unde
apparet planum qujefuum abfolute miniru-e refiftentiae
non pofle inveniri.

Felicius vero fuccedit disquifitio, H afeae plani moti
fimul ratio habeatur, Quaeratur fcilicet talis curva BMCD,

Suce inter omnes curvas ejusdem conftantis areae pundla
xa B & C coniungentes, minimam patiatur refiftentiam,

quando in aqua fecundum dire&ionem AC movetur.
Ante vero quam hanc disquifitianem fufcipiamus, fequens
praemittere debemus

LEMMA. Jnter omnes lincas ctirvas, ad eandcm da-
tam abfciffam relatas, in quas idcm volor cxpreffionis inde-
finitce IV compctit, detcroiinare eavu, in qua expreffio ali.t
V fit nuniiaa vcl viaxima.

Solutio. Expreflis qu.ntitatibus W& V, quae nullas
alias variabiles nifi coordinatas orthogonales x & y cuin
earum fluxionibus conrinebunt, fbrmula integrali indefi-
nita, ponatur in illis, pro dx conftante, dy.==.pdx.y dp=-
qdx, dq—rdx, dr =.sdx , &c ; quo fafto ece in talem for^
m~m CZdx redudtae habentur, ut fit IV' = fZdx Sz
V "=-= PZ'dxy exiftente Z, ut etiam Z', fundrione aliqua
quantitatum x,y, p, q, r, &c. Erunt autem tum flu-
xiones dZ & dZ' hujus formce: dZ ='Mdx -f Ndy -f
?dP + QJ<? + Rfc + s'h+&c > & <IZ' == M'dx-f Ndy
+ B'dp -f QjJq-jrR'dr -f S'ds -f &c., e quibus formentuc

quan»
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quantitates L=N— __ -f _^-— —-f __ — &c,, &
tfjr dx~ dx' dx*

r ..,, dP> . d-Q- .cP R' , d*S> B ,
tL' =N' — .—- + —r= —; . -f — &c, deter-

dx dxa dx 3 dx4

minabitque curvam qucefitam hcec aequatio: »L-\-~L'=o\.
denotantibus- * 8c /3 quantitatibus aliquibus eonftanti-.
bus (*).

In disquifitione noftra prcefenti communis illa quan*j
titas eft area fydx, quare ponenda eft IV == fydx =
fZdx, ut habeatur Z==y, dZ'=-=dy, adeoque -/V=i,.
P ==o,&c.==o, &L= i. Cumque eflet refiftentia in
elementum curvce ds = Jl-1 — _____ — ady, in totam.2-/* 2.

curvam s erit refiftentia = / ( s.*t ady ),.
«^ \2_/r ds~ J

quae minima evadet". Fadta itaque dy = pdx, ~t\t

f&-%-*)--f(*>-'-r:&-
_£. _— ap \dx=V=lZ> d x . adeoque Z' ■*-**■■
i + p- J J

A 3 *

(■') Vide Hujas rcqunfionis drmonflrationem,. qur.m brev-ta»'
tis eaufa on.ifinius, in libro qui infcribjtur. metbodus itt-
veniendi Pvrcas curvas tnaximi minimive proprictate g~u-
dentes, auclore Leonh. Eulero. Laufannx & Crttt~§o
174.4, 4. Cup. V, Prop, IV, pag. is4 feqy.
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l+*P* '■V~ JrP2

— '^P p̂zJP-adp nmcv\d^uv~~"N=o;P'=-^Lz: —'\\p')~ z\/i-\p-
ti-\-p-)P* „a . o== o, BV. =v, adeoque L' = -.

Cx+/>*_"__ , & pro curva qucefita x — _____ o, feu 2_, </.*"

= dP', unde integrando obtinetur * . x == P' -j~ C =
■'"Llfl- — L3+_£7)JL 2 — /7-f C. Si autem in B eft

2P =o, ob 7g w> = — p, pro x=o fit />= o, adeoque
in hoc cafu o --1-—- +C, ieu —*+ C= — __" qua fafta

l + 2p~- f34-_> 2_da
«orre&ione habetur _. x- ■- — \?' F >y— 4.

& -.v~+p- u+p-o-

Quum ulterius fit dy = pdx, habetur integrando

1, = l.px- " /,#= (i±i^_ (3 +
0 *~ /3./ 21/if/)2 U+?2) 2

- ,p . - rSI±J& + /Xj + p-) g^ 4,," J*Vi+p-rJ T+py .'T*'
■ ■ —Ki~ H ■ r ~ t\Jl 4- t~ 4- P

z-ji+p- * {-+P-)- >pvi-t-p

+_ =
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4-Z>" if + /?'. Fadla jam AB=-9.T a;yi+pa (i +
pro jy= i evadit/>= o, adeoque _. = D, qua fafta

/3.
correftione prodit — . y= — '— __ -f ___..

/3 * ~Vi +p z -~+p~y /3

Cum fit p=■— Tg w, erit pro curva qusfita EMC
x= & {zSinw*—-Sinw^ — lCofw + *■ —Jj^ &

« Cof w
/3 / _SSst'jp 3 \

Qrdinata y decrefceredebetcrefcenteabfciffa #/qua-

re patet, quantitatem __ effe debere-negativam, & qui~

dem talem, ut fieri queat y== o; Hoc autem acciderc
debet quando. quantitas 2 Sin w~ Cof w — —/r___— eft:

2 Cof »a
maxima. Sumtis itaque ejus fluxionibus eruitur

i/»./___»j c- iJ -Stnrv?dw Stv w*dwSSitiwCoJ iv' dw-zbmwriw-1 — . = o,
2 CoJ iv Coj W'

unde invenitur Cofw" — { Cof' w* —T7 Cof w 2'— -J —o.
Hujus autem rcquationis radix una realis eft Cof w —
0,7744648 = o, unde invenitur w = 39° 14' 36,5".;
qj.lo valore adhihito evanefcere debet y. Erit itaque

ocss
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©=i + 0;)8u.—, adeoque t = — 5.52181 , nec non

cc a

x = 5,52181 "(.■— -_ Sin ~~t+3 Swn>*-- __L -f ■_ CoJw) 9Coj w

atque y=i — 5,52181 iSinw Cofw— ______ V
2 Cof w '"/

Harum arquationum one ner pun&a confjrui potefl
curva qua^fita. invcniun.r. enina tales correfpondentes
■~~ & y> qualcs fequens prarbet tabula:

w x y
o

'

0,0000000, i,oooocoo
5° 0,C935950!0,9945307
io° 0,36233900,9579)85
15 0 0,77125390,8663584
20° 1,2657890 0,7104545
25° 77768865 0,4982-82
300 2,2270135 0,2646439
35 0 2,5361734:0,0693548
39°i4'36,5" 2,6300600 0,0000000

Curvam hac conftrudtione inventam attentius confide-
rantes,invenimus arcum circuli alicujusineam proxime inci-
dere. Hujus vero circuli centrum &c rad us fequenti modo fa-
cile determinantur Produdta redta BAad E, atque eredla
huic normali EE, fit F centrum illud. Fa&is itaque
EF==a, AE =b, & radio =r> erit ex natura circuli:
r* = (a -\-xy~ -\~ (b+yy. Ut determinentur a, b & r,
aflhmamus in tribus punctis hunc circulum in curvam
incidere , pro quibus punclis fit x==x,; x,,; x,„s
& reipondens ■* jy=J.; }*** y<n>

Si
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Si honinr valorum fit fubftitutio, tres> habentur as-

quationes fequentes:
r~=={a +x,y+f+y,ys
r-=(a+x„y+{b+y„)ls:
r 2 =(a+x,„ r + (b+y,„y ;/

unde extermimndo' r obtinentur
»~, _ x~g +y-] —ij\+ 2a (x, — x„) +zb (y, — y..) =0}

.v7, — #*,„ +y2„ —--' ,+- ~ Uc* — xin)+ 'ib (y n —y,„) =c:
I.x-crminando ulterius quantitatem b invenitur
a== — i [> 2,-fjr,).,(j„ —#„) —(*7, +y~„) 'y, —y,»)

-f (**■» +j2»ri(j,—j,,)]: 0»/ <y.i—y>»~> —*» (.y>—y-)+
+ x-m.iyi — y■")']■> qua cognita eruuntur

b=-i. **'_- I'-^+2a (*>'-*-".
3 atque^

y> — y>,
_.= y (-+xl .y +(b+ y,)\.

Si )am hic circulus cum curva in pundtis E, M ~zC',
übi eft w =o, 2v = zo ' ~~" w = 39° 14' 36, 5" refpedti-
ve, coincidet, habentur e tabula computata valores i~\*
quentes :

x, =o; x„ = 1,265789/ "*.// = 2,63006.;
y, =i ; y„ = 0,7104545; y,„ == o;

quibus adh.bitis inveniuntur
a = 0,60u03i; // = 4,539805j r z = 31,050074.

His v4lori-LUS in .equat.one. r == (a +x)'+ Jb+y)2, adhii'
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tbitis, & defumta magnitudine abfcifla: x e tabula antece-
.(iente, invenitur in circulo correfpondens 7, ut etiam e-
■jus drfferentia ab ordinata y in curva conflrucla, ut in
ieqiioi.tc vid-.tur tabula:

X y Dii.cirntia
o, ji. o.
0,09359^00,9890 4-0,0055
0,36.-3390 0,9-.8 5 + 0,0094
0.77 12539 0.8608 -j- 0,0055
1,265-8900,7104 o,
1,7768:7-5 0,4995 — 0,0013
2,-270135 0,2614 4- 0,0032
2,536i734 0,0653 -j- 0,C0.j0
2,6300600'0, o.

I -

Cum hinc jam appareat, circulnm inventum aut in
curvam n.inimre refiftentite incidere,, aut ne centefiina
quidem pane latitudinis AB ab illa diflare; concludimus
in praxi circulum fine errore notabili adhiberi femper
pofle, Quo major fumitur AB,eo quoque eft major di-
flantia inter circulum & curvam minimte refiftenti_e. At-
tamen, fi ad naves etiam majores, quarum maximam la-
titudinem —50 ped. Svecan. aflumimus, h_ec curva ap-
plicatur, difhntia maxima a circulo non eft major, quam
ut negligi queat. Inferendo enim exempli caufa 1:0,0094
:AB =2- ped. : 0,235 ped., invenitur error 2,35 polii-
cum, fi arcus circularis adhibetur.
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