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AQUA SUBMERSA DUI'LICATA CONSPICIUNTUR, 2§

aQg pars LRSTUQPKNL nigra mox apimadver-
cebatur, & quasdo tandem lamine pars FCYeF
nigrum quoque  {fercbat colorem, imaginis pars
RKMODUTSR nigra videbatur, ut gquoque pree-
terea fimul imaginis partium LKa & //z dimidiom
nigrum elle oblervabarur.  Si vero lamine extre-
mitas ADF nigra pingebatur, manente reliqua pars
te AFed alba, pars LRUV/QL imaginis lamine ni-
gra efle oblervabatur, relique vero pastes albe.

Si fimiliter in Fig. 3 lamina parva AMND a-
quee fubmerfa ita pingebatur, ut partes ejus CKDe
& CHME nigrae efient, manentibus reliquis e€jus
partibus CHAe & CRNFE albis, imaginis conlpecize
EOMN/GuBPE pars OPBFMO nigra videbatur,

ars vero aBIFN/ alba, cum fimul dimidium ima-
ginum OPE & fuG nigrum, & reliquum earum al-
bum conlpiciebatur. Arcus vero femicircularis QTV
eundem [emper ac puncium C ferebat colorem,

Quando autem laminwe fubmerfae AFD pars AD,
que a C circiter 8 lin. geom., exiltente diftantia
acuum 2 pollices, diftabat, nigra pingebatur, ma-
nente reliqua acus parte alba; muero B niger vide-
batur, reliquum vero torius confpettae imaginis

EOMN/G album, exceptis ejus partibus E & G.

Plura quidem hujusmodi experimenta inflitui,
diverfis partibus objeftorum fubmerlorum in Figuris
5, 6, 7 & 8§ diverfe pictis. Semper autem veros

K ) ob-



3o EXTLICATIO PIENOMENE OPTICI, QUO OBJECTA

objeftorum colores ferre imagines oblervavi. Hine
eoncludo, nec fubrubram culpidem D (Fig. 2), ne-
que arcum LQJ/ discolorem, de quibus  loquitvr
D:nus Ketiger, ex refractione Juminis, quie imagi-
nes deferiptas gignit, derivari debiere. P\mm]mm
enim ita coloratus imagines animadvertere potui, ni-
fi rubra fuit objeéii fubmerf; pars dye, & nili di-
verfos etiam extra aquam oftendit colores illud ob-
je¢tum. Cum vero orichalevm politum, quando ra-
diis folaribus imnrediate exponitur, rubrum alios-
que colores oftendat, etiam imago acus orichalcese
ita colorata conflpici debet, quando a radiis folari-
bus immediate il%umln}uur alio vero cafu, quando
flava videtur acus, etiam imago flava erit; quae o~
mnia experimentis exacte conveniunt.

§. XIIL

Ex allatis jam apparere putaverim, ex fola re~
fra&tione luminis pheenomenon noftrum totum ex-
plicari non folum facillime pofle, verum eriam de-
bere. Concedere itaque non pollum Celeberrimo
D:no GinserT, ex occaiione verfionis Germanicee
Differtationis preefentis particulae primas urgenti, ex-
tra omnem ﬁ conrroverfiam , imaginis  curvedi-
nemy LKDA/QL (Fig. 2) ab inflexione luminis pen-
dere, quum putet, lumen ex extremitate acus fub-
merfe egreflum adeo prope extremitatemy acus fu-

perio-



AQUZE SUEMERSA DUPLICATA CONSPICIUNTUR. 31

perioris preeterive, ut inflefti omnino queat &3
Mihi enim iis nixo ratiociniis, quee jam §. lll. pag.
6 & 7 attuli, perfuafom eff, radios luminis extremi-
tatem acus foperioris prastereuntes ab illa adeo di-
frare, ut infle¢ti adhue non poflint. Docente New=-
rono feimus, radiorum inflexorum maximam di-
' . 3 1 :
ftantiam a corpore infletente efle = gt lon-
: : oD
dinenfis fen o0,00100837 pollicis geometr. fueca-
ni (**). Polito itaque oculo in diftantia vilionis di-
ftinétee feu 8 pollicum ab acu fuperiore, erit Tan-
gens anguli, quem in oculo cenltituunt radius re-
motiffimus inflexus & alius extremitatem acus con-
- . '0,0010%837
tingens, aequalis -’—"?— == 0,20013354, unde con-
cluditur, effe hunc angulum minorem quam 2§
Cumque ex experimentis Torrz Mayer notum
" ‘ E 2 fit,

() Vide: Annalen dev Plyfik, berausgegeben von Lupdw,
Witn, Guesenr, Halle 1709, 3 E. 2 51, p, 246

. (°°) Cfv. Tabeller, fom férefidlla férbillundet emellan Sve-

riges och andra Linders myut, vigt och mitt, utarbet.

af Curist, Lupv. Joransson, Siockh, 1777, p. 45, 443

unde couftat, effe pedem anglicum ad {uecanum ot 1000;

975, hoc eft 12 unc. angl. ad 10 pollic. geom, lucc,

ut 1000: 975, adeoque haberi E-LI')B une, angl, =—
10. 1000

m'g“i:s e 0, 0010685? PO“. [“(;can.



32 EXPLICATIO PEUENOMENI OPTICI, QUO OBJECTA

fic, pro objeftis lumine aut divrno aut candela us
num pedem diftantis illoftratis minimum angulum
opticum effe aut 30" ant 51" relpeitive (%); patety,
radios inflexos ab illis, qui acum fuperiorem tan-
gunt, nudis oculis diftingui non pofle, adeoque ima-
gines per inflexionem lucis confpeftas acui huie
contiguas necellario apparere. Maxime autem di-
verfis adhibitis illuminationis gradibus, in diftantia
vifionis diftinftee omnes reliquae partes imaginis in
Fig. 2, preeter punétom extremum D culpidis ODZ,
ab acu fuperiore notabiliter femper diftare obler-
vantur; quare tuto concluditur, imaginem hanc to-
tam, excepto puntto D, radiis non inflexis fed re-
fradtis conlpici poffe. Quod autem punétum extre-
mum D attinet, illud quidem radiis inflexis vidert
poteft, quia acui fuperiori contigua obfervatur; non
autem ab illa inflexione figuram culpidis pendere,
ex praecedentibus patet. Talis enim videtur, qua-
lis confpici dcbet fi fola refradtio luminis hic ageret.

§. XIV.

Ut & locus & magnitudo imaginum apparens
fecundum legem refractionis lucis caleulo determi-
nentur, nota efle debet curvatura fuperficiei aquee

eleva-

*) Elt'pn'im._ circa vifus aciem in Commentar, Societat,
veg. [cientiar. Gottmgenfis, Tom, 1V. ad annum 1754,
pag. 112, labul, collut, cutm lin. ¢y prg, 110,
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elevatee. Sit in A (Iig. ¢) acus fuperior borizon-
talis, cui adheercns aqua fuperficiem carvam con-
fhtmr. Sint quoque BSE & AHE interfedtiones plas
ni alicujus verticalis cwmn fuperficie aquae harizon-
talis ante elevationem & i pnus elevatre, Particule
Taquae acum immediate contingentes huic quidem ad-
haetents attradtionem autem cjus in particulas relis
uas omnes velminime remotas evanelcentem cona
?idcl‘;n‘i debere, doeent eXperimenta (7). Adharens
tibus acui particulis illam contingentibus atque hoc
niodo elevatis, reliquae quoque particule illis pro-
ximae, ali® vero his, {imul elevantur ob cohaefios
nem ipfius aquaz; atque fic circa acum in A coas
cervantur particule aque, quarom fuperficiei curs
vaturam oftendit linea AHE, 8i iuter fe rantum,
non autem cum fubjacentibus aquee particulis, co-
heererent particnlee in curva AHE fitee, catenavia
fimplex effes heee.  Patet autem, quamvis particu-
lam, ut in H, cum aliis proxime fitis etiam in li-
nea verticali Hb que ex H ad libellam aque de-
niteicur, cnhaerere, quare curva AHE confideranda
eft ut curvatura catenee, in qua cojusvis particulae,
ut in H, pondus proportionale eft aldrudini fuae, ue
HS, fupr.l aquae [uperficiem horizontalem EB. Exis
fieute itaque E vertice Catenariae, ubi horizooti eft
parallela, atque fumtis ES =y ‘& SH =y, erit
l‘_'. 3 pondus

(%) Ct. Inledning til Naturliran, af I, Reentr, Uplala
1783, 1 vel, b, 120, 5. 186 &
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pondus catense EH proportionale arew EHS, hoe
elt , integrali '/..rd_(,f. £t autem in omuibus curvis
carenzriis ut dx ad dy ita pondus catenwe ad poten-
tiam conftantem == a*, quae catenam in E horizon-

talicer tender (7); quare erit d;\':ci’yzzj.x':l’_r;:a*, un-
. . a’dx B— .
de lLiabetur wequatio /.m’;f = s Diflerentiata
a’ (dyddx — dxddy)
dy*
a5 ; s
o~ i . . . - f.{rﬂf.t‘- e St
&is terminis in -, invenitur xdy= T 240 LA
ay d’}"
Ut hwe integretur fiat dy conltans, ut fit ddy = o,
a” dxddxy 3
adeoque xdy == _ij*;“ , atque integrando (deno-
dy
tante A conftantem aliquam) obtivebitur 4°+x* —

a*d x? : 4 -
—— —. Hinc autem, terminis rite translatis & ex-

bac ;."l'(i\'t'nil‘ .'\'s!’:'f — y unde’ dul_

dy*
.‘1- g 4 bei P adx
tracta radice quadrata obtinetur ay = —— ——
q j .V—'Aa._i_x,x’
quae ita integrata, ut pro X —o fit quoque y =—o,
dat

(°) Cfr, Jon. Bernovrrr Opp. Laul, & Genev, 17-}2,
Tom, 111, pag, 501,
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dat pro curvatura aque elevatee hanc acquatiob
nem :

1) y=a Log. hyp. x -/ ,j:,..:l: =

§. XV.

Ut conftantes quantitates ¢ & A nondum de-
terminatee innotelcerent, experimenta quardam in
ftitui. Primum per parietes valis vitred, in quo con-
tinebatur aqua temperiei 16° Thermometri Celfiani,
& graviratis (pecificze 1,001, elevationem zcu cha-
lybea diametri 0,3 lin. geom. fa‘tam infpexi, & du-
¢ta per A linea verticali OAD aliitudinem BA men-
faravi, quam proxime 1,2 lin. geom. inveni. De-
inde exiltente D in linca OAD loco objedti cujus<
dam parvil aque immerfi, ex O objeGtum D' ope
radiorum lucis DH & HO intvitus fum, dutaque
ex H reéta HT normali ad OD, pro quatuor as-
fumtis valoribus diverlis diftantie AO & duobus
diftantice AD menfuravi diftantiam HT & angun-
lam AOH. Sie fequens orta et tabula, u-
bi quantitatum AO, AD & HT unitas eft linea
geomerrica [vecana, Tangentium vero Sinus to«
BusS —: I.

AO
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ot

AQ Al == 20 |

_!!_ Ill Q- '.*‘ Q I'_]_.
1. | 20 oes'oo;mi
1',] 82 | 0,73 | 00238

Al = 30

111.} £0 l 1,03 I 0,02032
1V.| 60 | 1,05 | co172

e | —— e e et

Fa&a jam AB=b, BE=c¢, AD=¢, & AO ==f,
etit OT=f4Lb—x, TH=¢—y, & TgAOH=
J;}.; == ;;_i—: , adeoque x =4~ f — %Ef%{)-p,
videtur, .pro aiflumto / datis ope experimentorum
quantitatibus b, ¢ — y & 7gAOH, relpondentem
inveniri pofle abfciffam x, Eft ulterius Sin AOH==

unde

c—9 f+o—x
RO AOH e —————————,
V(f4b—x) - (e—9)* V(FHo—x)*Fle—y)?

Duéta itaque per punétum H, ubi radius lucis DH
in fuperficie aquee refringitur, reta NHM ad cur-
yam AHE in H normali, que reftee OD in M ocs
N

Vdx* - dy* - Va* -{-—'A'*-i——;"

i
& Cof HM.O == '}—/‘;ﬁ, quare ob ang. NHO =
i 55 .
HMO

currat, erit Siz HMO==




AQUIL SUBMERSA DUPLICATA CONSPICIUNTUR, 7
HMO-{AOH, habetur Sin NHO == Sin (HMO4-AOH ) =

.__L"_—_H’ ) VAT _Lt_: ff_yi-_—__—:-. Eft quoque
Vi A 4x )(f b—x)-(e—))7)
HT e—y
DT~ e—b+a?
SEBDA =Y e & Oy HDA =
VT4 F e
:_b+j — . Obang MHD — HMO —HDA
V(e— b4 x)* 4 (e—*
erit itaque Sin MHD = Sin (HIMO — HDA) =—
((3—--})—{—.1‘\ "l".:'?‘—"'— \""'-— a ({'_J;)
V(@ - A4+ x%) ((e——lz-—t)'J—(r_J))
Fafta vero ratione Sinus anguli incidentize ad Sinum
anguli refractionis, quando ex aére in aquam trans-

mittitar lux, ut 722, erit ;. Sin NHO = Sin MHD, feu

I m(f«r—b‘— x) VA? = \“-—-:;m(c—y)

V(b= 4 c—9y)°

(eﬂ—lc—}i“- l,"'/f'j—_f‘ — a(c—
Vie—b+x)" F (c—y)*

=B, f4-b—x=C, &e—y=D, i ope experimentorum

(pag 36tab.)determinantur quantitates B, C & D, inyenitur
E a=

DT==¢—b4-x, adeoque 7g HDA ==

22 Pofitis itaque e—0 -
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(By/C? nl-.n*__mcy,._-;-n ) ¥ “-_Z._?-.
D (y/ Lz-{-l.)"-l—-:fu,.h —r-h )
ter pro datis aliis ¢! — & a3’ == L4 f/ b —a'=C, &

([‘,v;b,-’}“‘! £3__ " ;.." i __[_1 ' h’ \ _{_ T

e S

l;J‘.V'u’:"i_i' .:__._ ”} “H'T_J? )
adeoque comparando ambos valores quanri:a:is a, obtinetur

(ByC*++D* — mC\,f’E‘_ﬁ} 1:?_?—_}:_1
D¢ V’é-‘_‘ +D: —i) "E’_I D=
(BHy/C —L_I_J —mCly Br- —+—f) )V A x
D!(y/C D" L-myBr D~
Fiat ByC* .= D — mCyB* - D* = E,1/C* + D 4~
me +L) = F,B \,-(,"-;—D 2 m(“yB D , &

Simili-

a2 =

¢ y'= D’ habetur o=

VC F D b myB” - D* = F, ut fi

E'VA +v .. DPE*R22S_I)iEepips
— D 3 & habebitur A= DR DrE
Cum itaque fic proxime m=1%, & b= 1,2;erit ex expex

zimento I & II:

D= 0168 D’: 0,73
x= 0,6 Xtz O
B=19.4 B'= 19,3
C=z20,6 C'= 30,7
E=99,95 E'=148,61
¥F=35,17 = 45,19

Deno-
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Denotante itaque L Logaritchmum vulgarem, erit

al.D=0,7200458—1 2L D =0,6650178—1
al. E =3,9995656 2l E'=4.3410514
al F'=3,3 100845 2L.¥=3,0923448
alLx=-0,556302§—1 21..4=0,3979400—1
6,5925985= 6.4963540==
=L.3913708, =L 3135840.

3913798 — 3135840 =777958.

ol.D=0,6650178—1 2L Di=0,72664 58—
2L E'=4.3410514 2L E =3.9095656
2L.F=3,0923448 2L.F'=3,3100846
7,0984140== 7,0362960=
t =L 12543360. =L 10871600,

12543360 — 108716C0 == 1671760,
L. 777958= 68509562 —1
L.1671760= 5,:231“33
L.A"=0,667782 24— 1=L.0,4653528.
L.A =0,83389t2—1=L 0,682168.

A =0,68z22
Inventa fic qvamitate A, facile quoque invenitur 2, Ef
2 Sl VA —[—
enim a== ——p5u——> adeoque
L,VX‘ ~+-x*=0.9583198—1 L1 =0,8325089—1
L.E=1,9997828 L.F=1,§461724
1,9581026 1,3786813,
1,3786813

La=0,5794213 =L.3,7968 , atque 2=3,7968,

| R Expe-
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Experimenta Il & 1V dant’

D= 1,03 D= 10%
X= 0,3 2'= 0,2
B= 49,1 B'= 49
C= 50,9 C'= 6r
E =625,03 E‘=747,08
F= 87,74 F'= 97,77
2l.D'=0,0423786 aL D =0,0256744
2L E =5,5915018 2L E'=5,7467342"
all b':23,0804112 2L.F=3.8863952,;
2L v =0.9542425—2 2L.x'=0,6020600—12
85688341 = 8.2608638 =
=L.3705391c0; =L.182332400..
370539100 —1823324c0="188206700.
2L.D=o0,0256744 2L D'=0,0423785
2L.E'=5.74%57342 2LEE =5,5918015
aL F =3,8863952 2LF'=3.9804112
9,6588038 = 9,6145916=
=L.4558309000. =L 4117102000,

4558309000 — 4117102000 =441207000
L.188206700 = 0,2746350—1
L 441207000 = 8,6446424
L A% = 0,6299926 — 1=L,0.426572.
A = 06531,
Eft itaque
LVA: 42 =



AQUE SUBMERSA DUPLICATA CONSPICIUNTUR., 4%

Lya: - r"_o 8565655 —1 L.D=o,0128372
L.F= =2,7959000 L.E= 1,9431976
2,652466 1,9560348

119360348
L.a.=0,6964316 = L. 43,9708 , & a=4,97c8,

Simili calculo eruuntur ex experimentis

1 & i, 1& 1V, 11 & 11, n&iIv,
Az0,2555;5 0:3427; 0,1627} 0,29835
=2,725%; 2,88775 2,3604; 2,61;7.

Si itaque omnium fic inventorum valorum medium
arithmeticom queeritur, invenitur quam proxime
A = o} atque a = 3,2; quibus in @qv. I fubftitutis,
obtinetur pro curvatura aque elevatae hee quatio

-y 5,1_6—'}-.1“
I = 13,2 log. hyp. .
L) y=3.2 Log. byp 04

Facta in hac xquatione x=/, evadit y=c; quare ob

L,2-+ 10,161,944
0,4 o
2 Log. hyp. 6,16 == 3,2, 2,302585. L, 6,16.  Eft autemy
6,16 = 0,7885807 , artque
L. 3,2=0,5051500
L.2,302585 ==0,3622156
L.c,7885807 = 0,8968462—1

S adeoque L c== 0764"113 L.5,8%
& proxime ¢ = s,8,

F 3 §. XVIL.

b=1,2 lin., erit ¢=3,2 Log. hyp.

= w




4e  EXPLICATIO PHENOMENI OPTICI, QUO OBJECTA
§. XVL
Cognitis fam quantitatibus A, @ & ¢, ope -
quationn | & I determivari poteflt magnitudo ap-
parens objectorum aquar [ubmerforum.  Denotante
primo N numernm cujus Log. hyp. =1, erit ex
zqv. 1:
2y:a 2y:a
AN —1) : . AN 1)
= — — &yA -y s ——- o+ ‘

Eft deinde _((e_b+.r}=+(c_y]=~) o
— (‘"—J’}c

1
le—bkx U paat
135 (c—5)°
1.2.3.2° ' (e—b4-x)
TH c—y
D g b~-x

(e—trtr) YR —a e—3)
11"(;4!'-[4:1')-‘_—[:( c—y)?

[a &l

-+~ &c,, quare cum fit quantitas

admodum parva, erit fatis exaite

, adeoque

e e Rt )
=R T e—bt-x"

c—9

imili vanti ol = e et IR §
Similiter ob qvantitatem ;- = s e admodum par

Yam
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. . w( -J;..._q_ AL -——1 s
vem erie fatis exacte o fopb—r1V B 3 W

v =y o=
ﬂ)r?(r'—u-})

myA - x g His in aqv. I fadlis fubllitu-

tionibus habetur YA J-x® — —3---}-‘ == myA* ¥ -

.-
male—3)
fb—x

ST - g
W) VAT = 06—} (=g F =y —2),

s few ob m=1,

Repracfentet linea refta PQ, lineee AD norma-
lis, objectum aquee fubmerfum, quod radiis luminis

nltimis PHO & Qh() conlpicitur, Occurrat HP
produtta linee OAD in D, quo fit, ut in praeceden=

tibus, AD==¢, TD==e—f-+tx, & TH2=¢—y. Fadta
itaque AL_z;, ut fic LD=¢—g, & LP=%, erit ob
fimilitudinem triangulorum TDH & LDP, ¢ —btx
gle—y)—kb—x)

ve—y:ie—gik, unde in venitur e= ,
i e L o

(g-b+-x) (e—1y)
=l s O

1V. fubfituto obtinetur /A 4 &+ = 4”(;_1&;:_;_ y)‘i"
ga(e—y)

s’ unde adhibendo yalores quantitatum y/A*+x*
& v

adeoque e—Jd-Fx = Hoc valore in aqv.




44  EXPLICATIO PHANOMENI OPTICI, QUO OBJECTA
2y:a

AN +1)

& x antea inventos habetur V,) ———— "~/
Y.a
aNV

gol=dpe—y) . 4. seleey)
2y:a 2y a

A(N —1) A(N =
( Gia f_,_b_ : . ;I)
a N 2 :V’.
Ut autem hinc inveniatur incognita y, pofitis x==
2..4" f——g—l‘:b,ﬁ'_'fg(/f’—f—;} g— b. f+b + 4 a, ‘-__4‘);
y=gad, §=8a(4 f+b.c—k-4-36.0—0), e=8a (4 151

3g—), & ¢=A (A4 g—b. f+b—4a.c—4k), zquatio
V, terminis rite muliplicatis arque translatis, mutatur in

gl

6y.a 5):a 4y:a 4y 3y:8
hanc:— AN  +aN 43NV —oyN =N
3y:a  2y.a 2y a y.a
-V +¢V 49NV  —aN  —A'=0, cujus

termini finguli ¢xponenrtiales in feries convertantur. E(k
Adtenl

6y.a
~A4'N
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(! "’ r 1- (\

— AN = ] S

L1 }" (.;? ?: 6.1 y;l
@ Lz at 1.:.3.,: 1234 at

504 I T A S AT A
4 ~— = —=ie e B . — &c_
alN ® et S e T,

4)ia 4 y. "9 4 3 4 9

"'! o i ‘I ’:—- — — mm———— —

AY = g :r12f2+1:3 z:+1.2.3+ a1 )
1‘}' a T 4{? T-‘- 4 },I 41:? ),1
i b AL EE N, G S,
§ I a' a_ a2 a'l a3 '

—av =t 2 +f—_f—+m¢—+ q"si-fﬂ&ch
8 2 L LR i e
—ot?” e et T T B T
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pe @quationis VII invenitur quantitas % Hoc autem va-
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Tore adhibito in ®quatione 1= ——;—-——) » hinc facile
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pro dato cafu ervitur valor abftifle x, Quando itaque
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gl , adeoque angulus AOH,
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y . .
tantum ubique <-4 pro — 4. Data antem = invenyur
By X

X== '—4—'\ T -) adeoque etiam 7g AOH’ fcbj‘v’
aV

& anaulus AOH. Eft autem objecti PQ,ex O per HH’

confpecti, apparens magnictudo == AOH — AOLH’, atque

locus apparens iplis angulis A()ll & AOH’ detcrminatur,

Dudta reta OP, eft fﬂLOP_f+ , atque fimiliter

T¢LOQ = » unde invenitur angulus LOP, ut etiam

e
f+g
angulus LOQ, qui conjun@i prabent objecti PQ magni-
tudinem apparentem (i abeft aqua, ut radiis rectilineis
confpiciatur obje@tum. Si itaque parvum eft objedtum,
erunt ejus magnitudines apparen‘es, quando abeflt aqua &
quando per fuperficiem aqua AE confpicitur, ut
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