
DISSERTATIO PHYSICA^
DE

MUTATIONIBUS VOLUMINIS AQU/KT
DESTILLATjE INTRA TEMPERATURAM
CONGELATIONIS ET VICESIMI GRADUS IN

THERMOMETRO CENTESIMALI.

yuAM

CONSENTIENTE AMPL. FAC. PHIL'. -.___. ACAD. ADOEXSIS,

P R __ S I D E

m-ag. GUST. GABR. HALLSTRdM,
THIfSICES I'ROFES*. REG. ET ORDIN. ATQUE REG. SOCIET.'

C-ECON. FENN. MEMBRO.-

PRO GRAEU PHILOSOPI-ICO'
P. D.

NICOLAUS PETR US HULTIIIN,.
OSTROGOTHIA SVECUS.

IhAuditorio Majori die J~Y Maji MDCCCII..
Horis n. m. coi.fue.i..

ABO/E\ typis Frenckelmanis»,





In dimetieHda quantitate dilatationis corpomm a ca-
lorico ita inprimis experitnenta fua infiituisfe in-

venimus Phyficbs antiquiores, ut illam pro m.'jore
caloris differentia determinarent, plerumque fuppo-
«entes, cuivis gradui Thermometri alicujus, tempe-
raturam quantlam intermediam indicantis, proportio-
nalem esfe dilatationem. JVlaximam fcilicet, quam
asfequi posfent, inaequalitatem temperaturarum in ex-
perimentis qu_e(ivtrunt,utexpanfiones majores inveni-
rent, atque ut errores, qui evitari nequirent, minimi
esfent momenti. Hinc accidit, ut adhuc paucorum.
corporum certe cognofcamus dilatationem pro quo-
vis gradu caloris in Thermometro dato. Exceptis
enim legibus expanfioris aeris ataiofphaerici aliarum-
<pe aeris fpecierum, vaporum aquae purae & fpirU
tus vini °J, nee non dilatationis vitri **), nullam in-

A veni-

■*"*) Lcg;cs hrc expanfionis inveniuntur in Ncuc Arcbitektura
Jjydraulika von 7/rn. Prony, aus dem Franz. von Karl
Christian Langsdorf, Frankf am Main 1801, S-rrei-
ter Theil, S, 136 fcrV.

■»""') Vide; Disfert, de ivterfolatione pro dctetminanda vitri
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venimus in fcriptis Phyficorum formulam, cujns ope
aliorum corporum expanfionem in data aliqua t.m-
peratura determinare posfemus. Sic quoque ad de-
terminandum volumen aquae purae in diverfis tempe-
raturis omni caremus regula certa, etiamli cognitio
h_BC utilis omnino esfet. Secundum obfervationes
qutdem D:ni Nollet contendunt Phyfiei, volumina
aquse conglaciantis & ebullientis esfe in proportione
i : 1,04 -)* inde autem eo minus de gradu dilatatio-
nis in temperaturis aliis mediis concludere licet, quo
certius ex recentiorum experimentis apparere videa-
tur, expanfionem aquae pro gradibus puncro conge-
lationis propioribus minorem, pro gradihus vero pro-
pe ebullitionis punclum litis majorem esfe.

Qui; praeterea- Thermometris aqueis experimen-
ta de- dilatatione aquae inflituerunt,. nec non qui gra-
vitatem aquae fpecificam corpora folida in illa pon-
derando determinarunt, conrendunt volumen aquae
circa temperaturam +50 in Thermometro Celsii mi-
nimum esie, quibus tamen alii jure objecerunt, con-
fid-rationem. dilatationis. inftrumentorum fuorum il-

los

dilatatione a calorico, Prafide G. G. Bat.t.strom &
Refp. Petro Ciirist. Snell.man, cdit.. Aboae ISOI, pag..
8- & 9.

*) Vidc: Prony 1. c. i Tli. 280 f..
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los neglexisfe, adeoque nihil certi ex eorum experi-
mentis concludi posfe *).

Cum inventam habeamus regulam, cujus ope
determinari queat pro data caloris temperatura vitri
dilatatio °°J, cumque etiam computare poslimus, qua-
lem eMum dilatatio haec inflrumentorum vitreo-
rum in experimentis circa aquae expanfionem faetis
exferat 00); veram hujus expanfionis legem, de qua in
temperatura congelationis calori propiore pracipue
inter Phyficos difputatur, jam invcniri posfe conten-
dimus, & quidem nofira de determinanda dilatatio-
ne intra punfta o° ck "_- _jo° in Thermometro cente-
limali conamina paginis fequentibus venia le&oris
candidi publici juris facimus.

Satis quidem fuisfet -commodum, experimenta
in hac disquifitione necesfaria inftituere cum aqua in-

A 2, clu-

"') Cfr. Disfert. de tnetbodis inveniendi dilatationes liqui-
dorum a calorico, Prcef G. G. Hallstrom & Refp.
L. Ph. Palander, edit. Abofe 1801, p. 2. fqq.

"**) In Disfert. de interpolatione pro determinanda vitri di-
latatione a calorico, Aboae 1801.

*6*) Vid. Disfert. de metbodis inveniendi dilatationes liqui-
dorum a calorico, Aboas 1801.
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clnfain tubo, qui globo infrru&us esfet; cnm auterrt
metueremus, ne evaporatio aquae,, cujus menfuram
faeere non posfemus, dimentiones altitudinis in tubo
erroneas redderetr, cunique etiam determinationem
radiorum tubi & globi fatis exaftam, quae in calcuio
necesfaria fuisfet, inftituere nequiremus; corpus vU
treum in aqua ponderando hujus dilatationem in di-
verfis temperaturis invenire conati fumus. Uii fumus'
bilance hydroitatica,. a ctlebri Anglise mechanico
Hurti.r affabre fa6la, cui pilo humano appendimus
vitrum album, & hujus pondus in aere atque in a-
qua dcliillata exaftisfime, ut potuimus, obfervavi-
mus. Diilerentia horum ponderum diminutionem
ponderis in aqua nobis pra jb.iit, qure in temperatu-
ra congelationis fit =p, in calore autem graduum m
iii Thermometro Cei_sii ==/7 Si nulla vitri dilata-
tio fieret, volumen aquae, quod in temperatura o°
ponitur =i, in calore m graduum esfet = £.; fa&o

P 1

autem vero aquae volumine = // in hac temperatura,
habetur y =■ (r * ;^ * !f^^£°Lqual8Watio.

62500000 / p'
nc, poftquam it.v.entum erat pondus vitri in aere =9.1718, ad inveniendum valorem y in fequente Tabula
uli fumus.

Gra-

*) Cfr, Disfert. nuperr. cit, p. U,
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: i PondU. EMmfn; . . ,
Thefm. in aqjia. pondec. '' « y — i

O 5 3 227 38+9- IjOOOOOOOI J ,0000000.

* 1153221:38497 0,9998442 0,9958592

* 2U3217J38501 0,9997402 0,9997727
+ 3|*:-Ziv38503_0,999<5884 0,9997360
+ 4j53^3/.73S>SO4/..'0.999'5494|0.9997_22
+ ?:532i3 38505 0.9996365 0,9997182
+ 6 53.113 38505 0.9996365 0,9997324

* 753214.385040,99966240,9997764
* 8 53215 35-503(0,9996884 0-.9998 210
+ 9 532i6j38502;0,9997i44;0,9995620
* 10 53218 3850010,9997662 0.9999314
* 11 53220 38498,0,9998182 1,0000012
4- 12 53222 38496^,9998702 1,0000720
+ 13 5.224,5j35497__,0,9999349 1,0001539

* 14 53228|38490|i,000Q260 1,0002450
4' 15 V3230'3_.488j 1,0000780 1,0003330

* 16 53233 38485 i-00-. 1560 1,0004287
41 17 53236 38482 i,0002339i 1,0005282
+ ' 8 53239/5,3847175 1,0003244 1,0206370

* 19 53243 38475 1,0004160 1,0007462

* 20 53247 38471 i 17005 200 1,0008717

O^OOOOOOO'

— 0.0002818

— 0,000068 j

* 0,0003330

4- o 0008717

Ex hac tabula apparet, fi nulla dilatationis vitri
ratio habetur, in temperatura 4- 5 0 & + 6° maximam
videri. aquae denfitatem, fieut illam quoque alii diver-
fis modis invenerunt. Si vero in au_la temperatura
vitrum dilatatum confideratur, atque calculus obfer-
vata hac expanfione inftituitur, propior quidem tem-

A 3 pera-
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peraturae congelationis invenitur calor ille, in quoa-
"quae denfitas eft maxima, non autem hoc in ipfa con-
gelatione accidit, ut putnre videntur D:ni von Ar-
tjim *) & Monge '" ■■). Nam circa quartum vel in-
tra quartum 8- quintum caloris gradum minimum es-
fe volumen aqu.e apparet. Praeterea notabilem in
hisce experimentis efticit mutationem dilatatio vitri.
Non enim parva, adeoque nec negligenda, eft diffe-
rentia inter __ & y, qu_e etiam in majore calore ma-

jor eft.
\]t appareat lex expanfionis aquae in diverfis

temperaturis, asfumamus aequationem, quae pro da-
to aliquo caloris gradu x dabit dilatationem y — i
voiuminis ejus, esfe hanc: y— i = M_% 4« Ars* +y,
in qua quantitates conftantes M, N, u, /3, y', ope quan-
titatum in tabula praecedente datarum determmabun-
tur. Brevitatis caufa ponamus

gradibus Thermometri X ___ Oj 5; 10; 15. 20;
refpondere valores y—l== o; a; b; c; d;

ut,

") Vid. Annalen der Pbyfik, berausgcgeben von Ludw.
WILH. GiLrert, Hahe igoo, 5 B, 1 St, 65 i'.

**">) Cfr. Neue Arcbitektura bydraulica, von Prony, i Th.
280 f.
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ut, fubftitutis his fuccesfive inkeqnatione generali,
hgbeantur fequentes aequationesr

o == M * N 4- 7',
a = Mct* + A;/3? * y',
_- == A/« 10 * A/3 10 * y',
f== M* lS * A,3 IS * 7',
<_?== M* 20 * N(2zo *77

Subtrahendo quamcunque harurcr pofteriorem a
priore exterminaturjy', & inveniuntur fequentes:

—a = M (i — x') ■_ /V (i — /3;)
a— b = Mx' (i — «s) 4* /V/3' (i — ,3;)
Z- —c = Mx~ °(i - x' ) 4- /V/3 1 °(i - /3;)
c^d=_ Mx~' (i - x') "_" Nf2~' (i /3?)

STii ulterius: ab- antecedentibus,. in oLf du_tis fub-
trahuntur fequentes,. eruuntur

— ax' —a+ b = N (cc~" — f2' )( i — f2' );
(a■— b) x' —b4- - = Nf2' (cc' - f2') (i

_ /3 S );
(b —C)x'— c * d = Nf2 xo (x' - /2') (i —/3 ).

Harum aequationum membra pofteriora efficiuntferiem geometricam, cujus exponens eft /3r, quare
membra priora has dant asquationes:

(__ ax' — a 4- h /3 5 = /7 — /) «' — b <_" c;
(U —b) x' —Z>* c) /3S = >_ C) «'

_ c + <£
unde
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wnde exterminando /3'*" eruitur
(a — b x' — b 4* c (Jb — c) a' — c 4* d

—a x s —a 4- b (a — -b) a ' — b + _"'

<& evolutis terminis atque pofitis
(a-hy 4* a(b-c)= A, (a-b) (b-c) * a'c-d ____ B,

& (b — cy — (a
_ b) (c — d) = C, erit

Ax~° — Bx' 4* C = o.

Hujus vero aequationis radicem quadratam quae-
rendo invenitua-

a T =B * B * - *AC: adeoque
2A

t. =( B * v~B~T — *AC v: 5
V. *A )

Inventa fic «., determinatur /3 T ope aequationis

£.
__ (a — b) x' — b 4- c __ B _ i/ g» — 4^C.— tf«! — «4--* 2_//

«nde innotefcunt
j3 ___ ((" — *)»'—*"- *y: 5 _ (B-yß^^jACy ■ 5P (v _tf«s_/2*^/ n 2A ) '

j\t — a a' — a 4< b
' («s ~/3s7(i -/3S) 5

M=
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M — zIH-ET n(i ~- £12 = a^' * " ~ "*l— «s ~ (« s — /3 S) (I -__«*)
& y' = — M — N.

Si jam fubftituuntur valores experimentis inven-
ti, feilicet

b = — 0.0000685;
d = 0,0008717;

a _k_ — 0,0002818.
c = 0,0003330;

inveniuntur
M = 0,001008357. Log. M = 0,0036145 — 3.
/V = 0,000715207. Log. N =__ 0,8544320 — 4.
« = i-048353r4. Log. « = 0.0205076.
/3 = 0,74566831. Log. /3 = 0,8725456 — I.
i 4- y' = y = 0,9982765.

His itaque adhibitis valoribus habetur pro aquse
volumine y in temperatura x graduum, in Thermo-
metro centefimali intra o & + 20° obfervatorum,
determinando haec aequatio:

y = Mxx + N(2X + y.

Ope hujus aequationis fequentem computavimus
tafeulara:

B Gra»
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Differeptia intervo.
Gradus Volumen n- lunlina „w cxpcri.
1 hcim. cluje caleul° mcntis & calculo

i i_.vent_.__.. inveniuntur.
_„-__. .___. L—

O I ,COOOOOO o,ooococo
+ i|0,99986^9 — 0,0000077
+ 2 0,9997824 — 0,0000097
+ 3 0.9997349 + 0,0000012
+ 409997156 — 0,0000034
+ 510.9997182 0,0000000
+ 6|0.9997381 — 0,0000056

j 4- 70.9997715 * 0,0000049
+ 80 9998161 * 0.0000049
+ 9 0,9998698 — 0,0000078

* 1009999314 oooocooo
+ n|0,9999995 + o.oco 013
+ i2'i,0000747 1 — 0,0000027
+ 13 1,0001553' — 00000014
4- 14'1,0002413' + 0,000003--
+ 15! 1,0003328| + O OOOOCO2

+ 16 1,0004295 — 0,9000008
4- 17'1,00053'7 — 0,0000035-

-+ 18; 1,0006392 — 0,0000022

+ 19!1,000754_U — 0.0000062
+ 20.1,0008713' — 0,000^c04

Optime itaque experimentis convcnire videtur
calculus ope aequatiouis y = Mx" + iV/3* + 7 inftitu-
tus, & quidem exaiktisfime, fi quinque primas notas
decimales confideraveris; parte enim voluminis cen-

ties
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ties millefima minor obvenit differentia inter volnmi-
na, qua3 experimentis & calculo inveniuntur.

Ut exacta inveniatur temperatura x, in qna vo-
lumen aquae y minimum evadat, differentietur ajqua-
tio y = Mct 4 N$x 4y, ut, denotante L Logarith-
mum hyperboiicum, habeatur dy = Mci.xdx . Lci 4

Ns*dx . Lfi, adeoque pro cafu minimi y, _-_ .
dx

Molx . Lol 4 Nfr* . Z/3 =o. Hinc erit MclLol =— Ns*Ls, atque

/fY = - NZI = _
\.(2/ MLx Mlx 5

rithmum. vulgarem; adeoque invenitur '
x(/x — l(2) = IN — IM' + /( — /(2) — /■(/*■)„

&x=/N—lM * ; (— /f-L___l_l__2
"fa~'lf2

Cumque fit - /,3 quanritas pofitiva, ut etiam o-
mnes reliiquae quantitates aftirm.itiva?, erit quoque x:
realis. Eii autem in cafu pncfeuti

"■=_. /0
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— t& = 0,1274544, adeoque / ( — //3) == — o 8946452
la, = 0,0205076 — / {Jot; == + 1,6880852

JX-J(2 - O;H79620 4- «o 7934400— IM = + 2 9963855
4 37898255

IN = _ 3,1455680
4- 0,6442 575

.7. 0,6442.7. ==0,8090594 - *"/. 0,1479620 = 0,1701443 — i.

Ix = 0,6389151.
-adeoque * = + 4,35427.

in qua temperatura minimum efi: aqnae volumon y.
Ut vero hoc volumen innotefcat, fiat valoris 4,35427
iubftitutio pro xin a*quatione y=Mcl + N(2 +y,

quo fa&o invenitur minimum volumen
y= 0,9997143.
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