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XXV. On the Variation of the Temperature of boiling
Water. By Sir George Shuckburgh, Baronet, F. R.
and A S. and Member of the Academy of Sciences and
Belles Letires at Lyon.

Read March 11, 1779.

THE heat of boiling water having for fome years been

ufed as one of the terms for graduating the fcale
of thermometers; together with the particular attention
the Society has lately given (vide the Report of the Com-
mittee, Phil. Tranf. vol. LxvII.) to this branch of inquiry,
and I may add the fingular fuccefs with which this age
and nation has introduced a mathematical precifion, hi-
therto unheard of, into the conftruction of philofophical
inftruments, will render it unneceflary for me to fay
more in refpect of the following experiments, than fim-
ply to lay them before the Royal Society.

That the heat of boiling water was variable, accord-
ing to the preflure of the atmofphere, fecems to have
been known to FAHRENHEIT as early as the year 1724%.

(a) Vide Phil, Tranf. N® 385. wherein is propofed a curious proje& of de-
termining the weight of the atmofphere by means of a thermometer alone, un-

der the title of ¢¢ Barometri novi defcriptio.”
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A few years after this, Meffieurs LE MONNIER and caAs-
8IN1 (Mem. de )’ Acad. des Sc. pour 1740) made fome de-
cifive obfervations, to fthew that this quantity was very
confiderable, It was left, however, for Mr. bE LUC to
make a much more compleat:feries of experiments,
which he has defcribed and reduced into {yftem in his
Recherches fur la Variation de la Chaleur de PEay bouil-
lante. It remained only that thefe thould be verified.
Towards the latter end of the year 177 5 T'had an oppor-
tunity of repeating thefe obfervations with a {mall
pocket thermometer of about fix inches long, made by
Mr. NAKRNE; an inftrument, it muft be confefled, not
very accurate for fuch an examination, but with which I
thought, however; I could obferve to within a quarter of
a-degree; my object at that time, amidft a variety of
other philofophical purfuits, being to affure myfelf that
the wariation took place, rather than critically to. exa-
mine the quantity of it. I fhall'relate thefe obfervations,.
as the refult of them upon my return to England led:
me to fome more accurate.
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Table of obfervations of the boiling-point, made in a
journey aover the Alps.-

‘ Height of " Heat of |Heat of boil- ' . k
Place of ob- | bailing [ing water by . | Difference.in
fervation, tr::tl;:w water by {Mr.pE Luc’s Diff. 135 of total,
: © | obfervat jthermometer
Inches. o o o
Belogna, 3021 | 213.§ | 2135 | -0 e
Geneva, | 28.60 | 210.4 210.9 -5 | —16
Modane, 26.61 | 207.3 20%.4 -01 |~ 2
Lannebourg, | 2545 | 205.1 205.9 -08 | — 9
{Mount Cenis, | 24.03 | 2012 | 2026 ~1,4 | ~11
Ditto, 23.91 | 2011 202.4 -53 | —10
Méan 2 - L}
100 ~ 11

The fecond column gives the height of the barometer
at the time of obfervation; the fourth, the heat of boil~
ing water deduced from Mr.: DE LUC’s rules, compared
with the lowermoft obfervation, or that under the
greateft preffure; the fixth gives the difference between
the theory and the experiment in the motion of the boil~
ing point in hundredth parts of the whole {pace de-
feribed: from whence it might be concluded, that the |
‘motion or variation of the boiling point with a given va-
riation in the preflure of the atmofphere was {25 or %

greater
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greater than by the theory alluded to”. But thefe were
but grofs experiments, and perhaps unworthy of fuch a
competition. They induced 'me, however, to make the
following. In the beginning of laft year (1778) with
the affiftance of Mr. RAMSDEN, I procured a moft excel-
lent thermometer, every way adapted for this purpofe.
It was about fourteen inches long, but the interval
between freezing .and boiling only 8% inches, and
though every degree was fomething lefs than the
zsth of an inch, yet, by means of a femi-tranfparent piece
of ivery, which applied itfelf clofe behind the glafs
tube, fliding up and down in a groove cut in the brafs
{cale for that purpofe, carrying a hair-line divifion, at
the extremity of which was a vernier dividing each de-

(%) The fame inftrument immerfed in fnow juft melting at the top of Mount
Cenis fell to 32°, the point of freezing obferved at the level of the fea.

(¢) It may poffibly be fuggefted, that if this interyal had been greater, viz.
20, 36; or 40 inches, U fhould have had a much larger fcale and more conve-
nient inftrument; but in this, as in moft other mechanical contrivances, our
prografs beyond certain limits is prevented; for if the perpendicular height of
the column of quickfilver be much increafed, the weight of it will be fuch as
to diffend the ball, and the inftrument may differ from itfelf in a vertical and
borizoatal pofition.by half a degree, as I have fe¢n in a tube only fifteen inches
long; and if this circumftance be endeavoured to be corre@ed by making the
bulb of the thermometer thicker, its fenfibility will be proportionably dimi-
nifhed. If my cxperience were to lead me to conclude any thing, 1 fhould
confider a tube of a foot long as a maximum, and the bore of fuch a diameter
as to admit a ball of a quarter or one fifth of an inch, ‘

VoL. LXIX. ‘Ccc gree
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gree into ten; with, moreover, a lens of an inch focus;
this apparatus being made moveable firft by the hand,
and more delicately by means of a micrometer fcrew,y
whofe head was divided into twenty-five divifions, each.
equal to the fortieth of a degree (for fo- truly cylindrical
was the tube, which had been with care exprefsly fe-
le¢ted from a great quantity of glafs, that the divifions in
the neighbourhood of the freezing point did not differ
from thofe near the boiling point by fo much as J5th of
a degree, and this variation appeared in other parts of
the tube frictly uniform; as was found by breaking the
tolumn of mercury); by means I fay of this appara~
tus I was enabled to read off any héight“of— thé thermo-
ineter to within Jth of a degree. The veflel, in which
the water was boiled, which was always {pring water,
was a cylindrical tin pot,. 13 inches high and 4; inches
wide, with a top fomething refembling that defcribed in
Mr. pE Luc’s work, contrived to carry off the fteam with-
out incommoding the obferver, with a wafte pipe for the
fuperfluous water in boiling, which might otherwife fall
upon the fire and extinguifh it. The ball of the ther-
mometer was immerfed to within 22 inches of the bot-
tom of the veflel, and 1ol inches below the furface of
the water, {0 that as near as might be the whole column
of mercury was expofed to ‘the heat of boiling water,
there
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there being only 15° ar 20° of the fcale, equal about
-5—5'7) part rifing out of the water expofed to the tempera-
ture of the fteam, which in one or two experiments was
found to be 180° or 190°, {o that the corre&ion for this
defe& of heat would only amount to a very few hun-
dredths of a degree, perhaps about ,04 or o5, which, as
the inftrument was expofed to the fame circumftances as
near as might be in all the obfervations, I have taken no
notice of. I thought it neceffary to fay thus much re-
{pecting the precifion of the inftrument and the appara-
tus, and {hall now relate the obfervations at length.

Table of the obfervations.

Barome-

Height of G [ reduect Boiin Mean

o o] : € led 1o the ting i

Z Place of obfervation, the Daro- [ & |heat of | point. boiling
meter, (& |59% v . point.
“Inch, o | Inch, o 4oths, | . 100ths

-

" 1/Summit of Snowdon in Car-} 26,487  146] 26,498 207, 8 207,07

parvonfhire, Aug. 15,1778, 200,38

»

Aug. 16, 1798, 208,24

208,28
208,19
208,29

Top of Carn Cwm Gafr,} 27,274 |62 27,241 208,27
} 208,64 l

3/In the defcent from ditto, 27,957 151 27,954 ng,z«Bh
3/ L
931 [l
J

Cccze2 ‘Table
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Table of vbiesvations.continued.

o ;'Barroer:lne- i
& Heightof | ; [ reduc) Bonlmg Mean
g| . Place of Obfervations. che baro- § l?:;: o point. boiling
2 | meter,  [#f5o> o | pidnt,
{inch, |, |Inch. |  4othe.] , sooths
4{Shuckburgh, Dec. 3,-1778, [28,360 {44} 28,377| 210,171
. T 21Q204°% !
210,204 240,50
) mo,zlg
5Ditto, O&. 23, 1718, 128,690 |47]28,690| 231, 8
. 211,10
| 211,11
2“:1 3 ]2t 1,27
211,12
211,10
6|Ditto, Sept. 27, 3778, 28,910 (54! 28,898) 211,19
o 211,203
215,244 r|211,50 °
211,174 :
215,144

7|Ditto, Nov. 7, 1778, 18,090 Ja7/28,999] 211,23
| : 21]‘,24.‘ i
211,25 (l2r1,60

. 211,23

Llanberis, Carm‘rvonﬂure,}
Augv'13, 1778 21255

'f9’477 1160/ 29,449 212,22

o|London, Jan. 23, 1}79, 19790  145)29,805) 212,35 |
: i 212,40
212,42
212,36

- 212,36
212,38
212,39

‘ 212,08

Table
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‘Table of Obfervations: continaed.

Number,.

Eiace» of bbkrbatiqn.

the b

meters

arome-

leat of
\ qc@?

sBoilitg -{ . Mdan_

8

® fter reducr}
to the " S ere

2 | . point. boiling }

B 3

3

—

II

10{London, Jan. 28; 1779;

Ditto, June 20, 1778,

12{Ditto, Deci 27,. 1778,

13{Ditto, Dec, 24, 1778,

| Inch.

29,990

| 50250 K

: 36,468

39,750

o Inch.
44| 30,008

46/ 30,763

- BF3 I8

34 fgo,zo7 "

43) 30,489/

| 214, 6
240 %

: ‘5149."7 =¥t

o 40thsy,| o 100ths]

213 § 41}
213, 8
213310
213,

213,10 }1213,22
213, 6 :
213, 6
23311 -
213,12
213, 8

213,20
213,23
213,24 (213,58
213,26

213,234

214, §
214, 9

24§ flaness

214, 7
214y § |

214,18 4.
214,12 } 214,37
214,15 .

Table
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Table of obfervations continued.

Barome-
ver reduce e .
d 1o the B iling Mean.
heat of point., |- boiling.
50% point,

Height of-
Place of obfervation, the baro-
meter, '

I~
o
<
3
b

Numbei.

Inche-  {,]Inch. | , goths. | , 100ths

London,. Dec. 2§, 1778, 39,838 471 .30,847| 214,35
214,32
214,33
214,34
214,35
214 31
214,33

-
N

"~V

214,83

1g/Ditto, at the Adelphiy |20,048(4;l44| 30 214,
S Wharf, 3% feet above 'h%gh} 3 948 /i47 55957 zri,gg'
water, Dec, 26, 1§98, 214,40
214,383
214 41 4|
214,37 214,15
214,41
214,40
‘ { 214,40
' 214,34 - |

i '
3 . — (- P

1

The numbers in . the fifth column are the corr'eéﬁed
heights of the barometer reduced to one and the fame
temperature, vig, 50°, which was neceffary in orderto
have the true proportion of the preflure of the atmo+
fphei‘e, whofe influeice feems to have fo confiderable a

(d) -T}_xis is the greateft height of the barometer that I have ever known, and,
as far as I have been able to colle& the higheft point, that it has ever been teen

o ftand at in any country where obfervations have been made and recorded,

fince the firft invention of this ingeniousinftrument.
thare
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Yhare in the heat of boiling water. Column the fixth
fhews the height the thermometer ftood at in water boil-
ing very faft in degrees and goths of a degree; where it
will‘be feen, that the obfervation was repeated, as the
heatis given of every feparate trial, which is, perhaps, the
bett-criterion of the confidence that is to be placedin the
mean refult, {hewn in column the feventh exprefied :in.
hundredths of a degree.

Having colleéted this feries of experiments, I was
agXiows to fee how far they correfpbn&ed*wrth‘ Mr. DE
Lud%, and upon comparifon of N° 1. and N°® 15, I'found

 that thie decreafe of the boiling heat was ';__:Z, greater than
the rules admitted of from an alteration of the preffure |
-of the atmofphere of 4: inches. This difference led me
-into.an ‘examination of all my obfervations, to fee how
f£ar they were confiftent with themfelves; how far théy
difagreed from M. DE.LUC’s§ and, lattly, what general
conclufion might be drawn from them.

To avoid in fome meafure, or at leaft correét, the er-
rors of obfervation, the mean of N° 1. and N° 2. the

-mean of N- o, and N° 7. and of N° 14.and N° 15, was
taken inftead of either obfervation feparately; the firft
and third of thefe means as two extreme terms, and the
fecond as an intermediate one: with thefe it was very
«eafy by interpolation er proportion to deduce any other

Ccca inter-
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intermediate term, and confequently from the mean
of fix to examine all the fifteen obfervations. Thus, on.
a comparifon of N° 1. and 2. with N° 14.and 15. the
mean motion of the boiling point in that interval for one
inch of the barometer (viz. when the mercury ftands
at 28,886 inches) is = 1°,743; according. to Mr. D=
rue thisis 1°,65. By afimilar comparifon of N° 1. and
2. with N° 6. and 7. the mean motion of the boiling
point in that interval (v7z. at 27,908 inches) for one
inch is = 1°%793 by Mr. pE LUC = 1%7 3. And, laftly,
comparing the mean of N? 6. and 7. with the mean of
N° 14.and I 5» the.mean motion of the boiling point'in
this interval (viz. at 29,925 inches) for one inch is =
1°,7093 by Mr. pE LUC = 1°,59. It fhould follow them,
that, within the limits of my experiments, the alteration
or motion of the boiling point is greater // by . than
from that gentleman’s obfervations, that the heat of'
boiling water is not di’re&iy in the fimplé ratio of the
height of the barometer, nor yet'is the progreffion {o
rapid as Mr. DE Luc obferved it. It may be fomewhat
fatisfactory to fee the obférvations coltated and compared.
(e) Itistrue, thatmy obfcrvations in Savoy give this difference + ¢ thofe of
Mr. LE mMoNNIER equal ++; (Vide Recherches fur I’ A1, § 964.); and though,
perhaps, neither the one nor the otherare intirely unexceptionable, they tend,

however, fomething to confirm, although alone they may be unable wholly
to fupport, fuch a fuppofition.
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of the Temperature of boiling Water.
— [Boiling poin
Height of i:)(:)lll:xlt‘%)y IBg;'l l;\l/%rpt F-‘:ﬂi"g’;&i}‘é
N°® | the baro-| obferva- | b ruc’s| Error. |4, :, ¢, 5| Error.
meter. | tion, rules. 14, and 15.
- | Inch. o o <o o o
1| 26,498 | 207,07 | 208,54 | +0,47 | 207,18 | 40,11
2 | 27,241 | 208,64 ] 208,84 | 40,20 | 208,52 | —o0,12
3| 27,954 | 209,87 | 210,03 40,16 209,80 | —q, ¥
4 -28,377 210,50 | 210,81 | 40,31 | 210,56 | +o0, 6
5| 28,699 | 211,27 | 211,34 | 40, 7 | 215,11 | —0,16
6 | 28,898 | 211,50 | 211,67 | +0,19 | 211,47 | —o, 3
7 | 28,999 | 211,60 | 211,85 | .+0,25 | 211,64 | 40, 4
81 29,447 | 212,55 | 212,74 | +0,19 | 212,42 | —0,13
9 | 29,805 | 212,95 | 213,15 | 40,20 213>°3 +o, 8
10 | 30,008 | 213,22 | 213,47 | +0,25 21{3,49 +0,27
1T | 30,207 | 213,58 | 213,79 | +0,21 | 213,71 | 40,13
12 | 30,489 | 214,15 | 214,23 | +0, 8 | 214,19 | 40, 4
13 | 30,763 | 214,37 | 214,66 | +0,29 | 214,65 | +0,28
14 | 30,847 | 214,83 | 214,79 | =0, 4 | 214,79 | —o, 4
15 1 30,057 | 21406 § 214,06 | ,0 121496 | 0

I fhall make no dedu&ions from this comparifon, but

leave them to the leifure of the reader.

It will, how-

ever, probably be inquired, how the thermometer came
to ftand at 213° in boiling water, when the barometer
was about 30 inches, 212° being the degree by which
that heat is exprefled on FAHRENHEIT’s {cale? The an-

~ fwer is eafy: it was an error in the making of the inftru-
ment, and, I believe, a pretty general one.
Vor. LXIX.

Ddd

‘There was

alfo
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alfo a fimilar error of fomething more than one quarter
of a degree in laying down the freezing point {o that the
fundamental interval between freezing and boiling,
when the barometer ftands. at 29,8 inches (the mean
height at London) was 180°7 1 inftead of 180°; by this
means each divifion was in fa¢t sth part lefs than a de-
gree: this fmall corretion may therefore eafily be ap-
plied, if thought neceflary, but I have taken no notice
of it.

I will now add a general table for the ufe of artifts in
making this inftrument, both according to my own
obfervations, and thofe of Mr. pE Luc, that the pre-
ference may be given as it fhall be thought due; not
that it is a matter of any great confequence which is
made ufe of under fmall variations of the atmofphere;
but even under thefe circumftances, I flatter myfelf, that
the object of this paper will be fufficiently obvious to
all who wifh to verify a new theory, or aim at accuracy

in thefe days of precifion.

Height



of the Temperainre of boiling Water.

Height | Corre&.| .~ Corre&.
of the | of the according :
barom. | boiling | Diff. Jto Mr. pg| Diff.
point; Luc.
: ° o 4
26,0 | —7,09 ~6,83
. 1 »91 190
26,5 | —6,18 1 =593
o il VS B
27)0 - 5!2 - 594
o 1 990 ,88
27,5 | =437 —4,16
: »89 »87
28,0 | — 3,438 —331
»89 »86
28,5 | =259 - 2,45
87 1. »83
1200 | =192 ~ 1,62
»87 »82
20,5 | ~0,85 -0,80
»85 »80
300 | 0,00 | —o0,00
) 85 »79
305 | +085 +9,79
1 84 278
5,0 | +1,69 +1,57

Ddd 2
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