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XXIX. Obfervations sade in Savoy, in order to afcertain
the beight of Mountains by means of the Barometer;
being an Examination of Myr. De Lucs Rules, deli-
wered.in bis Recherches fur les Modifications de PAt-
mofphere. By Sir George Shuckburgh, Bars. F. R. S.

Read May 8and15, TN the courfe of my. tour into Italy in

1777 the years 1775 and 1776, I made
fome ftay at Geneva; which being in the neighbour-
hood of the Alps, and on that account a convenient
home, induced me to make fome obfervations upon
thofe mountains, which have been defervedly objeéts of
attention to the moft incurious traveller. Iwas particu-
larly defirous of verifying the experiments with the ba-

rometer, in taking heights of different fituations; a

method that has been long known to the ingenious,
though but rarely pradifed, and capable of but little
precifion till within thefe few years; and perhaps at pre-
fent not fo generally’ known as the convenience and
utility of the method feems to require. I had provided
myfelf with a confiderable colletion of inftruments, or
a kind of portable philofophical cabinet, which I had had
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8§14  Sir GEORGE SHUCKBURGH’s Ob/ervations

made exprefsly in London and Paris, in order to make
fuch experiments as might preféent themfelves to me ez
courrant; and which, either from want of acquaintance
with the fubjeét, want of time, or want of money, be-
come rarely the object of travellers; but remain wholly
unknown till princely munificence and philofophic zeal
(of which we have a recent inftance) unite in producing
them to the world. After the very celebrated and inge-
nious labours-of Mr. DE Lvuc, farther inveftigation of
the fubje&t of barometrical meafiirement might feem
unneceflary, if not invidious; but, furniflied as I was
with an apparatus every way f{ufficient for the inquity,
finding myf{elf in the country which had been the fcene
of his operations, and poflefling fome fhare of his own
zeal, I could not but gratify the curiofity I had to verify
and repeat his experiments: if therefore in the purfuit
of this inquiry I fhould be led to a conclufion fomething
different from the refult of his own obfervations, I am
convinced that this diftinguithed obferver, of whofe
candour and talents I have an equal opinion, will im-
pute it wholly to a love for fruth; as with me the
precept applies as ftrongly.to the philofopher as to the
hiftorian, Ne quid falfi audest, ne quid veri non audeat

dicere,
6 But
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But to proceed. The inftruments I made ufe of in

thefe operations were, two of RAMSDEN's barometers /;
three or four thermometers detaéhed from the barome-
ters, whofe boiling and freezing points I had examined
myfelf; an equatorial inftrument, the circles of which
were about feven inches diameter, made by RAMSDEN;
a fifty-feet fteel meafuring chain; and three three-feet
rods, two of deal and one of brafs, in order to examine
and corre&t the chain, thefe latter made by BARADELLE
at Paris. Befides thefe I took with me a little bell-tent,
which I found of great ufe, as it defended me from the
wind and fun; and I may remark, that the obfervations
of the uppermoft barometer were made in the tent.

My firft feries of obfervations I propofed to be on
Mont Saleve’”, one of the Alps, fituated about two

(a) It may not be improper toremark, that the fpecific gravity of the quick-
filver of thefe barometers with 68° of heat was 13,61; the diameter of the
bore of the tube 0,20 inch; and that of the refervoir 1,5 inch,

(%) Mont Saleve extends near nine miles in length; is not quite' 3300 foet
in height above the Lake. That fide of it which is next Geneva is for the
moft part a barren rock, the north-eslt end of it being almoft a perpendicular
precipice; the other fide of the mountain is lefs rude, of a more gentle accli-
vity, covered with trees, fhrubs, and herbage, as is alfo the top, where is fome
of the fineft pafture in the world, Tt is inhabited only by a few fhepherds, who
pafs the fummer months here with their cattle, in little miferable huts or
barns: the remaining part of the year, viz.for about four or five months, it
is covered with fnow. This mountain contains chiefly a calcareous ftone;
and there is reafon to believe that there is an iren ore in it, “at leaft in fome
parts of it, as a piece Mr. DE Luc, the brother, picked up near the fouth-weft
end, I found, fenfibly affeed the magnet.

XXX 2 leagues
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leagues fouth of Geneva, and precifely on the fame point
where Mr. pE Luc had made his higheft or fifteenth fta~
tion : this fpot I learnt from his brother, whofe civilities,
both then and fince, I fhall frequently have accafion to
remember and mention.

The place where I meafured my bafe was in a field
near the villages of Archamp and Neidens, not quite
three miles in a horizontal line from the top of the rock
whofe height was to be determined (fee the chart that
accompanies this account). At the end of the bafe a
I intended to place one of my barometers; and the other
at the top of the rock, called the Pitton, at ¢; and with
the above inftruments meafure the triangle asc. The
angles were taken both on the horary circle, which was
brought parallel to the horizon, and alfo on theazimuth
circle of the equatorial inftrument; this made it, as it
were, two different inftruments independant of each
other. The-angles were moreover doubled, tripled, and
quadrupled, on each arch;. by this means the error of
the center or axis of the inftrument vanifhed; the poffi-
ble error in the divifions, in the reading off, and in the
coincidence of the wires in the telefcope (which magni«
fied forty times) with the fignals placed at each angle of
the triangle, was leflened in proportion to the number

of times the obfervation was repeated; and finally the
mean
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mean of all was taken. The fame was done with each
angle at A, B, and ¢, horizontal as well as vertical, viz.
the elevation of ¢ above a and 8 was taken; and alfo the
depreflion of A and B below ¢. The advantage of this
method was, that the error of the line of collimation, the
effe&t of refradion, and of the curvature of the earth’s
furface, all became equal and contrary; by thefe means
the little errors were diminithed, and great errors abfo-~
lutely avoided’”. I fhall, however, beg leave to fet down
the operation at length ref{pecting this one triangle, in
order to fthew the precifion that may be expected from
fuch a geometrical procefs; to remove the ftruples of
thofe gentlemen who fufpect that accuracy is only to be
obtained by large quadrants; and laftly, to do juftice and
fatisfation to the ceiebrated artit who invented and
made this valuable inftrument.

(¢) T muft acknowledge hore, that'the attra&ion of the mountain creeps into
the-account uncorrefted for,-but only half of this quantity influences the-mean
refult, as-at:the top it was nothing; and at the bottom of the mountain it could
ot excéed 107 in the dire&tion Ac, asI find from a rough computation, the half
of which = 5" would give only four.inches for the corre&ion,

Deter-
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Determination of the Bafe.

Ch, Ft.In. Temper.

TBngth of the bafe An ee the Chart by the chain ,
firft time, (& ) y '} 5510 o 7t
Ditto, fecond time, — —-— — 55 9 of 476
The mean, — — 55 9 10.87 73%
Ft. In, -
By frequent pre\nous obfervations T determined (4 the length
of the chain by comparifon with the.brafs {tandard rod} 500 o 6o
reduced to 60° of heat, —_
Corre&tion for 1 3§° of heat from expanfion, 40 o0 o3
Diameter of the pins or arrows, ene of which was ufed at
each chain, and in‘fuch manner, that this con:e&non be-} 40016
came always + -— —
Corre& léngth of the chain as it was ufcd in mcaﬁ:rm the
bafe, gt —_ —_ & } 50 0 21
Multiply by the.number of entire chams in the batb, —_ 55
2750 11 55
Add the parts-of a chain, — — + 9 10 87
True length of the bafe, as it was meafured,  — 2760 10 42
‘Correétion for the defe& of level, taken with an inftru- 60
ment-made on purpof¢, each time the chainwas placed, —o7
The true horizontal diftance between A and B becomes, 2760 ¢ 66
Deter-

(4) Tt may be required, to what precifion I could determine the length of
ay chain? I think certainly to within r3s of an inch, or zz%s of the whole
Tength. The common GUNTER’s chain of the fhops is always fubject to {pring
and ftretch confiderably; mine was made of hardened fieel, on purpofe to avoid
this defe@. It however ftill preferved fome degree of elafticity, for when
pulled with a force of about ten pounds, it feemed = 0,12 inch longer than
when laid gently dn the floor without being ftretched at all: the affumed length

of the chain was fuch as feemed to me probable from a moderate tenfion in
GOITNNGR
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Determination of the angles by the equatorial.

On the azimuth On the equat. sircle, the
circle, homfy beiny converted
into gradual divifions,
N o ’ 7" ° /7
4 A by the 1ft obfervation — s827.30 - 5828 30
2d, — — - 29 Q = =27 30
3d, — -— — 283 -~ — 2913
ath,  — - — 3015 - —2915

C—

« taken four times over on the arch, —= 233 541§ ~ 233 54 30
‘The mean, — 5828 49 ~  §8.28 391

Laftly, the mean: of all from the two circles
= 5§8°28/ 437 =:£ atA.

4 B by the_1ft obfervation, — 11184 45 = 111 53 ©
zd!- - - - 51" 30 - =32 30
¥ = o~  —0p = — 50

£ taken three times overon thearch, — 335 36 45 - 335 36 15 i
Mean, —-— ~ 1185215 = II1 §2° §.

Mean of all from the two circles = 111° 52/ 10"
= £ at B,

common ufing it. It may- perhhp; not be out of place to remark here; that the
vods with which the chain was examined, agreed exaltly with the fcales of the
barometers; at leaft the difference in-nine.inches, ‘taken in. different parts ‘of the
feale, did not appear to exceed gz of an inch.’

f2) The precaution in taking the inclinatiod of the chain every time; ifvthe
bafe be nearly a plain, as is the'cafe in many meadows, feems to be unneceflary;
for this fame correQion, deduted from the inclination of the bafe obferved at
A-and B; comes out~~q,09 ifich, only 0,23 inch different, a quantity wholly
inconfiderable,
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©On the ssimuth Onithe equat. sircles

circle,
o <& " [ 2 ”
4 < by the 1ft obfervation, s— 939 O - 9383
2d, - - -39 0 =~ ~3815
% - - -845 - -394s
‘¢ taken four times over onthearch, —= 38 3545 <~ 38 34 45
Mean,  — — 939568 - 93841}

Mean of the two circles, = 9° 38/ 48¥' = L atc.
By s&tudl obfervation, Aangles fimally carroftel.

LAt A, - ‘;8 28 :3} }Tl\efe angles correfted by} 5§ 28 46%

. . — ; dding 6” to each (the
4 at B, - T11 52 10 R .um of their errors, or pTTY 52 16

43t Cy - - 9 38 483 | 4efer from 180° being | 9 38 54%

) «=38") become, —————
Sum of the three angles = 179 §9 42 Sum, 180 o o
Taken from 180 0 o PO

o ——————

Leaves the difference ::} — 18
fum of the errors,

It ishighly curious and fatisfactory to fee the amazing
correfpondency of thefe obfervations, made with an in-
ftrument of only 3; inches radius, whereon an angle of
one minute is about equal ;%5 inch; and I think we
may fairly conclude, that the correfted mean refult of
thefe obfervations is true to within 6” or 8"#/; which, as

(/) I may have a future octafion to fpeak of the accuracy of this inftrument
“for aftronomical purpofes; but I cannot omit this opportunity of mentioning
one, viz. in taking the latitude of the city of Amiens in Picardy, where I had
thirteen obferva.t_tio:u by the {_la{g_ and Sun, the mean of which differed 25" from
the extremes, and only 3" from’ the refult of Mr. cassint’s obfervations,
unade, I believe, with a nine-feet zénith felor, as related in La Meridienne de
Laris verifiéce. 5

may
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may be proved hereafter, would occafion an error of
only three feet in the diftance of the mountains, and
feven inches in the height. I proceed next to the ver-
tical angles.

Determination of the inglination. of the fides Ac, BC, and
AB, With the horizons the height of the eye at the in-
Sirument being four feet adove the ground.

Altitude from below at a. Depreflion from above at C,
o 1 W ‘o 1
Inclination of Ac, =— 1033 2 10 29 1
Corre&ion for the part of’ Corre& for the fignal, — + 16
the fignal which wasp == 1 38 | wee— for theline of col-}
obferved, limatipn, — + 59
Correétion for the line of } —0 e fO1 refration, + 27
collimation, -— 59 '
Correlt for the refralion, ~— o 27 | True depreflionof A frome, 10 31 ©
s—sereem | Arch intercepted betwécn,} — 2’ 20
True Altitudeof ¢ fram A, 10 29 ¢8 OF CUIVALYre,  ~w 23
True altitude of ¢ from a
deduced from the obfer-} 10 28 30
vation at ¢,

Mean correed altitude of ¢ from A = 10° 29’ 14"/%,

(z) If the computation were to be made from either of the obférvations taken
feparately, the difference would amount to owly three feet in the haight of c;
and this may ecither be in the corre@ion of the line of collimation, the effe&
of ‘refraltion, or in miftaking the part of the fignal that was ohferved: for,
whilft I was gone to the top of the mountain, fome peafants poflaffad themfelves
of the handkerchiefs I had fixed to the fignals below in oxder to bave a
eonfpicuous and determined point,

VoL. LXVIL Yyy Incli-
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522
Altitude from below at 3. Depreffion from above at e,
. o 4 1 o v
Inclinationof Bc, — 11 20 26 11 19 47
Corre&t for the part of the} g | Corre&t for the fignal, — — 59
fignal obferved, — — I3 Error of collimation, ~—~ + 3
Error of colllmatlon, — o0 59 | Effe& of refraftion, — + 2
Correét for refradtion, — 0 206 =
e | True depreflion of Bfromc, 11 20 18
Truealtitude of c fromB, 11 17 23 | Arch intercepted, or cur- } 2 18
 —— vature, - -

True altitude of ¢ from B,
deduced from the ob-} 1118 o
fervationatc, — -

Mean of the two, or corrected altitude of ¢ from B

=11°17 415,

Altitude at A, Deprefiion at x.

/ "

2 of inclination of aBY . . ! 02
the bafe, —_— } © 27 9 | Errorof collimation, + <7> 5;
Error. of the line of cola'} —0
limation, — 39 Corre&t depreﬂion of A} 8
e s from B; 02 3
Corre& altitude of Bfroma, o 26 1 | Arch mterceptcd, — — 0 2%

Sro—— ppo—
Altitude of B from a de-
duced from the obfer-} 0 27 36

vation at B, —

Mean of the two, or corrected altitude of ® from a
= 0° 26/ 49",

() It fhould:-feem from thefe two obfervations, that the error-of the line of
coHimation had been affumed too great; it has however, as I have before
obferved, nothing to do with the.mean refult: and this is, perhaps, one of the
beft means: of difcovering the error of collimation, and the very method Mr.
DE Luc ufed, to adjuft his level, though, as I have been informed by his brother,
without taking into the account the effe& of curvature, which, if his horie
zontal marks were 2000 feet diftant from each other, would amount to 20", and

the error to half that quantity.

5 I have
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I'have thus, in a manner rather prolix, given a detail
of the methods ufed to afcertain the quantity of the dif-
ferent angles. It may be of ufe on-a like occafion, and
will at leaft ferve to determine within what limits the er-
ror of the final refult may be expected to lye, as on the
precifion of the geometrical operations all the compa-
rifons of the barometrical ones depend. This procefs
once mentioned will exempt me and the reader from the
trouble a fecond time, when he is informed, that the
fame fidelity and pains were employed (where the cir-
cumitances would admit) in all the trigonometrical .ob~
fervations, of which the annexed chart is a fummary. 1
proceed now to the determination of the fides, the com=-
putations of which are too well known to enter into this

paper.

Feet.

Side aAB 2760.8

AC 15286.4

BC 14041.7

Feet.
“Thefe with the angles give for the height of ¢ abovc A, — 2835.07
The height of ¢ above B, —_— —_ 2800.27
The hexght of B above A, —_— — —_ 22.18
Thefe two added give the height of ¢ above A, deduced from the} 2828.45
obfervation at B, — —_ —

But the height by a&tual obfervation at A was, — —_ 2835.07
Then the mean of the two, — — — 2831.76

which is probably within three or four feet of the truth,

or about one foot in a thoufand.
Yyya Having
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Having thus the perpendicular height, as I think,
very accurately afcertained, it remained for me to take
the altitude of the barometer at each ftation A and ¢, and
if poffible with equal precifion. Thefe obfervations it
would be too tedious to fet down at length. I fhall, how-
ever, premife the following particulars. Every obferva-
tion of the barometer was triple; that is, the height was
read off three different times, and the mean taken ; but
from once reading only I could be fure of the height to
+oss Of an inch, exclufive of the error of the divifions,
which in fome places might amount to that quantity;
this the nonius would itfelf difcover and even corret by
eftimation. At every feries of obfervations the float at the
bottom was readjufted, fo that I could conftantly be fure
of an alteration: of the weight of the atmof{phere ex-
prefled by o.o02 inch of quickfilver, if not of half that
quantity. Finally, the difference of the two barome-
ters / was conftantly taken, after being left three-quar-
ters

<(#) Tt may be concluded, that this difference fliould be conftant; and‘always-the.
fame ; but, from what caufe [ know not, it did not appear fo to me. In my journal
for the weather for 1775, I find the following note: from amean of feventeen
obfervations between Auguft 12th and Sept. 1. wiz. before,. at, and after, my
expedition to Mont Saleve and the Mole, I find the difference between my two
barometers =,0042 inch, N° 1. flanding the higheft; in thefe comparifons,
however, the extremes fometimes. differed from the mean =,006. And in my

paflage over Mont Cenis, Dec,. 1, barometer N° 1. ftood lower than N° 2,
by
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ters of an hour or more in the fame place, to acquire the
true témperature of the air, and this before and after
every expedition. The fractional parts of a degree on
both the attached and detached thermometers were
noted only by eftimation, but written down to roths,
being more convenient in the; computation;. for I may
remark, that one-third of a.degree on theattached ther-.
mometer is equal to about 55 inch an the barometer;:
this attention, therefore,, to. the fisb-divifions. of the de-
grees became neceffary.. I conclude, Iaftly, with pre-
farning, that the weight ¥/ of any column of air may be
meafured with thefe barometers to ,008 inch, though all
the errors fhould:lye the {fame way, |
Leaving Geneva about haif paft fix in the morning;
Auguft 20th, I arrived at the place A of my bafe a little
before eight; near to which there happened to be a
thepherd’s houfé, in: which I left one of my barometers
(N° 1.) with a {érvant, to.examine and obferve it every
five or ten. minutes. for near nine hours: fucceflively,

by —,0¥3 inch:: it-is.difficult te account:forthis, May. 10th, 1976, at Rome,
N° 1. ftood loweft:by —,001. June iath, at Naples,. N° 1. ftood lowett. by
~—,008,. Sept. 10th, in London, N° 1. ftood higheft’ by. +,006. Thefe
apparent variations may poffibly.arife from fome akteration. in the frame-.work
of the barometers through moiftute, &c..

(#) Imuft-not be underftood to mean, that the length of any.column of - ain
may be meafured to an equal accuracy, even-though our theory fhould be per-
feQt:. this will be the fubje& of inquiry in its preper place..

untilk

z
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until T returned; the windows and doors of the room,
in which the inftrument was placed, being left open, by
which means there was a free communication with the
autward air, and the barometer not expofed to the Stn.
The detached thermometer was hung on the window
towards the north-eaft, where there was neither direct
nor refle¢ted heat from the Sun /. The two barometers

(1) T'have thought proper to mention this, as it is almoft the only circum-
ftance wherein my method of obferving differed from Mr. pE ruc’s, whofe
thermometers (if I miftake not) were hung always in the Sun, and probably
for this reafon, becaufe the column of the atmofphere between the two baro-
meters, whofe mean heat is to be determined, is (if the Snn fhine) all expofed
to the Sun. I have, however, always preferred hanging them in the fhade,
and T give the following reafons: all fpurious and local heat from reflefion is
more eafily avoided; no concentrated and falfe heat is acquired by the mounting,
and thence communicated to the tube, even though the ball fhould be infulated;
and, finally, becaufe I fufpe&t the real temperature of the atmofphere ln the
Sun and in the fhade to be the fame, or at leaft infenfibly different. ‘This may
be thought to be advancing too much; but, to be fatisfied of the pofition, I made
no lefs than four-fcore obfervations with four different thermometers of very
different mounting, hung alternately expofed to the Sun’s rays, and fcreened
from them by the fhade of a.tree, in an open plain at fome diftance from the
town of Geneva. The refult was, that my beft thermometer, with the ball
infulated, differed only 2° in the different fituations; the others, more or lefs,
as they were more or lefs conneéted with the frames in which they hung. One
of them, inclofed in a glafs tube, rofe 12° higher than the true temperature,
which was 77° It fhould feem then, that the variety in the mounting occa-
fioned this difference; and this effe® of the materials, of which the inftry-
ment is made, cannot be wholly avoided, as the glafs itfelf, which conftitutes
the ball of the thermometer, will acquire and contain more or lefs, in proportion
to its thicknefs and opacity. If a thermometer were perfe&, it would refle&t
all the rays that it receives. More might be added to corroborate this idea,

but it would fwell this note to an unwarrantable length,
were
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were here compared; and at a quarter after nine, begin-
ning my walk, I arrived, not without fome fatigue, at
the top of the mountain about noon. The view from
thence was incredibly beautiful. Every objeét, that from
Geneva was ftriking, from thence appeared with an-ad-
ditional effet. 'The mountains feemed higher and
nearer; the plain appeared amore perfeét level, the frall
inequalities from this height becommg infenfible; _and
a larger portion of the lake prefented itfelf: behind. me
an innumerable collection of naked points and‘preéipi'ces,
allnew objects, that from below are hid by the mountain,
afforded: freth and moft aftonifhing ideas of this very
fingular part of the creation: The clouds however  (for
it was a little hazy) unfortunately prevented my feeing
Mont Blanc and the Glacieres, which were ftill farther
behind. Some of the clouds were below me, and very
near; exhibiting to me, at that time, a very fingular phe-
nomenon of the thunder grumbling undér my feet, I
was occupied here between four and five hours with dif-
ferent obfervations.. ‘The barometrical ones I am now
going to relate; and I fhall at the fame time give the
- computations of them according to Mr. DE LUC’S me-
thod, or rather according to Dr. HORSLEYS reducion of
it to. the fcales and meafures of this country (wide
Philof. Tranf. vol. LXIV.) with this difference, that I
have
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have reckoned the equation for the expanfion of quick~
filver =,00323 inch for every degree of FAHRENHEIT'S
thermometer in a columnof 3o inches,inftead of ;00312
which Mr. pE Luc ufed; the former I had colleéted from
fome of my own experiments made at Oxford in the
beginning of the year 1773: this difference will not,
however, occafion an alteration in the refult of any one
of my obfervations of more than five inches, and may
therefore be confidered as of no account. Of the real
value of this correction I thall {fpeak more hereafter.

The barometer was fet up on the mountain at one
oclock, and left an hour and a quarter to acquire the
temperature of the tent in which it was placed, before
the firft regular feries of obfervation was taken. The
fucceeding obfervations were made at intervals of near
an hour each. I have ventured to fet down the height
of the barometer to ,0001 inch; but this is only the
mean from three or four readings off. It feems that the
heat of the tent was confiderably greater than that of the
external air; this, however, can only influence the ex-
panfion of the quickfilver, thewn by the attached ther=-
mometer, and not the preflure of the atmofphere.
Laftly, the true difference in the height of the refervoirs
of the two barometers, by comparifon with A and ¢, was
found equal 2831.3 feet geometrically.

Com-
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" Comparifon of the firf? feries.

Obfervations at the top of the -mountain at c.
Barom. N° 2. Therm, Therm,

above at ¢, - attachod. detached.
In. Pts, o o
25.9120 8.0 65.0

Correét forthe diff. of the } 162
2 attached therm, 5°%g, J

I——————

Barometer at the top,  25.6958 = Log. = 4098621

below, 28.3951.  Log. 4532434
i hy he height in E
Difference, or fall of the oy ‘o, [theheightin Enp-
quickfilver, } 26993 Diff.of Log. 433.813 { lith fag:homs. )
Corre& for 2¢°.7 of heat, —=  — + 28.728
Corre& height in fathom, -— e 462, 542
X
Height in Englifh feet by the barometer, = 2775.246
Height by the trig.method, = == 2831.3
Difference, or error of thebarometer r388s,  — 56.1
Obfervations below at a.
Barom,N°1, Therm.  Therm,
below at A,  attached.  detached.
Ig. Pts. o o
28.3990 2.1 93
Corre& for the diff, __99 7 6g.g‘heai: at C.
of the barometer, 39 —_
--u-s — 69.4 m{etan;;eat of the ain;l.'
"28.3951 » § ftand. temp. accordin
et e 39‘7 { to Dr. HORSLEY,

+ 29.4 difference.

A detached thermometer in the tent ftood at 72°,

VoL, LXVII. Zzz Con~
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Comparifon of the fesond Ssrses.

Obfervation at the top of the mount at c.
Baiom.N°2, Therm. Therm.

above atc. attached. -detached.
In. Pts, ° o
27.7025 934 64.0

Correét for the Diffi of 1 o

the two attached therm, 5
Barometer at the top, 25.6975 Log. 4098¢08
below, ~= 28.3901 Log. 453 1669

Difference, or fall of the I apprex. height in
qui ckﬁl\,'er, _ } 2.6926 Diff. of Log. 432.751 { Englifh fathoms,

Correét for 28°.8 of heat, — iy + 27.989

— —ee.

Corre&ted height in fathoms, == == 460. 538

Height in feet by the barometer — §6 3 228
by the trig. method, = 31 .3
Difference, or error of the barometer y%48v, — 68,;

Obfervation below at A.

Barom.N°1, Therm. ‘Therm,
below at A. attached, detached.

In. Pts, o o
28.3940 41.6 .0
Corre& for the diff. _9 Zi.o, heat at c.
of barometer, 39 —e
68.5 mean heat,
28.3901 39.7 ftandard temperature,

<+ 28.8 difference.

————

A detached thermometer in the tent ftoed at 69°.

During thefe obfervations the wind was S.W.; the

weather hazy, accompanied with a little thunder.
Com-
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Comparifon of the third feries.

Obfervations st the top near c.

Barom. N° 2, Therm, Therm.
above at c. attached. detached.
Iﬂo Ptao o °
25.6900 69.7 62.0

Corre& forthe &iff. of dlc} 8
2 attached therm, 1°.4, +3

Barometer at the top, .6838 Log. 4098_9.§3
below, =~ 2 Log. 4531593

Difference, or fall of the} 2.6958 Diff. of Log. 433.310 {

quickfilver, —
Corre& for 29°,§ of heat, == == + 26.582

Corre& height in fathoms, —_— - 459.892
x

Height in feet by the barometer, — 2%59.352
=——— by the trig, method, == ==  2831.3

Differente, or error of the barometer 13585, =—71.9

Obfervations below near to A.

Barom. N° 1. Therm.  Therm,
bélow at A. attached.  detached.
In. Pts. °

28.3935  7LIL 728

Approx height in
fathoms.

Corre& for the diff, 62,0 heat at c.
of barometer, —39 —
————s 67%.2 mean heat.
28.3896 39.7 ftandard temperature,

————— A —————

+ 27.5 difference,

p——

A detached thermometer in the tent ftood at 65°.

Zzz2

Thefe
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Thefe obfervations then {feem to prove that the baro-
metrical rules were a little defectiveasto the true ratio be-
tween the gravities of air and quickfilver, v72, in the
value of an inch of quickfilver in the torricellian tube,
exprefled in inches of the atmofphere with a given tem-
perature. The firft comparifon gives for this error in
defe¢t —19.8 feet in every 1000 feet; the fecond, 24.0
feet; and the laft, 25.4 feet: the mean of the three is
23.1 feet; and by fo much we may conclude that thefe
rules, in greater heights alfo, will give the difference of
elevation too little, viz. by = nearly ™. But it will be
fair to make the experiment,

(m) Left any ﬁifpicion- fhould arife of a difagreement between the a&ual
meafures taken by Mr. DE Luc and myfelf, I may obferve, that the mean refult
of three obfervations, which I made independently of each other on the height of
the Pitton or point ¢ above the lake of Geneva; agree with the mean refult of
Mr. pE LUC’s operation from the levelling and the quadrant, to lefs than twelve
inches; a greater correfpondency than which cannot -be expefted: and this was.
the true reafon why I chofe the fame. fpot-he had pitched upon. ¢ Le rocher
% ifolé, qui domine toute la montagne.)* As a further confirmation, I compared his
ftandard fteel rod of twelve.Paris inches, which his brother obligingly furnithed
me with, with my brafs one, and found twelve inches on Mr. pE LuC’s rule
was on my rule, with 71° of heat, —  — 12,784 Eng, inches.

Corre&ion for the difference of expanfion between} +o0
brafs and fteel with 16° of heat, —_— 7

Length of Mr. pE Luc’s French foot with §55°, ~— 12.7847
True length of the French foot (wide Phil. Tranf)  12.7890

Error or difference from the true Paris foot == == ,0043 = 355 aearly,

X The
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The Mole is a convenient, infulated mountain,
fituated about eighteen miles eaft of Geneva, and rifing
near five thoufand feet above the lake, much higher
than any body, that I know of, has ever made thefe ex-
periments at, with the required precifion. On this fum-
mit I determined to confirm or corre& my difcovery, and
communicated my intentions to Mr.. DE SAUSSURE, a Very
ingenious gentleman of this place, and well fkilled in
various parts of natural and experimental philofophy,
who gavemeall theinformation neceffary, and obligingly
promifed ta accompany me, as did alfo Mr. TREMBLEY,
affiftant to Mr. MALLET, well known in the aftronomical
world. This expedition was undertaken in the latter end
of Auguft and beginning of September. I fhall here .
beg leave to fet the reader down at the bottom of the
mountain, and flatter myfelf he will accompany me to
the top. It was about five in the afternoon when we left
St. Joire, a wretched little village at the foot of the moun-
tain to the eaft, and where we had dined in a moft mi-
ferable auberge, preparing to afcend the fummit on foot,
being feven.ar eight in company, including guides and
fervants,. who carried my inftruments, provifions, &c.;
the former confifting of the equatorial, the barometer,
different thermometers, eleétrical balls, an hygrometer,
and a dipping-needle; together with another barometer
of
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of Mr. pE LUC’s conftruction, a variation-needle, a level
belonging to Mr. DE SAUSSURE, and a tent. Thus accou-
tered we proceeded up an afcent, not however very fteep,
- for three heurs and a half without intermiffien, the path
leading in a {piral kind of direétion, very rugged and full
of loofe pieces of rock that are brought down with the
melting {nows, paffing through romantic woods of fine
firs and other trees, interfperfed here and there with a
thin foil of excellent pafture. Before we arrived at the
hut, where we were to fleep (for our intention was to lay
upon the mountain that night, in order to have the more
time the next morning for our operations) having
walked on a little tdo far before, we loft fight of our
guides. We called feveral times, but were never an-
fwered:—the night was now coming on; a kind of fog
appeared, with fmall rain; our fituation became fome-
what embarrafling. We called again, but were anfwered
by nothing but an echo, the place being a moft profound
folitude. We began now to confider ourfelves as loft.
Myr. DE SAUSSURE, though he had been feven or eight
times before upon the mountain, found himfelf in doubt
concerning the way; but after a fhort dilemma thought
it beft to proceed. We did; and now began to perceive
at a diftance fome little huts or hovels indiftinétly : a few

more fteps affured us we were right, and about nine
o’clock
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o'clock we bad the good luck to find ourfelves at the very
hevel, where we were to reft that night. I own I now
found myfelf quite contented, though T did not at all
know what kind of plage I was going to enter. It proved.
to.be a little hut-made of boards, confifting of one apart-
ment only, eighteen or twenty feet {quare, and about
twelve (high in the center, without any windows or
chimney for the finoke, except what was made by the
holes in.the roof, and the interftices between the boards
at the fides, which were rudely put together, fcarce
clofer than -park-palings, affording an equal entrance to
the wind, rain, and fnow; for as thefe hovels are inha-
bited only for about ifour months in the fummer, they
are eonfiructed without the leaft mortar or cement in
the world ; an humiliating witnefs this, how fimple the
architeéture which nature and neceffity fuggeft. On.en~

tering: we found a comfortable fire, and the little cadane
‘inhabited by a couple of Alpine fhepherdefles and their
two. cows, on whofe whey and fome very coarfe bread
they wholly fuf)ﬁﬁed, nat difcoptented but even proud of
their Jot; and who, out of a fingular fpecies of contempt,
call theinhabitants of the plain mange-rotis,thatis,eaters of
roaft-meat. Their language too was different ;. not French
nor Italian, but partaking fomething of both ; or,asIhave
been fince informed, a corruption of the ancient Celtic:
5 A few
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A few minutes after our arrival our guides rejoined us:
it was now night, and in this rather too artlefs habitation
we were obliged to Jay in a little loft over the cows, our
‘beds fome leaves and clean hay, and my bolfter my port-
manteau’”. I had had the caution to bring fome fheets
with me, and, being a little tired with my walking, flept
five hours pretty foundly, though much ftarved, having
no other curtains than what this wooden canopy afforded,
through which the ftars fhone moft brilliantly. Between
four and five we arofe; found the heavens beautifully
ferene, and, having eaten fome of our provifions, left
this habitation, which might be fituated about two-thirds
of the way up the mountain; and beginning our march
about half after five reached the fummit a quarter before
feven; but not without a good deal of climbing, and
fometimes up an afcent of near 4.0° for feveral hundred
feet. One of my fervants, before he got half way, found
his head turn round, and himfelf {o giddy, at the height
and .precipices (a frequent effect in thefe fort of places)
that he was obliged tq return to the hut. In the
afcent I faw the Sun rifing behind one of the neigh-
(n) Frigida parvas
‘Preeberet fpelunca domos, ‘ignemque, laremque,
Et pecus, et dominos communi clauderet umbri ;

Sylveftrem montana torum ciim fterneret uxor
Frondibus et culmo, Juv, Sat, vi.

bouring
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bouring alps with a moft beautiful effect, and the thadow
of the mountain we were then upon extended fifteen or
twenty miles weft. We had now reached the fummit; and
there my curiofity finithed in aftonithment. I perceived
myfelf elevated 6000 feet inthe atmofphere, and ftanding
as it were on a knife-edge, for fuch is the figure of the
ridge or top of this mount-aivnb; length without breadth, or
the leaft appearance of a plain, as I had expected to find.
Before me an immediate precipice, @ pic, of above 1000
feet, and behind me the very fteep afcent I had juft now
mounted. I was imprudently the firft of the company:
the furprize was perfect horror, and two fteps further
had {fent me headlong from the rock.

On this fpot, with fome difficulty, we fixed the inftru~
ments, and commenced our operations, after fome time
fpent in admiration at the profpect, and familiarizing my-
felf to the fcene. Before me, at fome diftance, was {pread
the plain in which lay Geneva and the lake; behind it
rofe the Dole, and the long chain of Mont Jura as far as
the fort La Clufe, which we entirely commanded, as well
as fome of the country beyond it. A little to the left, and
much nearer, lay Mont Saleve, which from this height
appeared an inconfiderable hill: to the right and left no-
thing but immenf{e mountains,and pointed rocks of every
pofiible thape,and forming tremendous precipices. In the

VoL. LXVIL 4 A- vale
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vale beneath, feveral little hamlets, and the moft beautiful
pafturages, with the river Arve winding and foftening
the {cene; from whence arofe a thick evaporation, col=
lecting itfelf into clouds, which on the lake, that was
quite covered with them, had the appearance of a fea of
cotton, the Sun-beams playing in the upper furface of
them with thofe tints that are {een in a fine evening.
To the fouth-weft appeared the lake of Annecy; be-
hind us, taking up one-fifth of our horizen, lay the
Glacieres, and amongit them, towering above all the reft,
ftood Mont Blanc. The circumference of the horizon
might be about 200 Englifh miles; and, though not one
of the moft extenfive, yet certainly one of the moft varied
in the world. From this {pot theclotds had a ftriking
appearance to an inhabitant of the plain; very few of
them at above one-fifth of the height that we were now
at; not governed by the wind, but moving in every pof-
fible direction ; fome of them feemed creeping along the
- ground, whillt others were rifing perpendicularly be-
tween the hills. And I may here remark, that from
Geneva I have obferved the clouds were generally three
days in the week below the fummit of Mont Saleve; fo.
that the ordinary region of thefe vapours feems to be at
that height in the atmofphere, where the barometer
would ftand at about 26 inches in this climate.
7 While
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While at the top of the Mole, I was very fenfible of
the cold, there being a brifk wind, which, though fouth,
came over the mountains of ice, and was very keen;
infomuch that, about two hours after I had been there,
I nearly loft the ufe of my fingers, and found my lips
much affeted and parched from the tranfition, having
been a good deal heated in afcending with two waiftcoats
and a great coat on. The thermometer, however, when
1 firt mounted, ftood no lower than 48°. I muft here
afk pardon for this long digreffion, which I have ven-
tured to tranfcribe from my journal written upon the
{pot.

To return then to the obfervations. After what has
been faid refpecting thofe on Mont Saleve, it will fuffice
here to mention, that by repeated meafurements I de-
termined the horizontal length of the bafe 1, 2 (fee the
chart) to be=1250 ft. 3.9 inch; the £ at 1=95°37/28";
£ at2=7%7° 48 53"; and the £ at 3=6° 33’ 49”. The
mean corre¢ted angle of ‘elevation of 3 from
=21° 29’ 34”; ditto of 3 from 2=21° 3’ 41”; and lafily,
the elevation of 2 from 1=0° 47’ 24",

4 A2 Thefo
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Feet.
Thefe obfervations give for the length of the fide 1, 3, — 10691.9
—_— —_— — — 2, 3, — 10886.7
Height of 3 above 1, —_ — -_— 42128
3-above 2, — —_— —_— — 4194.8
2 above 1, — — — —_— 17.2

And confequently, 3 above r deduced from the obfervationat2, — 4212.0

And lafily, the mean height of 3 above 1 from the determination. at} .
each cnc’i of the bafe, 8 —_ — 4212.4

The difference in height, however, between the two
barometers was only 4217,3 feet.
Here follow the barometrical obfervations”, and their
redudtion.
(¢) Made between the hours of eight and twelve, in the open air and not-in
the tent, which could not be pitched. on accout of the fmallnefs of the plain at

the fummit; a brifk fouth wind, but fair, The barometer was fcreened by an
umbrella,

Corge
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Comparifon of the firft feries on the Mole.

Obfervation at the top at 3.
Barom, N° 2. Therm, Therm,

above at ¢, attached. detached.
I n. Pts. o o
. 41437 570 54.8

Corre& for the Diff. of the } + 88

two attached therm. 3°.4,
Barometer at the top, 24.1525 Log. 3829621
oo below, —  28.1253 Log 4490971
Difference, or fall of the

} 3-9728 Diff. of Log. 661.350 {aPP"“x height in

quickfilver, fathoms,

Corre&t for 18°.6 of heat, — + 27.431

Correéted height in fathoms, —  — 688.781

x 6
Height in feet by the barometer — 4132.686
by the geometrical meafurement, 4211.3
Difference, or error of the barometer, — 8.6 = y&¥Zs.

Obfervation below at 1.

Barom.N°1, Therm. ‘Therm.
below at 1, attached,. detached.

In. Pus. o
28,1295 60.4
Correét for the diﬁ’:} - 92 54.8 heat at 3.
of barometer, 4
e e 58 .3 mean heat,
28.1253 39,7 ftandard temperature,

I— ——— [ e a—

4+ 18.6 difference,

A————

Com
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Comparifon of the fecond Series.

Obfervation at the top at 3.

Barom. N® 2. Therm, Therm.
above at 3. attached. detached.
In. Pts, o o
24,1420 50.9 56.0

Correét forthe diff. of the
two attached therm, 3° 5,} + 91
24,1511 Log. 3829369
28.1258 Log. 449‘049

Difference, or fall of the : , approx. height in
quickﬁlv’ler, — } 3.9747 Dift. of Log, 661.680 { fathoms,
Corret for 19°,2 of heaty, == == + 28.330

Correé height in fathoms, — 690.0:2
X

Height in feet by the barometer, —  4140.06
e by the geom. method, — 4211.3
Difference, or error of the barometer, — 52 = rhSgEe

Obfervation below at 1.

Barom. N° 1, Therm.  Therm.
below at 1. attached.  detached,

In, Pts, o °
28.1300 60.4. 61.8
Carre& for the diff, 2 56.0 heat at 3.
of barometer, 4 —_—
s 58.9 mean heat.
28.1258 39.7 ftandard temperature,
S — A — —
— 19.2 difference.

Cottie
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Comparifon of the third Series.

Obfervation at the top at 3.

Barem.. N° 2, Therm. Therm,
above at 3. attached, .  detached.
In, Prs. : o
24.1670 5(°>.o 56.0
Corre&t for the diff. of the} 1 ©57.5)
two attached therm. 4°9. 27

241797 Log. 383450
28,1298 Log. 449135

Difference, or fall of the ; "Approx. height
quickﬁb\,rer, } 39481 Diff. of Log. 656.849 { ?n fathoms.

Corre& for 19°8 of heat, — — + 29.0

Corre& height in fathoms, —_— - 685.842
. X

Height in féet by the barometer, — © 4115.094
by the gecom. method, —  4211.3

me———

Difference, or etror of the barometer, — 6.2 = 1iidz.
] »

Obfervation below at 1.

Barom. N° 2, Therms  Therm.
below at 2, attached,  detached,

In. Pts. o o
28.1320. 60.9 63.0
Corret for the diff. 56.0 heat at 3.
of the barometer, - 42 — ‘
s §9.5 mean heat,
28.1278 39.7 ftandard temperature,
19.8 difference.

—

(p) In this column: for the detached thermometer at the top of the mountain,
in this and the following obfervations, arc inferted two numbers; the upper one
exprefling the heat in the fhade; and the lower one, with this mark @ prefixed,
the heat in the Sun.  The computation, however, is made from the formers.
this may ferve to fhew the difference,

Comn-
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Comparifon of the jbzm»b Jerdes.

Obfervation at the top at 3.
Barom, N° 2, Therm. “Therm,

.aboveat 3, . attached, detached,
In. Pts. °
24.1780 57.2 53.0
Corret for the diff. of the 03575
two attached therm. 4°6, } + 1“9

22.1899 Log. 3836341
28.1318  Log. 331376
Difference, or fall of the . approx. height in
uiekﬁh;er, } 3:9419 Diff. of Log. 655.635 { fathoms,
Corre& for 20°.3 of heat, = — + 29678

Correét height in fathoms, - — o— 685.31 g
X

Height in feet by the barometer, — 4111.878
. by the geom.method,  «— 42113
Difference, or error of the barometer, 0904 = T3,

Obfervation below at 1.

Barom.N°3;., Therm. Therm.
below at 1. attached.  detached.
In. Pts.

28.1360 61:8 639
Corre& for the diff. 56.0 heat at 3.
.of the barometer, 42 —_—
U 60.0 mean heat.-
28.1318 39.7 ftandard temperature,

+ 20.3 difference.

D a———

Corps=
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Comparifon of the fifth feries.

Obfervations at the top at 3.

Barom. N° 2, Therm. Therm,
above at 3, attached, detached,
In. PstSa ° °
, 24.1840 59.6 570
Corret forthe diff. of the} + 7 0593
2 attached therm, 2°.8, 3
24.191 Log. 3836592
28,:30% Log. 4491820
Difference, or fall of the ™ .o lapprox. height in-
quickﬁl:'er, } 3.9395 Diff.of Log. 655.228 } fathomns, 8
Corre& for 20°.8 of heat, =  — + 30.391
Corre& height in fathom, —_— 686.612
x
Height in feet by the barometer, — 4113714

——— by the geom. method,  —  4211.3

Difference, or error of the barometer, — 976 = 1i¥sv.

Obfervations below at 1.

Barom.N°1, Therm. ‘Therm.
below at 1. attached,  detached.

In. Pts, o o
28.1350 62.4 64.0
Corredt for the diff. 57.0heat at 3.
of the barometer, — 42 —
60.3 mean heat.
28.1308 39.7 ftandard temperature,

4+ 20.8 difference.

Vor. LXVIL 4B Comn-
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Comparifon of the fixth feries.

Obfervation at the top at 3.

Barom. N° 2. Therm. ‘Therm.
above at 3. attached, detached.
In, Pts. ° °
24.1900 61.0 57.0
Corre& for the diff, of hhe} : © 6o.Q
two attached therm. 1°6, + 4

24,1941 Log. 3837095

28.1268 Log. 4491204
Difference, or fall of the . approx. height in.
quickﬁh"er,‘ } 39327 Diff. of Log. 654 157 { fathoms, &
Corretion for 20°6 of heat, == =~ +30.048
Corre& height in fathoms, = — 684.157
x 6
Height in feet by the barometer,. — 4104.942
mm—— by the geom.method == 42113
Difference, or error of the barometer, —106.4 = 13iZse
Obfervation below at 1.
Barom.N°1,  Therm.  Therm.
below at 1, attached.  detached.
In, Pts.. o o
28.1310 62.6 63.6
Corre& for the diﬁ'.} — 57.0 heat at 3.
of the barometer, 4
—— 60.3 mean heat,
28.1268 39 7 ftandard temperature;
20.6 difference.

Tao
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To colleét thefe laft experiments in one point of view.
Feet.

The 1t feries gives for the error on every roooft. 18.7

2d, —_ — —_ 16.9
3d, — — — 22.8
4th, —_ — — 23.5
sth, — —_ _— 23.1I
6th, — — —_ 25.2

The mean error, —_— 21.7

which agrees within two feet in a thoufand with the de-
termination on Mont Saleve. This refult then juftifies
my conclufion (in p. 556.) and proves that either the
proportional gravity of air and quickfilver is now dif-
ferent from what it was, when M. pE Luc made his
experiments, viz. from 1756 to 1760; or that his or
my obfervations are defective. That my trigonometrical
meafurements were fufficiently exaét, vsz. to within two
or three feet, I think I have already fhewn; and even that
his were alfo. Within what limits my barometrical er=
rors are to be found is not difficult to determine from
what has been before premifed. That the {cale of Mr.
DE LUC’s barometer was lefs accurate than mine, is, 1
think, without a doubt; and indeed he never attempted
a divifion lefs than %th of a French line, or about ;5

4 B 2 of
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of an inch Englith: and yet when I confider the number
of his obfervations, and the unexampled diligence and
care with which he made them, I am obliged to attribute
the difference of our refults to fome other caufe than that
of inaccuracy. If then future experience thould demon-
ftrate, that the denfity of the atmofphere with a given
heat is invariable, or nearly fo; while the preflure of a
whole column of it continues the fame, we may perhaps
fearch for the caufe of our difagreement from hence,
viz. the barometers of Mr. DE Luc were not fufficiently
near each other in an horizontal direétion: mine were
{eparated from two to three miles; and his, I believe, at
double or triple that diftance. It may be fufpected, I am
well aware, that the fyphon conftrudtion of Mr. DE LUC’s
barometer might occafion this difference: let us fee whe-
ther this be the cafe. Mr. DE sAUssURE (whofe inftru-
ment was of Mr. bE Luc’s conftrution, and made, as I
underftood, under his infpection) obferved at the top of
the Mole, or at leaft nearly on the fame level with my
barometer, as follows:

And
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vBarometer Therm. attached,  Therm. det.
In, L.16ths, pE ruc’sfcale. REAUM. fcale,

22 8 0 +1°+ +10°—

And in Englith meafure and FAHREN-
HEIT’s {cale, —_

Mr. pE saussurE’s barometer ordman!y}__ -
ftands higher than mine.N° 2. by (1/, o7

Corret for the diff, of our attached therm, 1°, + 26

} 24.1570 56 §42

Mr. DE sAussURE’s barometer corr &ed,  24.1479
My barometer: N° 2. fee the firft feries, 24.1437— 47 4.8
Difference, —_ — ++ »0042 wholly incanfiderable.

Our barometers may therefore be faidto have agreed
exadtly.

Mr. DE sAUSSURE made a fecond comparifon juft
before we left the top of the mountain, which proved as
follows.

Baremeter Therm. attached, Therm.

In. L. 16thss DE ruc’sfcale, detached,
22 8 8 +4° +113°
Or reduced to Englnfh meafure and fcale, 24.2014 61.7 579

Mr. DE sAUssURE’s barometer ftands } o1t
higher than mine N° 2.  — o117
Corr, for the diff. of our attached therm. 0°.7, —.0018

Mr, bE sAUssURE’s barometer correfted,  24.1879
My barometer N° 2. fee the fixth feries, 24.190Q 61.0 57

st pussteasastt

Difference, — —_— —0.0021

So that, in the firft comparifon, his barometer at the
top of the Mole ftood higher than mine by +,004 inch;
and in the laft, lower by —,002; the mean is higher by

{4) ‘This we found by comparifons at the bottom of the mountain.
+,001
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+,001, equal to about 10 inches in deducing the height
of the mountain, a quantity wholly to be negleéted.
Finally, the mean of Mr. DE §AUSSURE'S obfervations
gives the defect of Mr. DE LUC’s rules 21.9 in a thou-
fand. The conftrution of the barometer had therefore
no influence on this difference. But further, while Mr.
DE SAUSSURE obferved the height of the barometer on
the Mole, Mr. DE LUC, the brother made a correiponding
obfervation with a fimilar inftrument at Geneva. I fhall
relate this obfervation, computed after Mr. DE LUC’s
manner.

Mr.,
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In. L. 16ths.

Mr. DE SAUSSURE, at 4 feet
below the fummit of the}zz 8 o

Mole, -  —

MR DE SAUSSURE’s barom.
ands higher than Mr.. pE } + 1} )

Luc’s ordinarily by, Heat of the air.

Thermometer attached + 1°, — 03} ;M,_MA;:::
16ths of aline, Log Therm.  Therm.

‘Corre& height on the Mole, 22 8 o3 =4352.3 6387587 +10 —i5%
M. bk ruc, 78 feet above _

the lake,  — } 27 0 o
Therm, attahced 46°, o — 6

26 11 10 =5198  j141620 F15 — 4

s e se———

Difference of the Log, — 754.033 Sum —10%
19°3 X 132232 — the corretion for the temperature, C—14.854 —
Corre& height in French toifes, — 739.179
x 6
Height in French feet, —_ — 4435.074

M. DE Luc’s barometer above the lake of Geneva, +78.
Mr. DE sAussURE’s barometer below the fummit of} +
the Mole, —_ —_ —_ T 4

And confequently, the fummit of the Mole above} .
" the lake, in French feet, 4517
Which reduced to Englifh feetis, ~——  — 4814,

But, by a mean of ‘my trigonometrical operatlons } .
this height is (vide chart) — 7 [ 4883
Difference, or error of the barometrical rules, —69. = 13t

This laft obfervation ferves at leaft to fhew, that the
error I am contending for is on the defective fide, though
it gives the quantity of it fomewhat lefs, but by no means
deferves that confidence which the other comparifons do;,
for, befides that this fingle obfervation may be concluded

lefs
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lefs decifive, the trigonometrical ;meafurgemént is alfo lefs
accurate from the diftance; and, laftly, to -fuppofe the
ftate of the atmofphere precifely the fame with refpect
to weight in two places twenty- miles: afunder, is, I am
afraid; a poffwlatum too hazardous to grant. I therefore
fay, that. all thefe obfervations confirm the fame truth,
that the atmofphere is lighter than Mr. DE LUC prefumed
it.  What had already been dene may feem fufficient for
the eftablithment of this fa@; for1 have always held,
that-a few obféﬁations, well made-and faithfully related,
do. more in the interpretation of nature, than a multi-
tude of* crude, carelefs, and immethedical-experiments.
But I have not done: I wifhed to put this matter out of
~ all doubt, and'a;ﬁoordingly: undertook another expedition
to the fummit of Mont Saleve, on the 18th of Septeém-
ber, and in a ¢older temperature: the experiments then
made, with their refults, were as-follows :

The difference of attual height by the two barometers
was 2828.9 feet,.the barometer N° 1. ftanding higher
than N° 2. by +,0038 inch, when compared at the bot-
tom of the mountain.

Com=
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Comparifon of the firf feries.

Obfervation at the top of
the mountain.

Therm,
attached.

Therm.

Baram, N°2, v
detached.

at the top.
In.

25.6533 »5°8.o 5°6.2

Obfervation at the bottom.

Barom.N° 1, Therm. Therm,
below. attached, detached,
In. ° o
28.4040 38.1 8.8
Feet,

This gives for the height barometrically, 2755.6

But the true height was,

Difference, or error of the barometers,

2828.9

—73 3—;00900

Sntpe————

Comparifon of the fecond feries.

Obfervation at the top of
the mountain.

Therm. ‘Therm.
attached,  detached.

57.0

Barom. N° 2.
at the top.
In.

25.6550

506.2

Obfervation at the bottom.

Barom.N°y. ‘Therm. ‘Therm.
below. attached,  detached.
Ine. ° °
28.4040 8.5 60.8
Feet.

This gives for the height barometrically, 27 54.9

But the true height was,

Difference, or error of the barometers,

Voi. LXVIIL

4 C

2828.9

262

"'74 0O = 15505

Conge
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Comparifon of the third feries.

Obfervation at the top of | Obfervation at the bottom.
the mountaimn. '
Barom.N°2, Therm., Therm. | Barom.N°1, - Therm. Therm.

at the top. attached.  detached. below. attached.  detacheds
In. o o In. o o
25.6620 56.2 57.2 | 28.4040 59.3 62.0
Féet.

This gives for the height barometrically, 2748.9
The height by the trigon. method was, 2828.9

Difference, or error of the barometers, —8o0.0 =~;232%,

Comparifon of the fourth feries.

‘Obfervation at the top of Obfervation below.
the mountain.
Barom, N°2, Therm. Therm. | Barom.N° ., ‘Themm. Therm,

;t the top. attached.  detached. Ibelow. attached.  detached.

n. ° ° ne o ‘o

25.6600 56.4 57.4 | 28.4040 59.3 62.2
Feet.

This gives for the height barometrically, 27 52.8

But the true height was, — 2828.9

Difference, or error of the barometers, —76.1 = 282,

X000Q

In thefe comparifons I have not inferted the whole of
the computation, as that may eafily be made by any
perfon at leifure, Finally, the mean of thefe four laft

feries
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feries gives for the error on 1000 feet, 26.8. 1 think I
have now fhewn, that the error altually exifts; it re-
mains that we determine precifely the quantity of it.
For this purpofe it will be proper to collet all the pre-
ceding obfervations in one point of view.

Table of the refult of all the barometrical experiments.

rue height | Height by {Mean | Error in | Error.in |Mean error in}

. it tri- Jthe b -] heat. feet, feet. .
Place of obfervation. ,:"',‘,‘;'.'_m‘ e[ ae Daromes) hea est,  rooo feet 1000 feet

1| 2831.3] 2775.2 609.4 — 56.1{—19.8’
Mont Saleve, ,{2 —— | 2763.,268.5|— 68.1 (—24.0 }
3| —— | 2759.4[67.2|— 71.9|—25.4
1| 4211.3|.4132.7{58.3|— 78.6|]—18.6 N
2| ~——— | 4140.1(58.9 |— 7(1) 2 -—163
; " 3| = | 4115.1}59.5]|— 90.2 |—22. -
At the Mole, 2 —— | 41119600 |— 99.4|—235 21.9
{5l ——| 41137 60.5 |— 97.6{—23.1
2 ——— | 4104.960.3]| 106.1|—25.2{,
1| 2828.9] 2755.6|57.5|— 73.3|—25:9
Mont Saleve, {2‘ —= | 2754.958.9 |— 74.0—26.2 }
4

3| = | 2748.9159.6 |— 80.0]—28.2
4 —— 1 2752.8{59.8 |— 76.1]|-—26.9

Mean of all, 23.6, and the temperature 61°

The Mole, from two ob- : 3
fervations of Mr, nx} 4211,3| meee | ~ |— 02. |—21.8

SAUSSURE,  — -
The fame by Mr. m:}

$AUSSURE, and Mr, DE

— 69. |—14.
ruc, at Geneva,

4883, | 4814. , —16.2

According to Mr. ) the Mole,| 4882.8 | 4860. | — | 32.8 — 47
E LUCS own | the Dole,| 4292.7| 4210. | = |— 82,7 |—19.5}
Rechorstor sf}:ﬁ}the Buet,| 8893.6| 8770, | — [—123.7|—139

| Ldtmofphere,  J Mt Blanc,| 14432.5114093. | — 1—339.51—23.5 ]

4C 2 The
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The titles of the columns are fufficiently clear to make
a farther explanation of this table unneceffary; and it
appears, I think inconteftably, upon taking a mean of my
thirteen obfervations (and I fhall here confider only my
own) on Mont Saleve and the Mole, that this error is
about 231 feet on every thoufand; that is, the rules of
Mr. pE Luc give the height by fo much too little. At
the bottom of the foregoing table I have fubjoined fix.
other comparifons, fome of them from Mr. DE LUC
own obfervations, as recorded in his valuable work;
which however I muft add, are certainly of lefs autho-
rity in this inquiry, as they were made with barometers
a great way diftant from each other, v72. near thirty
miles: befides which, the geometrical heights are, for
the fame reafon, not fo accurately afcertained. I have,
however, ventured to make what ufe I could of them,
viz. to thew that thefe two give a refult on the fame
fide, though not exactly the {fame; and to urge the ne~
ceflity of a certain vicinity in thofe obfervations from
whence a theory is to be deduced.

Shall I be permitted to adduce another proof, in con-
firmation of what has been advanced? When I firft took
up the-confideration of meafuring altitudes in the atmo-
fphere with the barometer, and had heard only of Mr,

PE LUC’s labours, it occurred. to me, that there was a
6 much
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much more fimple method of arriving at this theory,
than either he or I have fince purfued. It was this; to
determine hydroftatically the fpecific gravities of air/”/
and quickfilver, with a given temperature and preflure;
the increafe of volume, or change of gravity, with a
given increafe of heat being fuppofed to be known by
the experiments of BOERHAAVE / and HAWKESBEE 7,
which might be farther examined by fimilar ones; and
prefuming that the geometrical ratio in the air’s denfity, as
you advance upwards from the earth’s furface, had been
fufficiently demonftrated”. For the proportional gra-
vity of quickfilver to air will exprefs inverfely the length
of two equiponderant columns of thefe fluids, that is,
when the columns are taken infinitely fmall®, With
thefe

(r) It may feem particular that I fhould propofe an experiment fuppofed to
be very well known, and which hardly any elementary treatife on chemiftry or
experimental philofophy will not furnifh us with an example of; the weight of
a given quantity of air, BOYLE, HALLEY, HAWKESBEE, HALEs, each of
them have tried it, and many others fince their time: but the misfortune is, all
thefe experiments have been but grofs approximations, without due attent on to
the heat; and yet the determination of HAWKESBEE feems to have been followed
by one-half of Europe in Pneumatical refearches. Indeed I only know of one
experiment that has the leaft title to precifion, and that is Mr, caveN-
pisti’s, briefly related in the LV Ith volume of the Philofophical Tranfaétions.

(s) Elementa Chemiz.

(t) Phyfico~mechanical Experiments.

(2) cores’s Hydroftat, Le&ures, et alibi,

(#) I am not forry to anticipate the reader’s remark here, that this obfer-

vation is not new; fince I find that I have been treading the fame fteps with
Mz,
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thefe ideas I made the following experiment. I caufed=2
glafs veflel to be blown fomething like a Florence flafk,
or rather larger; to the neck of this was adapted a brafs
cap with a valve opening outwards, and made to {crew
on or off, together with a male fcrew, by which it was
fixed to an excellent pump of Mr. NAIRNE’s conftruction,
and exhaufted of its air, or at leaft rarified to a known
degree: the veflel was then carefully weighed with a
fenfible balance, and again after the air was re-admitted;
the difference gave the weight of the air that had been
exhaufted. After having repeated this two or three
times, the veflel was exactly filled with water as far as
the valve, which had been the term of capacity for the
air; this was done by {crewing on the cap till the fuper-
fluous water oozed all out, and upon inverting the veflel
there appeared not the leaft fign or bubble of air; I
therefore concluded, that the volume of ‘water was pre-
cifely the fame as had been the volume of air, a circum-
ftance that thould be accurately attended to. It was then
carefully weighed, and compared with its weight when
full and deprived of its air. It will readily be feen, that
I had then the {pecific gravity of the two fluids, upon
fuppofition that the figure of the glafs had not altered

Mr. BoyLE and Dr. HALLEY, who both made ufe of this method; the one with
a view to determine the limits of the atmofphere; and the other the height of
Snowden.

2 by
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by preffure during the experiment; and this effet may
be prefumed to have been the moft fenfible, when the
veflel was filled with water, the preffure at that time
being. from<Within. To affure myfelf of this, I letin a
fmall quantity of air, which formed a bubble of about
one-third of an inch in diameter, and upon immerging
the glafs in another veffel of water, whereby the pref-
fure within was counterpoifed by a preflure without, the
bubble feemed to contraét itfelf by a quantity, as I found
afterwards, equal.to about two grains in weight, or 5355
of the whole contents. I therefore concluded, that this
correction was hardly worth.taking notice of, and ftill
- lefs the effect from external. preflure when the glafs was
exhaufted. At every operation the height of the baro-
meter and thermometer (placed clofe to the veffel when
the air was weighed) was noted down, together with the
he1ght of the pump-gage, which, compared. with the
barometer i in the room, fhewed thequantity exhaufted.
The refult of the experiment was as follows, the baro-
meter in the room ftanding at 29.27 inches, and the
heat of the room 53°.

“The
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5
Feec.

The bottle: empty or exhaufted till the page flood at 20.15 inches’
weighed (determined from four different trials, and the balance} 265740

turning with r’-of a grain) — —
Incrca(e of weight when filled. with. air, from four trials certam,} +1buay

to 1% of a grain —_— r— —
Bottle filled with water, whofe heat was §1°, -— — 56320,00
Weight of the water, exclufive of the bottle, _— 13562.60

But the bottle was exhaufted only in the proportion
of 29.15 inches to 29,27 inches; therefore if 'a perfeét
vacuum could have been made, the difference of weight
would have been 16.22 grams inftead of 16.13 grains.
Again, the water was colder than the air by 2°; the one
being 53°% and the other only 51°: now water, from
former experiments, I find to expand about 3 with

2° of heat; therefore, if the water had been of the fame
temperature with the air that was examined, the weightof
an equal volume would have been only 13558,5 grains;
and laftly, 13358.5 divided by 16.22 gives 836 /%, and
by fo much is water heavier than air in thefe circum-

ftances.

(y) BAWKESBEE's experiments made the air 850 lighter than water, the baro-
meter being at 29.7; and Dr. HaLLEY fuppofed it about 800, Mr. CAVEN-
DIsH, in weighing §0 grains of air, when the barometer.was at 294, and the
thermometer at §0°, concluded the fpecific gravity of air to be about 8oo alfo.
Now my experiment, reduced to the fame circumftances with his, would ‘give
817 for this gravity, no great difference in an.affair of fuch delicacy.

By
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By former experimenits I find the fpecific gravity of the quick-
filver of my barometers, compared with rain-water in 68"} 13.606 to ¥
of heat, as, —_ —_ —-— —_

And 68°—53°==15°, corre&t therefore for 15° of expanfion of} 1018

quickfilver, — , —_
Correét for 15° of expanfion of air, —_ —_ —.031
True Ipecific gravity of quickfilver, with §3° of heat, 13.594
‘Which multiplied by the fpecific gravity of air, — %836

Gives for the comparative gravity of quickfilver and ‘air, when)
the barometer is at 29.27, and the thermometer §3°, g } 11364.6

. Feet,
And Iaﬁl’y, +5th of an inch of quickfilver, when the barometer ftands at
29.27 1nches (viz. from 29.22 inches to 29.32 inches) with the tem- } 94.7
perature §3° 1s equal to a column of the atmofphere of, —_— '
This quantity, according to my barometricat obfervations, is, = —  ¢3.83
to Mr. pE Luc’s rules, —_ — g1.66
We fee here then that the ftatical experiment agrees
with the refult of my barometrical ones to within about
11 inches in 100 feet, and I am not fure that it is not
ftill capable of much farther precifion; and though per-
haps alone it might carry with it, to fome perfons, a lefs
conclufive teftimony, who reluctantly reafon from the
little to the great, yet, in conjunction with what has been
before fhewn, I think it has confiderable weight; and I
am the lefs inclined to reject fuch an indire¢t methoed of
proof, as I have the great authorities of HALLEY and

NEWTON on my fide/®,

I have

(z) ¢ Ce qu'il y a d’effentiel A obferver ici,” fays Mr. pE Lue, € et vrai-
¢¢ ment digne de remarque, c’eft que par la feule connoiffance des pefanteurs
¢ fpecifiqucs de l'air et du mercure, HALLEY eft parvenu & une regle trés

Vor. LXVII, 4D ¢¢ approchante
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I have thus endeavoured to thew then that the error
of the theory is — ;2% when the temperature of the
air is 61°.4 (fee the table of the refult of the ebferva~
tions). It remains therefore, finally, that we deduce a
rule, the error of which fhall be nothing, viz. to find
the temperature wherein the difference of the loga-
rithms of the heights of the barometer, taken to four
places of figures, will give the true difference of eleva-
tion in Englifth fathoms. Previous to this inveftigation,
with which I intend to conclude this paper, it will be ne-
ceflary to remark, that by repeated experiments with the
barometer, I find a fimall difference in the equation for
the expanfion of air by a change of temperature, and
even in that of quickfilver from the fame caufe, from
what Mr. DE LUC’s obfervations have given it™. I fhall

% approchante de celle, quun grand nombre d’obfervations du barométre dans
¢ les Cordeli¢res ont di&é depuis 3 M. BouGUER : cependant malgré I'appui
< que ces.experiences fe prétent reciproquement, on verra qu'elles etoient encore-
%¢ bien eloignées de fournix une regle gencrale.” Recherches. fur I’ Atmofphere,
fe&. 267.

() He indeed made his experiments on the atmofphere itfelf with the
barometer, in order to determine the variations of ‘its. denfity; but fince it
appears that the abfolute denfity of this fluid is different from. what he fup-
pofed it, it is no bold conjefure to. prefume that the degree of its variation:
fhould be different alfo; and to afcertain this point, I have preferred the
inftrument above-mentioned to the method ufed by Mr. pE LuC,. how dire&
focver his. may feem; for in determining minute quantities or equations, we
rfmﬂ not embarrafs ourfclves with the compound effect of too many caufes at a
time,

not
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not here trouble the reader with the experiments at
large, too fimple in themfelves to deferve fuch a detail,
unlefs a future occafion fhould render that neceflary, as
the methods here ufed may be met with amengft
HAWKESBEE’s or Mr. BOYLE’s experiments; and content
myfelf with relating only the refult of the different
trials.

1000 parts of air of the temperature of freezing and
preflure of 36% inches, increafed in volume by an addi~
dition of 1 degree of heat on FAHRENHEITS thermo-
meter as follows:

Number of de-|Expanfion for 1°
Obfervations, | Eeted™® ™™™ . Wheier” |
[ 12,6 2.30 9
2  32.2 2.43
3] 40.3 2.48
With the firft ) 4 466 245 >Mem'{ﬁ-om the - firfl
manometer, 5l 49.7 2.48 manometer 2.44.
6] s1x 2.5
9 =237 2.36
L 8] 131 2.24 J
r 9| 22.0 2.38 \
With another | 10| 280 2.50 | Mean from the fecond
manometer, < 11} 2I1.§ 2.34 * manometer 2.42
12§ 30.1 ] 2.44
— Uil 22,6 2.44 J

4D 2 The
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The mean of thefe two forts of obfervations, made

with different inftruments, is 2.43, viz. 1000 parts of
the air at freezing become by expanfion from 1° of heat

Pts. Pts.
equal 1002.43 or 1002.3835 with the ftandard tempe-

rature 39°.7. Mr. DE LUC’s experiments reduced give
v Pts.
this quantity equal 1002.23'” (fee Tranf). It may

be imagined, that I fhould have had a more accurate con=
clufion by making thefe obfervations in greater dif-
ferences of temperature than what is thewn in the fe-
cond column of the above table; but it did not appear
fo to me. On the other hand, I found that it was abfo-
lutely neceffary that the fame heat thould be kept up for
fome hours together, in order that I might be fure that
the air within the inftrument, the glafs tube that con-
tained it, and the air without it, all had acquired the fame

(%) It has generally been fuppofed, that @ir expands z3s with each degree of
the thermometer, commencing from the mean temperature §5°; and, in confe-
quence .of this, aftronomers have computed tables for correfting their mean
refrations ; ‘but, upon reducing the refult of my obfervatiensto the temperature

55°% we thall have the corretion of the refra@ion for 1° = to&%%s OF 337,

Now according to Mr., DE Luc this equation is xi%%s = z87, Which would
produce a difference of about 4"/ in the corre&ed refradtion, upon an altitude of
5° with the temperature 35°. If my numbers may be fuppofed to deferve equal
confidence, the error of ‘the tables in common ufe, in the above circumftances,
would amount to only half that quantity, and therefere probably will be
thought fcarce worth corre@ing. I have mentioned this in erder to obviate the
conclufions that have been drawn by fome perfons from Mr.bE Luc’s theory.
uniform
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uniform temperature, which in my room I found not
very eafy to effe¢t in heats greater than 70° or 80° I
have therefore preferred repeating the experiment with
{mall differences of heat; but fuch, however, as will in-
~clude almoft all the temperatures in which barometrical
obfervations are likely to be made, vz, from 32° to 83°.

It has been fufpeéted, in confequence of fome experi-
ments made by a very ingenious member of this Society,
that air does not expand. uniformly with quickfilver; or
that the degrees of heat thewn by a quickfilver-ther-~
mometer would be exprefled on a manometer, or air-
thermometer, by unequal fpaces in a certain geometrical
ratio. I do not deny this propofition; but I have alfo
very little reafon to affent to it, if I may truft my own |
~experiments, which certainly evince that this ratio, if
nat truly arithmetical, is {o nearly fo as to occafion no
fenfible error in the meafuring of heights with the ba-
~ rometer; and that is all I contend for. ‘The fmall dif-
ferences that are feen in the above table of this expan-
fion, deduced frem a mean of 14° or of 40° I would
attribute rather to the errors of obfervation than to any
actual irregularity in nature. If, however, this progref=
fian be infifted upon, it fhould feem, that the degree of
the air's expanfion increafes with an increafe of heat;
and that the difference of volume or denfity from. 1° of

heat,

3
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heat, any where within the limits above-mentioned,
would be about one part-in five thoufand from what 1
take it at a mean. I fhould not have infifted {o long on
this circumftance, but in refpect to the known accuracy
-of the author of this hypothefis. Neither do I find any
reafon to believe, that the expanfion of air varies with
its denfity. I have ‘tried air whole denfity or preffure
‘was equal to 2 32 inches, and alio to forty inches; but the
dilatation, with equal volumes and equal degrees of heat,
was very nearly the fame in both cafes. I might add a
_great deal more on thefe manometrical experiments, but
I am afraid it would be more tedious than ufeful. 1T pro-
ceed therefore to the expanfion of quickfilver.

This experiment was made with a tube, fomething
1ike athermometer, but confiderably larger than the or=-
dinary fize, and open at one end; .it was filled with
-quickfilver to a certain height, and then expofed to the
temperatures of freezing and boiling repeatedly, the ba-
‘rometer being at 30 inches: the difference of the volume
in each inftance was determined afterwards by accu-
rately weighing the contents. I thus found, that if the
quickfilver at freezing be fuppofed to be divided into
13119 parts, the increafe of volume by a heat of boil-
ing water became equal to 208 of thefe parts = 2%, and
%37 % 755 = riges and fuch would be the expanfion for

2 each
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each degree of the thermometer, commencing from the
freezmg point, =6,00262 inch on a column of 30
inches of the barometer, if the glafs had fuffered no ex-
p_aqﬁon durmg the experiment. This, however, has
been found to be with 180° of heat = ;%; in folidity
[mz. the cube of -its longltudmal expanfion) and
‘;,,'xfg-;-,mw—o,ooo‘q.z inch, for the effect of the
expanfion of the glafs for 1° upon a column of 30
inches; this added to the quantity before found, which
was only the excefs of the greater expanfion above the
lefs, gives for.the true equation for each degree 0,00304

inch when the barometer ftands at 30 inches’”. Mr. pE
wc’s correé'tlon in this cafe was 0,00312; a difference
o fmall that I fhall take no notice of it as to its influence
upon our obfervauons. It may. deferve a remark here,
that this equation ngorouﬁy taken is.variable. according
20 the height of the thermometer; for ‘1° which at

(c) Tt has been fufpeRed; and I believe will appear from very good obferva-
tions, which however I never made myfelf, that the expanfion of quickfilver in
the barometer is not dire&tly as the heat thewn by the thermometer, but in a
satio fomethmg differeént; owing to fome- of the quickfilver being ' converted
into an elaftic vapour in the vacuum that takes place at the top of the Torri~
ecllian tube, which preffes upon the column of quickfilver; and thus counteralls
in a fmall degree the expanfion from heat, Tt does not, however,. appear to be
a confiderable quantity, not amounting to above one-fixteenth of the whole
<«xpanfion in a range of 40° of temperature; I fhall therefore venture to ¢on-
$ider this equation ay truly upiform, fince-the exror on ten thoufand feet would
MOt amount to five

freezing
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freezing is = 3357 ‘of the whole volume, at the tempera«
ture 82° becomes 55, a difference indeed that may
fairly be neglected, and which I neglect myfelf, yet L
cannot help obferving, in Jufhce to Mr. DE LUC, that his
method of reducing his barometers always to the fame
ftandard temperature, was free from the error I am
fpeaking of.

To conclude, the defect of Mr. DE LUC’s rules being
fuppofed 2 ,oooo, or, which comes to the fame thing, the
correction being + I;ggg?, when the temperature of the
air is 61°.4, and the true expanfion of the air for each
degree béing 7% when the heat is 39°.7; required to
find the temperature wherein the difference of the Ioga-.
rithms fhall give the true height in Englifh fathoms,
that temperature; according to Mr. DE LucC, being 39°.74,
and the expanfion 5.

Let T be the temperature 61°.4; s Mr. DE LUCS
ftandard temperature; E the expanfion for 1°; ¢ the fame,
according to Mr. DE LUC; « the fuppofed correétion of
the rules, and x the temperature fought. ‘We have then
the following formula, T-SxE—e¥=q= CEA wherein
proceeding “With, the above numbers s—x comes out

(4) This fign is negative, becaufe the affumed expanfion e is lefs than the
true one E, and confequently tended to increafc the -apparent errer of the ruless
had it been greater, « would have been +.,

8%50
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8°.50, and confequently x=31°24 the temperature re-
quired; which, if it fhould be thought convenient, may
be confidered-as the freezing point.

in the whole of tize above inquiry I have taken no
rotice of the effe¢t of gravity upan the particies of the
~ air at different diftances from the earth’s center, which
Thould doubtlefs enter into the account, and which would
occafion the denfity of the atmofphere to decreafe in a
ratio fomething greater than the prefent theory admits
-of. In a height of four Englith miles Dr. HoRsLEY finds
(Phil. Tranf. vol. LXIV.) that the diminution of denfity
or volume from the accelerative force of gravity would be
only %5 part of the whole, or about 48 feet; and I may
add to this, that this effeét will be in the duplicate ratio
of the heights, fo that at one mile high it becomes only
three feet. A like effet takes place alfo below the fur-
face of the earth, as in meafuring the depths of mines,
8c. with this difference, that here it is but half the quan-
tity; in the former inftance gravity within the earth

being fimply as the diftance from the center; they are
both of them, however, circumftances that deferve no
attention in practice.

This would be the place for me to enumerate the
many defiderata, befides thofe already hinted at, that {till
remain for the perfection of this theory; fuch as the

VoL, LXVIL 4 E laws
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laws of heat, that obtain in the different regions of the
atmofphere; the effects of moifture, winds, the eleétric
fluid, together with the weight and qualities of the air in
different countries, 8&c.; that at the fame time that I am
congratulating the prefent age on one of the moft bril~
liant difcoveries in natural philofophy, I may be under-
ftood alfo to encourage every lover of {cience to ftill farther
enquiries in a branch of knowledge no lefs ufeful than
ingenious; particularly in a kingdom wherein, from its
commercial interefts, and in confequence its many inland
navigations, every improvement in hydroftatics, the art.
of levelling, or geometry, cannot but tend confiderably
to the public benefit. The fources of fcience are not
eafily exhaufted; multitudes of them remain wholly
unexplored. If novelty can afford a charm, the path I
am fpeaking of, till of late, has been the leaft frequented;
witnefs the freth, important truths in Pneumatical re-
fearches that, from. zeal and fathion, every day’s expe-
rience affords. I might here offer too a tribute of applaufa
(and am fure in concert with this whole affembly) juftly
due to the indefatigable labours of him whofe fteps I
have purfued; but I am convinced he will rather hear
me acknowledge our obligations to the ancients than any
panegyric of himfelf. Be the benefit we receive from
them our encouragement to proceed.

7 Muliune
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Multum egerunt, qui ante nos fuerunt, fed non pere-
gerunt: multum adbuc refiat operis, multumque reflabit;

nec ulli nato poft- mille Jecula precludetur occafio aliquid
adbuc adjiciendi,” sEN. Epift. 64.

P AR T II.

IN the fiibfequent pages, which I have now the ho-
nour of laying before the Royal Society, I have drawn
up, and I hope in a form the moft commodious, the ne-
ceflary tables and precepts for calculating any acceffible
heights or depths from barometrical obfervations, and
without which I thought the preceding memoir would
be incomplete; referring, however, to that for the proofs
or elements from whence the tables have been com-
puted. And herein I have endeavoured to adapt myfelf
to the capacity of fuch perfons as are but little conver-
fant with mathematical computations, but who may have
frequent opportunities of contributing fomething to the
advancement of {cience by experiments with this ufeful

4 E 2 inftru-
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inftrument, which is now become nearly in as common
pofleflion as a pocket watch. I have induftrioufly
avoided the method of logarithms, propofed by Dr. HAL~-
LeY, and adopted by Mr. pE ruc, both becaufe fuch
tables are not in the hands of every body, and becaufe I
have perceived that many ‘perfons of a philofophical.
turn, though fkilled only in common arithmetic, have
been frightened by the very name: a:method lefs popu-
lar, however elegant, would have been lefs generally
ufeful. To thefe tables is fubjoined a lift of feveral alti<
tudes, as determined by the baromeéter: this will ferve to
fhew the ufe I have made of the inftrument, and will at
the fame time exhibit the level of a great number of
places in France, Savoy, and Italy, and, as I think, be no
improper {fupplement to exemplify the rules. It might
have been expected that I {hould have faid fomething on
the theory of barometrical obfervations, and have laid
down the laws and principles on which it.depends; but
as that has.been {fo amply done by other writers of in-
contefted authority, I thall content myfelf with inferting
only the following propofitions.

1ft, The difference of elevation of two places may be
determined by the weight of the vertical column of the

atmofphere intercepted between them,
2 ad, 1€
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2d, If then the weight of the whole atmofphere at
each place can be afcertained, the weight of this column,
vig. their difference, will be known.
3d, But the height of the quickfilver in the barome-
ter exprefles the total weight of the atmofphere in the
place of obfervation; the difference, therefore, of the
height of the barometer, obferved in two places at the
{fame time, will exprefs the difference of elevation of the
two places.
4th, But further, the weight of this column of the
atmofphere is liable to fome variations, being diminithed
by heat, and augmented by cold; and again, a fimilar
alteration takes place in the column of quickfilver,
which is the meafure of this weight.
sth, If then the degree of thefe variations can be de~
termined, and the temperature of the air and quickfilver
at the time of obfervation be known, the weight of this
column of air, or the difference of ¢levation of the two
places, will be concluded as certainly as if the gravity of
thefe two fluids, with all heats, remained invariably the
fame: this is the whole myftery of barometrical mea~
{furement.

A P~
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APPLICATION.

The height of the barometer in Englifh inches at any
two places at the fame inftant, and the heat (according
to FAHRENHEIT’S thermometer) to which it is expofed,
being known, together with the temperature of the air
at each place, obferved with a fimilar inftrument ; re-
quired the difference of elevation of the two places in

Englifh feet.

RULE.

Precept the 1{t, With the difference of the two thermo-
meters that give the heat of the barometer (and which,
for diftinction fake, I fhall call the attached thermome-
ters’”) enter table I. with the degrees of heat in the
column on the left hand, and with the height of the
barometer in inches, in the horizontal line at the top; in
the common point of meeting of the two lines will be
found the correction for the expanfion of the quickfilver

(e) It is fcarce neceflary to remark, that, in order to make good conclufive
obfervations, it is proper to be furnifhed with two barometers, and four ther-
mormeters; viz. one attached or inferted in the frame of each barometer; and
the other two detached from them, in order to take the heat of the open air;

for it will feldom be found, that the thermometer in the frame of the barometer
and that in the air will ftand at the fame point, and for a very evident reafon.

by
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by heat, exprefled in thoufandth parts of an Englith
inch; which added to the coldeft barometer, or fubtracted
from the hotteft, will give the height of the two barome-
ters, {uch as would have obtained had both inftruments
heen expofed to the fame temperature.

Precept the 2d, With thefe corrected helghts of the ba-
rometers enter table II. and take out refpectively the num- -
bers correfponding to the neareft tenth of an inch ; and if
the barometers, corrected as in the firft precept, are found
to ftand at an even tenth, withoutany further fraction, the
difference of thefe two tabular numbers (found by fub-
tracting the lefs from the greater) Wwill give the approxi=
mate height in Englifh feet. But if, as will commonly
happen, the corre&t height of the barometers thould not
be at an even tenth, write out the difference for one
entire tenth, found in the column adjoining, intitled
Differences; and.with this number enter table III. of pro-
portional parts in. the firft vertical column to the left
hand, or in the r 1th column, and with the next decimal
following the tenths of an:inch in the height of. the
barometer (vig,. the hundredths) enter the horizontal
line at the top, the. point of meeting will .give a.certain.
number of feet, which write down by.itfelf; do the fame
by the next decimal figure in the height of the barome-
ter (viz. the thoufandths of an inch) with this difference,

friking
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ftriking off the laft cypher®to the right hand for a frac-
tion; add together the two numbers thus found in the
table of proportionable parts, and their fum fubduét
from the tabular numbers juft found in table II.; the
differences of the tabular numbers, {fo diminifhed, will
give the approximate height in Englith feet.

-Precept the 3d, Add. together the degrees of the two
detached or air-thermometers, and divide their fum by
2, the quotient will be an intermediate heat, and muft
be taken for the mean temperature of -the vertical co-
lumn of air intercepted between ‘the two places of ob-
fervation: if this temperature thould be 31°; .on the
thermometer, then will the approximate height, before
found, be the true height; but if not, take its difference
from 31°;, and with this difference feek the correction
in table IV. for the expanfion of air, with the number of
degrees in-the-vertical column on-the left hand, and the
approximate height to the neareft thoufand feet in the
horizontal:line at the top; for the hundred feet ftrike off
one cypher:to.the right hand; for the tens ftrike off two;
for the units three: the fum of thefe feveral numbers
added to the approximate height, if the temperature be
greater than 31°%, {fubtracted if lefs, will give the corret
height in Englith feet. An example or two will make
this quite plain.

EXAMPLE
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EXAMPLE I

Let the height of the barometer, obferved at the bot-
tom of a mountain be 29.4 inches, the attached ther-
mometer 50° and the heat of the air 45°; at the fame
time that at the top of the mountain the barometer is
found to ftand at 25.190 inches, the attached thermo-
meter at 46°, and the air-thermometer at 39°%; re-
quired the height of the mountain in Englifh feet.
Set the numbers down tn the following order:

Vor. LXVIIL 4 F Obfer-
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Obfervation at the bottom.

Barometer. Therm. Therm,
attachede  in the air,
Ia.
29.40Q 50° 45°
46

Diff, of the two attached thermometers, 4

—

Obférvation at the top.

Barom. Therm. Thérm.
attached.  in the air,

In.
. 25.190: 6. 30°%
Corre& for the diff. of the: i_ ‘0. ¢ 2? i'

two attached therm. viz. 4°, |

barometer, reduced to the —

fame heat as the lowermoft,
wz. §0°% — —

Height of the uppermofty »
}25.20‘

——

S a——,

In..

iCorreét for 11°, feetab. IV.
on 4000 feet

on 16 = +§ correfponding to, —

or-on 4016 =107,
- +1074 Approzimate height in feet,
Corre&tion for 11° of heat on 4016 feet, add,,  ~— -

Corre& height of the mountain — —_— —

106.9| Tabular. number, fee tab. II. } 25.200 = 6225.0

2)844(42% mean heat.
31} ftandard heat,

11 difference,

Feet.

| The fame, correfpondingto 29,400 =2208.2

Now the difference-of the attached thermometer 50°
and 46° is = 4° and againft this number, in table 1. in
the column for 2 g inches (being the height of the baro-
meter in this cafe) I find 10, which added to-25.190, as
this barometer was the coldeft, gives 2§.200 inches for

I

the
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the height of the yppermoft barometer reduced to the
{fame heat as the lowermoft: and in table II. oppofite to
25 200 inches and 29.400 inches, I find refpectively
6225.0 and 2208.2; their difference 4016.8 is.the ap~
proximate height in feet. The degrees on the ther-
mometer in the open air, 39°; and 45° being then added
together, and afterwards divided by 2, give for the mean
temperature of thefe obfervations 42°;, or 11° above
the ftandard temperature, 31°;: and laftly, the correction
for 11°, in table IV. on 4000 feet I find = 106.9, and
on 16 feet =o.5; that is, 107.4 feet equal the whole
correction, which added to 4016.8 gives 4124.2 feet for
the correct height of the mountain.

EXAMPLE IL

Suppofe the height of the barometer at the top of a
rock had been obferved at 24.178, the attached ther-
mometer at §7°.2, the air-thermometer at 56°; the ba-
rometer below at 28.1 318 inches, the attached thermo-
meter 61°.8, the detached one 63°.9; what is the height
of the rock?

4 F 2 Obfer-
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Obfervation at the bottom.
Barometer, Therm,  Therm,
attached.  detached..
In.
28.1318 61°.8 63%9
57.2
Difference of the two attached thermometers, 4.6
Obfervation at the top.
Barom. Therm.  Therma
_ attached. detached..
, In, o
24,1780 57°2 6.0
Correét for the diff. of forr 3.9
the two attached therm. 2 ; ( R
viz. 4° 6 —_— — 2)119.9(59.95 mean heat..
Height of the uppermoft y 31..294 ftandard temps,
barom. reduced to the 24.1802 —
fame heat as thelower- { 24-¥°9% 28.71 difference..
moft, namely 61°.8, J m—eeme : ———
. Feet Diff.
‘Tabular number, cor- ] 2 y
sefponding o, ? § 2441000 2388 1079
The fame, fee tab. 1L 800 86.0y
90 97 }"'95 9
2 '2
24.1892 7292.X
T e O Jagaooo 33866 92
The fame, fee tab. 1H. 300 28.0 . ,
10 0.9 p—29.6]Corrett for 28°.7, fec tab. IV ,f
8 oy _ 3000 == 204.1
— ——= [ 28on } goo = 61.2
28.1318 33570 35= 2.4
And 3357.0 feet taken from ~ — 7292.1 3c00= §.I
. ———] o 0n p goo= Igj
Leaves the approximate height in feet,  3935.1} 35= 0.0
Correftion for 28°7 of heat on 3935 ft. +274.3 r— ——
——| 28.70n 3935 2743

4209.4

This
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‘This laft obfervation was actually made, and the
height geometrically was determined to be 4211.3 feet,,
not quite two feet different. In this example it will be ob~
ferved, that as the height of the barometer is fet down to
four places of decimals; the tabular numbers, anfwering
to every tenth only, are corrected by means of table III.
of proportional parts, for the remaining decimals 8, o,
and 2, in one place; and 3, 1, 8, in the other; and their
fum is fubducted from the numbers found in table II.
And laftly, that in finding the corretion for 28°.7 of
heat, the fraétion % is confidered as o many units, and
another decimal is ftruck off; thus the corretion on
3ooo feet for 7° is 513 but for 7 it becomes 5. 1, and
fo of the reft.

EXAMPLE III.

In the upper gallery of the dome of St. Peter’s church
at Rome, and 5o feet below the top of the crofs, I ob-
ferved the barometer, from a mean of feveral obferva-
tions, 29.5218; the thermometer attached being at
56°.6, and the detached one at 57°; at the {fame time
that another, placed on the banks of the Tyber one foot
above the furface of the water, ftood at 30.0168, the
attached thermometer at 60°.6, and the detached one at
60°.2; what was the total height of this building above

the level of the river?
Obfer-~
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Cbfervation below, at one foot above the Tyber.

Barometer; Therm, Therm,
’ attached. detached.
In. °
30.0168 60.6 60°.2
56.6

‘Difference of the two attached thermometers; 4.0

——

Obfervation above, in the gallery of St. Peter’s church.

29.5218 56.6 §7.0
Correét for the diff. of } 12 : 60.2
the two attached therm. . ° _ (586 y
s 2)117.2( 5860 mean heat.
Heightof the uppermoft 31.24 ftandard temp.
barom. reduced to the l 29.5338 —_ .
heat of the lowermoft J 27.36 difference.
viz. 60.5, — —
Fect.  Diff.
“Tabular numbers cor-
refponding to, — } 20,5000 2119.7 88.2
300 26.4 ,
30 2.6} —29.%
8 7
29:5338 4 /2090.0
‘T'abular numbers cor- 40,0000 16817 86,9

" refponding to, —

100 8.7
60 5.2}-—!4.6
8 77 Corredion for 27°.4
o, J400=262 "
30.0168 1667.1 |- 27 °n jpogs 1.4
209¢C.0 0.4 0n 400= .4
Approximate height, 422.9 | ——— ——

Correftion for 27°4 of heat on 422 feet, + 28.0 | 27.40n 422 =28.0
Difference of height of the barometers,  450.9
Loweft barom. ftood 1 foot above the river, -+ 1.0
Top of the crofs above the gallery was,  +.n.0
Total height of the top of the crofs) .. .
above the river Tybcr,P — } 5019
The fame meafured the fame day geo-
metrically was, —_ — } 502.2

When
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When the.difference of the heights of the.quickfilver
in the two baremeters-happens not to exceed - or even
2 of an inch (and this will frequently be the cafe in level-
ling flat countries, or mreafuring fmall heights) in fuch
circumftances the moft convenient  way of reducing the
obfervations will be by myeans of the column of differences
only; thofe numbers exPreﬁiﬁg_-the length of a column
of the atmofphere which correfponds to % of an inch of
quickfilver, at.any affigned height of the barometer.

EXAMPLE IV.

Suppofe the following obfervations-had been made at
the top and bottom of any eminence; viz. at the top,
‘barometer- 29.93 5 inches; ‘attached thermometer 70°s,
detached thermometer 76°%;: and . below, barometer at
30.082, attached .thermometer 71° and the detached
ane 68°; what was the height of the eminence?
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Obfervation below.
"Barometer, ~-Therm. Therm,
) attached, detached.
T 0 .
.30.0820 71.0 63.0
705
Différence of the twoattached therm. 0.

Obfervation at the top.

Barometer, - Therm. Therm.
attached. detached.,

In' o .0
. 29.9850 70.5 76.0
Cortelt for ©°.§ of heat, +.001¢ 68.0
Take o~ — 290865 2)144.0(72.0 mean heat,
From =— —  30.0820 31.2 ftandard temps
‘Rethainbi the! difference +40.8 d.fferences
or fall of quickfilver in} 0.0955
the barometer, '— —
“The differenge for. 5 at 30 inches = 86. feet. Correltion for 41°%
‘ : ' Feer.  Fr
. Fegt: | 80. =8.0
Therefore, for ogoo —_— - 780 | 41°0n l 29= .3
0050 - - 4.3 — e
ocog — — 0.4, _ _4._1,° on . 82.7 =8.3

“Therefore, 0955 inch of quickfilver, =  82.7 the approximate height.
Correétion for 41° on 82.7 feet, +8.3

et

Gives - —_— — —_ 91.0 =the true height.

Now this was the height of the Tarpeian rock, or the
weft-end of the Capitol-hill in Rome, above the con-
vent of St. Clare, in the Strada dei [pecchi.

The preceding rules for determining heights above
the furface of the earth will, I prefume, anfwer equally

well for meafuring depths below it.
TABLE
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TABLE I. For the expanfion of quickfilver by heat,
fee p. 574

Degr.
of the

Height of the barometer in inches.

‘Therm.| 20 | 21

22

23

24

25

26

27

28

29

30|

31 2

20| 2.1
4.1} 4.3
6.1 6.4
8.1 8.5

O O MNP LWDN -
[=)
(o]
-

- 8.9
10.0[11.1
12.2 |12.8]13.4]
142 [14.9(15.0
16.2 [17.0/17.8
18.2 |19.2[20.1
10 |20.3 |21.3[22.3
11 (22.3(23.4(24.5
12 (24.3 [25.6{26.8

2.2/

&

13 |20.327.7[29.0
14 [28.4[29.8|31.2
1§ |30.4131.9(33-4
16 132.4(34.1|35.6,
17 [34+536.2/37.9
18 3(8>.5 38.3|40.1
1 . 2.

3 fiod [iadlyed

o [00.8 |6
gl 6208 628

21 [42.6 |44. 74.6 8
22 144.6 |46.9]49.1
23 146.6 149 O[51.3
24 [48.651.1 535
25 150.7 |53.2|55.

26 [52.7 [55.4/56.0
27 5447 |57. 5603
28 |56.8159.6/62.5
29 |58.8161.8/64.7
66.9
69.1
32 [04.8168.271.4
33 166.9170.3/73.6
34 [68.9(72.4/75.8
35 170.9 [74-5[18.0
36 |73.0(76.9/80.2
37 1750(78.8/82.5
33 177.0[40.9/84.7
39 {79.083.1/86.9
40 181.185.2189.2

2.3
4.7
7.0
9-3
11.6
lg. el
1

18%

2.4

21.021.
23.3
-zg.()
28.0
30.
32
3;2
37,
39.6
41.9
442
46.6];
48.9
513
536
559
8[58.2
0.5
62.9
65.2
67.5
69.2
72.
74.6
76.9
79.2
81.5
83.8
86.2
38.5
90.8

932

1 45-5

2.5
5.1
7.6
10.1
12,9
15.2
17.7
20,2
22.8]
25.3| 2
27.8
30.4
‘32,9
35-4
37.9
40.5
43.0

48.1

50.6
357
58.2
60.8
63.2

68.3
70.8
73:3
759

81.0
83.5
86.1
88.6
91.1

93.6
96.2

2.6

53

749
10.5
13.2
15.8
18.4]
21.0
22 ]
28. 9
31.6
34.2
36.8
39-4
42.0
44.7| 4
473
49:9
52.6
552
5749
00.5
63.1
65.7
68.3
71.0
73-6
76.2
789
81.5
84.2
86.8
89.4
92.0
94.6
97-3
99-9

98.7]102.5

.2{101.2{10§.2

2.9
85
8.2

I1.0

1347

16.4]

19.2

21.9

24.6

274

30.1

32-9

35

8

41.1

43.
126

49-3

52.1

54.8

575
60.3

63.0
625
68.5
712
740,
76.7
79-§
82.2
84.9
87.7
90.4
959
(9)8 6
101.4
104.1
100.0
109.6

2.8

87

8.5
11.4
14.2]
17.0
19.8
22.9
25.6
28.4
31.2
341
36.9
39.3
42.6
45 4
48.3
SI.I
§4.0
56.8
59:6
62.5
65.3
68.2
71.0
738
76.7
79-5
82.4
85.2
88 o
90.9
93+7

96.6]100,0]
09.4{102.¢

102.2
105.1
107.9
1108
113.6

2.9
59
8.8
11.8
14.9
17.6
20.6

iy

29.4|
32.3
35:3
38.2
412
44.1
47.9
§0.0
52.9
559
58.8]
61.y
64.7
67.6
70.6
73:5
70.4
79-4/
=
33
88.2
9I.1
94.1

97.0|100.3
103.4]
100.4
109.4

105.8
108.8

1117|1155

114.7
117.6

g.o
o1
9.1
12.2
15.2)
18.2
21.3
24.3
274
304
334
363.5
e
45.6
48.6
Sty
?4-
63
638
66.9
69.9
730
76 0
79.0
82 1
85.1
88.2
91 2
94.2

97.3]100.5/103.8
103.6|107.0
100.7[110.3
109.9|113 §
113.1]116.8
110.2(120.0
119.3123.2
118.6 122.?126.5

112.5

121.6

g.x 3
.3] 6.5
9-4f 9.7
12,6} 13.C
15.7] 16.2
18.8] 19.5
22.0| 22.7
25.2 25.9H
28.3 29.2{
31.4| 3244
34-5| 35.6
37.6| 38.9
40.8| 42.1
43-9| 454
47.1| 486
50.3| 51.8
5341 551
56.5) 58.3
59.4| 61.6
62.8] 64.9
65.9] 68.1
69.0| 71.4]
72.2| 74.6
754 778
gS. 81.1
1.6] 84.3
84.8| 87.5
87.9| 90.7
Q1.i] 94l
94-1) 97.3
97.4{100.5

126 0l129.9

Vou. LXVII,

4G

TABLE



586  Sir GEORGE SHUCKBURGH'S Obfervations

TABLE 11’7/, Giving the approximate height in Englifh
feet, adapted to the temperature 31°24 of FAHREN=
HEIT’s thermometer. ‘

Height . Height .| [Height

of the | Height.| Diff. ||of the | Height, | Diff. ||of the | Height, | Diff.
Barom. ) Barom. Barom.

Inch. Feet. Inch. | Feet. ‘Inch. | Feet.

1.—190309.0 | g . || 16.10 |19570.4 ;;2; 16.60 [17102.5] :Sgg
2.~ 1722472 |56 ¢ 20 |19398.4 17049 70 |16946.0 12 8
3.—[61681.8 7496 30 [19227.5 169.8 8o |16790.4 : 5"6
a—|sq418s5 4| 140 || 40 l1gos77 [ egcl| 90 16655‘8' he
5.—[48370.8 | 2.7 5o [1888.1 | o *e || 17 00 [16482.1 537
6.—143619.9 44‘?)]7 60 [18721.5 16%.5 10 [16329.2 :5?9
7.—139603.1 3480 70 |18555.0 654]| 20 16177.3 151°?
8.—[30123.6| 5 5¢ 80 (18389.6| | 4 30 [16026.2 150'
9.—[33054.4| 3 9 90 [18225.2 164.4 40 [15876.0| 150-2
10.— |30309.0 21%’2 16.00 [18061.8 162.4 50 |15726.7 143‘3
11.—[27325.4 2267 10 17893.4 161.3 6o |15578.2 127'g ‘
12.—(2§558.1 2086 20 [17738.1 160..4.. 70 |15430.6 146.8
13— [23472.4 1931 30 |17577.7 1503 8o [15283.8 146.0'
14— [21541.3 | )09 40 [17418.4 156.4 9o |15137.8 1400
15.00[19743:5 9 5o l17260.0 “*{118.00 114992 6 45

(f) This table bears fome analogy to the tables of logiftical logarithms, being
nothing more than the differences of the logarithms. of the: height of the
barometer from the logarithm of 32 inches multiplied by fix.. I have chofen
the logarithm of 32 for my term of comparifon, that being the greateft pro-
bable height that the barometer will ever be feen at, even at the bottom of the
decpeft mines. Had I taken the mean height: of the quickfilver at the level of
the fca, it is true the numbers in the table would-have more truly reprefented
the heights in.the atmofphere, correfponding to the given height of the quick-
filver; but then, in computing fmall. depths or heights from.the furface of the
fea, we fhould have been obliged fometimes.to kave changed the figns in the
operation, which appearedto me: lefs convenient.. The mean height of the
barometer at the level of the fea, from 132 obfervations in Italy and in Eng-
land; is 50.04 inches, thc heat of the barometer being 55° and the air 62°;
fo that the term of comparifon in this table, wiz. 32 inches, correfponds to an
imaginary point within the earth at 1647 feet below the furface of the fea.

TABLE



in order to afcertain the beight of Mountains. 587

TABLE II. continued.

{Height . Height Height f

of the |Height. | Diff. || of the|Height. | Diff. ||of the| Héight. | Diff.
Barom. Barom. Barom.

Inch. | Feet. Inch, | Feet. 118.8 {nch. | Feet. 100.8

18,10 |14848.3 144:3 11 52.00 | 97636 25.90 | §511.0
20 {14704.9 1423 10 3642.5 :;8‘[ 2%.20 5410.4 xoo.g
30 [14561.9| 4211 20 | 9527.8 T 10| 53106| 9%
40 |14419.9 14'1‘2 30 | 94107 Iig‘é 20| s210.9| 997
50 [14278.7 140' 40 | 9294.1| | ¢* 30 | 51116 9g§
60 |14138.2. 14 -5 5¢ | gr7ga| ) 'g 40 | 5012:8 98.6
70 113998.5 Igg’g 60 | 9go62.§ 11?.1 50 | 491442 98.1
80 [13859.5. 138.2 70 | 80474 | 12 6o | 4816.1 | 9 H
9o [13721.3} 2" 8o | 88329 *2 70 | 4718.3| 97
19.00 [13583.8| ;372 9o | 8718.9 |+ 8o | 4620.g| 974
10 |13447.0 136‘1 23.00 | 8605.3| [ > 90 | 4523.9 9(7)'0
20 |13310.9 13 ' 10 | 84923 112.6 249.00 | 4427.2 96'7
30 |13175.6 i3‘5.3 20 | 83797 {10 10 | 43308 | 904
40 [13041.1 134'2 30 | 8267.6| | ¢ 20 | 4234.9 | 959
50 |12906.9 134' 40 | 8156.0 1:1.1 30 | 4139.2 957
60 |12773.6 132'8 50 | 8044:9| [ 6 20 | 4044.0| 952
70 |12641.0 13r.‘ 60 | 79343 “0'2 50 | 3949.0| 95°
80 |12509.1 xgl.g 70 | 78241 | o 6o | 3854.5 gig
0 {12337.0 ' 8o | 71714.4 : o.| 3702.2 :
%0 |12s3l5| 130 9o 7%05.1 109-3 %o 2666.3 932

20.00 |12247.2| 9 3
10 |12117.2 'i‘o'? 24.00 | 7496.3 123’8 go | 3572.7 | 93
20 [11987.9 ;2 '3 10 | 7388.0| | *31128.00 | 3479.5| 932
30 {11850.2 1;»8..Z> 20 | 7280.1 xo;:(; 10 | 3386.6 | 92 g
40 |{11731.2 12‘7'4 30 | 7172.6 107.0 20 | 3294.0 3;2

50 |11603.8 6.8 40 | 7065.6 6.6 g0 | 3201.8
fo gl 13|l %o foshiol 196|| 50 Sro | 910
70 |11350.0) [ g 60 | 6852.9 50 | 3018.3

80 {11225.2 vo | 6747.2| 1057 6o | 2927.0 | 913
90 |11100.2 :;5'2 80 | 6641.9 125.3 70 | 2836.1 92'9
21.00 |10975.8 mf' go | 6537.0| | 49 8o | 2745.4 | 997
10 |{10852.1 37 25.00 | 6432.6 104'3 9o | 2655.1 993
20 |10728.8 122"(3) 10 | 6328.6 Ig‘}'() 29.00 | 2505.1 go.o
30 [10606.2 122'0 20 | 6225.0( 37 10 | 2475.4 89'7
40 |10484.2 IZI' 30 | 6121.8 103.8 20 | 2386.0 89‘4
50 |10362.7 120‘5 40 | 6o19.0 102‘ 30 | 2296.9 8%.1
6o [10241.8] ] 0'9 50 | 5916.6| '40’ 40 | 2208.2 88-7
70 |10121.4 1: ‘é 60 | 5814.6 10?6 50 | 2119.7 88.2
80 |10001.6 19 70 | §713.0| 0., 6o | 2031.5| g,
90 | 9882.4 1192 8o | 5611.8 I 70 | 1943.0 79

4G 2 TABLE
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TABLE II. continued.

eight ' Height [Height
of the|Height. | Diff, ||of the|Height.| Diff. || of the [Height, | Diff,
{Barom. : Barom, Barom.]

In,cg. F ;et. 87.6 Inch. | Feet. 85.3 Inch, | Feet. 83.1
29.80 | 1856.0 ' 0.60 | 11657 * 1.40 | 493.2 *
go | 1768.7 87'3‘ 3 70 | 1080.7 850/ |3 82.8

1|17 so| 4104] o>
30.00 | 1681.7 gg;’ 8o | g96.0 gig 60 [ 327.8 226
10 | 159501 gg ) 90| 9IL§) g o 701 2454 82:3

20 | 1508.6 3r.00 | 827.3 80| 1634

30 | 1422.4 ggg 10| 743.4 gg? | 816 g:g
40| 1236.6 83.6 | 20| 659.7 83.4 32.00 ©0.0
50, 12510 30l §76.3

TABLE
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TABLE IIL Of proportional parts.

Di.[1|2]3]4]5(67]8]9||DF|1[213|4]5]6]7] 8] 9
‘81 | 8{16]24}32]49]49{57|65{73 || 106 11121(32|42 53/64\74| 85 | 95
82 | 8|16]25(33]41|49]|57|66]74 || 107 |11l21{32|4354(64175| 86 | 96
83 | 8|17|25|33141(50{58(66]75 || 108 |11i22(32(:3'54/65/76| 86 | 97
84 | 8{17]|25|354[42|50[59]67|76 || 109 |11122(33l44|54/6576| 87 | 98
85 | 8|17|25|34]42]51]59|68(76 || 110 [11}22(33l44/55/66/77| 88 | 99
86 | 9]17|2634|43]52|60|69 77 || 111 |11:22/33144155167|78| 89 |100
87 | ol17]26|35]43|52(61 |70 78 || 112 {11 22(34145/56{67178 9o [101
838 | 9]18|26(35(44]|53]|62|70|79 || 113 |11 2334455668’79 go |102
89 | 9|18{27(36[44|53({62|71|80 || 114 |11|23|34/46[57|68:80| g1 |103
9o | 9|18|27|36]45]|54]63]|72|81 || 115 |11]23]34/46|5769/80| 92 |103
gt | 9{18|27]36145|55|64|73|82 {| 116 |12|23/35{46{58|70[81| 93 |104
92 | 9[18|28(37]46|55(64|74]83 || 117 |r2la3l3sler|s8l7082| ¢4 |105
93 | 9]19]28(37|46|56|65]|74184 || 118 |12]24135{47(59|7183] 94 |106
94 | 9]19|28(38(47]56(66]75{85 || 119 (r2|24/36(4859(7183| 95 |107
95 | 9]19|28|38[47)57|66[76(85 || 120 |12 24]36/48|60]72/84] 96 | 108
- 96 |10[19]29|38{48|58(67]|77{86 || 121 |12[24/3648]60]7385) 97 |109
97 |10|19]29{39|48| 58|68 78187 || 122 |12]24137|4961(73/85| 98 |110
98 |10]20]29|39149|59 (69|78 (88 i| 123 [12i25!37/49|61/74(86| 98 |11z
99 |10]20{30(40,49|59/69| 79|89 || 124 [12]2537|50/62(74{87| 99 |112
100 |10{20[30]40]|50{60]|70|80|g0 || 125 i12]25|37/50(62(75/87] 100 {112
101 |10|20{30[40|50|61[71 (81|91 || 126 |13]25|33!50(63|76/88| 101 {113
102 |10[20{31[41|51]61 (718292 || 127 {13]25[38i51163176/8g[ 102 | 114
103 (10|21!31|41{51162/72 8293 || 128 |13126|34]51i64/77|90[ 102 11§
104 [10|21|3142[52[62|73|83 02 || 129 [13]26139]52[64!77|90| 103 |116
105 |1af21/31l42]5:163] 7318404 || 130 [12126]39152165)78lg1] 104 1117

TABLE
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SY7 GEORGE SHUCKBURGH’S Ofervations

TABLE IV,

For the expanfion of the air, or correc=
tion of the uppermoft height, fee p. 576.

Deg Approximate height in feet.
“ o | 1000.] 2000. | 3000. [ 4000. | 5000, | 6000.| y000. | 8o00. | gooo.
1 2.4 4.9 7.3 97| 12.1| 146{ 17.0] 19.4] 21.9
2| 49| 97| 146] 194| 24.3] 29.2| 340| 38.9| 437
3 7.3 14.6| 21.9| 29.2| 36.4| 43.7| suo| 58.3| 656
4 9.7| 19.4| 29.2| 38.9] 48.6| 58.3| 68.0) 478| 87.5
§ | 12.1| 24.3] 364 486 607 72.9] 850} 97.2/ 109.3
6| 146| 29.2| 43.7| s8.3| 72:8| 87.5]| 102.0] 116.6/ 131.2
7| 17.0] 3¢0| 51.0f 68,0 85.0] 102.1f 119.0] 13641} .153.0
8| 19.4| 38.9| 58.3| %7.8| o7.1| 116.6] 136.0] 155.5] 174.9
9| 21.9| 437 656| 87.5( 109.3| 131.2] 153.0] 175.0| 196.8
10 | 24.3| 48.6| %2.9| 97.2| 121.5]| 1458 170.1| 194.4] 218.7
11 | 26.7| 53.5( 80.2| 106, 133.6] 160.4| 187.1| 213.8] 240.6
12 | 29.2( §8.3) 87.5| 116.6| 145.8| 175.0] 204:1| 233.3] 262.4
13| 316 63.2| 94.8| 126.4| 157.9| 189.5| 221.1| 252.7| 284.3
14 | 34.0| 68.0] 102.1| 136.1| 170.1} 204.1| 238.1| 272.2| 306.2
15| 36.4| 72.9| 109.3| 145.8| 182.2| 218.7| 255.1| 291.6| 328.0
16 | 38.8] 77.8) 116.6] 155.5} 194.3| 233.3| 372.1| 311,0| 349.9
17| 41.3| 82.6| 123.91 165.2 206.5| 247.9| 289-1 330.5[ 371.7
18 | 43.7| 87.5| 131.2] 175.0| 218.6| 262.4| 306.1| 349.9] 393.6
19 | 46.1| 92.3] 138.5] 184.7| 230.8| 277.0| 323.1| 369.4| 415.5
20 | 48.6{ 97.2| 145.8| 194.4| 243.0| 291.6 | 340.2| 388.8| 437.4
21 | §1.0| 102.1| 1§3.1| 204.1| 255.1| 306.2 | 357.2| 408.2| 459.3
22 | §3.5| 106 9 160.4| 213.81 267.3| 320.8 | 374 2| 427.7 | 481.1
23| §5:9) 1118 167.7 223.6| 279.4| 335.3| 391.2| 447 1| 5030
24 | 58.3| 116.6| 175.0| 233.3| 291 6 349.9 408.2| 466.6 | 524.9
25 | 60.7| 121.5] 182.2] 243.0| 303.7| 364 5| 42521 486 0| 546.7 1
I TABLE



in order to afcertain. the beioht of Mbuntains, 391
TABLE IV. continued.
Deg.t Approximate height in feet.
o | 1000 | 2000.} 3000.} 4000 | §000.| 6000. ]| 7000. ] 80o00. | go0O.
26 | 63.1| 126.4| 139.5| 252.7 | 315.8 379.1 | 442.2| 505.4| 568.6
27 | 656 131.2| 196.8} 262.4 328.0| 393.7 459 2| 524.9| 590.4
28 | 68.0| 136.1] 204 1| 272.2| 340.1| 408.2| 476.2| 544.3| 612.3
29 [ 70.4| 1499 271.4| 281.9| 352 3 422.8| 493.2| 563.8| 634.2
30 72.9| 1458 2187 291 6| 364.5| 437.4| 510.3| 583.2) 656.1
31| 75.3| 150.7] 226.0| 301.3| 376.6 452.0 527.3 | 602.6 €78.0
32' 77-8| 155-5| 233.3| 311.0 388.8| 466.6 | 544.3| 622.1| 699.8
33 | 80.2| 160.4| 240.6 | 3208 4009 480 1| 561.3 641.5| 721.7
34 | 82.6[ 165.2] 247.9| 330.5| 413 1| 495.7| 578.3| 6610 743.6
35| 8g0| 17001 | 255.1].340.2| 425.2| §10.2| 5953 | 6804 | 765.4
36 | 87.4| 175.0| 262.4| 349.9| 437-3| 524.8 | 612.3} 699.8| 787.3
37| 89.9| 179.8| 269.7| 359-6 | 449-5| 539.4| 629:3| 719.3| €09.1
38| o92.3| 184.7| 277.0| 369 4| 461.6| 553.9| 646.3| 738.7/ 831.0
39 | 94.7| 189.5/ 284.3 379-1 4738 568.5| 663.3| 758.2 852.9
40| g7.2| 194.4| 291.6 | 388.8| 486.0| 583.2| 680.4| 777.6| 874.8
41] 996|199.31 298 9| 398 5| 498.1. 597.8:| 6974 | 797.0| 896.7
42 | 102.1] 204.1| 30602 | 408.2| §10.3| 612:4| 714.4 | 816.5| 9185
43 | 104.5| 209.0| 313 5| 418.0| 522.4| 626.9| 731.4 | 835.9| 940:4
44 | 105.9| 213.8| 3208 427.7 | 534.6| 641.5| 748.4| 855 4| 962 3
45 | 109.3] 218.7| 328 0| 437.4| 546.7| 656.1| 765 4| 874.8| g84.1
45 | 1un7| 2236| 335.3| 447-1| 558.8| 670.7| 782 4 894 2 {1006.0
47 | 114.2] 228.4| 342.6| 456 8| 571.0| 685.3| 799-4} 913.7 1027.8
48| 116.6| 233.3| 349.9| 466.6| §83.1| 699.8| 816 4| 933.1 |1049.7
49 | 119.0| 238.1| 357.2| 476.3| 595.3| 714 4| 833.4| 952.6|1071.6
50 | 121.5] 243.01 364.5| 486.0| 607,5| 729.0{ 850.5] 972.0(1093.5-

Table
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"T'able of heights taken by the barometer, &c.

4 or—the  Abovethe
-Lake of Geneva, Mediterranean.

‘Feet. . Feet.

The Lake.of ' Geneva, from i8 obfervations, = 2] 1230(2)
Greateft depth of the Lake, — - -— 303
Cluft, at the Croix Blanche, firft-floor, (2, 2, + 351 1581
Chamouny, ground-floor -ofthe inn.near the foet of :

Mont Bl’anc, 4 — — -— } + 2137 3367
The Montanvert, at the Chatedu, 1 c — + soo0r 6231

m
T l$a€?:;c§eoé ;l::e:wer Arvér_cix, at th_f botto of - the} + 2426 3656
Salenche, at the inn, fecondoﬁoor, — + 664 1941
La Bonne-Ville, ala Villede Geneve, fecond-fldor, 1 + 245 1475
Chatlaino, country houfe near Geneva, ground-floor, ¢ 4 158

The ball en the higheft, or fouth-weft, tower ‘of Bt.
Peter’s church in Geneva, 6 — } + 249

St. Joire, in a field at the foot of the Mole, — 4+ 61 1501
Summit of the Mole, * == == — + 4883 6113
Pitton, higheft. point of Moat Saleve, —_— 3284 4514
The Dole, higheft.fummit of Mont Jura, 6 — 4 4293 5523
"The Buet, -G _— mm e e e + 8894 10124
Aiguille d’Argentiére, 6 = =’ - +12172 13402
Mont Blanc, ¢ —_ — 414432 15662
Frangy, at the inn, firft-floor, below t.he Lake, — 166

Aix, alaVille de Geneve, fitft-floor, below the Lake, -— 378
Chambery, 2u St, Jean Baptifte, firft-floor, below the Lake,— 352

Aiguebelle, at the inn, firft-floor, below the Lake, — 190
La Chambre, at the inn, firft-floor, above the Lake, + 337
St. Michael, at the inn, firttefloor, —_ + 1113 2343
Modane, at the.inn, firft.floor, — — + 2220 3450

(g) More corre@tly 1228 feet,. but I have taken it at 1239 in round

numbcrs,

() The figures at the end of fome of the names {hew. the number of obfer-
vations that were made; and the letter G indicates fuch obfervations to have-
been geometrical,

Table
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Table of heights, 8&c. contimued:

or — the

Lake of Geneva.

Feet.
Lannebourg, the foot of Mant Cenis, at the inn, firft-floor, + 3178
Mont Cenis, at the Poft —_ —— + 5031
at the Grande.Croix, —_— - 4+ 4793
Novalefe, the foot of Ment Cenis.on the ﬁd.e of Italy,} + 1510

at the inn, fisft-floor, —
Boucholin, on the firft-floor, - —_ +.213
St. Ambroife, on the firft-floor, below.the Lake, - 40
Turin, #’Hétel &’ Angleterre, fecond-floor, 4 - - 289
Feliffano, near Aleffandrig, -firft-floor, 1 -— -— 671
Piacenza, St. Marco, firft-floor, 1~ == - =67
Parma, au Paon, firt-floor, 3 &= — -— 923
Bologna, au Pelerin, firft-floor, 3 -— — 831
Loiano, a little village on the Appenines, bcmen}

Bologna and Florence, —

The mountain Raticofa, the lngbeft point of the Ap
penines the road 8 afies over, 1% mxlcs beyond Fxle-} + 1671
caije in going to Covigliaje,

Florence, nel Corfo dei Tintori, 50 fee‘t above the} -
Arno, which was 18 feet below the.wall of the > quay, 3 99°

Pifa, aux Trois Demoifelles, fecond-floor, 4 —  — 1228
Leghorn, chez Mufton, fecond-floor, 2 — —_— 1244
Siena, aux Trois Rois, fecond-floor, 2 — ~— 164
Redicoffani, af the Poft, firft-floor, above the Lake, ~ + 1240

the top. of -the tower of the old foruﬁca-} 870
tion on the fummit of the rock, —_— 183
Viterbo, aux Trois Rois, firft-floor, on the Ciminus} b o2
of the Ancients, —_— — — N 9
Rome, nel Corfo, 61 feet above the Tyber, 7 — 1084

Above the
Mediterranean,

Feet.
4408
6261
6023

2741

941

263
307
399

2591
29O¥

o+ 240
+54)
+38
1066
2470
3060

1259
94

(i) The rocks on each fide the plain, where the poft-houfe ftands, arc at leaft
3000 feet higher than this fituation; and it is from the fnow on the tops, and
through the crevices, that the lake on this plain is formed, which gives rife to

the Dora, and may be called one of the fources of the Po.

Vovr. LXVII. 4 H
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Table of heights, &c. continued.

Above the Abovethe
River Tyber. Mediterranean.

Feet, Feet.

The Level of the river Tyber, —_— — 33
The top of the Janiculum, nearthe VillaSpada, — 260
Aventine Hill, near the Priory of Malta, -— 11y
In the Forum, near the arch of sEvErus, where ihe} ,
ground is raifed 233 feet, — — 34
Palatine Hill, on the floor of the Imperial palace == 133
Celian Hill, near the cLAUDIAN aqueduét, — 125
Bottom of the canal of the cLAUDIAN aquedudt, — 175
Efquiline Hill, on the floor of St. M. Major’s church, 154
Capitol Hill, on the Weft-end of the Farpeian rock, 8
In the Strada dei Specchi, in the convent of St. Clare, 27
On the union of the Viminal and Quirinal Hills, in the
Carthufian’s church, procrgs. Baths, - } 141
Pincian Hill, in the garden of the Villa Medici, == 165
Top of the crofs of St. Peter’s church, —_ 502
The bafe of the obelifk, in the center of the Periftyle, 3z
The fummit of the mountain Soraéte, lying about 20{} 2272

geog. miles N, of Rome, ¢~ —
The fummit of Monte Velino, one of the Appenmes, }

covered with fnow in June about eog. iniles
s at:lyg - 8397

N.W. of Rome, and which is prob the higheft

of the Appenines, G =~ —
Rake :; a:!:lxe’
Naples, Cafa Ifolata on the Chma, 27} feet above}_ ‘o
the fea, § - 1197
Mount Vefuvius, mouth of the Crater from: wI:ence} 801
the fire iflucd in 1776, — — 393

‘Table

(%) Sir wiLLram mAMILTON informed me, that the hieight of Vefuvius, as
taken by Mr. DE saussurE of Geneva in 1772, with only a barometer of Mr.
pE 1Uc’s conftru&ion, and according to his rules, was 3659% French feet =
3900 Englith, which agrees pretty well with mine. But the Padre pELLA

TOKRE pretends to have found the height of Vefuvius in 1752 (fee p. 44. of
his



in ovder Yo afcertain the beight of Mountains. §9%

Table of heignts, 8c. continued.

 or —the . Above the
Lake of Geneva,  Mediterranean,

Mount Vefuvius, at the bafe of the ¢one, — -— 2021
Top of the mountain Somma, - — 3738
The fummit of Mount Atna, — — 10954 ()

The following heights are determined from correfponding obfervations by
Mr. MEssiER at Paris, whofe barometer is fuppofed. 108 feet above

the fea.

Barberino di Valdenfa, between Boggebonri and Tavernelle, 974
Modena, a I’Albergo nuovo, -— — 214
Montmelian, at 20 feet abovethe river, = — 81z
Monte Vifo, by an obfervation from Jurin, by mcam}

accurate, G — — —_— 9997
Monte Rofa, as meafured geometrically by the Father

BECCARIA, being the fecond mountain of all the} 15084

Alps, — —_— —_— —
Pont Beauvoifin, -— - - —_ 70§
La tour du Pin, 4 —_ —_ — 938
Verpilliére, — — — -— 566

his Hiftory of this Mountain) = 1694 French feet only, the difference of his
barometer at the top and at the level of the fea being no more than 23% French
lines = 2.065 Englith inches, which was certainly a miftake of little lefs
than 2000 feet in the refult.  The Abbé NOLLET in 1749 found the fall of the
quickfilver 40 lines = 3.55 inches Englith; and, if this obfervation is.to be
depended upon, the fummit of this volcano has rifen within thefe 27 years
more than 330 feet perpendicular,

(1) T have ventured to compute the height of this celebrated mountain from
my own tables, though from an obfervation of Mr. DE sAUSSURE’s in 1993,
which that gentleman obligingly communicated to me.- It will ferve to fhew,
that this volcano is by no means the higheft mountain of the old world; and
that Vefuvius, placed upon Mount ZEtna, would not be equal to the height of
Mont Blanc, which latter I take to be the moft elevated point in Europe, Afia,
or Africa.

The circumference of the vifible horizon on the top of Mount Ztna, allowance
being made for refraltion, which I eftimate at 6/, is 1093 Englifh miles,

4 H 2 Table



596 S GRORGE SHUCKBURGHS OFferovutisns
'Table of heights; 8c.. continued:

+-or—the  Above the
Lake of Ceneva, Mediterrancame

Lyons; at the Hotel Blanc, 5o feet abaveithe Sadne, 449
St. Jéan fe vieux, = — — 693
Ctrdon, near the poft- houfe at the footof the rocks, 854
Nantua, 10 feet above the Lake, —_— — 1423
Cliatillon, at the Logis Neuf, — — 1629
Colonges, —_— —_— —_— 1626
St. Genis, apparently on-a-levetwith. thefdmt of Mont Jura, ¥5075
Geneva,. at 100 feet above the Lake, §- — 1268(m)
Maicon, at the Parc, 24 feet above the Sadne —_— 514
Dijony, 4 {a Cloche, the firft. floor, —_ — 710
is (), ile iteaux
M:::zndns olglfél‘:ralfdo s 4.; miles b_ezondv te } 1677
Lucy-le-bois, - — — — 645
Auxerre, 50 feet above the river, — — 283
Sens, at.the Poft, —_ —_ — 163

Fontainbleau, at the Grand Cerf, fecond-floor,. 242

(m) From this comparifon: with Mr. MESSIER’s obfervations at Paris, which.
makes the Lake of Geneva.enly 1568 feet above the level of the fea (whereas
from 18 obfervations-in Italy; near the fhore of. the .Mediterranean, it appears
to be 1228; vin. + 6o feet different) I am inclined to believe; that Mr, mEs--
s1ER’s place of obfervation is about 5o feet higher than I have fuppofed it, viz..
rba feet above the fea inftead of 108, asdeduced from three obfervations only at
Boulogne, Calais, and at Dover.. If this be allowed, the fame number of feet.
muft be. added alfer to, all the other heights: that are determined by comparifon
with Mr. MEss1ER’s obfervations: I am, however, by no means fure of. this,
but leave it to future obfervers..

(n) On one fide of this mountain is a little fiream called Amancon, that
joins the Yonne and the Scine, and thus goes to the Atlantic; while on the
other fide is found the Ouche, which, uniting with the Saéne and the Rhone,
vuns to the Mediterranean: this part of Burgundy then feems to be onc of
she higheft in France.

5 Table
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Table of heights, &c. continued.
- or —the _ Abovethe

Scine at Paris. Mediterraneany.

Paris, mean height of the Seine, that is; quand Iés
eaux [¢ trouvemt d 13 pieds § pouces fur I'nbdll da 363
Pont-Royat feton M. DE'LA FANDE;

Place of my own obfervations inthe Rué acob, fecond-

floor, Y — — J — } + 57
Mr. messtER’s obfervatory, at the Hotel de Clugn

firt- oo, =0 LR E) SN

Mr. pE LA LANDEsditto, at the College Royal, ﬁvﬁ-ﬂoox-', 101
Place of Monf. le Pere coTTEs’s obfervations at Mont- } i

morency, 10 miles'North of Paris, —_— 333
Stone-gatlery of the Church on Mont' Valerieny 93
Depth of the cave of the Royal Obfervamry at Paris

below the pavement, oy } 9%%
The fame, acconding to Mr. pE L& DANDE, by a&ual} 3

meafurement, —_ — 99
Height of the north tower of the church of Notre} 220f

Dame abeve the floor, — —
Smneere by aual meafurcment, ) — - 218;
Chantilly, — —_ ; — 11
Clermont, _— —— — e 329
Amiens, Rué de Noyon, firft-floor,. — — 147
Abbeville, firft-floor, -_— — —_— 79
Below.the mean
Reight of the Seine.
Boulegne; mean level of thefea, from one obferv. only, —33.9
Calais, ditto, frony one obfervation, — — —38.8
Dover, ditto, from:three obfervations made two years} —6.6
preceding thofe at Calais-and Boulogne, — — 30
Mean height of the river (¢) Thames at London above
the mean height of the river Seine from five dm&} + 6.8
comiparifons. with Mr, MESS{ER, —_
Andconfequently the Thames at London above the fea, 43
Warwick, mean level of the river Avon, — 155
Sknckburgh-houfe, in Warwickihire, —_— -_— 560

(o) By the mean height of the river Thames-is underftood when the water:
is 53 feet below the: pavement in-the left-hand arcade at Buckingham-ftairs..

3¢
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ERRAT A

Page Line

§8, 9. for-tommmunicate, read communicate,

85, 15. SorXLVII, read LIV,
128, 4. from the bottom, for ¢ and not all” read ¢ and not at all”
131, 16'and 17. for (as'the millers term it:-when no Iron is concerned) veas’ (aa the

_ millers term'it) where:no iron'is concerned

163, 6. for Satellites, read Satellite.

165, 9. for:ineptats, read ineptas
258, 3. -from:the bottom;: for-but, read long
248, 2. : from the botttom;.for long, iead biit
354s 2. -for.the year 1775y read the year 1776,
475s  13. for'credulicity, read credulity ’
518, - 7. ' from:the bottom, for ';%o nai'm.

519, 7. Sfor'233% 54, 15" réad 233° 55 i5”
510, 4+ -infirt £ cby yth obfervationz=g% 59y 0 'mmy% 38/, 157 .
§2r, 2. +for mountaing;, read mountain.- - ‘
522, 2. ifor corre& for the fignal §9",.read 54"
530,  §e "for.2,70%%; fead 35,7028
541, 4 for above at C. read-above at B.
54§, - 11. _for corret height in-fathom 686,619, read 685,619
546, 8. - for difference of Liog. 654,157, read 654,109--
547 11 jfor (in p. §56), read (in-p. §532),

§56,. 17, for:two," read-t00
560, 1. .for feet,-read grains

18, for.13358,5, read 13558,3%.
563, . 12.. for:barometer, read manometer
568, 5. from thebottom; for T §-X E—pmeaz=Smsi, read =% EZi:f =S
569, 19. dele the femicolon after quantity, and infert it after inftance
§78, 5. from-thebottom, ' for the attached Fherm, read-the two attached Therm.
585y 2. read, fee p. 574 and 56;
in the column for 2§ inches, and-againtt 21 fir 53,2, read 3,4

5§86, 3. add, fee p. 568 and 569

In the 4th col. of the table at the top, for 46,10, read 15,104

Vox. LXVII, 5U 587
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