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XXXIV. Experiments and Obfervations made in Britain,
in order to obtain a Rule for meafuring Heights witly
the Rarometer. By Colonel William Roy. F. R, §.

Read June 12 and 19, and Nov. 6 and 13, 17573

INTRODUCTION.

N philofophical inquiries of every kind, where any
point is to be afcertained by experiments, thefe can=
not be repeated too often, nor varied too much, in order
to obtain the truth: for even when the utmoft precau~
‘tion hath been ufed, and the greateft pains have been
taken, it rarely happens, that they agree fo exaétly, as
to leave no room for doubt. Were it poffible at all.
times, to have experiments made in circamftances per-
feGly fimilar, a confiderable degree of confiftency
might naturally be expected among the refults, where-
of the mean would determine the point in queftion;
but different men, making ufe of different inftru-
ments, have different modes of conducting their ope-
rations, each purfuing the tract that {eems to him the
moft likely to infure fuccefs. Hence it is that a variety
of
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654 Col. RoY's Experiments for

of refults arife, and that things fometimes appear contra-
- di&ory, or at leaft prefent themfelves under new forms,
difficult at firft fight to be accounted for, and therefore
aptto miflead, till by a farther inveftigation of the mat-
ter, the true caufes are difcovered. Even irregularities of
this fort are worthy of being communicated, that others
may know what hath happened before, and what, in like
cafes, they may expe& to meet with, in the courfe of
their future inquiries. Imprevements of every kind ad-
vance by flow degrees; and it is not until things have
been viewed in every poffible light, that the errors,
even of our own experiments, are difcovered, the points
in queftion ultimately afcertained, and the branch of
philofophy depending upon them, gradually brought
nearer to perfection,

Ever fince the difcovery made by TORRICELLI, the
barometer hath been applied, by different perfons, in dif-
ferent countries, to the meafurement of vertical heights,
with more or lefs fuccefs, according to the more or lefs
perfect ftate of the inftruments ufed, and the particular
modes of calculation adopted, by the obfervers. But of
all thofe who have hitherto employed themfelves in this
way, none hath beftowed fo much time and pains, or
fucceeded fo well, as Mr. DE LUC, of Geneva, F. R.s. In

two quarto volumes, publithed fome years fince, that
gentleman
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gentleman hath given us the hiftory of the barometer
and thermometer; with a very curious and elaborate de~
tail of many years experiments; made by him, chiefly on
the mountain Saleve.. It weuld be totally fuperfluous
here to enter into any circumftantial account of the me--
thed he'makes ufe of; fince that hath already been fo -
fully iltuftrated by two Fellows of the Royal Society,
who have:at: the fame time given formul and tables, -
adapted to the meafures of this country, (Phil. Tran{. for
1774, vol. LXV. N° xx. and.xxX.) that nothing farther
can be defired on that head.

It may neverthelefs be neceffary juft to call'to remem-
brance that the rule, deduced from the obfervations on
Saleve, confifts of three parts. 1ft, The equation for the
expanfion of the quickfilver in the tube, from the effect
of heat, whereby the heights of the columns,in the in~
ferior .and fuperior barometers, are conftantly reduced
to what they would have been in the fixed temperature
of 54°; of FAHRENHEIT, independant of the preffure
they refpetively fuftained. 2d, When the mean tem-
perature of the column of air to be meafured, is 69°:32,
as indicated by thermometers expofed to the Sun’s rays-
at its extremities; then the difference of the common
logarithms, of the equated heights of quickfilver in the

two
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two barometers, gives the altitude intercepted between
them, in toifes and thoufandth parts, reckoning the three
Fgures to the right hand decimals, and the ‘others inte-
gers, the index being neglected. This temperature of
69°.32, when the logarithmic differences give the real
keight without any equation, is reduced to 39°.74, the
new zero of Mr. pE Luc’s {cale, when his formula is
adapted toEnglifh fathoms and thoufandth parts, inftead
of French toifes. And laftly, when the mean temperature
of the air is above or below 39°.74,an equation, amount-
ing to +555 parts of the logarithmic height for each de-
gree of difference, is, in the firft cafe to be added to, and
in the laft fubtra&ed from, that refult, in order to obtain
the real altitude.

In Mr. pE Luc’s book, the experiments for afcertain-
ing the expanfion of the quickfilver, are not given in
detail; neither are the particular temperatures of the
barometers {pecified, The winter {eafon was however
chofen forthe purpofe; one being left in a cold room,and
the other in a clofet, heated as high as could conveniently
be fuffered. The operation having been repeated feveral
times without any effential difference in the refults, this
general conclufion is drawn, that between the tempera-

tures of melting ice and boiling water, the expanfion of
the
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the quickfilver is exaétly fix French lines, or .532875
decimal parts of an Englifh inch. But it is to be ob-
ferved, that the barometer ftood then at 28.77525;
whereas, if it had ftood at 30 inches, it would have been
.555556, becaufe the expanfion is in proportion to the
length of the column. Farther, the interval between the
freezing and boiling points in all thermometers, varies
with the height of the barometer, or weight of the atmo-
fphere; and it is the cuftom in England to - make thermo-
meters when the barometer ftands at 30 inches; that is
to fay, 1.22350r I 3.8 French lines, higher than when Mr.
DE LUC’s boiling point was fixed: and fince from his ex-
periments it appears, that each line of additional height
in the barometer, raifes the boiling point *,th part of
the interval between that and freezing, it follows that
2 =0.158 x 13.8 =2°2, will denote the number of
degrees, that Mr. pE LuUC’s boiling point is lower than
that of Englith thermometers, which reduces itto 209.8
of FAHRENHEIT, and makes the interval between freez-
ing and boiling only 177.8 degrees. Hence the expan-
fion .555556, formerly found, muft be increafed in the
proportion of 177.8 to 180, which gives for the total
5624297 or .56243, on a difference of temperature of
180°. Thus the expanfion for each degree, fuppofing it

Yovr. LXVII, 4 Q to
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to be arithmetical, or uniformly the fame in all parts of
the fcale, will be .00312461 .

Having now fhewn the expanfion of quickfilver in the
tubes of barometers refulting from the Geneva obferva-
tions, I fhall next proceed to give fome account of thofe
I made for that purpofe. They derive their origin from
my having very accidentally obferved, that a fmall de-
gree of heat, and of fhort duration, {enfibly affected the
length of the column in Mr. RAMSDEN’s portable baro--
meter, whereof a view is given in plate XVI. ‘The
principal parts of this inftrument are a fimple ftraight
tube, fixed into a wooden ciftern, which, for the conve-
niency of carrying, is fhut with an ivory {crew, and, that
being removed, is open when in ufe. Fronting this aper-
ture is diftin¢tly feen, the coincidence of the gage-mark,
with a line on the rod of an ivory float, fwimming on the.
furface of the quickfilver, which is raifed or depreflfed by
a brafs fcrew at the bottom of the ciftern. From this, as
a fixed point, the height of the column is readily mea-

fured on the {cale attached to the frame, always to i

(a) This paper having lately been communicated to Mr. DE Luc, he hath
informed me, that the difference of temperature in his cxperiments, amounted
to about 31° of REAUMUR, or 72° of FAHRENHEIT, above freczing: where-
forc, .00312461 x 72 =.22§ nearly, will denote the rate of expanfion from
which he deduced that for 180°; and within thefe limits, it will hercafter be
oundto differ very little from the refult of the prefent expcriments,

I part
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part of an inch, by means of a nonius moved with rack-
work. A thermometer is placed near the ciitern, whofe
ball heretofore, was ufually inclofed within the wood
work, a defet that hath been fince remedied, The three-
legged ftand, fupporting the infirument when in ufe,
ferves as a cafe for it, when inverted and carried from
place to place. Two of thefe barometers, after the quick-
filver in them hath been carefully boiled, being fuffered
to remain long enough in the fame fituation, to acquire
the fame temperature, ufually agree in height, or rarely
differ from each other more than a few thoufandth parts
of an inch, which were conftantly allowed for in calcu-
lating altitudes, as well as in eftimating the rate of expan-
fion, in the courfe of the following experiments..

S EC TT1I O N I

Experiments on the expanfion of quickfilver.

THE experiments made for this purpofe were nu-
merous as well as various, and were therefore fub:!ivided
into feveral claffes. To give a minute detail of them all,
would be extremely tedious, and now wholly ufelefs,
fince it was from thofe of the third clafs alone, that the

4 Q2 rate
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rate as well as maximum of expanfion was afcertained:
wherefore thofe of the two preceding clafles need only
be mentioned in a general way.

The firft fet of the firft clafs comprehended fuch as
were made with one barometer in a cold room, or in the
open air, and the other in a room on the {fame level with
the former, where there was conftantly a fire, which was
occafionally increafed, in order to-augment the difference
of temperature. When the heated barometer had re-
mained feveral hours in an angle of the room, the dif-
ference of temperature of its quickfilver above that of
the coldeft, as indicated by their refpective attached ther=-
mometers, rarely exceeded 10 or 12° which, from a
mean of many obfervations, gave an expanfion of .0333
decimals of an inch, for the 10° comprehended between
32 and 42°of FAHRENHEIT’S thermometer. So far the re-
fult arifing in this way, from fmall differences of tem-
perature, will be found to agree with the third clafs of
experiments.

But when, in the fecond fet of this firft clafs, the dif-
ference of temperature was augmented to 20 or 30°, by
expofing the barometer within doors to a greater heat,
or placing the fuperior one on the leads, whereby it re-
ceived the dire¢t and reflected rays of the Sun through-

out the greateft part of the day, while the other was kept
in
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in the cold area underneath, the rate of expanfion for
the firft 10° exceeded that formerly found nearly in
the proportion of three to two, while that for the fecond
and third terms, of 10° each, diminifhed progreffively.

The chief, though not the only caufe of this great
difference, as will appear hereafter, arofe from the pofi--
tion of the ball of the thermometer, originally inclofed-
within the wood-work of the frame, which prevented it
from receiving the heat fo readily as the quickfilver in:
the tube; at the fame time that it retained it longer, and.
confequently produced refults in {fome degree fallacious.

Finding, from the firft clafs of exp‘eriments, that much-
uncertainty remained with regard to the rate of expan-~
fion of quickfilver affeted by thefe {maller degrees of
heat, and that it was utterly impoffible, from them, to.
determine its maximum for the 180° between freezing
and boiling; I refolvéd to try, how much a column of 30.
inches of quickfilver, carefully boiled in a tube, would
lengthen, the fame being placed with the open end up-
wards in a tin veflel, occafionally filled with pounded ice
and water, and afterwards brought to boil, by means of a.
charcoal fire placed underneath? In this fecond clafs, it
was eafy to fee, that the expanfion of the tube containing.
the quickfilver, was neceflarily to be taken into the ac--
.count, and added to that apparently found by experi~

Q ment..
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ment. ‘This was of courfeto be done, either by fuch dif-
ferences as I could difcern and meafure, or by thofe that
had refulted from the experience of others.

The nature of the apparatus, employed in this clafs of
experiments, will be eafily underftood from plate XVIIL.
where it is reprefented, as it was ufed in thofe of the third
clafs. 1nits firft ftate it was not quite fo long, and a
chafing-dith with a charcoal fire, occupied the place of
the ciftern holding the quickfilver below. By means of
a eircular bit of tin, foldered edgeways in the center of
the bottom, and an aperture in the middle of the lid, the
tube was kept fteadily in the axisof the veffel. Otheropen-
ings in the lid, ferved for the admiffion of the thermo-
meter, -and the application of a deal rod clofe to the fide
of the tube, when its height was to be meafured. The
longitudinal expanfion of the glafs was marked by a
{cratch thereon with a fine edged file at the top of the
«deal rod, when refpectively at the temperatures of freez-
ing and boiling. "The apparent dilatation of the quick-
filver was in like manner marked, by the coincidence of
its furface with the lower edge of a brafs ring embracing
the tube.

It having been found impoffible to procure tubes
whofe bores were truly cylindrical, or of any uniform
figure, the experiment was repeated, as often as poffible,

mn
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in both ends of the {fame tube, that the mean miglit be
taken. But it frequently happened that the tube, which
had undergone one or more experiments in. one end,
broke before any eould be made with it in the other.. In
this cafe, the rate of expanfion in the laft end was taken
from that given by fuch another tube, where it had fuc-
ceeded in both.. The mean of five refults with the beft
tabes, taken in this way, gave .49o1 for the apparent
expianﬁon of 30 inches of quickfilver, on 180° of FaH-
RENHEL’I‘,; between freezing and boiling, which being
augmented by the apparent longitudinal dilatation of the
glals .0356%3=.1068, the real expanfionis.5969; ex--
ceeding Mr. DE LUC’s by more than 3,ths of an inch.. If,
however, Mr. sMEATONs dilatation of glafs, (025 x 3=
.07 ¢) be fubftituted, inftead of that refulting from thefe
experiments, the real expanfion of 30 inches of quick-
filver will be .3651, which. does not exceed it quite
parts of an inch..

In this clafs of experiments, having attended. as-dili~
gently. as poflible to all the circumftances, it {€emed to-
me,. that tubes. with a {mall bore, and whofe glafs was
thick, lengthened more. than thofe, which had.a larger
bore and whofe glafs. was- thin: whence I was led. to
fuppofe,, that folid glafs rods would dilate more in pro-
portion, and confequently, thew a ftill more perceptible

difference. .




664 Col. roY’s Experiments for

difference. With the view of afcertaining this point, I
procured four glafs rods near three feet long each, and of
different diameters, the largeft being of the fize of the
little finger, and the fmalleft about the thicknefs of a
quill. One end of each, was fomewhat 1arger than the
other, and was made perfeétly fmooth, as that on which
they were to reft when feverally meafured with the deal
rod." They were then all placed in the tin veflel, in fuch
a'manner, as to admit pounded ice rammed very clofe
around them, and the interftices to be filled with water.
Having remained in that ftate a full half hour, they were
feverally meafured with the deal rod, whofe length of
325 inches was feratched on each with the tharp edge of
the file. This being done, the ice thrown out, and the
veflel carefully wafthed, all the rods were replaced in it,
immerfed in water, which afterwards was brought to boil.
Thefire being kept up, andtheebullition rendered as vio-
lent as poffible for half an hour, the glafs rods were then
feverdlly meafured, by applying them one after another
to the deal rod, ftanding with them in the boiling water.
The experiment was repeated three times, on as many dif-
ferent days, without its being poflible to difcern, that any
of the glafs rods had dilated more than that of deal, from
adifference of temperature of 180° In all of them, the

freezing mark feemed accurately to coincidewith the top
of
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of the deal rod; whereas the dilatation of the tubes, by
the fame degree of heat, was always very vifible/%,

Finding from the fecond clafs of experiments, whereof
the general refult hath now been given, that glafs rods
feemed not to lengthen more than deal; and that tubes
of different bores, and probably too of different forts of
glafs, were fufceptible of different degrees of extenfion,
which rendered it impoflible, by this means, to afcertain
the longitudinal expanfion of the quickfilver they con-
tained; I thought it neceflary to recur once more to the
barometer, and to try whether it could not be {fo con-
trived as to at in water of different temperatures, from
freezing to boiling. 'This led me to the experiments of
the third clafs: and in order to comprehend them tho-
roughly, it feems neceflary to point out fome few altera~
tions which the apparatus underwent.

The center of the bottom being pierced on purpofe, a
brafs focket was prepared for it, wherein a hole was bored
conically, to receive the ground-end of a barometer tube,
of the ordinary length of 33% inthes; the tube having
been firft ground in a feparate piece of brafs, and ulti-

() Since thefe experiments were made, the relative expanfion of 18 inches
of one of the tubes and one of the rods that had been formerly employed, was
found to be, by Mr. cumMmING’s pyrometer, nearly as 4 to 1, from a heat
approaching to that of hoiling oil.

Vovr. LXVIL 4R mately
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mately in the focket itfelf, fitted it fo exalltly, as to fuffer
no water to pafs. The focket being inferted into the
aperture at the bottom of the veflel, was firmly foldered
to it for the reception of the tube, which was fo ground
as to reach a full tnch and a half below the furface of
the brafs. It could not defcend farther, the ground parts
in both being of the figure of thefruftum of an inverted
cone. From the view in the plate it will appear, that un-
derneath the veffel, a {feparate ftand was placed, in order
to fuppert the iron ciftern containing the quickfilver.
The diameter of the ciftern was fuch, that its ftand being
occafionally moved, fo as to bring one fide of it clofe to
the ground part of the tube,. the other fide projected be-
yond the bottom of the veflel; and confequently per-
mitted the rod of a float, refting on the furface of the
quickfilver, to rife freely.and parallel to the axis of the
tube. The rod was of deal, ;th of an inch fquare, car<
rying on its top a fcale, whofe zero lay in the lower fur-
face of the float, and whereof the fix uppermoft inches,
from 28 to 34, were divided into 2oths.

'That the whole column of quickfilver might alter-
nately be covered with the freezing mixture and water
of different temperatures, and yet permit its furface to
be feen, two eyes of plate glafs were fcrewed into fockets,
foldered for that purpofe oppofite to each other, near the

top
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top of the veflel, which, in the firft fet of the third clafs
of experiments, was little more than 29 inches high.
The top of the tube pafling through the aperture in the
lid, one and a half or two inches of the vacuum gene-
rally rofe above the veflel. That the expanfion of the
column might be meafured as nearly as poffible in that
part of the tube fronting the center of the eyes, more or
lefs quickfilver, according to the ftate of the atmofphere,
was occafionally put into the ciftern, to raife or deprefs
the furface of the column to the proper height. A thin
brafs ring, whofe lower parts were made to {pring, em-
braced with {ufficient force the upper part of the tube,
permitting it at the fame time to be moved freely with
the hand. It carried along with it a nonius index, pro-
je@ing as far as the center of the rod, and confequently
applying itfelf to the divifions of the fcale, which was
kept in its proper pofition by pafling through a {lit fitted
for it in an arm attached to thelid. The divifions on the
nonius being the fame with thofe of the barometer for-
merly defcribed, the height of the quickfilver could
always be read off to —5th part of an inch. '

The quickfilver having been carefully boiled, as on
former occafions, in the tube; and that being filled com-
pletely, and held with its open end upwards; the tin
veflel was inverted over it, and lowered gradually, till the

4R 2 . ground
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ground end could be inferted into the focket with fuch a
degree of force as to prevent it from being too eafily re-
moved. The finger being then applied clofely to the
open end of the tube, the whole apparatus was turned
up, and placed over the ciftern into which the quickﬁlver
had previoufly been put, great care being taken not to
remove the finger till the lower extremity of the tube
was fairly immerfed into the quickfilver; when that in
the tube was permitted to defcend into an equilibrium
with the atmofphere. In the firft experiment it was
found that the water iffued by the eyes, and running
down the fide of the veflel, fell into the ciftern. In order
to remedy this inconveniency, a circular piece of tin was
foldered round theupper partof it,immediately below the
eyes; and a flat {pout, projeéting from it, ferved as a gut-
ter to throw off the water from the ciftern, and from the
lamps made ufe of to bring that in the veffel to boil. Six
lamps, each with a double light, were {fufpended around
the trunk of the veflel, to heat the water as equally as
poffible; though any irregularity of this kind was fuffi-
ciently guarded againft, by conftantly mixing itduring the
operation. Another lamp of the fame kind ftood under
the cifterri, whereby the quickfilver there was kept at
the temperature-of the water in the veffel, each having

its proper thermometer: this latt lamp was placed
and
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and difplaced frequently, during the courfe of every ex-
periment; for the heat was very expeditioufly commu-
nicated to the iron ciftern, and thence to the quickfilver
it contained ; and both were found to cool very faft, after
the lamp was removed. Such was the ftate of the appa-
ratus, when the firft fet of this third clafs of experiments
was made. In thofe of the fecond fet, its height was far-
ther augmented by tin foldered to the top, that a tube of
the ordinary length might be wholly immerfed in boil-
ing water. The third and laft alteration confifted in the
occafional application of a detached tin cafe, equal in
diameter to the upper part of the veffel, having a hole in
its bottom to admit the top of a long tube to pafs. This
cafe was fo contrived, that its bottom ftood two inches
and a half higher than the lid of the veffel, thereby al-
lowing room for the hand to move the index up or
down. In this ftate the apparatus is reprefented in the
view; and its various ufes will be beft underftood from
the account of the experiments, which were fubdivided
into four fets.

Thofe of the firft fet were made with tubes of a large
bore, upwards of three-tenths of an inch in diameter, of
the ordinary length, with a vacuum over the quickfilver
of two inches and a half or three inches, part of which
reached above the top of the veflel. ‘The mean of three

experi=~
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experiments gave .5258, for the total dilatation of 30
inches of quickfilver, on 180°between freezing and boil-
ing; that, anfwering to the firft 20°, between 32° and
g2° was .0688; that, for the 20° in the middle of the
{cale, between 112°and 132°was.o58; and the rate for
the laft 20° between 192° and 212° was only .04.1.
From this firft fet of the third clafs of experiments, it ap~
peared evident, that the expanfion of 30 inches of quick-
filver in the barometer, fuffering a heat equal to 180° of
FAHRENHEIT, inftead of exceeding Mr. DE LuC’s, as ap-
peared to be the cafe from the refults of the open tube,
really fell fhort of it: and inftead of being arithmetical or
uniformly the{ame, for equal changesof temperature,was
actually progreflive ; theexpanfion anfivering tothe lower
part of the {cale, being greater than that correfponding to
the middle; which again exceeded that for high tempe-
ratures. In thefe experiments, when the water had ac-
quiredaheat 20 or 30 degrees greater than thatof the open
air, a certain duftinefs was perceived in the vacuum of
the tube. At 100° of FAHRENHEIT, or thereabout, this
appearance had {o far increafed, as to fhew clearly, that
it could proceed from no other caufe than a vapour ari-
fing from the furface of the heated quickfilver, quite in-
vifible, till, by its condenfation in the cold part of the

tube, it was formed into balls, every where adhering to
its
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its fides and fummit. Thefe globules were very fmall
near the furface of the water, augmenting gradually as
they approached the top of the tube, where they were
greateft: their bulk increafed with the heat; and when
the water was at or near boiling, they would fometimes
unite, and defcend by their own gravity, along the fides of
the tube, into the general mafs. Hence the progreflive di-
minution of the rate of expanfion of the column of quick-
filver in the barometer, perceptible even in the firft clafs
of experiments, is eafily accounted for by the refiftance
of the elaftic vapour’?, a&ting againft the top of the tube,
which was here colder than the reft.

But in the application of the barometer to the mea-
{furement of heights, the whole inftrument is of the famc
temperature; wherefore, .in the fecond fet of this third
clafs of experiments, the tin veffel was heightened, that
tubes of the ordinary length, placed in it, might be wholly
immerfed in boiling water. The mean of four experi-
ments, which agreed very nearly among themfclvcs,
gave .5 117 for the total expanfion between freezing and
boiling; for the 20° betwcen 112°and 132°.059; and
for the laft 20° between 192° and 212°.046. In thefe

(¢) Having mentioned the circumftances to Mr, RAMSDEN, it firft occurred
to him, that the refiftance of the.claftic vapour was the caufe of the diminu-

tion in the rate of expanfion.
experi-
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experiments; the tube being wholly covered with boiling
water, no condenfation of vapour took place in the va~
cuum; and therefore no particles of quickfilver were feen
adhering to the upper part of the tube. When the wa-
ter boiled, the refiftance of the vapour was greater than
“in the preceding fet, and the total expanfion lefs. Thefe
two refults ferve ftrongly to confirm each other: it is,
however, the laft that furnifhes the data for conftru&ting
‘the table of equation depending upon the heat of the
quickfilver in the barometer, of which table we fhall
give an account hereafter.

'Finding, from the comparifon of thefe two fets of ex-~
periments with each other, that the maximum and rate
of expanfion feemed to vary with the length of the va-
cuum above the quickfilver, I was advifed to try¥ what
might be the refult, when the vacuum was much longer
than in the common barometer.

The third fet of experiments of this clafs was there-
fore made with a tube fomewhat narrower in the bore
than the former, and whofe vacuum was 14 inches in
length, whereof 11 reached above the top of the veflel.
The mean of three obfervations gave . 5443 for the total
expanfion on 180°; that for the firft 20° was .067; for

(4} Dr. BLAGDEN, who afterwards affifted in fome of the firft experiments,
with the manometer, propoled that with the long tube,
the
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the 20° in the middle of thefcale .058; and for the up-
permoft 20°.065: whence the mean rate for every 20°,
is nearly .060 5"/, In this fet, the condenfation in the va-
cuum of the tube was particularly attended to: it began,
as in thofe of the firft fet, immediately above the furface
of the boiling water, which was always kept an inch or
two above the top of the column: the lowermoft glo-
bules were very fmall, increafing gradually till they got
without the lid of the veflel, where they were the largeft;
thence they diminithed uniformly upwards, and difap-
peared entirely three or four inches below the top of the
tube. Though the rate for the middlemoft 20°, in thefe
laft experiments, be below the mean, probably from fome
inaccuracy in obfervation; yet, being compared with the
former fets, they ftill ferve to corroborate cach other: for
in thefe with the long tube, the vacuum feems to have
been either completely maintained, or nearly fo; and we
accordingly find the maximum of expanfion increafed,
and its rate rendered nearly uniform, as will be farther
confirmed from what follows.

(¢) Mr. cavenpisH, who affifted in the fir® part of il experiments with
the open tube, informed me, that, in thofe made by his father Lord criarLEs,
the difference between the expanfion of quickfilver and glafs, from 180° of heat,
was .469. If to this we add Mr. smEATON’s dilatation of glafs, the total
expanfion of 30 inches of quickfilver will be .544, which agrees with the
experiments in the long tube, and gives a rate of only .003022 for each degrec,

Vovr. LXVIIL 4 S I have
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I have already had occafion to mention that a detached
tin cafe was fometimes applied above the veffel, in which
ftate it is reprefented in the view. This method was
thought of during the operations with the long tube, in
order to try whether the vacuum was completely main-
tained by the temperature of the open air? For this pur-
pofe the cafe was placed on the ftones of the yard, with
a fmall tube inferted in it, to preferve an open paffage in
the middle: it was then rammed full of a compofition
of falt and ice; and afterwards fixed on the top of the
long tube. The degree of cold thus applied round the
greateft part of the vacuum, muft have been very great,
probably near the zero of FAHRENHEIT; yet it produced
no vifible alteration in the height of the column of
quickiilver, which ftill remained in boiling water below,
and thould have rifen, if the vacuum had been formerly
incompleat. As it would have occafioned much trouble
to have lengthened the feveral parts of the apparatus fo
as to have kept the long tube wholly in boiling water,
the counterpart of this laft experiment was not made in
the accurate manner it ought: neverthelefs, the tin cafe,
being emptied of its cold compofition, was placed on
the tube as before, and filled with boiling water; which,
joining with the intermediate fteam arifing from that in

the veflel below, muift have kept the whole nearly in the
fame
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fame temperature. The confequence of this application
was, that the column thortened about ;25ths of an inch;

which feems to prove, that the quickfilver vapour now
reached the fummit of the tube, and, aéting againtt it,
overcame, by {0 much, the preflure of the atmofphere.

1fhould now proceed to give fome accountofthe fourth
fet of this laft clafs of experiments, made on the con-
denfation of the quickfilver, by means of artificial cold,
below the temperature of the air. Previouily however
to this, it may not be improper to take notice, in a more
general way, of fome others that were made on expan-
{ion; as tendin g, with certain circamftances yet to be
mentioned, not only to confirm thofe already defcribed,
but likewife to account for many irregularities that occur
in operating with barometers.

In the courfe of the preceding experiments, from ac-
cidents of various kinds, it was often neceflary to reboil
the quickfilver; and in that operation, many tubes were
broken. The frequent removal of the focket from the
bottom of the veflel, in order to get others ground for i,
became at laft very troublefome; and made more caution
neceflary, in boiling fuch as were ground, efpecially in
frofty weather, which happened to be the cafe in the laft
days of March, 177 5: wherefore it was thought beft in the
interim to try, what might be the expanfion of a column

4S5 2 of
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of quickfilver, carefully put into the tube, but not boiled
therein?

With this view, the ftandard barometer and apparatus
were left out during the night of the 29th, that they
might acquire the fame temperature, which was found
next morning to be 34°;; the unboiled quickfilver ftand-
ing +5sth of an inch higher than that which had been
boiled. The lamps being applied to the veflel, the
lengthening of the unboiled column was perceived, on
the whole, to be more irregular, and the progreflive di-
minution quicker, than in former experiments; {o as to
give, for the maximum of expanfion, only.443 for 180°.

On the morning of the 31ft, the unboiled column,
which on the preceding day had been the higheft, was
lower than the other by near;ths of an inch, the ternpe-
rature of both being 31°;. As the water acquired heat
from the application of the lamps, the rate of expanfion
diminifhed ; and, at boiling, was only .40 5 for180°. The
operation of the 3oth feems to point out, in a manner
{ufficiently conclufive, that the air contained in the un-
boiled quickfilver, rendered its {pecific gravity lefs, than
that which had been boiled even a great while before;
fince it required a longer column of the firft, to counter-
balance the weight of the atmofphere. And though the
vacua might poffibly, at the beginning, have been equally

compleat



meafuring Heights with the- Barometer. 677

compleat in both; yet they could not continue long fo:
for the air efcaping gradually from the unboiled quick-
filver, its elafticity increafing with the heat, and uniting
with the quickfilver vapour, muft have refifted the dila-
tation of the column, and rendered it lefs than on for-
‘mer occafions; which actually appeared from experi-
ment. This is farther confirmed by the obfervations of the
{ubfequent day; for now the unboiled column was be-
come the fhorteft, owing no. doubt to more air having
afcended, and rendered the vacuum ftill more incom-
pleat. ‘Thus, the caufes of refiftance increafing, the di-
latation is leflfened in a fuperior degree. |
The other circamftances to. be mentioned, occurred. on
the 1 2thof April. After finithing one of the experiments
of the fecond clafs,and when the waterhad cooledto 192°,
the veflel, by accident, received a fudden jolt, whereby
the mouth of the tube muft have been raifed, for a mo-
ment,, out of the quickfilver in the ciftern. Ina few mi-
nutes after this,intending to obferve how far the column
had fhortened from the. decreafing heat, I was furprized
to find, that the quickfilver had wholly difappeared in
the tube, and was{unk {o.low as not to be feen by looking
obliquely down at the eye of the veflel. It was then cer-
tain that airy and probably a.particle of moifture along

- with it, had afcended into the upper part of the tube,
whereby
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whereby the vacaum was- deftroyed in fo remarkable a
degree. Sirce this aecident made it neceflary to reboil
the quickfilver, the water(then between 180° and 190°)
as let out by the bo‘ck fixed for that purpofe at the
bottom of the veffel; but before it could be intirely
?ifawn’oﬁ', the'tube and its contents, had fo fenfibly felt
the condenfing force of theé furrounding atmofphere,
“‘then about 48°, that the -4quickﬁ’lver had rifen again, and
‘prefented itfelf oppofite to the eye of the veflel, fome-
thing lower indeed than where it formerly ftood. On
‘thiis difcovery, and as foon as water could be boiled for
“the purpofe, the veflel was filled again, when the quick-
filver fubfided, as before, quite out of fight; and on draw-
.ing off the water a fecond time, it rofe anew, feemingly to
‘its former height. :
The appearance,‘ which: this accidental circumftance
_produced, was fuch, as naturally fuggefted that farther
experiments might have been made, varied as much as
‘poffible from each other, by the admiffion of different
quantities of air, or of air and moifture intermixed. But
“the nature of the veflel rendering it impofiible to fee,
-and confequently to meafure, the motion of the quick-
filver, occafioned by the alternate expanfion and conden- |
fation of the elaftic vapour contained in the upper part

of the tube, and which could not have been accom-
plithed
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plithed without many troublefome alterations in. the ap-
paratus, therefore nothing of the kind was attempted.
From the circumftances juft now mentioned, it will be
readily conceived, how much care is neceflary in ope-
rating with barometers for the meafurement of heights,
that the vacua be as nearly as poflible compleat; and par-
ticularly, that no moifture get up into the tube. I now
proceed to the fourth and laft fet of experiments.

Having found, from the two firft fets of this clafs, the
rate of expanfion of a column of quickfilver, in the tube
of a barometer of the ordinary length, to be progreflive
and not arithmetical ; and that its maximum, for the 1 80°
comprehended between feeezing and boiling, was lefs
than had been fuppofed; I thought it proper to try, by
means of artificial cold, whether the condenfation, for the
32° below freezing, followed nearly the fame law?

For this purpofe the tin veflel, containing the ground
tube, was rammed quite full of pounded ice and falt, as
well as the tin ftand holding the iron ciftern below. In
this operation,.twelve pounds of ice and four pounds of
falt were employed, whereby the mean temperature of
the mixture was reduced to + 4° of FAHRENHEIT. But be-
fore the eyes of the veflel could be fufficiently freed
from the compofition, {0 as to permit the furface of the
column to be diftinétly feen and read off; it had rifen to

5 +14°
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+ 14%; the temperature of the air,and al{o of the ftandard
barometer, beirig at the fame moment 49°. The ob-
ferved condenfation, arifing from this difference of 335°%,
was Zxths of an inch; or .1189, when reduced for the
height of the barometer, which then ftood at 30.296.
Hence the condenfation for 32°is .1072, or .003335 for
each degree. In this day’s experiment, when the tempe-
rature of ‘the mixture had rifen to 32° that of theair
and ftandard barometer was 52°; whence the reduced
difference, for the 20° between 32° and 52°, was found
to be .0664, anfwerable to former experiments.

The {ame experiment was repeated two days after,
with great care, the veflel being filled no higher than the
furface of the quickfilver. The mean temperature of the
mixture was now +4°, and that of the ftandard barome-
ter 49°5. The obferved condenfation, arifing from this
-difference of 4.5°3, was 2%; or .1594, when reduced for
the helght of the barometer, then ftanding at 30,416:
hence the rate for 32° is .1127, or .003,522 for each
degree. When the temperature of the mixture had-
rifen to 32° that of the air was 51°: whence the aug-
mented rate for the 20°, between 32°and 52°, was found
to be .0662.

-From the mean of thefe two experiments it appears,

that the condenfation of a column of 30 inches of
quickfilver



Lhilos, Trarns. Vol L XVILTeb XVI p. 680. _

=




mmeafuring Heights with the Barometer. 681

quickfilver in the barometer, affe¢ted by the 32° of cold
below freezing, is .1099: and that the expanfion from
20° of heat, between 32°and §2°%is .0663, a number
agreeing perfetly well with former refults. If the con-
denfation .1099 thus found, be added to the expanfion
.5117 arifing from the fecond clafs of experiments, we
thall have .6216 for the total difference of height of the
columns of quickfilver in two barometers, {uftaining the
fame preflure, but differing from each other in their tem-
peratures 212° of FAHRENHEIT'S thermometer.

The feries of numbers exprefled in the annexed table,
agreeing in all effential refpects with the expanfions
found by experiment, will therefore thew that which
correfponds to any intermediate temperature, for every
10° of the fcale.

Vovr. LXVIIL 4T Rate
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Rate of expanfion of a column of quickfilver-in the tube
cf a barometer.

"Femperature,  Expanfions, Differences. 2d Differences.

g [ 212 5117 N
& 202 .4888 *0229
3 ' 0236 |
G4l 192 4652 0n :
25| 182 4409 '02:’2 L .0007
2ol 172 4159 :
3';’; 162 -3902 '_2227 !
f5| 152 3638 07 %
25| 142 3367 027
w8 132 .3090 §7
584 122 2807 0293
Z 8 0289 p
BE] 112 2518 o L ,0000
25| 102 2223 0295
5= 92 1922 '0‘301
R 82 1615 9397
o 8 : 0313
gE| 72 1302 0nrB
52 62 0984 ° 3
.,g 52 0661 '032‘2
& 42 .0333 '232 |
Bl 32 .c000 33;’ . ,0005
2iiy( 22 0338 033
222?;4 12 .0681 '0343
FhEg 2 .1029 *034
5358 o  rogg °°7°

Con-
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Conflruction and’ application of the table of equation, for
the expanfion of the- quickfilver in. the tubes of baro-
merers.

In the introduction to this paper there was occafion to
remark, that in the application of the barometer to the
meafurement of heights, various modes of calculation.
had been adopted. The eafieft and beft method feems.
however to be, by means of the tables of common loga-
rithms, which were firft thought of by Mr. MmarR1OTTE,
and afterwards applied by Dr. HALLEY, Mr. BOUGUER,
Mr. pE LUC, and others. They have all proceeded on
the fuppofition, that air is a truly homogeneous and elaf~
tic fluid, whofe condenfations being proportionable to
the weights with which it is loaded, its dilatations are in
the inverfe of the weights; and in confequence of this
law, that the heights of the atmofphere afcended, are in
geometrical progreflion, while the correfponding fuc-
ceflive defcents of the quickfilver in the tube of the
barometer, are in arithmetical progreffion.

Mr. pE Luc makes ufe of an arithmetical or uniform
equation for the heat of the quickfilver in his barome-
ters, whereby their relative heights are reduced to what
they would have been in the fixed temperature of 54°;

4T 2 of



684 Col. rROY'S Experiments for

of FAHRENHEIT. In the formule adapting his rule to
Englith meafures-(Phil. Tranf. vol. LXVII. N° xx. and
xxX.) hath been fthewn, that the eafieft and fimpleft me-
thod is, to make the difference of temperature of the two
barometers the argument for the equation ;. and that it is-
fufficient to reduce either column to what would have:
Been-its height in the temperature of the other. Butt
whatever may heretofore have been the method of ufing:
the equation for the heat of the quickfilver, while it was
confidered as arithmetical‘v; now that it hatlx been thewn,
from the preceding experiments, to be progreflive, there
feems at Ieaft to be propriety in applying to-each: baro-
meter the equation anfwering to its particular tempera-
ture. And thoughr, for this purpofe, any fixed tempera-
ture might have. been affumed at pleafure, as that to
which both: barometers were to be reduced} yet, the
freezing point being fundamental-in all thermometers,
and that being likewife the zero-of tlie {cale forthe equa-
tion depending on thie heat of theair, as will be fthewn
hereafter, it hath been preferred to any other.

From the experiments it appears, that a column of
quickfilver of the temperature of 32°, fuftained; by the
weight of the atmofphere, to the height of 30 inches in
the barometer, when gradually affe¢ted by different de-

grees of heat, fuffers a progreflive expanfion; and that,
having
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having acquired the heat of boiling water, it is lengthened
+2525 partsof an inch : alfo, that the fame column, fuffering;
a condenfation by 32° of cold, extending to the zero of
FAHRENHEIT, is fhortened ;522 parts, the wéight of the
atmofphere remaining in both cafes unaltered; but that,
in the application of the barometer to the meafurement of
altitudes, fince the preffure and length of the column
change with every alteration of vertical height, the
equation, depending on the difference of temperature of
the quickfilver, will neceffarily augment or diminith by
a proportionable part of the whole. Thus, if the weight
of the atmofphere fhould at any time be fo great as to
fuftain 31 inches of quickfilver, the equation for dif-
ference of temperature will be juft 5th part more than
that for 3o inches; at 25 inches it will be-iths; at 20
inches-4ds; at 15 inches ;; and at 1o inches. only +d of
that deduced from expenment.

It is upon thefe principles that the annexed table of
equation hath been conftruéted, for differences of tem-
perature extending to 102° of the thermometer, and for
heights of the barometer from 1.5 to 31 inches; beyond
which limits, it is not probable, that many barometrical
obfervations will be made. The firft or left-hand co-~
lumn, fhews the height of the barometer for every half
inch, from 31 to 253 thence for every inch downwards

to
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to 20; the 1 sth inch being half of the obfesved expan-
fion. The five next columns towards the right, compre-
hend the additive equation for condenfations, anfiering
to 0%, 12°% and 22° with their intermediate differences;
thofe that are progreflive; as arifing from difference of
temperature, being ranged heorizontally; and thofe that
are arithmetical, as depending.on the height of the ba-
rometer, béing placed vertically. The temperature of
32° requires no equation, and the thirtéen columns from
thence towards the right harnd, contain the fubtraétive
equations for expanfion, correfponding to every 10° as
far as ro2°, with their progreflive and arithmetical dif~
ferences ranged as before. By means of thefe differences,
the equation for intermediate temperatures may readily
be taken out by infpection. Hence is deduced the firft
part of the rule for meafuring heights by the barometer.
When the temperature of the quickfilver is below 32° of
FAHRENHEIT, add the correfponding equation for con-~
denfation to the obferved heights of the columns refpec-
tively; when above 32°, fubtract the equation for expan-
fion from the obferved heights of the columns refpec-
tively; with which equated heights of quickfilver, ex-
prefled in 1oooth parts of an inch, the tables of loga~

rithms are to be entered.
Table
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Table, {hewing the equation to be applied to the obferved height of quickfilv

temperature extending to 102° of FAHRENHEIT : whereby the column is redu
p g

hoetx)glrtv f:} Condenfation below 32°; Equation to be-added. to the | Expanfion above 32°; I

quickfil- height of the quickfilver in the barometer.

ver in the : .

Barom. o° Diff. | 12° Diff. | 22° 327 42° Diff. | 52° Diff.
31 [.1136 |1 |.0432 |.0704 1 |.0355 |-0349 ] :5 0344 |1 [.0339 |.0685 |1 |:0334
30 |.r118 0425 |.0693 0349 |.0344 & 0339 |.0333 |.0672 || |.0328
30  |.1099 ‘ 0418 |.0681 0343 |.0338 | :':‘ .0333 1.0328 |.0661 1.0323
293 |.1081 0411 |.0670 0338 {.0332 |. g .0327 .0323 |.0650 .0318
29 |.1063 || |.0405 |.0658 w0331 0327 || |5 5|.0322 || |:0317 [.0639 0312 .
282 |.1045 || on|-0398 | 0647 || &|-0326 |.0321 g’;% 0316 || .‘0312- 0628 || |.0307
28  |.1026 r°§ 0390 |.0636 | % =|.0321 |.0315 >_§’; 2 0311 >l‘02 .0306 |.0617 2 0301
27% |.1008 “ 0384 |.0624 < 0314 |.0310 | 2 gz 0305 ‘8 .0301 |.0606 8 .0296
27  |.0990 | 0377 |.0613 .0309 f.0304 | 5: '§ .0300 +0295- |+0595 0291 |.
261 |.0971 1.0370 {0601 | 0302 |.0299 || |& §.0204 .0290 |.0584 || |.028%
26 |.0953 | .0363 |-0590 0297 |.0293 | ;g-.0289 0284 [0573 [{ |.0280 |.
25% |.0935 10356 |.0579 0292 |.0287 || |7 ) 0283 0279 [.0562 | ‘0275 |+
25 .0916: [J |.0349 |.0567 |) 0285 |.0282 |J :gﬁ 0258 |/ {.0273 |[.0551 | 0269
24 |.0880 [] |.0336 [.0544 |] |.0273 |.0271 |] §‘;‘ 0266 |1 |.0263 |.0529 |1 [.0258
23 |.0843 % 0321 |.0§522 °§ .0263 |.0259 || ' ?_E 0255 8 0252 |.0507 || J|.0248
22 .0897‘ >8 0408 |.0399 ’8 .0251 [.0248 f g g 0244 >§ 0241 |.0485 >§‘ .023%
a1 1.0770 |} |.0294 |.0476 |] |.0239 [.0237 J & |-0233 ) "|.0230 |.0463 |] | .0226 |.
20 |.0733 }cZ’ 0280 |.0453 |} ¢|.0228 |.0225 }\§:_§ 0221 }‘ﬁ.ozzo 0441 }§ 0215 |.
15 |.o550 |J 6.0211 [.0339 }8 o170 |.0169 |J 85 |.0166 |J 8|.0165 [0331 |J G| 0161
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ickfilver in the barometer, from 15 to 31 inches; and for differences of
s reduced to the height it would have ftood at in the temperature of 32°.

¢ 32°; Equation to be fubtrated from the height of the quickfilver in the Barometer.

Diff. | 62° Diff. | 72° Diff. | 82° Diff. | 92° | Diff. | 102°

0334 |.1017 |} |.0328 1345 |1 |.0324 |.1669 |} |.0317 |.1986 0311 |.2297 )
.0328 | .1000 0323 |.1323 0319 |.1642 0312 |.1954 0306 }.2260
20323 |.0984 0318 |.1302 0314 |.1616 0300 |.1922 0301 |.2223
.0318 |.0968 I .0312 |.1280 .0309. |.1589 .0301 |.18g0 .0296. 2186
.0312 |.0951 0307 |.1258 .0304 {.1562 .02g6 |.1858 .0291 {.2149
0307 .0933 | <0302 |.1237 || 0208 |.1535 || «|-0291 [.1826 || en|.0286 |.2112 -
0301 '|.0918 >§ 0297 |.121% >§ 0293 |.1508 >~§ 0286 |.1794 >& 0281 |.2073 >‘:c.>:,
.0296 |.0902 K 0291 [.1193 | .0288 1481 3| .0281 1762 8 .0276 |.2038 8
0291 |.0886 0285 J.1171 0283 |.1454 0276 |.1730 .0271 |.2001
.0285 | .0869 .0281 {.1150 0277 | 1427 0271 |.16¢8 0266 |.1964
0280 |.0853 || |.0275 |.1128 0272 |.1400 .0266 |.1666 0201 |.1927
‘0275 |.0837 .0269 |.1106 0267 |.1373 .0261 |.1634 0256 |.18g0
10269 0820 |J |.0265 .1085 |J |.0261 |.1346 |J |.0256 |.1602 J 0251 | 1853 |/
0258 |.0787 [V |.0254 |.1041 |] |.0252 |.1293 1 |.0245 |.1538 |] |.0240 [.1778 |}
10248 {.0755 || %§|-0243 | .0998 § 0241 |.1239 o;:} 0235 |.1474 ;fi 0230 |.1704 3
.0237 |.0722 >8_ 0232 |.0954 }8' 0231 |.1185 [ o 0225 |.1410 § .0220 |.1630 >‘8‘
0226 |.068g | |.0222 |.0g11 |] [.0220 |.1131 || ° 0215 1346 |J "|.0210 |.1556 | ©
0215 |.0656 }g 0211 |.086% }:- .0210 |.1077 }§~ 0204 |.1281 }é” .0201 |.1482 }f‘i
0161 |.0492 |J 5{.0158 |.0650 |J &].0158 |.0808 |J &|.0153 |.0961 |J &.0150 |ima1 |J &
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SECTION IL

Experiments on the expanfion of air in the Manameter..

WITH refpeét to order of time, the manometrical
experiments were made fubfequently:to the chief part of
the barometrical obfervations,. from which alone an ap-
proximate rule had previoufly been deduced for the'mea~
furement of heights : neverthelefs, in this paper it feemed
to me beft, that what related to the expanfion .of air in
one inftrument, fhould immediately fucceed. the expan~-
fion of quiokfilver in the other..

The thermometer made ufe of in thefe experiments
is above four feet long. Its.{cale extends.from — 4°to.
+224° of FAHRENHEIT, each degree being more than
ths of aninch : when the barometer ftood at 36 inches,
its boiling -point-was -fixed in-the tin veffel formerly de-
fcribed. Mr. RAMSDEN’s:thermometers generally rife in.
the fame veffel 21 3°;; and the long thermometer, being
placed-in the veflel he makes ufe of to fix his boiling
points,-rifes only-to 2:10°,

The manometers were of various lengths, from four
to upwards of eight feet: they confifted of ftraight tubes,

5 whofe
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whofe bores were commonly from ;:th to 5th of an
inch in diameter. The capacity of the tube was care-
fully meafured, by making a column of quickfilver, about
three or four inches in length, move along it from one
end to the other. Thefe {paces were feverally marked,
with a fine edged file, on the tubes; and transferred from
them to long {lips of pafte-board, for the fubfequent
conftruction of the fcales refpectively belonging to each.
The bulb, attached to one end of the manometer at the
glafs houfe, was of the form of a pear, whofe point being
occafionally opened, dry or moift air could be readily ad-
mitted, and the bulb fealed again, without any fenfible
alteration in its capacity.

The air was confined by means of a column of quick-
filver, long or fhort, and with the bulb downwards or
upwards, according to the nature of the propofed expe-
riment. Here it muft be obferved that, from the adhe-
fion of the quickfilver to the tube, the inftrument will
not aét truly, except it be in a vertical pofition; and even
then, it is neceffary to give it a fmall degree of motion,
to bring the quickfilver into its true place; where it will
remain in equilibrio, between the exterior preflure of
the atmofphere on one fide, and the interior elattic force

of the confined air on the other.
All
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All the experiments were made when the barometer
was at, or near, 30 inches. When the bulb was down-
wards, the height of the barometer at the time of obfer-
vation, augmented, and when upwards, diminifhed by
the number of inches of quickfilver in the tube of the
manometer, expreﬁ'éd the denfity of the confined air.

Pounded ice and water were ufed to fix a freezing
point on the tube; and by means of falt and ice, the air
was farther condenfed, generally four, and fometimes
five or {ix degrees below zero. The thermometer and
manometer were then placed in the tin ve{Tel; among
water which was brought into violent ebullition; where
having remained a fufficient time, and motion being
given to the manometer, a boiling point was marked
thereon. After this the fire was removed, and the gra-
dual defcents of the piece of quickfilver, correfponding
to every 20 degrees of change of temperature in the ther-
mometer, were {ucceflively marked on a deal rod ap-
plied to the manometer. It is to be obferved, that both
inftruments, while in the water, were in circumitances
perfeétly fimilar; that is to fay, the ball and bulb were
at the bottom of the vefiel.

In order to be certain that no air had efcaped by the
fide of the quickf{ilver during the operation, the mano-
meter was frequently placed a fecond time in melting

VYor. LXVIIL 4 U ice.
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ice. If the barometer had not altered between the be-
ginning and end of the experiment, the quickfilver al-
ways became ftationary at or near the firft mark. If any
fudden change had taken place in the weight of the at-
mofphere during that interval, the fame was noted, and
allowance made for it in afterwards proportioning the
ipaces. , .

Long tubes, with. bores truly cylindrical or of any
uniform figure, are fcarcely ever met with. Such how-
ever as were ufed in thefe experiments, generally tapered
in a pretty regular manner from one end to the other.
When the bulb was downwards, and the tube narrowed
that way, the column of quickfilver confining the air
lengthened in the lower half of the fcale, and aug-
mented the preflure above the mean. In the upper half,
the column being fhortened, the preflure was diminithed
below the mean. In this cafe, the obferved {paces both
ways from the center, were diminifhed in the inverfe
ratio of the heights of the barometer at each {pace, com-
ogared with its mean height. If the bore widened to-
wards the bulb when downwards, the obferved {paces,
each way from the center, were augmented in the {fame
inverfe ratio; but in the experiments on air lefs denfe
than the atmofphere, the bulb becing upwards, the fame

equation was applied with contrary figns: and if any
6 extras
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extraordinary irregularity took place in the tube, the cor-
refponding fpaces were proportioned both ways from
that point, whether high or low, that anfwered to the
mean.
~ The obferved and equated manometrical {fpaces being
thus laid down on the pafte-board containing the mea-
fures of the tube; the 2 12°of the thermometer, in exact
proportion to the fections of the bore, were conftructed
along-fide of them: hence the coincidences with each
other were eafily feen; and the number of thermome-
trical degrees anfwering to each manometrical {pace,
readily transferred into a table prepared for the purpofe.
I have already had occafion to remark that, from the
operations of the barometer alone, an approximate rule,
or mean equation, had been obtained for the meafure-
ment of heights; but as, among the refults, irregularities
were nrow and then met with, doubts naturally arofe,
whether the equation, inftead of being confidered as uni-
form, might not follow an increafing or diminifhing-pro-
greflion? Without an infinite number of obfervations,
in very different temperatures above and below the zero
of the fcale, this point could not poflibly be determined
by the barometer: wherefore the firft and chief thing
propofed to be difcovered by the manometrical experi-
ments was, whether common air, occafionally rendered
4 U 2 more
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more or lefs denfe, by the addition or fubtraction of
weight, expanded equally with quickfilver, when af-
fected with the fame degrees of heat? According to the
ratio that took place between the expanfion of quickfil~
ver and air, above and below zero, I intended to regulate
the barometrical equation already found, without re-
garding the proportion of the bulb to the bore of the
manometer; or in other words, without paying any at-
tention to the actual expanfion of the air confined in that
inftrument.

But after a great number of thefe firft experiments.
had been made, it was judged proper to compute the
actual expanfion of 1000 equal parts of air in the ma-
nometer, from a heat of 212°; wherefore, in the laft, the
accurate capacity of the bulb, with refpect to the bore,
was determined; at the fame time that the original mode
of comparing the thermometrical with the manometrical
{paces, was ftill adhered to.

It is eafy to conceive in experiments of this very de-
licate nature, part of which, namely thofe on air lefs
denfe than the atmofphere, were extremely difficult and.
even laborious, that mathematical exaétnefs was not to be
looked for; and that, notwithftanding every poffible pre-~
caution was taken, irregularities would occur. Thefe,
however, were not {0 numerous as might have been

1 expected,
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expected, nor any way fo great as to render the refearch
fruitlefs: for a few of that kind being thrown out of the
total number, the mean of the others, which were very
confiftent among themfelves, ferved to prove beyond the
poﬁibility of doubt, that the expanfions of common air
did not. keep pace with the dilatations of quickfilver..
‘The manometrical fpace, anfwering to the 20° of the
thermometer between 52° and 72°, was always found to:
be greater than-any other 20° of the {cale. Here it is to.
be underftood, that I do not pretend to have afcertained.
the exact point in that {pace where the maximum falls::
the mean correfponds to the 62d degree, and yet'I am
inclined to think that it is fomewhat lower, perhaps it
may be about the 57th: from this point, the condenfa~
tions of air downwards, and its.expanfions upwards, fol--
low a diminifhing progreflion, compared with the con-
denfations and dilatations of quickfilver. The mano=
metrical are equal to the thermometrical fpaces, in two.
points of the fcale; namely, at or near the freezing tem-.
perature on one fide, and between the 112° and 132d:
degrees.of the f{cale on the other. At the zero and boil-
ing point they are lefs than the thermometrical {paces..
Whether this maximum of expanfion of air, compared.
with that of quickfilver, be owing to moifture, or any

| thing,
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thing elfe mixed with the former, which is brought into
its greateft degree of action, about the temperature of
57° of FAHRENHEIT, muft be left to the invefltigations
of future experimenters: I only relate things as I found
them after many repetitions, without being able to dif-
cover any material difference in the i‘efults, even when
the air was rendered more or lefs denfe by an addition
to, or fubtradtion from, the weight wherewith it was
loaded. The thermometrical, compared with the mano-
metrical fpaces, will therefore appear as in the following
table.

Spaces
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Spaces of the quickfilver Spaces of the manometer,
thermometer, FAHREN- meafured in degrees of
HEIT’s {cale, FAHRENHEIT.
o o
212 212
20 17.6
192 1944
20 18.2
D——— —— —
172 176.2
20 18.8
52 1574
20 19.4
——
132 138.0
20 20,0
112 118.0
20 20.8
92 97.2
20 25.6-
p——— P C———
72 756
20 22.6
52 53.0
20 21.6
W—— v ———
32 314
20 20.0
12 1.4
Q [
Sm——y S rve———

Expe.
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Experiments, for determining the actual expanfion of com-
mon air, in the manometer, affected by the beat of 212°.

For this purpofe it became neceffary to afcertain, in
every manometer, the exact proportion between the ca-
pacity of the tube and that of its bulb. This was done,
by weighing the quickfilver that filled them refpeétively,
in a balance that was fenfible to a very fmall fracion of
a grain. The contents of the bulb, and that part of the
tube between it and zero, ¢xprefled in grains, was called
the air in eXperiment. The apparent expanfion of that air
was meafured, by the grains that filled the feveral feétions
of the tube between zero and the boiling point ; the fum
being the total expanfion or increafe of volume, from a
heat of 212° The apparent expanfion, thus found, was
again augmented for the dilatation of the tube, on the
following principles.

In the firft part of this paper 1 have thewn, that folid
glafs rods dilate much lefs than barometer tﬁbes. The
mean between Mr. sMEATON's and my experiments, gives
1s55 0f an inch for the longitudinal extenfion of every
foot of thefe tubes, by 212°. From the rate of going of
a clock, for near a year, whofe pendulum rod is folid

glafs, its dilatation feemstobe one-third part of a fteel rod,
or



meafuring Heights with the Barometer. 699

or 22 on a foot, by 212°. Now, as the manometers re-
femble folid rods much more than they do barometer
tubes, it is probable their dilatation, even allowing for the
greater extenfion of the bulb, would not exceed %ths of
an inch on a foot,or sth part on every two inches. In

this ratio I have therefore augmented the apparent, to
obtain the true, capacity of each manometer. The equa-
—~sth part of the whole, being
lefs-than the common error of fuch complicated obfer-~
vations, might in fa&t have been entirely omitted, with-
out producing any material alteration in the refults.

tion, amounting to about

Having, in this manner, computed the total increafed
volume of any number of equal parts of air (according
to the capacity of the bulb and tube in grains)/and very
often likewife the partial expanfions for intermediate
temperatures, exprefled by the contents of the corref-
ponding feétions of the tube, I then found the ratio
anfwering to 1000 equal parts, which, being divided by
the degrees of difference of temperature, gave the mean
rate for the whole fcale, or the particular rate for any
intermediate fe&ion of it.

Theexperiments,confidered in this way, are diftributed
into four claffes, whereof the refults are comprehended
inthe four following tables. The firft fhews the expanfion
of air, whofe denfity was much greatér than that of the

Vor. LXVIL 4 X common
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common atmofphere. The fecond, which is divided into
two fets, contains thofe on air that fuftained a preflure
lefs than the atmofphere. In the third clafs, a very fhort
column of quickfilver being employed to confine the
air, its denfity differed little from that we commonly
breathe in: this clafs is likewife fubdivided into two fets,
and it will hereafter be made ufe of to regulate the equa-
tion depending on the temperature of the air, in the ap-
plication of the barometer. The fourth and laft clafs of
experiments, were made on air of the common denfity,
artificially moiftened by the admiffion, fometimes of
fteam, and at others of water, into the bulb; itis accord-
ingly diftinguifhed into two fets.

TABLE I. Refults of experiments on the expanfion of air,
whofe mean denfity was equal to 21 atmofpheres.

Height of| Inches of | Denfity | Total expan- | Mean rate |

the bato- | quickfilver in fion of 1000 [ o each
N¢meter, cohnﬂn_ing inches. ‘;l,‘:a‘l,; :r,tio‘_’f degree.
the air,

-

. 29.% +72. 101.7 451.54 2.120991
29,7 +62.6 92.3 | 423.23 1.99637
29.62 | +50.84 | 80.46 | 412.09 1.94382
29.66. +24.88 54.54 | 439.87 2.07486
29.66 | +20.05 | 49, 44324 | 2.0907%

Mean, | 7594 | 43400 | 2.0471%

“ni p W »

TABLE
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TABLE II. Refults of experiments on the expanfion of air of the denfity of five-fix
common atmofphere; and of others on air that was extremely rare; being only p1
about one-fifth of an atmofphere:

Height |[nches |Denfity] Total expan- [Vlean rate Expanfion for intermediate temperatures.
of the| of in eﬁ°‘:‘a{’f rooo¢| for each - —
N° [barom. ?uick- inches. | At byP:r’:o? degree, || Fromo | 32° 52° 72° 92° 13
ilver., o 32°% | to §2°% | t072° | t092° | to132° { to I
r 1| 29.850—5.44] 24.41| 495.455 | 2.33705 — —_— Not obferved. ~ —— —_—

29.76|—3.05| 26.71| 504.340 | 2.37896 || 2.27190| 2.41666] 2.64060] 2.55200| 2.46040] 2.31
29.79 |—0:53| 29.26| 470.32 | 2.21849 || 1.90437| 2.48150} 2.63150| 2.59650| 2.15050] 2.12
30.09 |—5-43| 24.66| 469.07 | 2.21259| 2.32688| 2.53450| 2.66250| 2.24800| 2.25425| 2.0:
29.921—09.631 20.30| 479.20 | 2.26038 || 2.14750| 2.49500| 2.59850| 2.24700| 2.25950 | 2.2

i b WD

Mean, 25.171 483.677 | 2.28140 2.16266] 2.48191| 2.63327| 2.41087| 2.28116] 2.1’

Firtt fet.

Difference of temperature, [Tota
pant

6 J Experiment in a heated room in Philpot lane, February 23, baro-
. { meter 30.°03 — 4.82 =25.21 the denfity of the air, i 513 483 100 | 126

{on Iol-3§ from 4°8§ to 162 244
62 100 162 118

(In Philpot lane; tube with a fmall bore; barometer 30.03—23.2= on 113 from 485 to 162 138

[ | 6.77 the denfity. The air had been heated red-hot in the bulb 1 48% 101} 71
before it was fealed, — —_— —_ 601 015 162 6¢

The expanfion for 212° at the mean rate, would be —_— — —_— —_ 25¢

r ron 212 _— - 33¢

o 32 above zero. 4
& 8 In Pulteney fireet, February 28th; with the fame manometer that 20 from 32 to §2 3
o Y had been ufed in the fame experiment in Philpot lane, barometer 4 80 2 122 120
= 30.08—23.2=6.88 the denfity of the air, - - 5 3 3
§ 60 132 192 0.
wn L L 20 192 212 1
[ (on 180 from 32 to212 | 14

20 32 52 L

20 52 72 2

20 72 92 2

In Pulteney fireet, April 1gth; tube with a large bore, barometer 20 92 112 1

L 9 ¢ 29.8—24.08 =5.72 the denfity of the air, which had been heated 4 o 112 122 .

red-hot in the bulb before it was fealed, — —_ 2 3

20 132 152 1

20 152 172 1

20 172 192 1

'} ] 20 102 o112




ive-fixths of the

mly prefled with
‘ratures,
132° 172°
° 1 to 172° | to 212°
40| 2.3185012.20748
50| 2.12000|2.10925 }
25| 2.05325|1.83525
50| 2.21375|2.11850
16| 2.17637 | 2.06762
5» |Total ex- | Mean
panfion. | rate.
244.604 | 2,15510
126.311 | 2.45264
118.293 | 1.90800
.| 13875 | 1.22247
3 | 7193 | 141039
'. 66.82 | 1.10446
259164
330.487 | 1.55890 |
44:574 | 1.39294
) 37771 | 1.88855
v | 139.784 | 1.74730
2 04.804 | 1.58007
2 13.554 | 0.67770
2 141.504 | 0 98613
2 17 835 | 0 89225
2 25.943 | 1.29715
2 20.911 | 1.04550
2 14.937 | 0.74685
2 14.228 | 0.71140
2 14.151 | 0.70755
2 14.150 | 0.70750
2 12.264 | 0.61320
3 2o | anroamred




|
|

The Expanfion for 212° at the mean rate would be, —

Mean of the three means; denfity 6.46, expanfion for 212°,

s vt

20
20
20

152 172
172 192
192 2i2




14.150 | 0.70750
12.264 | 0.61320

7.075 | ©.35375
166.660

252,104 | 1.18917

TABLE
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TABLE 111, Refults of experiments on the expanfion of
air of the denfity of the common atmofphere.

Height | Inches of |Denfity|TotalexpanfionfMean rate

of the | quickfilver | in | of 3000 cquall gop eqcly

N° |barom. [confining the|inches. ‘::r::ff by degree,

am.

1| 29.95| ++1.87 31.52] 483.89 | 2.28290

2 | 30.07] “4o.70 | 30.77| 482.10 | 2.29406

) 31 20.48| +0.42 29.90| 480.74 | 2.26764
Firt fc:i;:ommon d4]209090| +0.83 | 3073| 48586 | 2.29:82
5] 29:96| +0.96 | 30.92]| 48945 | 2.30870

6] 29.90] +0.65 | 3055| 47604 | 2.24547

\7 | 29-95| +0.65 | ga.60f 487.55 | 229076

Second fet; common {8 Jo07| +es3 | g060f 48280 | 227736
air heated red-hot g | 29 48| +0 52 30001 489.47 | 2.3087:
Me;a'x}rv 36.6& 7484,.21 ‘ 2.28401 ‘

The total expanfion 484.21 being divided into parts
proportionable to the manometrical fpaces, meafured in
degrees of the quickfilver thermometer, as already given;
we have the following expanfions for intermediate tem=
peratures, the rates for every 10 below g2° being found
by interpolation,

4 X2 Ther-
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‘Thermo- {Manome- | Total Expan- | Difference |Rate for each:
metrical | trical |fions fordegrees| of expan- |degree, 1000]
fpaces. | fpaces.: | -above zero, | fions, 1000|  parts,

1000 parts, | parts.

212, 212. |  484.210 40.199 2.00095
192. 194.4 444-011 41.559 2.07795
172, 176.2 | 402452 42.949 2.14945
152. |- 1574 359 503 44.310 221550

132. 138, 315.193 45.680 2.28400
112, 118, | 269.513 47.507 2.37535
92. 972 222,006 24.211 2.42110
82. 86.6 197.795 25.124 2.51240
72, 75.6 172,671 25.581 2.55810
62. 64.4. 147.090 26.037 2.60370
52. 53 121053 25.124 2.51240
42. 42. 95-929 244211 2.42110
32 314 71.718 23.297. | 2.32970
22. 21.2 48.421 22.383 2.23830
12 11.4 26.038 26.038 2.16983
o. —_— —_—

Hence222.006~26.038=195.968=2.4496,0r2.435,
is the mean rate of expanfion for the 80° comprehended .
between 12* and 92° of FAHRENHEIT,

TABLE
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+TABLE IV, Refults of experiments on the expanfion of air, artificially moiftened,
of the manometer.

Inches of!

Mean rate

’ Height Denﬁty Totalexpanfion
of the |quickfiver| in | °f rooe ‘?‘1“;1 for each
Ne¢|barom. |confining finches, | P37e® "] degree. from zero 32° 52°
the air. to 32° to 52° to 72°
r1 | 30.16 +1.6 | 31.96 2.059375 | 2.60700 3.0265¢
Firft fet: fteam ad- 2 | 29.97| 2.2 | 32.17| 1409.04 | 6.64642 2.20250 | 2.§9250 2.9095¢
mitted into the | 3 | 30.00| +2.2 | 32.20] 1350.10 | 6.36840 2.26875 | 2.59100 3.0490C
bulb before it was '
fealed, 43043 +1.92| 32.35 2.20875 | 2.51450 2.7470¢
51| 302 +1.6 | 31.80] 1999.71 | 9.43259 2.361875 | 2.51300 2.9640c¢
(6 | 30.32| +2.37] 32.6g| 2576.16 | 12.15169 2.16250 | 2.55350 3:1160¢
Second fetz a drop of 7 | 30.2 +1.3 | 31.50| 113548 | 5.35604 2.22594 | 2.74450 2.9050¢
cold water admitted 3 6
into the bulb before 3006} +3-2 | 3326 2.54062 | 2.63350 2.8085¢
it was fealed. 9| 3032 +1.6 |31.92] 1538.31 | %.25618 2.02156 | 2.54250 3.2250¢
Mean, 32.18| 1668.13 | 7.86854 2.22799 | 2.58800 2.9722¢
Mean of the fecond, third, and feventh, | 31.96| 1298.20 | 6.12362 2.23239 | 2.6426% 2.9545¢
Mean of the ﬁfth, fixth, and} ninth, 32.14| 2038.06 | 9.61349 2.18198 | 2.53633 3.1016
By N° 1, the total expanfion for 192° is 1208.72, when(
4 = —  192° 1367.05,
8. - — 112°  358.03,




tened, by the admiffion of fteam, and fometimes water, into the bulb

meter.
Expanfion for intermediate temperatures.
52° 72° 92° 112° 132° 152° 172° 192°
to 72° to 92°% | to 112° to 132° to 152°% to 172° to 192° to 212°

3.02650 | 3.38050 | 4.18300 | 6.48000 | 8.67750 | 11.93600 | 16.85050
2.90950 | 3.67650 | 5.16700 | 6.93300 | 10.17500 | 10.64200 [ 16.57850 | 8.25400
3-04900 377550 | 4 36900 7.60500 | 8 94400 | 10.42950 | 11.9g2200 | 11.690CO
2.74700 | 3.25500 | 3.73700 | §.91350 | 9 18950 | 11.57550 | 25.88650 | —— :
2.96400 | 3.84750 | 5.76100 7.19450 | 12.29850 | 16.69750 | 19.29500 | 25.23550
3:11600 | 3.72300 | 5.53600 | 7.83900 | 12.74100 | 16.746c0 | 27.84350 | 45.25c00
2.90500 347750 | §.41900 6.16650 7.98850 8.58950 | 10.936c0 | 4.98600
2.808350 3-78700 | 4.60750 | —— Tube broken,
3-22500 | 3.76500 541700 | 6.79250 | 9.14350 | 9.71100 | 13.75550 | 19 93270
2.97228 | 3.63194 | 4.91072 | 6.86550 | 9.89494 | 12.04087 | 17.88344 | 19.22470
2.95450 | 3.64317 4.98500 | 6.90150 | 9.03583 | 9.88700 | 13.14550 | 8.31000
3.10167 3.77850 | §5.57133 | 7.27533 [ 11.39500 | 14.38483 | 20.298co | 30.13940

2, whence the mean rate is 6.29542.

55 - — 7+12008.

3 - - 3.19669.

From
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From the experiments of the firft clafs it appears, that
1000 equal parts of common air, loaded with two at-
mofpheres and a half, being affeted with a‘heat of 212°,
expands 434 of thofe parts; that is to fay, in its dilated-
ftate, it occupies a {pace bearing, to that which it origi-
nally filled, the proportion of 1434 to 1000: hence the
mean rate of expanfion of air of that extraordinary den-
fity is 2.047 17 for each degree.

From the firft fet of the fecond clafs of experiments
it appears, that 1000 equal parts of air, prefled only with
iths of an atmofphere, and fuffering a heat of 212°, ex-
pands nearly 484 of thofe parts, whereof the mean rate
 for each degree is 2.28140. The maximum corre{pands
to that {fe&ion of the fcale between 52° and 72°; and the.
rate for the extremes is lefs than the mean.

But in the fecond fet. of this clafs, when the confined
air was rendered fo extremely rare as to be prefled with
only one-fifth of an atmofphere, in which cafe there was .
a neceflity for heating it red-hot befare it was poffible
to make the quickfilver hang in-any tube of a moderate
length, the expanfion of 1000 equal parts of air is, by
the feventh and eighth experiments, diminithed:to ahout
two-thirds of the ufual quantity; and by the ninth, it is
confiderably lefs, amounting only to 141.5 for the 180°

2 coms=
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comprehended between freezingand boiling,or0.78613
for each degree. The maximum @il correfponds to the
{pace between 32° and 72°; and the minimum is con~
ftantly at the boiling point.

From thefe three laft experiments it would feem, that
the particles of air may be fo far removed from each
other, by the diminution of preffure, as to lofe a very
great part of their elaftic force; fince, in the ninth ex~
periment, the heat of boiling water applied for an hour
together, could only make it occupy a fpace which, com-
pared with what it filled at freezing, bears the propor-
tionof 1141.5 to 1000,

From the third clafs of experiments it appears, that
common air, prefled with a fingle atmofphere, whether
taken into the manometer in its natural ftate, or heated
red-hot therein, has the fame expanfion with air of only
five-fixths of that denfity: for 1000 equal parts of this
air expanded 484.21 from 212° of heat, whereof the
mean rate is 2.28401 for each degree. By comparing
this refult with that of the firft clafs, and again with that
deduced from the fecond fet of the fecond ¢lafs, it would
feem, that the claftic force of common air is greater than
when its denfity is confiderably augmented or dimi-
pifhed by an addition to, or fubtraction from, the weight

6 with
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with which it is loaded’”/; for, in the firft cafe, it bears
the proportion of 484 t0 434 ; and in the laft, it is (from
the

(f) This difference bétween the efaftic force of common air; and that which
is artificially rendered’ more or lefs denfe, by the addition:or fubtraQion of
weight, particularly the latter, is truly remarkable, and contradi&s the expe-
rience of BOTLE, MARRIOTTE, &c. .It could not arife from the adhefion of
the quickfilver to the tube, though in the denfe experiments a columin of 72.
inches was once made ufe of; becaufe the conftant motion given to the manow.
meter before the fpaces were marked, muft cither have prevented any irregu-
larity whatever, or made the apparent expanfion- fometimes too great, and at
others too little. But the rare experiments ferve to put this matter out of
doubt; for if the adhefion of the quickfilver-to the:tube had tended to leffen
the apparent expanfion of the air, beneath the truth in one cafe, it muft have
had' a dire& contrary effe® in the other, and augmented it above the truth,
which it evidently doth not.

Thefe experiments on the expanfion of air lefs denfe than the atmofphere,
were extremely difficult and' troublefome; and it was not till after feveral
fruitlefs. attempts that, with the affiftance of Dr. LiND, an-apparatus was pre~-
pared for making: them with fufficient accuracy. The veflel employed for this
purpofe was made of the brafs tube of a large telefcope, near four- inclies in
diameter; it was divided into four pieces, which, when fcrewed together, made
a pot of fix feet in height, This was mounted on a platform laid over the
area rails, for the reception of the manometer, which was placed therein, with
the bulb uppermoft, the lower extremity of the tube pafling through a focket-at
the bottom of the veffel, and then through a collar compofed of many thick-
nefles of flannel. By means of a brafs plate and three long; fcrews; the-collar was
made to embrace the tube {0 clofely; as to fuffer very little waterto pafs: fuch as
did iffue, oozed off along the fides of a paper funnel, bound roundthe end of
the tube, without entering into the bore. Inthis pofition; it required fome degree
of force to pufh the manometer up, or draw it down, till the top of “the quick-
filver confining the air; juft' appeared without the collar, fo' as to admit: the
fpaces to be meafured, from a fixed point marked on the tube. ‘The veffel being
filled with boiling water, was kept to that temperature by means of lamps fuf~

pended
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the mean of three experiments) as 484 to 252, when

prefled with anly one-fifth of an atmofphere.
The

pended around-it. “Two thermometers were made ufe of; the long one, whofe
ball ftood at the bottom; and a fhort one at the top, that defcended no lower
than juft to be immerfed in the water. By fome of the firft of thefe experi-
ments, the lamps not being placed direftly at the bottom, water was perceived
to be a very bad condutor of heat; for it would boil violently at the top, and
the fhort thermometer there would mark 212° while the long one would only
mark 185° or 1g0° at the bottom. By flow degrees the heat would neverthelefs
defcend, and in the fpace of fifteen or twenty minutes the whole column would
become of the fame uniform temperature. But when the apparatus was adapted
for experiments on air denfer than the atmofphere, in which cafe a plate of tin
was foldered over the hole at the bottom, that it might be placed on a firong
fire, the heat was then greateft below, and the long thermometer would mark
upwards of 215° while the thort one ftood at 209° or 210°. By defifting from
blowing the fire, or removing a part of it, the particles of water fuffering the
greatef heat would afcend, mix with the reft, and. for fome- little time make
the whole column of an uniform temperature. But the fire being totally
removed, the top of the column in cooling was always hotteft; wherefore, in all
thefe experiments, whether on denfe or rare air, great care was taken to mix the
water thoroughly.

From Mr. pe ruc’s book it appears, that M. aMoNTONs found the effe& of
heat on the air confined in his thermometer, which feems to have been the fame
fort of inftrument with the manometer, proportionable to the weight with
which it was loaded. By this he could not mean that, being of a doubleden-
fity, it had twice the expanfion. I apprehend it muft here be underftood, that the
fpaces the air occupicd, were inverfely as the weights. That being prefled with
a double weight, it only filled half the fpace; or with half the weight, a double
fpace. ‘This is no doubt nearly, though not accurately, the law that it follows.
From thete cxperiments it appears, that there is little differerce in the aftual ex~
ppahfion or elattic force of air, preffed with an atmofphere + or — one- third part :
yet, when it is rendercd extremely rare, its elafticity is wonderfully diminifhed.
There feems likewife to be a vifible diminution in its expanfion, when loaded

with two atmofpheres and a balf. Some of the tubes that I ufed were near nine
fegt
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The total expanfion 484.21 refulting from the third
clafs of experirients, which are very confiftent among
themfelves, being divided into parts proportionable to
the manometrical {paces, as meafured in degrees of the
quickfilver thermometer, we have the expanfions for in-~
termediate temperatures, exprefled at the bottom of the
third table, where, it is to be obferved, the rates for every
10° below g2° were found by interpolation.

Now as barometrical obfervations will probably never
be made in a temperature higher than g2° in the thade,
nor in one lower than 12°% if we fubtra¢t 26.038, the
expanfion anfwering to 12° from 222.006, that which
correfponds to 92°, we fthall have 195.968 for the
8o intermediate degrees; or 2.45 for the mean rate
on each. This equation, compared with Mr. pE LUC’,
bears the proportion of 245 to 210, which is a difference

of 155 on every degree, or one-feventh part of the
whole: and though this rate will be found hereafter to

feet long, Had it been poffible to have managed them of double or triple that
length, fo as to have admitted the air to be preffed with a column of 18 or 20
feet of quickfilver, I am perfuaded the diminution in the expanfion of air of
that extraordinary denfity would have been much more perceptible,

Mr. aMonToNs found, that the condenfation of air in his thermometers
kept pace with that of fpirit of wine, which we are told follows a decreafing
progreffion with refpe& to quickfilver: wheréfore his experiments agree with
thefe, in making the condenfation of air below §4° follow a decreafing pro-
greffion, when compared with that of quickfilver.

Vor. LXVIIL 4Y exceed
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exceed that deduced from the operations of the barome-
ter in extreme temperatures; yet they agree exceedingly
well with each other for the mean heat of the air, when
the barometer will come moft frequently into ufe.

The fourth clafs of experiments are all that now re-
main to be mentioned. ‘The bare infpetion of TABLE
1v. will fhew, how greatly fuperior the elaftic force of
moift is to that of dry air. It is true indeed, that two
kinds of irregularities prefent themfelves among the re-
fults: firft, with regard to the total expanfion. for 212°;
and fecondly, as to the greateft exertion of the elaftic
force, which fometimes feems to have taken place before
the air has acquired. the heat of boiling water. The
firtt is eafily accounted for: it muft have arifen from dif-
ferent proportions of moifture being admitted into the
fame quantity of air, which there was no poffibility of
afcertaining, the bulbs and their apertures being of very
different dimenfions. With regard to the fecond irregu~
larity, I am rather inclined to. think that it may have
proceeded from error of obfervation, it being difficult to
determine the accurate temperature near boiling; efpe-
cially when any part of the air rofe above the top of the
veflel, which was fometimes the cafe, notwithftanding its
extraordinary height. Be that as it may, a very uniform

encreafing progreflion will be perceived to take place,
from
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from the zero of FAHRENHEIT, as far as 152° or 172°;
and even to the boiling point, in thofe which I efteem the
beft experiments. By adhering to the mean refult it wilt
appear that air, however moift, having that moifturce
condenfcd or feparated from it by cold, its expanfion dif-
fers not fenfibly from that of dry air. Thus the rate for
32° below freezing 2.22799, is nearly the fame asin dry
air; but no fooner doth the moifture begin to diffolve
and mix with the air, by the addition of 20° of heat,
than the difference is perceptible: for infteadof 2.4667 5,
the rate for 20° above 32° in dry air, we have 2.588 for
that which is moift. In the next ftep of 20°, the rate for
dry air is 2.5809; whereas that for moift is 2.97. In
this manner the progreffion goes on continually encreaf=
ing, fo as to give 7.868 54 for the mean rate on each de-
gree of the 212° which is near three times and a half
the expanfion of dry air. And laftly, the rate for the
20° between 192° and 212° is twice and one-half the
mean rate, and about nine times that which correfponds
to the zero of the {cale: but if the comparifon is drawn
from the mean of the fifth, fixth, and ninth experi-
ments, as being probably neareft the truth, the total ex-
panfion of moift, will be more than four times that
of dry air; and the rate for the temperature at boiling,

4Y 2 will
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will be nearly fifteen times that which correfponds to
the zero of FAHRENHEIT,

I am aware it will be alledged, that the proportion of
moifture admitted inte the manometer in thefe experi-
ments, is greater than what can ever take place in nature;
and therefore, in order to be able to judge of the degrees
of expanfion the medium fuffers in its more or lefs denfe,
and more or lefs moift ftates, that not only air near the
furface of the earth, but likewife that found at the top of
fome very high mountain, thould have been made ufe of..
I grant all this: but on the other hand it muft be remem-
bered, that thefe experiments are very recently finithed;:
that a good hygrometer (if fuch can ever be obtained)-
a great deal of leifure time, and the vicinity of high
mountains, were all neceflary for the carrying of fuch
a {cheme into execution..

It is for thefe reafons, and.in hopes that other people
will, fooner or later, inveftigate this matter ftill farther,
not only by experiments made on the expanfion of air,
taken at different heights above the level of the. feain
middle latitudes, but likewife on that appertaining to the
humid and dry regions of the atmofphere towards the
equator and poles, that I have been induced to haften the
communication of this paper. In the mean time having

proved, beyond the poflibility of doubt, that a wonderful

", difference
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difference doth exift between the elaftic force of dry and
moift air, I may be allowed hereafter to reafon by ana-
logy, on the probable effets this will produce,.in mea-
furing heights with the barometer; leaving it to others,
much better qualified, to confider how far it will affect
aftronomical refractions. In the following fection I fhalt
therefore give an account of the barometrical obferva-
tions made in -Britain, and compare them with fome:
others made in diftant countries..

e ——

S EC TI O N I

i account of the barometrical obfervations made in Bri-
. tain, wherein they are compared with fome otbers of the:
Jame kind made in diftant countries..

THE revival of the inquiries into that curious-and-
ufeful branch of philofophy, whereby vertical heights-
are determined to a great degree of exactnefs, by the
preflure of the atmofphere alone, we owt to Mr. DE LucC;:
who hath undoubtedly removed many of the difficulties-
that formerly occurred in the application of the barome--
ter, and thereby enboufaged others to attempt to over—
come, fome part at 1éaft, of fuch as remain..- P

1€
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1f the rule deduced from the obfervations on Saleve
had been abfolutely free from exceptions, and if there
had not been particular points in the theory concerning
which the ingenious author him{felf feems to have enter-
tained doubts, it would probably have been univerfally
adopted, without undergoing any very fcrupulous invef-
tigation; but the obfervations made at Sun-rifing on Sa-
leve, gave refults that were defective, or lefs than the
real height. In certain cafes, the equation for high tem-
peratures, remote from the zero of the {cale, appeared to
follow a diminithing, and in others an increafing pro-
greflion. Hence arofe fome caufes of uncertainty, with
refpect to the fpecific gravitics of quickfilver and air, and
the relative expanfion of one compared with the other;
cfpeciélly when the atmofphere happened to have more
or. lefs moifture diffolved in it. It was doubtlefs from
confiderations of this fort, that Mr. pE Luc, in his book,
fo ftrongly recommends the making of numerous fets of
obfervatiohs, in different countries; that, by the united
labours of all, this interefting part of natural philofophy,
might be brought' ftill nearer to perfection.

With this general object in view, I am now to give an
account of the principal barometrical obfervations that
have been made in Britain, on heights determined geo-

metrically with great care. Thefe heights are claffed in
the
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the following lift in fix fets, according to the diftricts
of the country wherein they are fituated, and nearly in
the order of time in which the obfervations were made.

Hexgﬁt in feet. .

(St. Paul’s Clhurch-yard ( ¢), North- ﬁde, and iron gallery} 8
over the dome, L
No 1 Top of Paul’s-ftairs, and the faid galtery, — 324.
Heiohts i Top of Scotland-yard wharf, and the dining-room of
cightsin ; *" o Spaniard on Hampftead: heath, 422
andnear 3 .. the Spaniard on Hampftead: heat —_
L Great PuIteney ftreet, and the faid dmmg-room — 352
London, ’
Pagoda in Kew gardens, — — LI6E
Guri wharf in Woolwich Warren, and uppermoﬁ fory ]
of Shooter’s-hill'inn (4),, — 444

(z) Mr. Baxks, affifted by other gentlemen, meafured very accurately with
a line the height of the ball of St. Paul’s above the floor of the church, which
was found to agree, exceedingly near, with that taken from the engraved feftion
of the buildings The diftance of the ball from the dining-room of the Spa-
niard, was found by a bafe meafured on Hampftead-heath; and their relative
heights by the angle of depreffion of the ball, taken with the aftronomical qua-
drant from the faid dining-room. The heights of Paul’s ftairs and Scotland~
yard wharf, with refpe& to each other, were found by meafuring from them
feverally to the furface of high water in the Thames. Andthe -elative heights
of the church-yard and floor of the church with refpe& to the ftairs, and of
Pulteney-fireet 'with regard to- the wharf, were obtained by levellmg to them
refpetively.

() The height of Shooter’s-hill-inn, above Woolwich, was found by a bafe
meafured in the meadows from the Warren eaftward. Lord MuLoRAVE, Mr.,.
BANKS, and Dr. soLANDER, affifted in the geometrical operations;. as did
Dr. BLAGDEN, Mefl, DE Luc and LLoYD, in the barometrical obfervations,

N°
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Feet,

{Station’ at the Eaft-gate of Caftle Menzie’s gardens’} ook
“near the village of Weem, and top of Weem Craig, 0%
1 The faid ftation, and top of Bolfracks Cairn, — 10761
N° The faid ftation, and top of Dull Craig, —_— 1244%
.13' The faid ftation, and top of Knock Farle, - ~— 1364%.
"ch; 3" 4 The faid ftation, and that at the rivulet of Glenmorc,} '
P nth n below the South obfervatory od Schihallien, — 1279%
“CIthfire: | The faid fation, and South obfervatory, = —  —" 2098
The faid ftation, and Weftern fummit of Schihallien, 3281
Station at the rivulet of Glenmore, and the South ob-} 8182
fervatory, — —_— - - 10%

[Level of the Clyde at Lanark-bridge, and ftation in} 6
. thegardenat Lanark, . — = — 362%
, N°3. | Dittolevel, and top of Stonebyre-hill, —  — 654

-aear Lanark, § Robinhood’s well, before Carthichael-houfe, and top} 6
: of Tinto, four feet below the fummit of the Cairn, J T 423
| Ditto well, and Weft end of Carmichagl-hill, —— 451

Leith pier-head, and top of the Calton-hill, — 344
(Leith pier, and {fummit of Arthur’s Seat, — — 803

; . | Leith pier, and Kirk-yetton Cairn, on the Eaft-end of} .
Né4. | thePentland hillsy” - — =~ — - 544

aicar Edin- J Calton hill, and ditto Cairn, —  — =~ = 1200
" burgh, | Level of Hawk-hill ftudy, and top of Arthur Seat, 702§
’ - | Hawk-hill'obfervatory, and bottom of the little rock 68
- on Arthur Seat, Ji feet below the fummit, = — | 4
\ Hawk-hill garden-door, and ditto little rock, — 7304

Linhoufe, and Eaft Cairn-hill, 5 feet below the fummit, 11763

Ne . { Ditto, 18 féet below the top, —_ — 1165%

; L5', Linhoufe, and Weft Cairn-hill, 11 feet below the top, 1178%

°°T: . 3 Ditto, and Corftown-hill, 4 feet below the top, — 3é6§
Owe | Corftown-hill, and Weft Cairn-hilly = — = = 792

Ditto, and Eaft Cairn-hill, = —  — — 776%

von in North (Ditto, and fammit of Moel Eilio, — — . 2371

N‘ 6. : .
'near'Ca'mar-}Camarvon Quay, and Snowdon Peak, - w3558
Wales,

To enter into-a minute detail of the geometrical ope-

rations, whereby the whole of thefe vertical heights
were
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were determined, would be extremely tedious and unin-
terefting. That fome idea may however be formed of
the degree of accuracy with which they were aféertained,
it will be fufficient to obferve, that the requifité angles
were taken with an aftronomical quadrant of a foot ra-
dius, made by Mr. s1ssoN, and curioufly adapted for the
meafurement of horizontal or bafe angles; which, as well
as thofe of the vertical kind, might always be determined
thereby to-within ten feconds of the truth. The bafes
were meafured with care; and, in order to afcertain the
diftances, the three angles of each triangle were, as
often as poffible, attually obferved with the quadrant.
That the variation of the line of collimation of the in-
ftrument, which was found to alter in carrying, might
occafion no error, one or more of the angles of elevation,
at each ftation, were taken on the arc of excefs, as well as
on the quadrantal arc. In all cafes, the ufual  allow-
ances were made for curvature and refraction: and for
the corretion of the laft, fometimes the angles of de-

(¢) If the fquare of the diftance be divided by the diameter of the earth, the
quotient will give the curvature of the globe on that diftance, or the excefs of
the apparent above the true level: and, by Mr. MASKELYNE’s rule, the fquare of
the diftance being divided by the diameter of the earth, augmented by one-
fourth part, we have the allowance for curvature and refra&ion; which laft is
fuppofed to raife the obje&, by an angle equal to that of a great circle fubtended
by one-tenth part of . the diftance.

VoLr. LXVIL 47 preflion
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preffion as well as of elevation were taken. When time
would permit, the geometrical operations were repeated
at the firft ftations; or the angles of elevation were ob-
ferved from fome new point conneéted with the firft,
and whofe relative height, with refpect to the others, was
known. Small altitudes were occafionally determined by
levelling from one ftation to the other.

To prove that the vertical heights, affigned to the places
in the preceding lift,are exceedingly near the truth, Ineed
only mention the following inftances, by way of confirma-
tion. In 1771, with the afliftance of Dr. LIND and his
friend Mr. Hoy, I meafured a bafe from the obfervatory
of Hawk-hill weftward, whereby the height of the fum-
mit of Arthur’s Seat, above the telefcope of the Hawk~
hill quadrant, in its horizontal pofition, was found to be
685.66 feet. In 1775, thefe gentlemen levelled, thréc-
feveral times, from the fummit downwards to the faid
telefcope ; and found the vertical diftance to be; by the
firft operation, 686.47 feet; by the fecond, 684.43;
and by the third, 6835.25. This laft, which, from the
great care that was ufed, they confidered as the beft, dif-
fers only three-tenths of a foot from the geometrical re-
fult. They afterwards continued the operation of level-
ling from Hawk-hill to the pier of Leith, and having

repeated it twice, with a difference of only two inches
between
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between the refults, they found the mean defcent to be
117.38 feet: hence Arthur’s Seat is above Leith pier, by
the mode of levelling, 802.66; and by the mixed me-
thod 803 feet.

In 1774, when the aftronomer-royal was carrying on
the Society’s experiments for afcertaining the attraction
of Schihallien, I found, from my own geometrical opera=
tions, depending on a bafe meafured in the plain near
Taybridge, the Weftern fummit of the mountain to be
1183 feet above the South obfervatory.

Of this height, the effe¢t of curvature and refration:
amounted to 28.86 feet, on the diftance of Bolfracks
Cairn from the obfervatory; and to 38 feet, on the dif-
tance of the faid Cairn from the fummit of Schihallien.
The refult of thefe operations I communicated to Mr.
MASKELYNE, before his trigonometrical operations were
begun. From the data which he hath fince been fo
obliging as to furnifh me with, depending on the bafe in
Glenmore at the bottom of Schihallien, and the éngles
of elevation taken from the Southern extremity of that
bafe, the Weftern fummit of the mountain is 1186.6
feet above the South obfervatory. But if the triangle
that ferved to connect the ftation of the barometer in
that valley with the others, and the angles of elevation

taken from the fame ftation are made ufe of, the dif-
47 2 ference
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ference of height will be 1183.33 feet. Laltly, Mr.
MASKELYNE’s refult, from the triangles on the North-fide
of the mountain, makes it 1180. The mean of thefe
three 1183.;1 feet, is the height of the Weftern fummit
of the mountain above the South obfervatory, which only
exceeds my height by one-third of a foot. Here it is to.
be obferved, that from the vicinity of thefe triangles to
the mountain, and the fhortnefs of the fides, the greateft
curvature amounted only to 16 or 17 inches, which con-
fequently made the effect of refraction next to nothing.
This near agreement between the refults feems there-
fore to prove, that the mode of computation for curva-
ture and refraction, made ufe of in ‘the Taybridge obfer-
vations, is juft.

By the firft angles of elevation, taken from the ftation
of the barometer in Glenmore, the Weftern fummit of
Schihallien is 2001.88 feet above it; from which, if we
deduct 1183.33, there remains 81 5.5 5 for the height of
the South obfervatory above the faid ftation: but if the
laft angles of elevation at the ftation of the barometer
are made ufe of, the height between it and the obferva-
tory comes out 818.97, whereof the mean is 818.76
feet. ‘Though thefe inftances are of themfelves fuffi-
eient to prove, that the geometrical heights may be fafely

depended upon; yet, as an example of the method that
was
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was always made ufe of, I fhall annex to this paper, a
plan of the triangles and detail of the operations for ob-
taining the height of Snowdon; becaufe that mountain,
at the fame time that it is the higheft I have meafured,
is, from its fituation, more likely to be vifited, and to
have experiments repeated upon it, than the remote hills
of the North. I now proceed to give fome account of
the barometrical obfervations.

The heights in and near London being fo very incon~
fiderable, it was eafily forefeen, that nothing conclufive
could be drawn from obfervations made on them alone..
It was, however, natural enough to try, even on thefe,
whether the rule we had been furnifhed with would an-
fwer? A fmall height of 41 feet 4 inches, which, with-
out inconveniency, could be recurred to at all times of
the day, and all feafons of the year, was the firft that
was made ufe of.  St. Paul’s, Hampftead, Kew pagoda,
and Shooter'’s~hill, were the next. The mean refults of
many obfervations on the three firft, and of feveral on
Shooter’s-hill, were found to be defeétive. In general
the coldeft obfervations, made in the morning and even-
ing, when the temperatures. at the two ftations differed
leaft from each other, anfwered beft. In the hotteft part
of the day, when that difference was the greateft, the
refults were moft defetive..

Some
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Some months fpent in Scotland in the fummer of
1774, afforded opportunities of making baremetrical ob-
fervations on hills ef various heights, from three or four
hundred, to upwards of three thoufand feet, as hath been
exhibited in the preceding lifft. ‘That feafon was re-
markably cold and wet; wherefore, in thefe obfervations,
the mean temperature of the air in the thade was eom-~
monly about 55°. The hotteft never exceeded 63° in
the plain; and the coldeft, namely thofe on the higheft
mountains, were generally from 43° to 48°.

From the defeét found in the refults of thefe obferva-
tions, which, with refpe@ to temperature, corretpond to
the mean and hotteft of thofe made at Sun-rifing on Sa-
leve, and without any exception whatever, I could eafily
difcover, either that a much greater equation than what
the rule dire¢ted, muft be applied for each degree of heat
above the zero of the {cale; or, that the zero itfelf would
fall confiderably lewer than 39°74, where Mr. De LuC’
formula, adapted to Englifh meafures, hath fixed it.
'Fhis firft ftep towards a correction of the rule, naturally:
pointed out the fecond thing to be aimed at, namely, the
obtaining of a fufficient number of cold obfervations,
near the zero, and as far as poffible below it, that the
equation might difappear entirely, and even come to be

applied with the contrary fign. Of this kind the winter
I feafons
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feafons of 1774 and 1775 afforded a few on the fimall
heights in and near the metropolis; but the beft 1 have:
been furnifhed with are thofe which Dr: LIND; affifted
by Mr. HOY, was {0 obliging as to make on Arthur’s Seat
near Edinburgh ; and thofe which Captain caLDERWOOD:
bas fince favoured me with or the Cairn-hills, being'a
part of the Pentland range to the'South-weft of that city.

By comparing thefe fets of obfervations together, it
appeafed- from all of them,; that when the air was at or
near the freezing temperature, the logarithmic differ-
ences. gave. the real height. in Englifh fathoms and thous
fandth parts, without any equation; and when confidera-
bly below that point, the equation was to be fubtracted, or
applied with the fign — inftead of +. It was farther per--
ceived; that the fame geheral conctufion might be drawn
from the coldeft, not only of the _Stinar.i’ﬁng‘, but even
of the ordinary obfervations: on Saleve; fome reducétion of
the temperature being in certain cafes made, on-account
of the expofure of the:thermometer to the Sun’s rays:
hence I was. led to fuppofe, that the -morning obferva~-
tions, inftead. of being made exceptions from the rule,
were thofe, which, it might be prefumed, would form
the beft bafis for deducing the equation. deperntling on
the heat of the air; becaufe the'mean temperature of the
column was then found to differ leaft fram: that of its

extre-



726 Col. RoY's Experiments for
‘extremities; whereas in the hotteft time of the day, that
difference was generally the greatett.

‘Having been enabled, by means of the cold obferva-
tions, to form fome judgement whereabout the zero of
the fcale would fall, below which the equation was nega-
tive, and above it affirmative; it followed of courfe, that
the next principal thing to be fought for, was the maxi-~
mum of equation, or that correfponding to the higheft
temperatures the climate of our ifland would afford. It
was partly with the view of obtaining thefe that I went,
inJuly 177 5, to Snowdon in North Wales. On this expe-
dition Captain cALDERWO0OD was fo obliging as to accomn-
pany me, and lend me his affiftance in the operations for
determining the geometrical height of that remarkable
mountain. At that particular period, the weather proved
unfavourable for obtaining hot barometrical obferva-
tions ; but, in other refpets, they were very fatisfactory,
as being in general confiftent among themielves, and
agreeing fufficiently near with thofe of the preceding
year in Scotland; at the fame time that they were made
on a height, as formerly mentioned, greater than any
other hitherto meafured, with equal care, in Britain.
During the fummer of 1776, Dr. LIND obtained fome
more hot obfervations on Arthur’s Seat; and in the begin-

ning of the following winter, Captain CALDERWOOD
5 made
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made others of the cold kind, on the Cairn-hills in his
neighbourhood. From the combination of the whole of
thefe obfervations taken together, and a comparifon of
them with Mr. pE LUC's, as far as they are fimilar, I
mean to thew the agreement or otherwife, between the
equation for the heat of the air, as deduced from the ba-
rometer and manometer; but fince the Britith obferva-
tions, in certain cafes, differ confiderably in their circum-
ftances from thofe on Saleve, it is neceffary, in the firft
place, to point out wherein this difference chiefly con-
fitts. |

In the obfervations in Britain, the barometers and de-
tached thermometers have been,almoft conftantly, placed
in the open air in the fhade, and fuffered to remain there
generally half an hour, and fometimes a great deal
longer, before the corre{fponding obfervations were be-
gun, that the quickfilver might have time to take the
temperatures of the fituations refpeétively. They were
then obferved four times, ufually at intervals of ten mi-
nutes, the mean of the four being that which is calcu~
lated, and called a fingle obfervation. If the time did not
admit of fo long an interval, the fame number of obfer-
vations were taken at diftances of five minutes from each
other. In either cafe, the extremes never differed above
a few thoufandth parts of an inch from the mean, {o as to

YoL. LXVIL 5 A render
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render the computations of them feparately wholly un--
neceflary..

Except in very fmall heights, and chiefly in London,
where- it was impoflible to fcreen the upper barometer {o
effe¢tually from: the Sun during the time of obfervation.
as that below, which generally ftood in the fhade of fome
building, the temperature of the quickfilver in. the fu-
perior * hath been colder than that in the inferior baro-
meter. The difference was commonly found to. be two.
or three degrees; fometimes it would amount to fix
or févenj rarely, in heights that were confiderable, to
nine or tenj and in one inftance only to thirteen, where
the vertical diftance of the inftruments was great.

Whether in the plain or on the tops of the higheft
mountains, the detached thermometers, indicating the
temperature of the air, have generally ftoed fomething

(#) I have fometimes found, particularly in frofty weather, that:a thermo-
meter. placed on the pavement of the North-fide of St. Paul’s-Church-yard,.
¢lofe to the wall of the building, would ftand two degrees lower than. that which
was expofed on the North-fide of the iron gallery over the dome, The firft, no
doubt, felt the cold produced by the evaporation. from the ftones, while that
above might be affe€ted by the afcending fimoke. But the moft remarkable
inflance of this kind occurs in one of Dr. LIND’s obfervations, on the breaking
up of the hard froft January 31, 1776: at Hawk-hill, at 10" 45” A.M., the
temperature of the open air was 14°, while that at the {fummit of Arthur’s Seat
was 20°.  The froft that remained in the ground kept the air extremely cold
below, though it had already felt the cffeQs of the thaw at the top of the
mountain,

lower
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lower than thofe attached to their refpective barometers,
until they had remained a confiderable time in the fame
fituation, equally fhaded from the Sun, when they always
agreed: whence it followed, that in thefe obfervations,
the mean temperature of the air, and equation depending
upon it, might always have been determined very near
the truth, from the temperature of the quickfilver in the
tubes, as thewn by the attached thermometers, without
ever confulting the detached ones. Let us now fee what
were the circumftances attending the obfervations on
Saleve.

Mr. pE Luc’s lowermoft barometer ftood in the
ground-ftory of a houfe near Geneva, where it remained
unaltered during the whole of his experiments; while
the detached thermometer, indicating the temperature
of the air, was expofed on a {mall eminence, at a little
diftance, diretly to the Sun’s rays: hence we find that,in
the obfervations of high temperatures, the bottom of the
column of air is often I2°0r 1 5°, and in one cafe 18°,
hotter than the quick{ilver in the tube. Andeven inthe
loweft temperatures, the bottom of the column of air is
generally hotter than the quickfilver within doors, con-
trary to common experience in this country: for in Eng-
land, in winter, the exterior air in the fhade is always
colder than the interior air. This circumftance gives

5 A2 reafon
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reafon to apprehend, that the thermometer {uffered not
only direct but reflected heat.

The fuperior barometer was fhaded with a parafol
from the Sun, while its correfponding detached thermo-
meter was expofed to his rays: wherefore; in the obfer-
vations of high temperatures, the top of the column of
air is ufually four or five degrees hotter than the quick-
filver in the barometer ftanding in the {fame air; and the
mean heat of the column often exceeds very conifidera-
bly the mean heat of the quickfilver in the tubes.

In many of the coldeft of Mr. DE LUC’s obfervations,
as well as in thofe of mean temperatures of about 50° or
55° the fuperior barometer is often the hotteft of the
two, even when the furrounding atmofphere at the top is
colder than at the bottom. This circumftance is eafily
accounted for: wood is known to be a bad conduc~
tor of heat, to receive it flowly, and retain it long: that
barometer, which was moved about from place to place
upon the mountain, with a very fhort interval between
the obfervations (as is fufficiently evident from the great
number of ftations it paffed through in.a limited time)
muft have acquired and retained heat fuperior to that of
the atmofphere, and communicated it to the tube with
which it was in conta¢t. Some difference would no

doubt arife from this caufe, ii’ the temperatures of the
quickfilver
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quickfilver in the tube and attached thermometer did not
keep exaétly pace with each other:

~ The laft point to be mentioned is ftill more remarka~-
ble than the reft; it is briefly this: in the obfervations at
Sun—ﬁﬁng on Saleve, though the fuperior quickfilver is
the coldeft; yet the top of the column of air is commonly
five or fix, and fometimes eight or nine degrees, warmer
than the bottom..

Having thus Thewn the fteps that were taken, for ob~
taining the coldeft and hotteft barometrical obfervations
that the climate of tHis iffand would afford, the mode of
‘obferving, and wherein the circumftances attending them
‘differed from thofe on Saleve, I fhall now. point out' the.
general refult: I order to-avoid' repetitions as much.
"as poffible; it is neceffary, once for all, to remark, that |
the computations of the Britifh obfervations, by the rule
“hereafter to-be given, are fubdivided into their refpective
claffés. Each. table contains 1 5. columns,. which their
“titles fufficiently explain, that the principles from which.
the rule was deduced, the refult and error, might-all ap--
‘pear in one view. ‘The laft column towards the right--

“hand fhews the ratio of the weight of quickfilver to air,.
the columns of the firft in the barometers being feve--
rally reduced to the mean temperature of the laft..

2 By
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By comparing the tables it will be found, that the ob-
fervations for extreme temperatures belong to the Edin-
burgh clafs of obfervations (N° 4.) it being thought beft,
4in this cafe, to omit the few hot ones obtained on the in~
confiderable heights near London: tlie mean of the
coldeft, an{wering to. the temperature of 21°.7 5, make
the logarithmic excefs 3453 and the mcan of the hotteft,
correfponding to the temperature of 69°.6, give a defet
of 2. Now the fum of the two equations %, being di-
vided by the difference. of temperature 47°.85, we have
nearly 2.3 for the mean rate of the equation on, each
degree, which is lefs than that refulting from the opera-
-tions of the manometer. Again, from the mean of the
very beft obfervations, as being made on the greateft
heights; when the: temperature of the air is 52°, it ap-
pears,. that the defett is from £25, or 2.5 for each
degree nearly, which agrees perfeétly well with the ma-
nometrical expanfion. In this cafe, the ratio of the
wéight;of quickfilver toair is as 11377 to 1; greater very
confiderably than 11232 to 1, afligned to them by Mr.
“pE LUC, when the temperature is 69°.32, anfwering to
the zero.of his fcale, without any allowance for the di-
‘minution of preffure on his columns, which thould have
rendered air ftill comparatively lighter. From the Bri-

tifh obfervations, made on the meft confiderable heights,
x it
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it appears, that when the temperature of the air is 28°.2,
the ratio of its weight, with refpect to that of quickfil-
ver, is as 1 to 0552 hence the increafe of the weight
of air, on every degree of difference of temperature be-
tween 28°.2 and 52°.5, amounts to 34.4; and hence we
have 52°.5-4°.2=48°3 for the temperature of the air
in Britain, when its weight would be 15+ of that of
quickfilver; and confequently agree with Mr.. DE LUC’s,
though the heat would differ from his 21°. It will no
doubt be remarked, that the equation for the air, refult-
ing from the operations of the barometer, falls thort of
that given by the manometer. Part of the difference, I
é.pprehend, may arife from. the fmall number of baro-
metrical obfervations obtained in extreme temperatures.
I thall, neverthelefs, adduce reafons hereafter for fuppo-
fing, that it really thould diminifh, becaufe of the drier
and lefs elaftic ftate of the fuperior air, compared with
that taken into the manometer at the earth’s furface. In
the mean time, fince both inftruments agree in the equa-
tion for 52°, which is a heat that the barometer will very
frequently be ufed in, it feems beft to adhere to the mean
manometrical refult 2.4 5, in fixing the zero of the fcale,
which is obtained in the following manner.

Divide the excefs or defe, exprefled in 1oooth parts
of the logarithmic refult, by 2.4 5,the mean expanfion of
air
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air for each degree of the thermometer; the quotient
will give the number of degrees, in the firft cafe, to be
" added to, and in the laft fubtracted trom, the tempera-
" ture of the air in the obfervation; the fum or difference
anfwers to the zero of the {cale, or that- temperature
when the logarithmic refult gives the real height in
Englith fathoms and roooth parts.

" According to this mode of computation, we have,
from the aggregate of the feveral clafles of Britifh ob-
fervations, the place of the zero as follows:

Zero.

° o ©

By the 1ft clafs ‘'of obfervations in and -near London } '

yb-twcen the temperatures of — - >f2gesand 7raat 32,2
2d, ucar Taybridge, —_— — 46,1 — 62.9 = 311
3d, near Lanark,: . - _— — 44 — 62, - 32.8
ath, near Edinburgh, — — 17, — 40 - 31.3
sth, ‘near Linhoufe, — C— 26.1 — 46.5 ~ 20.9°
6th,. near Carnarvon, —_ — 491 — 62.3 ~ 329
Mean place of -the zero-at —_— — g1

The number 31°.7 differing fo very little from 32°,
we rnay hereafter confider that remarkable point of FAH-
RENHEITs thermometer, as the zero of the {cale depend-
ing on the temperature of the air; and hence is deduced
the fecond part, of the rule for meafuring heights with
the barometer. When the mean temperature of the co-

Iumn of air to be meafured is at 32° of FAHRENHEIT, the
difference
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difference of the common logarithms of the equated
heights of quickfilver in the inferior and fuperior baro-
meters,exprefled in 1 oooth partsof an inch, gives the real
height in fathoms and 10ooth parts, the three figures
towards the right-hand being decimals, and the reft in-
tegers; which, being multiplied by fix, gives the refult
in feet.

Let us next confider, ina general way, how far this
will correfpond, or otherwife, with Mr. pE Luc’s obfer~
vations in extreme temperatures.

I have already had occafion to remark, that when the
temperature of the air was at 69°.32, as indicated by
thermometers expofed to the Sun’s rays, Mr. DE LUC
found that the differences of the common logarithms of
the heights of the barometers at the two ftations, gave the
altitude between them, in French toifes and 10ooth
parts: in which cafe the {pecific gravity of quickfilver to
air was as 11232 to 1. When his formula is adapted to
Englifh meafures, the zero of the fcale neceflarily de-
fcends to 39.74, where the Englith fathom bears the
fame proportion to the modulus of the common loga-
rithms, as, in the former cafe, the French toife did to that
medulus, the equation for the intermediate temperature
being now applied with the contrary fign. As it hath
been fhewn, that the Britith obfervations differ in their

Vor. LXVIIL 5B circum-
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circumftances from thofe on Saleve, and require a greater
equation, it is unneceflary to enter into any minute com-
parifon of the two fets: neverthelefs, that fome idea may
be formed of the caufe, of part at leaft, of the difference
that takes place between them, I have colle¢ted into one
view, the computations of fuch as were made in extreme
temperatures; namely, the coldeft of thofe at Sun-rifing
(though the whole of that clafs were confidered as ex-
ceptions from the rule); the coldeft and hotteft of the
ordinary obfervations; alfo thofe on the Dole/”, at Genoa,
and at Turin, whereby the heights of the lake of Ge-
neva and of Turin, above the fea at Genoa, were obe
tained. In the table it will be obferved, that there is a
column for the reduced temperature of the air, on ac~
count of the expofition of the thermometer to the Sun’s

(1) Haying recomputed the whole of Mr. pE LUC’s obfervations on Saleve,
and clafled them according to the months in which they were made, T intended,
at one time, to have given a general table, comprehending the mean refults of
all of them: however, thisis now become unneceflary, fince a very refpetable
and ingenious member of this Society hath had opportunities of making many
curious and interefting obfervations on thofe very heights, which cannot fail of
being perfedtly fatisfaltory; and who, at my requeft, was fo obliging as to
determine the height of the Dole geometrically. On this mountain Mr. pE Luc
had made barometrical obfervations, whofe refults. differing confiderably from
the altitude, 4182 feet above the lake of Geneva, as taken by Mr, FATIO DE
DUILLIER, made me fufpeét there was an error.. In fad it appears, from the
laft meafurement, that the fummit of the Dole is 4293 feet above the furface of

the lake, which gives for the vertical diftance of Mr, pE Luc's barometer
4210 feet,

rayss
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rays: I apprehend that I have not exceeded, but rather
fallen fhort, in the reduétion, to what would have been
indicated by thermometers in the fhade, perfectly free
from dire&t and refleted heat, and with fufficient time
allowed between the obfervations. Be this as it may, it
is of no importance, as no other conclufion is drawn
from thefe obfervations, than that of thewing what, in
my apprehenfion, might probably have been the cafe, if
another mode had been adepted.

From the table it appears, that when the temperature
of the air is at 29°.5, the logarithmic excefs is ;23 and
at 75°%5 reduced temperature, the defect is ;5. The
fum of the two equations ;2% being’ divided by the dif-
ference of temperature 46°, we have, as in the Britifh
obfervatiens, nearly 2.3 for each degree, which is greater
than that applied by Mr. pE LUC’s rule, in the proportion
of 23 to 21. That too'{fmall an equation hath been made
ufe of in thefe hotteft obfervations, fuppofing the 6rigi-
nal zero and temperature to remain, is fufficiently evi-
dent: for 3i; being divided by 42° the difference of
temperature, we have, as before, 2.3 very nearly for the
equation anfwering to each degree.

Farther, if we confider the ratio of the weight of
quickfilver to air, aétually refulting from the obferva-
tions them{elves, the fame kind of error (for I cannot fee

5B 2 it
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it in any other light) ftill exifts. Thus, in the coldeft of
the morning, as well as inthe ordinary obfervations, when
the temperature is at or near freezing, the mean ratio of
the weight of quickfilver to air, is about 108350 to 1.
When the obferved and reduced temperatures are re-
{peQively 41° and 35° the ratio between them is that
of 112935 to 1, anfwering nearly to what hath been af-
figned to them when the heat is 69°.32. Again,
in the hotteft obfervations of the 14th and 1sth of
July 1759, and 20th of July 1760, on the higheft,
and confequently the beft ftations, when the obferved
and reduced temperatures are refpectively 81°% and
75°6, quickfilver is to airas 12650 to 1. Now if we
reduce this number 12650 by a proportionable part, for
the degrees of difference between Mr. DE LUC’s zero
69°.32, and the abferved and reduced temperatures re-
fpectively, we fhall have, in the firft cafe; 122003 and
in the laft, 12390 to 1, for the ratio of the weight of
quickfilver to air; either of which exceeds very confi-
derably 11232, which hath been affigned to them.
With regard to the obfervations on the Dole, the de-.
fect is 34, anfwering to the obferved temperature of
66°.6, and which is only reduced to 65°.2. On this

great height, the ratio of the weight of quickfilver to
1 air.
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air™ is that of 12595 to I. Mr, DE LA CAILLE's obfer-
vations at the Cape of Good Hope, arinexed to the table
containing Mr. DE LUC’s, give a defeét of £2, when the
temperature feems to have been about 5'8“, in which cafe
quickfilver was 11687 times heavier than air.

Now if, from the aggregate of thefe obfervations, the
fame method be adopted, as was made ufe of in the Bri-
tifh, for finding the zero of the fcale, we fhall have it as
follows: |

By Mr. pE ruc’s equation for the air and
obferved temperature,

Coldcﬁof the morn=y ° - .° °
ing obfervatlons,} 25.2 to 30.5 at 33.7
from = —

By the manometrical equation
and reduced temperature.

(-] [ o

from. 25.2 t0 30,5 at 33.12

Coldeft of the ordi-
nary obfervations,

} 270_! - 41‘9 - 38-7 S—— 26- - 350 - 3:097

Hotteft of the ordi-
nary obfervations, } 76, ~84.5 = 362 | === 73.§ - 77. - 36.32
On the Dole, — 5.2 = 71.5 — 27.6 — 58, =90, = 32.
Light houfe of Genoa, 75. - 73 - 26, | — Y5, = 73' -~ 3340
DE LA CAILLE’S, - 30. - = 55 - 33.3§5
Zero at — - 31.03. Zeroat  33.52

(m) It.will even be found, though the calculations are not mftrted in the
table, that the hotteft of Mr. DE Luc’s morning obfervations, June 8th, 1958, at
the 15th ftation, anfwering to the mean temperature of §7°%8, and which ¥
confider as the beft, becaufe no reduttion is neceflary for the.expofition of the
thermometer, agrec with the manometrical experiments, in. requiring a greater
equation. than is wanted in . extreme temperatures: for 'in- this caf, the

mean of two obfervations gives a defet of 855 for o 5°.5 above freezing, which
) 1000
is. 2,57 for each degree; the ratio of the weight of quickfilver to air being that
of 12196 to 1.,
From.
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From the mean of thefe obfervations, though the re-
fults are irregular among themfelves, it appears fuffi-
ciently evident, that if the morning obfervations on Sa-
leve had been retained, inftead of being made exceptions
from the rule, the zero of the fcale would have de~
feended about 8°; v/z. from 69°.3 to 61°.4 of FAHREN-
HEIT, fuppofing always the equation 2.1 for each degree
of temperature, and the French toife, as the ftandard
meafure, to have been adhered to: for the French toife
bears to the Englifh fathom, the proportion of 106573
to 100000 ; wherefore {313 =22 = 29°.4+ 32°=69°.4,
denotes the relative pofitions of the two zeros, the inter-
mediate equation =2 being to be fubtrated, when the
toife is made ufe of, But it hath been fhewn, that the
mean expanfion of air is really greater, for fuch tempe-
ratures at lealt as the barometer can be applied in, than
what Mr. bE Luc fuppofed it, in the proportion of 245 to
2103 whence it follows, that £-2=23°.18+ 32°=57°18,
will denote the relative pofitions of the two zeros : which,
inftead of almott 30°, are only diftant from each other a
little more than 2 5°,

From what hath been faid it is eafy to {ee, that in cal-
culating heights according to Mr. pE Luc’s rule, when
the temperature of the air is below his zero, which we

may
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may take at 40°, the Englifh meafure being ufed, the
common error in the refult will be equal to the fdm'of
the two equations, 2.I+2.45=4.55 for each degree;
which amounts to 22 parts for the 8° that the zero is too
high. Above 40°%the former error 2 will be augmented
by the difference of the equations for each degree that
the temperature is above his zero, viz. 2.45-2. 1=23, |
In either café it is to be obferved, that the progreflive
rate of equation for the heat of the quickﬁlver is not
‘here taken into the account; becaufe it will not produce
any material difference, unlefs one barometer is much
hotter than the other,.at the fame time that their verti-
cal diftance is very great. Thus the 32d degree of Fan-
RENHEIT, or freezing temperature, which is fundamen-
tal in all thermometers, happens, fomewhat remarkably,
to be the zero of the fcale, when the Englifh fathom
bears fuch proportion to the modulus of the common lo-
garithms, as that their différence, in computing heights
by the barometer, brings out the refult in fathoms. No
other proportion of a meafure will do it: for if we fup-
pofe twenty-four of different lengths, between ours
and the French toif¢, each furpaffing the other by &5
of that toife, the zero of the {cale, in computing heights
by thefe meafures refpectively, will afcend a fingle de-

3 gree
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gree on each; and the French. toife being the 2 gth, will
have its zero nearly at the 57th degree: about which
temperature the expanfion of air appears, from the ex-
periments, to be at its maximum. From that point,
therefore, the equation will diminith both ways, though
by a quicker progreffion for condenfation, than it doth
for dilatation.

Having thus compared, in a general way, the refults
of the Britifh obfervations with thofe of Mr. pE LUC,
pointed out what feem to be the chief caufes of the con-
ftant defect found in his rule, and thereby obtained, it is
hoped, fome corrections tending to improve the theory
of the barometer, when applied to the meafurement of
heights in middle latitudes; it remains to thew the prin-
ciples, whereon the table for the equation of the air hath
been confiructed. Previoufly however to this, it may be
proper to compare, with as much brevity as poﬂible,
thefe 'obfervat_ions, with others that have been made to-
wards the Pole and at the Equator: from which it will
appear probable, that the rule which anf{wers in middle
latitudes, will not in the frigid and torrid zones.

In 177 3, Captain pHIPPS, now Lord MULGRAVE, com-
manding two of his Majefty’s fhips then fent on difcove-
ries towards the North Pole, meafured geometrically, with

great care, the height of a mountain in Hakluyt’s Ifland
near
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rear Spitzbergen, and found it to be 1503 feet above
the level of the fea. On the morning of the 18th of Au~
guft, the following obfervations, at the fea-fhore and top
of the mountain, were made with a fingle barometer,
wherein the quickfilver had not been boiled.

At 6 h, A.M. Barometer at the fhore, =~~~  — 30,040 therm. 50°

7 h. 45’ A M. Ditto at the top of the mountain, 28,266 —— 42
8 h, 45" A.M. Ditto at the top of ditto, - 28,258 ~—— 42
11°h, 45" A.M. Ditto at the fea-fhore, — 300032 —— 44

Whence we have the following compuitations, equated
for the times correfponding to the two obfervations at
the top.

h, 45 30.038  46°=046=29.992] __ +70. 143°1, ]
7 {28 226 42 -—031_28.235}"1573 {::44.5}4':1; }42‘ g
8h.45'[30.036 45°—043=20.093) _, g, . [ +78.3143 £e
AM. {28.258 42 —031=2 .227} =1581.3 {=49'.5 }4: -}42 28 %

- =9
-Mean A§77 T =447 Z'ﬁ b
1000 &

From thefe obfervations it appears that, inftead of the
ufual equation %5, to be added to the logarithmic re-
fult, in order to obtain the true height in Britain, when
the temperature is 4.2° there is an excefs of +4Z5: and,
inftead of the ufual ratio of the weight of quickfilver to
columns of air, of equal altitude and temperature in
Britain, namely about 11200, we have that of 10224
to 1.

VoL. LXVIIL 5 G Thus
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Thus air at Spitzbergen feems to be fpecifically hea~
vier, than that affeéted with the fame heat and preflure
in the middle latitudes: whence it follows that, inftead
of 32° which is found to be the zero of the fcale about
the middle of the temperate zone, we fhall have A=
19°%.2+42°=61°%2 for the zero at Spitzbergen, within.
10° of the North Pole.

It is much to be regretted, that the French academi-
cians, when employed in meafuring the degrees of the
meridian in Peru, were not fupplied with better barome-
ters, and that they made not obfervations at correfpond~
ing times; fince the {cene of their operations was un-
doubtedly preferable to any other on the furface of the
globe, for determining many curious points with refpect
to the modifications of the atmofphere in the torrid
zone: neverthelefs, by attending diligently to what Mr.
BOUGUER /” hath told us, of the fteadinefs of the baro-

meter

(#) He fays, that at the South Sea, REAUMUR’s thermometer, in the morn-
ing before Sun-rifing, ftood at 19°, 20° or 21°; and in the afternoon at 26°,
2%°% or 28°% The refpeétive means correfpond to 76°% and g2°£ of FAHREN-
HEIT, and make the mean heat of the day 84°1, At Quito the temperature
continued at 14%or 15°, anfwering to 65°% of FAHRENHEIT. At the fummits
of Coragon and Pichincha, the thermometer flood in the morning feveral
degrees below freezing, and varied 17° in the heat of the afternoon; whence
the mean temperature at thefe higheft ftations, would probably be ahout 43°% of

FAHRENHEIT, e farther fays, that in the torrid zone, whatever may be the
mean
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meter throughout the year; the uniformity of the mean
temperature in every affigned ftation; and his mode of
computing, by means of the tables of common loga-
rithms, the altitudes of the Cordillero mountains above
the valley that extends itfelf between themj it will be
no difficult matter to difcover, nearly at leaft, what fort
of equation became neceflary; and what were the rela-
tive weights of quickfilver and air of the mean tempe-
rature, not only in that high region of the atmofphere,
but alfo at the level of the fea.

Thus, by mfpeéhng the table of cornputanons, it will
appear, that columns of air, whofe bafes were removed
fix or eight thoufand feet from the level of the fea, and
whofe heights equalled that diftance, when the tempera-
ture was 55° of FAHRENHEIT, as determined from the
mean between the coldeft of the morning and hotteft of
the afternoon, the mean logarithmic defe¢t was only %2 :
whereas, in meafuring heights near the level of the fea,
in middle latitudes, the common equation for that tem-
perature is about ;2. The mean ratio of the weight of
quickfilver to air, on thefe long columns comprehended
refpectively between Carabourou and Quito, and the

mean heat in any affigned ftation, it continves uniformly the fame throughout
the year. In this rough cftimation of the temperature in Peru, it feemed unne-
ceflary to examine, whether the true thermometer of REAUMUR was ufed or not;
a: it couldd produce no material difference, except at the very hotteft ftations.

5C 2 fummits
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fummits of Pichincha- and Coragon, is that of 16793
to 1. On the altitude of 1 534 feet, intercepted between:
Carabourou-and Quito, which fhort fection of the co-
lumn is about half-way between the level of the fea, and
the fummits of the Cordilléros, the mean temperature
being 66°, the ratio is that of 15089 to 1: hence it
feems probable, that' quickfilver would have to the dif-
ferent fections of the general column of air, compre-
hended between the fea and the top of Coracon, nearly

the following ratios:

Temp..
At the level of the South Sea, 84; 13100t0 I
Half-way from thence to Carabourou, 75; 14100
At Carabourou, —_ —_— 66 15100

Half-way from thence to Coragon, 55 16100
At the fummit of Coragon, =— 437 I7I00

Whereof the mean is, —_— 65 15100

Mr. BOUGUER tells us, that the barometer in the tor=
rid zone varies not at the fea-fhore above two and a half,
or at moft three lines throughout the whole year. At
Popayan, its variation is only a line and a ha'f; and at
Quito a fingle line. Now let us {uppofe, that an altitude

had been meafured with the barometer at the level of
the
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the South-fea, where the defcent of quickfilver at the
upper ftation was exaély.an inch in the mean heat of
the day, anfwering to 84°%.. On.the former fuppofition
of the weight of.quickfilver to air, the height would be
13100 inches or 1091.7 feet.

29.930 84:-169=29.761)

(28.930 84;-169=28.761j =890.6 feet,

Hence

the logarithmic refult, which is defetive 201.1, or
nearly 225 parts, - Now this equation being divided by
2.45.the mean expanfion of air, we have nearly g¢2°
for the difference between: 84°;, the temperature of the

obfervation, and the zero of the.{cale, which reduces it
to —7°% of FARRENHEIT. If it thould be thought that I
have fuppofed the air to be too light at the level of the
fea under the equator, let it be taken to quickfilver only,
at a mean between 13100 and 1267 i, which feems to
have been the ratio of their weights at Genoa, when Mr.
DE . LuC’s temperature was 79°% and we fhall have
12881 inches, or 1073.4 feet of air, for the counter-
poife to the inch of quickfilver in the barometer: hence
1073.4-890.6=2="=83°7, will denote the number
of degrees that the zero of the {cale would,in that cafe, be
below the temperature of the air, which brings it to within
lefs than a degree of the cypher of FAHRENHEIT. But in
middle latitudes the zero of the fcale is at 32°, and the.

4 equation
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equation, applicable at the level of the fea for the heat of
84°%,is at moft only &% inftead of 35,

Mr. BouGUER found, that the rule which his expe-
gience had furnifhed him with, for computing heights
-with the barometer between the ranges of the Cordil-
deros, namely, that of deducting th part from the
number of toifes exprefled by the logarithmic dif-
ferences, which agrees nearly with the equation 2 which
1 have made ufe of inthe table of computations, would not
anfwer when he came to apply it at the level of the fea.
He tells us, indeed, that the elafticities of the air, above
and below, are there, as well as in Europe, exaétly pro-
portionable to its condenfations; and even, that the in-
tenfity of the elaftic force, or {pring of the air, is every
where equal in all places of the torrid zone that are con-
fiderably elevated. The real condenfations in each place
are proportionable to the weights of the fuperior columns
caufing the compreflion; thefe condenfations being in
-geometrical, the heights are in arithmetical progreflion.
But below the fame law doth not take place; becaufe the
intenfity of the elaftic force is really confiderably lefs at
the level of the fea, than it is at one or two hundred
toifes above it, notwithftanding the effect of the heat,
which fhould render it greater. Itis to be obferved, that

Mr. BouGUER hath not given us the obfervations whereon
he
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he founded this laft deduction; and his note on the text,
which I apprehend, neverthelefs; conveys his true mean~
ing, is contraditory to it: for there he fays, that the di-
Jatation occafioned by the heat throughout the day,
changed the diftribution of the weight with regard to
all the places fituated within. the Cordilleros, as well as
on other mountains, and made the lower fe&ions of the
columns. contain lefs and.the upper fections more air,
than they thould have done, had it been a perfeétly
elaftic fluid.

Having now mentioned all the barometrical obferva-
tions that have come to my knowledge, tending any way
to throw light on this very intricate fubject, it remains to
fum up, from the whole, the general principles-whereon
1 have proceeded in conftructing the table of equation
for the heat of the air.

It will be remembered, that Ihave more than once re~
marked, that in the Britifh. obfervations, when the tem~-
perature was 52°, the defect was 225, the lowermoft
barometer ftanding at or near the level of the fea; but
in the obfervations on Tinto, a confiderable hill apper~
taining to the third clafs, whofe baf¢ is elevated 700 feet
above the level of the Clyde at Glafgow,. when the tem-
perature was 52°, I found the equation to be little more
than ;4. Again, thefe two. faéts being compared with

1000*

2 the
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the aggregate refult of Mr. DE LUC’s obfervations, where
the lowermoft barometer ftood about 1300 feet above
the fea, the equation for the fame temperature feemed
not to exceed £, Laftly, thefe circumftances being

confronted with the refults of Mr. BOUGUER’s obferva-
tions, where the lowermoft barometer ftood from 6000

to 8ooo feet above the fea, the mean equation for 535°
was only 2, which gives 3% for the heat of 52°. Now
thefe Peruvian obfervations, which T believe to be ex-
ceedingly good from the fteadinefs of the barometer in
that part of the world, being fubftituted in lieu of thofe
not yet obtained'in our own quarter of the globe, there
feemed to me to be a peceflity for concluding, that the
equation for middle latitudes, with any afligned tempe-
rature above or below the zero of the fcale, diminifhed
as the height of the place above the fea increafed; which
confequently implied, that the magnitude of the loga-
rithmic terms increafed fafter than the dilatations of the
air. But whenthecomparifon was carried yet farther,and
the obfervations.in Peru and at Spitzbergen were fairly
brought into-one view, there -appeared to be fufficient
grounds for fufpecting, if not abfolutely for concluding,
that there could be no fixed zero for the fcale depending
on the temperature of the air; but that it would change
with the denfity of the atmofphere appertaining to the

latitudes,
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latitudes, climates, or zones of the earth, where the ob-
fervations were made. On this fuppofition it was natural
for the mind-to form to itfelf fome general hypothefis,
which might ferve to account for the appearances; and
the firft that prefented itfelf was the following: that the
atmofphere furrounding our globe might poffibly be
compofed of particles, whofe fpecific gravities were
really different; that the lighteft were placed at the
equator; and that the denfity of the others gradually in-
creafed from thence towards the poles, where the hea-
vieft of all had their pofition

It is 2 well known and eftablithed faét, that in the
middle latitudes, a North er North-eaft wind conftantly
raifes the baremeter, and generally higher as its con-
tinuance is langer. The contrary happens when a South
or South-weéft wind blows; for I believe it is commonly
loweft when the duration and ftrength of the wind from

{9). It was fuggefted by Dr. GEORGE FORDYCE, that equatorial and Green-
1and air might be brought bottled up, and weighed in this country in air of the
-réfpé&ive temperatures, by-means of a curious balance whereof he is poffefied,
in order to fee whether any difference could be difcovered in their fpecific
gravities, A thought of the fame kind, but more eafily putto experiment,
occurred to Lieutenant GLENIE, of the Royal Artillery, namely, that of
weighing -equatorial and polar fea-water, To this gentleman I am obliged for
his affiftance in part of the manometrical experiments, as well as in feveral of

the.computations.

Voi. LXVIL 5D that



752 Col. rOY’s Experiments for
that quarter have been the greateft.  Thus the
North-eaft wind, by blowing for any length of time,
brings into the middle latitudes a mafs of air heavier
than that which naturally appertains to the region, and
raifes the barometer above its mean height. The con-
tinuance of a South-wefter carries off the heavy air, de-
pofits a much lighter body in its ftead, and never fails
to fink the barometer below its mean height: hence,
in the middle parts of Europe, there is a difference of
about two inches and a quarter between the higheft and
loweft ftates of the barometer. But fuppofing it to be only
two inches, the difference of preffure ftill amounts to
+5th part of the whole weight of the atmofphere. Now
it is evident from the Peruvian obfervations, that the
greateft fluctuation of the barometer, which is at the
level of the fea, doth not exceed o0.226 of an inch, or
1354 part of the whole preffure; and if the change fhould
be no greater at the poles, which I think not impro-
bable, it follows, that the meafurement of heights by
means of the barometer, in middle latitudes, will be
more precarious and uncertain than in the torrid and
frigid zones.

Such in general were the firft ideas which the compa-

rifon of the operations of the barometer with the effects
of



meafuring Heights with the Barometer. 753
of the North-eaft and South-weft wind #/ on that inftru-
ment, fuggefted with regard to the different denfities of
the atmofphere in the different zones of the earth.

But fince the experiments on the expanfion of moift
air have fhewn its elafticity to be fo much greater than
that which is dry, I apprehend, that the fimple principle
of heat and moifture may fuffice to account for all the
phenomena. Thus it is univerfally admitted, that there
is a greater degree of humidity and heat in the air, near
the earth’s furface, than thete is in the higher regions of
the atmofphere. The elafticity or expanfion of the
lowermoft fection ” of every column of air, whether

long
(p) Y have been well informed, that in China the North.weft wind raifes
the barometer moft, and is highly elerical; it is at the fame time the drieft
and the coldeft; and at Canton, under the Northern tropic, there is fréquently
ice. On the Eaft-coafts of North America the feverity of the North-weft
wind is univerfally remarked; and there can fcarcely be a doubt, that the inha-
bitants of California, and other parts on the Weft-fide of that great Conti-
nent, will, like thofe on the Weft of Europe, feel the ftrong effets of a North-
eaft wind, The extraordinary drynefs and denfity of the wind from the North
pole, feems therefore to be occafioned by its paffing over the Continent of
Europe and Afia on one fide, and that of North America on the other. Thofe
who live on the Eaft and Weft-coafts of South America, will find the drieft
and coldeft winds come to them refpetively from the South-weft and South-~
eaft. As the winds feem to be colder, drier, and denfer, in proportion to the
extent of land they pafs over from the polestowards the equator, fo they appear
to be more moift, warm, and light, in proportion to the extent of Ocean they
pafs over fiom the equator towards the poles. Hence the humidity, warmth,
and lightnefs, of the Atlantic wind to the inhabitants of Europe,

(9) Mr. pE Luc feems to have fufpeted fomething of this kind towards the
sDa2 cod
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long or fhort, will confequently be greater than the up-
permoft fection of it; for the heat, by diffolving the
moifture, produces a vapour lighter than air, which mix-
ing with its particles, removes them farther from each
other, increafes the elafticity of the general mafs, and
diminifhes its {pecific gravity comparatively more than
it doth that of the fetion immediately above it, where
there is lefs heat and lefs moifture. Hence I infer, that
the equation for the air, in any affigned vertical, will
gradually diminifh as the elevation of the place above
the fea increafes, and that it will vanifh at the top of the
atmofphere. This is in fome refpe@ confirmed by the
experiments on the expanfion of rare air; for from them
it appears, when the particles are very far removed
from each other, by a great diminution of preflure, as is
undoubtedly the cafe in the higher regions of the atmo-
fphere, they lofe a great part of their elaftic force. Thus
the equation, anfwering te any particular temperature,
above or below the zero of the fcale, at different heights
above the furface, will, I apprehend, be exprefled by the
ordinates to a curve of the hyperbolic order, whofe cur-

end of his 8th chap. fur ks difficubtés @ vainere: and:in that which follows, he
gives proofs of the lightnefs of vapours with regard to air, faying, that they
point out fire to be their vehicle. He afterwards quotes NEWTON with refpect
to the lightnefs of a humid atmofphere compared with one that is dry.

5 vature
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vature may be fuppofed to change faft near the furface
of the earth, and differ infenfibly from a ftraight line at
great heights above it.

With regard to the latitudinal equation, the fame
principle of heat and moifture feems to make it proba-
ble, that fuch will become neceflary in operating with
the barometer; for itis well known, that there is a great
degree of humidity in theair between the tropics; and,
on the contrary, that the polar atmofpheres are very dry.
The heat and moifture. being greateit at the equator, there
the elafticity or equation will likewife be the greateft at
the level of the fea; and the zero of the fcale will necefla~
rily defcend to a lower point of the thermometer, than
that to which it cormefpouds‘in middle latitudes. As the
elafticity of the air at the level of the fea, or equal
heights above it, with the fame degree of heat, will al~
ways be proportionable to the quantity of moifture dif-
folved in1 it, therefore it will gradually diminifh from the
equator towards the poles; that is to fay, the zero of the
fcale will afcend ian the thermometer, coincide with the
32d degree in the middle latitudes, and, in its motion
upwards, will give the equation to be applied with the
contrary fign in high latitudes. Hence I infer, that every
latitude, climate, or zone, will not only have its particu~
lar zero, but alfo its particular curve, whofe ordinates

will
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will always meafure the equations applieable in the re-
{peétive fituations. The equatorial curve will probably
change the fafteft, and the others become gradually flat-
ter, as they approach towards the poles, where the
greater, but more uniform, denfity of the atmofphere
may occafion it to differ little from a ftraight line. I ap-
prehend, however, that even at the pole fome fmall di-
minution might be found to take place in the equation,
was it poflible, in that region, to prove it by experiments
at a fufficient height above the level of the fea.

The table of the equation, depending on the heat of
the air, annexed to this paper, is conftructed for middle
latitudes. It extends to temperatures from 12° to 92° of
FAHRENHEIT; and for fituations fo greatly elevated
above the fea, as to make the mean barometer between
the two ftations ftand no higher than 19 inches. Asthe
equation correfponding to the lower parts of the atmo-
{phere, contained in the right-hand columns, will come
more frequently into ufe than that appertaining to the
higher regions, comprehended in thofe on the left;
therefore, in the firft, it is given for every half; and in
the laft only, for every whole inch of defcent of quick~
filver in the tube.

The equation found in the column of 29 inches, cor-

refponds exatly with the expanfion of air refulting from
X the
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the manometrical experiments; and the ratio of diminu-
tion, in the temperature of 52° hath been taken from
the Peruvian obfervations, fuppofing it to decreafe uni~
formly 2 on each inch, or +135 on the eight inches be~
tween 29 and 21. For the {ake of fimplicity, as well as
from the want of fufficient data for afcertaining the
lengths of the ordinates of the curve, the arithmetical
hath been preferred to any progreflive diminution that
might have been adopted, though by this mode. the re-
fults would have agreed better with fome of my own, as
well as Mr. DE LUc’s obfervations. In each of the co-
‘lumns theequations for particular temperatures, com-
pared with that for 12° or 92°; are reciprocally propor-
tionable, {o that the maximum of the rate always cor-
refponds to the {pace between 52° and 72° as indicated
by the manometer. It will-be obferved, that though the
equation in the table is only given for every 10° of dif-
ference of temperature, yet, by the intermediate rates.for
fingle degrees in the columns refpectively, and the ratio
of diminution for the height of the mean barometer
above the fea, exprefled in that towards the right-hand,
the equation for any particular temperature -may be rea-
dily obtained. The application of this tablé makes the
third part of the rule, for meafuring heights with the

barometer. When the mean temperature of the column
of
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of air is above 32° of FAHRENHEIT’s thermometer in:the
fhade, add the equation correfponding to the tempera-
ture and height of ‘quickfilver in the mean barométer o
the logarithmic altitude; when ‘below 32° fubtract the
‘equation from the logarithmiic altitude; the fum in the
firft cafe, and difference in the laft, gives the real height.
' Befides the table of equation for'the air, adapted to'the
meafurement of the greateft acceflible heights thé baro-
meter can poffibly be applied to in middle latitudes, I
have annexed, for the ufe of thofe who may. prefer fim-
plicity, and ftill doubt of the vertical dimiputien, a ther-
mometrical fcale of the equation, fuited to Englifh.and
French meafures, With‘thei’r refpeéﬁve'thermofnetefs. It
“will readily be conceived, that the divifions, exprefling’
the 1000th parts in this fcale ", are unequal, fince they
follow the inverfe ratio of the thermometrical compared
with the manomstrical degrees. Where ‘thefe laft are
the greateft, as between 52° and 7?2°, the divifions ex-
prefling the equation are the {malleft, becaufe a greater
(r) Any fcale of this’kind, unlefs it had been mechanically divided by a
-mathematical infirument-maker, could not be rendered very exatt; and it may
be expefled, that the imperfetions in the original will be augmented in copy-
ing by the engraver, notwithftanding the utmoft care on his part : wherefore,
on the left-hand fide of the plate, I have annexed tlre number of degrees and
decimal parts of ¥ AHRENHEIT, below the temperature of 91°.88, correfponding
to every t53sth parts of the equation, by which means the unequal fcale inay,

at any time, be divided with fufficient-accuracy.
number
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number of them correfpond to the fame thermometrical
'fpaCe When the height is required in fathoms, the
zero of FAHRENHEIT correfponds to —71.72, and the
boiling point to +412.49: the fum of the two equa-
tions 4.8‘4. 2.1 is the actual expanfion of common air from
the heat of 212°. When the French toife is made ufe
of as the meafure, the zero of the fcale hath been thewn
to coincide with 57°,18 of FAHRENHEIT, or +11° of
REAUMUR. The negative equation 134°.72 anfwerm_g
to —14°; of REAUMUR, and the pofitive 349°.49 cor--
refponding to +80° or the boiling point, being added
together, make again 484.21.

In order to convey a more diftinét 1dea of the effet
which heat produces in the dilatation of different kinds
of air, compared with quickfilver, along with the fcale
for the equation I have placed another, expreffing the
a&ual and relative expanfions, refulting from the mean
of the experiments, for every 20° of difference of tem-
~perature. ‘This fcale is intended to give a comparative
view of the manometrical with the thermometrical
{paces, mentioned in the fecond fection.

I fhall now clofe this paper, which hath already
greatly exceeded the limits I wifhed to have been able tg
prefcribe toit,with a few remarks on theerror of the rule,
perceivable in the tables of computation, and the mea-

VoL. LXVII. s E {ures
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fures that thould, in my opinion, be taken to bring the
theory of the barometer to a ftill greater degree of per-
feétion, fuch as I believe it to be really capable of.

By infpection of the tables containing the computa-
tions of the Britifh obfervations, it will be feen, that the
error of the rule is in general very fmall. In the Lon-
don clafs it is greateft on Shooter’s-hill, making the

“height five feet too little. In thofe at Taybridge, one of
the obfervations on Schihallien gives a defective refult of
29! feet; but this is eafily accounted for, as it certainly
arofe from the fhort time given to the barometer to lofe
the heat it had acquired in carrying upwards, thofe
deftined to obferve at the fummit arriving there too late,
that is to fay, towards the expiration of the whole hour
which the inferior barometer had been obferved in. One
of the obfervations on Carmichael-hill, though a fmall
height, is defeétive eight feet, which I afcribe to the
South-weft wind and humidity of the air, From the
fame caufe I would account for the uniform defet in
the firft part of the Edinburgh obfervations: in the laft
part of thefe, the circumftances having changed, the er-
ror hath the contrary fign. In the Linhoufe clafs of ob-
fervations, the fame caufe of defeét appears on the 1ft
of December, 1775, and on the 20th of November,

and 17th of December, 1776. The only refult which I
confider
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confider as very irregular, and do not pretend to account
for, is that for the height of Moel Eilio, a hill fituated
between Carnarvon and $nowdon: the real altitude
2371 feet, is exceeded by the barometrical refult 21 feet,
though the circumftances were fuch as, in other cafes,
generally make it fall {hort.

At the bottom of the tables of computations I have
occafionally {ubftituted Mr. DE LUC’s éqpation for the
air, in calculating one or more of the greateft heights,
 that the difference between the two methods might be-
come more obvious. Thus the firft obfervation on Schi-
hallien is defective 671 feet; the mean of thofe on Tinto
29 feet; Moel Eilio 41 feet; and Snowdon 81 feet.

With refpect to the refults that the rule produces on
Mr. DE LUC’s heights it will be obferved, that it anfwers
very well in the cold obfervations, which, with his rule,
were often defective 60 or 70 feet; but gives too much
in thofe that are hot. If, however, the whole of thefe
hot obfervations had been included, the apparent error
would have been lefs; for the mean defeét was taken at
¢ for the hotteft temperature, whereas it fometimes

Te50
amounts to 7555,  On the height of the Dole the rule errs
in defeét; and on the mean of Mr. DE LA CAILLE’s ob-
fervations, at the Cape of Good Hope, it exceeds the
truth. By fubftituting Mr. DE LUC’s equation for the air,

s E 2 in
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in the computations of the Dole and Table-hill, the re-
fpective refults are defeétive 96 and 62.6 feet.

To the Britith obfervations a table is annexed, con-
taining the barometrical computations of altitudes not yet
determinred geometrically. In the chief part of thefe the
inferior barometer ftood at Belmont-caftle, the feat of the
lord privy-feal for Scotland, by whofe directions the cor-
refponding obfervations were made. ‘This table likewife
comprehends Mr. BANKS’s obfervations in 1772, for the
height of the South-pap of Jura, above Freeport in the
ifland of Ifla, and thofe he made the fame year, to ob-
tain the height of Mount Hecla, above Hafniford in
Iceland.

Laftly, it is to be obferved, that in the application of
the table, the equation found in the columns 29, 30,
and 30%, will never come into ufe, except-in the mea-
furement of fhort columns of air, whofe bafes ftand at,
or not much above, the level of the fea. In an ifland,

whofe

(s) Having been accuftomed, from the beginning, to call the ftation of the
inferior barometer the place of obfervation, and to fuppofe the mean height of
its quickfilver to denote the elevation of the place above the fea, for the fake
of fimplicity T adapted the formula to the height of quickfilver in that baro-
meter, and made all the computations in the tables accordingly. But it having
been fuggefted to me, firk by Sir GEORGE SHUCKBURGH, and afterwards by
Mr. pE Luc, that thiy mode, though the eafieft, was not ftriétly accurate, nor

confiltent with the principles whereon a vertical diminutios of the equation for
the
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whofe climate is fo very variable as that of Britain, fet-
" tled weather fhould be chofen as the beft time for obfer-
vations. With any fudden fall of the barometer, in any;
affigned ftation below its mean height, it is apprehended
that thé rule will have a tendency to give defective re-
fults; and' the contrary fhould happen when, from the
increafed weight of the atmofphere, it rifes much above
the mean height.

From what hath been faid in the courfe of this paper,
it will be perceived; that though the error of the rule is
in general very fmall, yet now and then fuch irregulari-
ties do occur as plainly thew, that fomething fill remains
to be done, in order to perfect the theory of the baro-
meter. _

The exiftence, or otherwife, of a latitudinal equation
being a point of the greateft confequence, fhould be de-
termined with fo much care as to leave no doubt remain-
ing on that head. And as this can only be effected by
differences that are extremely obvious, the obfervations
for that purpofe thould be made at the equator, and as
‘near as poffible ta the poles’™. Peru is no doubt the beft

| fituation

the heat of the air was founded, ‘T have fince changed it to the mean barometer,
or middle of the column of air intercepted between the two ftations, In this
way all the great heights have been re-computed: the fmaller altitudes, not

being fenfibly affeéted by the alteration, continue as at firft.
{t) Some idca may be formed what altitudes on the furface of the globe are
acceflible
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fituation on the globe for conclufive equatorial obferva-
tions; but as it would be found very difficult to carry any
fcheme of that kind into execution, fuch as may be more
eafily obtained in our Weft India iflands, which have the
higheft mountains, would be very fatisfactory with re-
fpect to the expanfion and weight of moift air, at dif-
ferent heights above the furface. At the tops of the
mountains in the torrid zone, the obfervations would
always be fufficiently cold; but it would be of ufe like-
wife, to have the coldeft poffible at the level of the fea,
under or near one of the tropics, when the Sun was in
the other.

With regard to obfervations in the frigid zones, Spitz-
bergen feems to be as proper a fituation as any; though
others may no doubt be found in the Northern parts of
the Ruffian empire: and it is prefumed, that the Pe-
terfburg academy would direét the experiments to be

made.

acceffible to man, by confidering the height above the fea of the inferior line
of perpetual fnow. In the middle of the torrid zone it appears, from Mr,
BOUGUER’s obfervations, to be ¢levated §201 yards, and 4476 about the tro-
pics. In middle latitudes there is everlafting fnow on the mountains at the
height of 3300 yards. In the latitude of 80° North, Lord MULGRAVE found
the inferior line of fnow to be only about 400 yards above the fea: whence we
may conclude, that the furface of the carth, at the pole itfelf, .is for ever
sovered with-foow,

S5 The
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The Peak of Teneriffe, Atna, the mountains of Au-
vergne and Rouffillon, as well as Hecla in Iceland, are all
very proper for obfervations in intermediate latitudes.

Within the ifland of Great Britain, Ben Nevis feems
to be the beft mountain for barometrical obfervations,
becaufe of its great height, its vicinity to the fea, and
that there is very good ground clofe to its foot (which is
rarely the cafe in the Highlands) for the meafurement
of the bafe that would be made ufe of in the geometrical
operations.

One of the chief caufes of error m barometrical com-
putations, I apprehend, proceeds from the mode (though
fimplicity is in its favour) of eftimating the t.emperature
of the column of air from that of its extremities, which
muft be faulty " in proportion as the height and dif-

- ference of temperature are great. 'Where very accurate
conclufions are expected, fimultaneous obfervations, at
different times of the day, and different feafons of the
year,. fhould be made with feveral barometers, placed at
different heights, each. accompanied with a thermometer
and manometer. By this method, the progreffion of
temperature, as well as the law of diminution of the
equation, from the pofition of the inferior barometer
above the fea (if {fuch diminution doth: really take place)

(#) This is taken notice of by Mr..DE LuUC.
would
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would pe obtained with certainty. Suppofing, for in-
ﬁancé,~Ben Nevis was divided into four feétions, five ba-
rometers, with as many obfervers, would be neceflary.
This number may {eem: great, but the expence of ped-—
ple-employed in that way would be inconfiderable. And
if it thould be judged proper, there could not furely be
any-great difficulty in providing reafonable accommoda-
tion for an obferver, who fhould live a whole year at the
top of the mountain, while another made correfponding
obfervations below.

But the perfecting of the theory of the barometer is not.
the only advantage that would accrue from a combina-
tion of thefe obfervations; for, while they were carry-
ing on in different climates, or zones of the earth, good
opportunitics would offer of detefmining the refractions,
as'well as the force of gravity and figure of the globe,
from the vibrations of the pendulum.

The mean expanfion of common air is already found
to be'greater than what was formerly fuppofed; where-
fore the mean refraction will be altered proportionably.
And fince the expanfion of moift air is found to be fo:
much greater than that of common air, a larger field for
inquiry and inveftigation is now laid open.

With refpedt to the experiments with the pendulum,
Mr. BOUGUER feems to have been the only perfon, fo far

as
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as I know, who hath taken the denfity of the medium
in which it performed its vibrations into the account, and
given us its length at the equator in vacuo. But if we
are to judge of the denfity of the air in the frigid zone
from the barometrical obfervations at Spitzbergen, the
pendulum there muft have loft fo much of its weight, as
to have leffened confiderably the number of vibrations
below what they would have been in vacuo, in the fame
temperature. Having confidered the effeét that this

“would produce, I collected the beft experiments that
have hitherto been made with the pendulum into one

view, and having applied the equation that the denfity

of the air, in which they feverally vibrated, feemed to

require; I found from computation, that the ratio of the

diameters of the earth is (as Mr. BOUGUER fuppofed it)

nearly that of 178 to 179, inftead of 229 to 230, as

eftimated by Sir 1saac NEWTON, and which agrees very

nearly with the mean refult from the meafurement of

the degrees of the meridian. The experiments with the

pendulum are-fo fimple and eafy, may be repeated {o

often in all fituations, and are fo much more confiftent

with each other, than the meafured lengths of degrees

of latitude, that it appears to be incomparably the beft

‘method for determining the figure of the earth. Andif
it fhould really be found fo flat a {pheroid as the pendu-

Vor. LXVIIL s F lum
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lum feems to make it, both parallaxes and refrattions,
will require correction.

Upon the whole, though I wifhed to be concife in the
recital of the experiments and obfervations contained in
this paper, yet I found it neceffary at the fame time tc be
explicit. Some of them were ei‘ther‘entirely new, or ma-
naged in a different manner from what-they had for-
merly been. This forced me into a comparifon of many
minute circumitances attending the operations, and to a
tedious, though neceffary, combination of the various
refults. Without taking a comprehenfive view of the
whole matter, and ftating every thing with fairnefs and
candour, I could not convey to others the ideas I enter-
tained of it myfelf; nor enable them to judge, how far I
had been juft in the conclufions already drawn, or con-
fiftent in my fuppofitions concerning fuch points asare
yet left doubtful. If I have been obliged to differ from
Mr. DE LUC, it is becaufe the Britith obfervations, as well
as his own (confidered by their extremes) {feem to autho-
rize it: he is himfelf too candid to fuppofe, that I have
had criticifm in view, or indeed any other obje&, than
that of contributing my mite towards the difcovery of
the truth, from the very good foundation which he hath
already laid for it. I am aware it may be alledged, that
I have rendered the theory of meafuring heights by

5 the
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the barometer {0 much more complicate and difficult,
as perhaps to deter others from applying it to ufeful
purpofes. To this I anfwer, that though it feem utterly
impoffible to render what is really intricate in its na-
ture, extremely fimple; yet that the beft and fureft
method of arriving at fimplicity at laft will, in the fisft
place, be to afcertain the limits of deviation of ‘the
rule, by a proper number of-good obfervations, made
in circumftances and fituations as different as poflible
from each other. In the prefent ftate of the matter, I
doubt not but the barometer will be found to give re-
fults fufficiently near the truth for all ordinary purpofes,
the nicer bufinefs of levelling alone excepted. It is the
only inftrument by which the relative heights of places,
in very great and diftant tracts of country, can eafily and
{peedily be obtained, by the preflure of the atmofphere
alone. The method of ufing it is attainable by all, re-
quiring only a little habit, and fome degree of attention
to prevent the admiffion of air into the tube. Few peo-
ple are qualified for the tedious and very laborious ope-
rations of accurate geometrical meafurements. Moun-
tainous countries rarely afford bafes of fufficient length,
which, to avoid error, muft be meafured again and
again with the utmoft care. Inftruments of the moft ex-
penfive kinds muft be employed to take the angles; at.
the {fame time that a thorough knowledge of their ufe,

s F 2 and
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and a fcrupulous attention to their various adjuftments,
become indifpenfably neceffary. In fhort, the facility of
one method, compared with the other, is fo exceedingly
obvious as to need nothing elfe to recommend it as a
{ubjeét very curious and ufeful, and therefore well wor-
thy of the refearches of philofophers, till, by their united
labours, it hath been brought to perfetion.

N°IL.



Table fhewing the equation depending on the temperature of the column o
inferior

g :: : Mean equated height of quickfilver in the inferior andifuperior ba
§LE 3
%£%4]  Inches 19 20 | 21 22 23 24 2§ 26 26%
<
92° E 89.364| — 195456 {101.548 }107.640| — [113.733]119.825(125.918 | — [132.010| — |135.057} -
= 1.44 1.73 2.03 2.13 2,
82 | & [14.967| — [80.078( 85.189 90.300| — | 95.411100.522|105.633 | — |110.744| — [113.299] -
‘2 1.49 1.80 2.10 2.21 2,
72 | = [60.028| — [64.120] 68.213| 72.305| —| 76.398| 80.491| 84.583| — | 88.675| — | 90.722] -
;170 1.52 1.83 2.14 2.25 2,
62 | o [44.818] — 147.873] 50.928} 53.983] — | 57.039| 60.094| 63.150| — | 66.205| — | 67.733|
2 1.55 1.87 2.18 2.29 2,
52 | 3 [29-335| — {31-335| 33-335} 35-355| — | 37-335| 39-335| 4%-335| — | 43:335| — | 44-335|
= 1.49 1.80 2.10 2.21 2
42 | D [14.394| — |15.376| 16.358| 17.340| — | 18.321] 10.303| 20.284| — | 21.266 | — | 21.757
< 1.44 1.93 2.03 2,13 2
32 When the mean temperature of the column of air to be mez
£4 1.39 1.67 1.95 2.05 2.
22 |&& |13.852) — |14.796| 15.741| 16.685] — | 17.630| 18.575| 19.519| — [ 20.463| — | 20.936] -
97, 1.33 1.60 1.88 1.97 2.
12 |28 27.162| — 129.014 30.866] 32.718| — | 34 569} 36.421| 38.273| — | 40.125| — | 41.051] -
a2
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imn of air, and its elevation above the fea, as denoted by the mean height of
ferior and fuperior barometers.

perior barometers.  Equation in thoufandth parts of the logarithmic altitude,

26% 29 27% 28 28% 29 291 | 30 3
: 7.38| _
5.0571 — [138.103| — |141.149| — |144.195| — f147.242 | — [150.288 | — [v55.334] — |156.381| — 150,
2.18 2.22 2.27 2.32 2.37 2.42 2447 2.52
3.299| — |115.855| — |118.411| — 120.966| — |123.522| — |126.077| — |128.632] — [131.188] — |133,
2.26 2.31 2.36 2.41 2.46 2.51 2.56 2.61
0.722| — | 92.768| — | 94.814| — | 96.860] — | 98.907| — l100.953| — [102.999| — |105.047| — |107.
| 2.30 2.35 2.40 2.45 2.51 2.56 2.61 2.66
7.733| — | 69.261| — | 70.789 | — | 72.316| — | 73.844| — | 75.372] — | 76.900| — | 78.427| — | 79.
2.34 2.39 2.45 2.50 2.55 2.60 2.66 2.71
4-335| — | 45:335| — | 46.335| — | 47-335| — | 48-335| — | 49-335| — | 50-335| — | 51-335| — | 52.
2.26 2.31 2.36 2441 2446 2.51 2.56 2.61
1,757 | — | 22.248 | — | 22.739| — | 23.229| — | 23.720| — | 24.211| — | 24.502| — | 25.193| — | 2.
2.18 2.22 2.29 2.32 2.37 2.42 2.47 2.52
0 be meafured is at 32° the differences of . the logarithms give the real height in fathoms and 1000th parts.

2.09 2.14 2.19 2.24 2.28 2.33 2.38 |2.42
0.936| — | 21.408] — | 21.880| — | 22.353| — | 22825 — | 23.297| — | 23.769| — | 24.242] — | 24
2.01 2.06 2.10 2.1§ 2.19 2.24 2.28 2.33
1.051| — | 41.976] — | 42.902| — | 43.828| -— | 44754 — | 45.680| — | 46.606] — | 47.532| — | 48..

2.19




it of quickfilver in the

Rate of di-
minution for]
whole and
30% half ipches.
- ' 6.0925 &
»5 ‘57 §.ITI Gl
‘z- 133’743 —6—6 { 2.5555 _9‘
.‘_.I 107 O > f4”0925° .g
' 66 7 93 2.1 l 2vo4625 .E
= Tt 130555 |5
| 199 {Tsa7s |8
-7 "7%| ¢ 2.000000 2
_g' 52335 2.66 {1.000000 2
':_I 25.684 : {0.981625 =
52 2.57 0.490812 |
42 0.47225
P Lograse

[ 0925875

— | 48.458) — “1.85175

Subtradt from
‘the log. altitude,|
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N° I. Computations of barometrical obfervations made on heights in

228 |wB|E4 | £ 9 ¢ |g.8.5 | Temperature |2
5is |islzs |% | EE |EoSE| oftheain |,
Geometrical heights | Date of the obfer- |5 g é| 83| 8 |_° 28 L1888 PR WS i
R . . N 08 Yl 9.l T o [ - O = ) 8
of the ftations in feet. | vations, winds, &c. \ES=8| 50|58 | §5, o8 |5 & Q| Parti- AE-
COsREER |5 | BsE | SE (S 8 colar Mo
(11774, Dec. 1. g" 27" 1129.659 | 33°%|—0c6 |29.653 382.6 +2.6ft.[32°% W01 [+
St. Paul’s Church- wind N.W, } 29.338| 34 |—o006 {29.332 } 3 {:79—'- 33% } 333 { =
yard North-fide, | |5y ‘31, 11 52/ 1|30.187} 353|—o011 {30.176 . — 1.5 33 4
2:edr ’:ﬁ:‘gsglzg‘ A.M.awindN.P.s. }29.864 343 —cog [29.855 }279‘5' {: 5.5 34 }33% { =
? .
281 feet, April h ’ 6 106 6 1 ) —
| |April 22, 11" 557 7130.136| 50;—060 |30.0706 || . 14.5 49 4
L A.M. E. wind. } 29.839 | 53 |—069.|29.770 f2665 =54.4/53 } 514 { =
11774, Ap. 22. O" 50’ | |30.206 553|—o80 30.126 N[ —15.155% r (4
7 ’ p. . } 29.842 | 53%—071 29.771 }308‘9 =49. |53% }54’;' { =
Top of Paul's-ftairs . . o _
land the f?id gal-{ |Dec. 1. 10" 2’ AM. { jg:gz gg __g;g ’;’g:g‘;; } 3231 ({ ‘;:9 ggf } 353 { :
ery, 324 feet. _ :
| ot 30.230| 35i—o11 (30.219 . {f— 3. 343 r [
| ~Dec.3x.o“zz P.M.{ 20.858 34%%__009 29.849 }32:. {___ 0.3 |343 } 343 { -
Scotland-yard wharf, o
and Old Spaniard | |1774, Dec. 24. 10 { 30.844 33%——005 30.839 } 420.8 {— E.2 34% } 333 { 4
‘ ;hmng—room, 422 {1 AJM. N.E. wind, 1[30.349| 33%1|—004 |30-345 = 3.5|33% =
eet. :
{ {1774, Nov. 28. g*1{29.684| 354—o11 |29.67 ‘ — 2.8/35% -
w{ 7 :;8' AM. ? } 29,287 34}: —009 29.273 }349 2 = 8.5|34% } 35 { =
Dec. 9. ot 15’ P.M. 1/29.647 | 273 4015 [29.662 + 7. |273 e
N.V‘?. wind, fnow, } 29.234 25; +022 {29.256 }359' { =19.7 |23% } 253 { :
Dec. 24. 10 g2’ 1(30.758| 35 |—o010 [30.748 — 3.9134% \laps [|-
A.M. N.E, wind. } 30-343| 33 |—003 |30.340 }343.1 =11.230} J 32% { :
1775, June 13. 117 |30.044 | 69 |—121 |29.923 —31.3 1673 -
7" AWM, S.W%wind.} 29.674 63 —117 |29.557 }3""7 =97.6 712§ } 7 { :
1976, May 10, 10" |30.096 | §3 |—06g (30.027 —16.6 |51 s Il
1 ,36' AYM. } 29,700 5§£ -—062 29.643 }335'4 =50. 49% } 503 { :
Great Pulteney- | [May 30. 11* 40’ [29.900| 66 |—111 [29.789 —28.1/66 Il
fireet, and the faid A.}{VI. S.W. wind. [|29.521| 63 |—100 [29.421I }323'9 { =86.7 |63 } 643 1}:
dining-room 2 '
fe';‘:.“gr > 35 0.0" 1 P.M. {30.268 71il—129 (30.139 } a0 |[—31.9(71 } i3 {
Jonez0.0*15BM- 1 129.898 | 7181—127 29.771 | § 3% |1 =507 [7x3 J|T™* 1]
’ 29.625| 673l—113 |29:512 ‘ —22.4 673 s b
July 1600 15 P ML { B0 S | TS JEC N o Yosr {|.
Aug. 26. 10" 35 1[30.132| 59i|-—0g2 [30.040 [ —16.8|59% s (I
° AM., 3 } 29.738 52%-.—0%2_ 29.656 }335'2 1 =50.1 56% } 513,
Aug. 27. 11t 45" 30.020| 62%l—o099 [29.921 —i18. |62 :
B AM, }29.631 .6OZ—OQI 20.540 }334' {:54. 58% 160 {:
Sept. 2. 10" 1¢’71(20.294| 60 |—089g |29.205 1‘M,_, f—18.9(50% 1| [




hts in and near London.

-ature ég% Refult by tke-rule, |Errorof} £ -3
air, IEL ;he rule%'a_g
—— ,_S'E ;g - - A N in feet, 2':9‘:8 8
Mean. ‘g."é E Palr UCU- | Mean, s ¥
1R ar, FXci
23 [|tes 1| 284.6 )| |
0% { :x.f.} %4
] Do 10503
SRR el S
. +47.5 S .
1 {:12.7 } 2792 | 11056
4% {i?; 3259 |1 - -]~ - l10860
152 { '_*‘__ 2.3 325.1 , 3246 +0.6
- = |- = |10565
343 { + fg 3228 ||
333 { : 3:9 } 421.7 =~ = | ~—o0.510251 |
N + .
35 {.___ Z4} 351.6 - = | = = |10694
st {| 2745} ass8 || - - |- - frosou |
s {|E 02} 585 || - - |- - fozs.
6. '
70 {230.8} 3515 - == =l11416
50% {:‘;’g?} 351.1 - =1= = {10971
rl+81.8
645 {| o605 J] 3594 | b 353:5| +1.5]r1aay
oL
ot {255 Y e |[ - - |- - s
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6s.
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{Pagoda in Kew-gar-
dens, 116.5 feet.

Gun-wharf of
Woolwich-warren,
and upper ftory of<
Shooter’s-hill inn,

444 fect,

”~

LauZe Lo x

AM.

Sept. 2. 10" 1§’
YR

1773, Dec. 20. 1t
22/ P.M. mecan of
6 obfervations with
3 barometers,

1774. Apr. 27. 4%y

P.M. mean of 4 obf. |

Apr.27. 6" 30" P.M.
mean of 2 obf. }

Apr. 28. 5" AM.
mean of 5 obf }

20.204
28.918

29.351
20.226

29.762
29.282

29.773
20.302

29.803

20.330

vag

.60

60

Bt
—0g1

—o89

§81|—084

493/—052

49%

—052

§73—082
563—077

54

—o72

55%—074

4431—041

483

-y

20.540

20.205
23.834

29.299
29.174

29.680
29.20§

29.701
29.228

29.764

29.283

| 334

bsss
} 111.4
Lz

}418.‘3

azas

''''''

I
41z

el
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3574 || - - |- - |[|r1028
356-1 Jl - - - - |usss
116.2 - - | —o.3|11184

4453 [y = =|-= = [11170

436-5 |4 438.9| —s.1 11219

4349 |} = =|= =0y
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N° II. Computations of barometrical obfervations made on heights ne
and N° III. of thofe near Lanark.

N° II. near Taybridge.

Geometrical heights | Date of theobferva. |- 5 ¢ | 83 |8 |22 | Za D=5 7 7
of the ftations in feet. | tions, winds, &ec. g :'.‘.é% E‘é‘f‘ E{E éf ‘:é; : g gg:é :%Q';gé f:{::-- Mean.
TR g e ame - | O o | R
ol o?a%g,g;?:gf*} s B3 mn o 6 o ety (= s 011y
cairn, 10761 fee )
Dtlt,;:g‘*f;:gﬁzcr:;‘i} R R S R e (2R B B )
Dgpéf%k““}w 14 A {0 B8 S8 [RAR | rooss | = S| et {|
Dhat llifc‘;?é’,imii‘é}}Julm7“s°’P-M~{231?2? S5 [Co6s [tar|frates [ 2 0T Y hsst ||
12793 feet .
?;:i?,iﬁéi:i’;l;r;‘zﬁ} July 11,70 BM. { 29848158 |00 120557 1 agmo {70021 8B 1Moy )
Schihallien, 20938 ft , v
Do, fiston, and |ty e 750" AM. {0308 K38 1702 8358 Vsneas| { T'T ) 55 Mot |
e | | il et ] [ PR T 1ler {|
Station in Glenmore ‘
3330?}?%‘1‘3“72‘.”“3{1"1Y”- B P {0 ok ransl) 7774 { 2 k| Sa e {|
T o far e iy netien on Joly 1%, by Mr. D2 10€) 51103 sons—s977 =108 02, ]

N° III. near Lanark.

[ 1774, Aug 20, 6* 29.7%6 621 |—o99 |29.67% |

29.383 1613 |—094 129.289

342.9 { —19.6 | 62

=57.1 | 62

29.956 643 |—107 |29.849

Avg.23. 3 8'P.M. 1|0 28 l65" |—106 29.457

{ J

Level of the Clyde { } 3445

. ihe fation Sept. 5. 8" AM {29.626 52§ |—067 l29.559 [

the garden, 3621 ' " 1]29-232 |50 |—060 l2g.172 } 3434

»fcet' S 29.864 |50 [—061 |29.803

ept. 7. 7" 47" AM. { 29.467 |51 |—062 |29.405 }

1|

(st s o)
{ J

L| Sept. 7. 9" A. M 351.8

29.872 1481 [—o55 |29.817 ]

and Stonebyre-hill 20.148 [46% |—o4s 29.10%

Jept. 7. 8% 15" A.M.
654 feet,

631.6|

-
P — PSP R — — —r— e,
"

{
{
3503 { 2548 | 42
{
{

Level of the Clyde,}



ats near Taybridge in Perththire;
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rature | 25§ Refult by the rule, | Error | £.45%
 air, »o of the |, '8 s
] e e Vralein| T ¥
623 { ;sj’;&} 7078 | = = |4 7.6 11249
583 {; ggg } 19755 - = j— 1. |11382
56 { -:I'__ ?&4 } 1244.4 alR 11384
sit {2817 }'1365-5 - = 4 1 |rragy
53% { :-_ ‘222 } 1279.7 = = 1= = |11396
523 { :txg;:s } 2091.3 = = |— 611554 |
| R I Y
46§ { L%’? }3252-5 = = [—29-511690 }
493 { ; ‘;26 } 810, | R 8.’8>1185I
X2.1 { __t_ ;i; } 3213.6 - =~ [—67.4
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-
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th o
(¢}

—— A — e R et

368.3 |
} ~ =|= = 11083
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o o
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} - =|=- = [10875

362 0
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-
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N
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Level of the Clyde,
and Stonebyre-hill }
654 feet,

Carmichael-well,

- and Weft-end of

Carmichael-hill,

451% feet,

Carmichael-well,
and top of Tinto,
four feet below the

. fummit of the

Cairn; 1642.5 ft.

Mean of the ebfervations on Tinto, with Mrs pE LUC’s equation |

for the air,

June 30. 1* 30" P.M.

Jept. 7. 8% 15" A.M.

(| July 30. 5% 40’ P.M.

l’lll’!“ to rain.

Aug.1. 11740’ A M,

{
5.W. wind, begm-}
{

July 30. 6% A.M.

Aug. 2. 8" 15" A.M.

Aug, 27, 11" 50
AM. S.W. wind.

Aug. 27 1“40’PM

hail,

{
{
{
s
{

Aug.27. 1" 50’ P.M, {

29.8%2
29.148

29.162
28.690

29.612
29.135

28.991
27.284

29 063
27-335

29.608
27.846

28.710
27.008

28.7_36
27.032

28.716

27.010

oy

483
463

56
543

583
6o.

-
61%

55%

513
46%

541
473

593
53%

602
53

58%

524

—O055
—045

—o0%6
—o71

—086

—093
—obg

—0b2
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—0¥2,
—048

—o08%
—-063

—090
—062

—083

—0b1
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h+ U+ I+ U+ 0+ U+ I+

I+

1+

652. | - =|—2.0 10946
| 443.8 - = =9

} } 11430
451.5 R
1646 9 - = | = ~ {11684

1640, » .
}- - == ~|11412

1642.%

J

¢ 1645.5 1+ 3.0
1642.6
1647.8 ¢ - —=| - = 11704
1'652.8) J
1
18135 - = |—29.
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N° IV. Computations of barometrical obfervations on heights n

284 |sE |24 |E8 o8 [g.8.84 | Temperature
§E5 | |55 T3 E& Y 8§ | of theair
Geometrical heights | Date of the obfer- 5 _d; g g ‘gé .Ef: e 'éf 3%).,_‘;.5 P —
of the ftations in feet. | vations, winds, &c. EESE g |5 | €2, g”'é' £S5 §8 | Part- Mean
B9&e|p®| zss | g% 8 o Qw50 lar .
() & Rad | K ‘ [ 4 - 8& & | Cular.
1774, Aug. 12. §"(30.086 |52°%|—067 |30.019 | [ —18.2ft. 50°% o
7 20 A%M. } 20.704 492% —058 [29.646 } 325-8 1=% |49 * }50 {
LexthPxer-head and } |Aug. 15, 6" 45 129.568 | 553|—075 129.493 ) —20.4 154 1|,z
Calton-lnll,34.4.feet. AM. }29.197 533|—068 [29.129 } 3236 {:60,3 541 S P4 {
Aug.15.00 15'P.M. | [29.625 | 56%|—078 [29.547 |1 [ —24.9 |54
L|S.W. wind and rain, } 29.282 53‘% —068 |2g.214 (S 3'191|] =78, |54% } 543 {
Leith Pier-head, and § [Aug. 15.5" 15 A.M. | |29.567 | §5%|—0°75 29 492 —41. |54 N
top of Arthurs} S.W. wind and ram.} 23.704 §513l—o062 |28.642 } 762. { =53.8 |50% } 523 {
Seat, 803 feet. =
Leith Pier-head, and } {Sept. 15. 10" 30’ 7129.953 | §73|—084 |29.869 |} —71.5 (543
Knrk Yetton call‘l’l,} AM. S.W. wind, }28.291 52%' —063 [28.228 | 1472.5 { =48.6 |47% }51 {
1544 feet.
iCalton-hnll andKirk= [Sept. 15. 1* 15'P.M. 29.561 | 633—100 |20.461 —63.8 |[56% . Il
Yetton cairn, 1200} S.W, wind, { 28.272 544 —068 |28.204 } 1136.2 =56.2 [48% } 523 {
feet. .
({1974, Dec. 1. 27 45’ 129.565| 35 |—o010 [20.555 — 09 (33 .
Level of Hawk-hill ’ P.M. 28.770| 32 |— — |28.770 } 70L.5 {_—_ 1.3 (393 }31% { ‘
ftudy, and bottom
of Small-rock, 74 [129.494 | 20}|4+038 |29.532 +20.5 |20} : Jb
ft. below the top 0‘1 Dec. 10. 9“46'A-M'{ 28.087 | 20f|+037 |28.724 } 722.9 {:28.3 201 } 203 {
Arthur’sSeat,702.4 |
feet. - ’ 1775, Jan. 26, 1b 3.490 261+ 018 |29.508 } ” +21.1 |26 }2 1 {
L 35’ P.M. } 28.674.| 244|+026 [28.700 7 35 =29. (23 4
(|Nov. 10. 11" 30" 1[29.959| 38 |—020 |29.939 — 6.8 (363
AM. }29.177 34 |—006 [29.171 } 67721\ =10, |34 }35% {
Bafe of Hawk-hill | . '

d 19, gh20’ A M. J [29:543 | 333|=004 129-539 . —_— |32 s 4f
ggﬁ(r)mtorgf, 1?164 Nov.17.9"30'AM { 28.769 | 30 4005 |28.774 } 683.8 { — |29% } 3% {
Small-rock on _

, 1776, Jan 31. 10"7[30.009 | 153|+056 30.065. +27.7 |14 :
f.::gmrsseat’bs"' 45" AM. }29.229 24 |+026 |20.225 } 71T\ =39. |20 }’7 {
30.157 | 10k|—125 [30.032 —55.2 |60 r
 [Tulyas.ah20 P.ML {18057 4008 50058 1) 6a8.8 | { T52 169 Hess {
g 1775 Dec. 27 11b [ 129.807 | 03|+004 [29.811 : — 4.9 |29} :
: {2905 | Toi| voor fabionn |} 7259|{= &7 B3t Jot {

Hawk-hill garden- 798| 353|—o013 (29.765 . — |352
door, and bottom Dec. 27, 8h4°'A‘M’{ %945 33 |—o03 23.942 } 7306 { — 32‘-‘;L }34% {

of the rock on Ar-
thur’s Seat, 730.8 | [1776, Feb 1.9 30" 1|29.883| 283|+or1 {29.894 +14.6 |24% : [}
feet. ’ } 29.032 | 26%|+019 |29.051 } 7454 ‘{ =19.6 |26% }‘25?{ {
h 30.135| 753|—141 |29.994 —50.4 723 ;.3

|Avg-3- 2" 20 ML {20238 | T2, Loozat |} 6304[{ =50 (6o 17t {

]
]
—



ghts near Edinburgh.

serature | ££:2 Refult by the rule, |[Errorof] 2 4%

leair, | »o= f.he rule 5 B

e | 58 L | —— , [in feet. 0‘3:

Mean. §§ iz Paf;:fu' Mean, ;2'"; g
o [|tis ) IR S

50 { :1??3f. 341.1 11037

543 { zf‘;s 341.1 )¢ 3395 —45

: ' - =|= = |11761

+54.

sab {58, 1) 3363 )

51 :ggz 1541.7 - =~ | —2.311249

seb (250 hese | - -] =48l
3 7
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17 ;2?2 686.7 = —|= ~ o184}
}\68% {:ggz 6870 |J - =|=~= =|r1416
| :
291 {; ZZ 721.8 |y = -~ | = - lioyoy
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([ 322 R[S 38] Sy g2t [} St {55 65" Jhrst

1776, Feb. 1. %45.4 39%7—25°.5=14%2 % 2.1 1|
In thefe two laft obfervations Mr. DE Luc’s equation | 7 {
for the air being fubftituted,

Aug. 3. 680.4 %0°%9-—39°%7=31°% x2.I {




73 {
x2.1 |

xé.x{

T vy,

=68.

—29.8
:22.2

+65.1
=443

748.4 |J

723.2

724.7

- = 11286

—6.1

N° V.
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N° V. Computations of barometrical obfervations made on heig

and N° VI. of thofe near Carnarvon in North Wal

N° V. near Linhoufe.

285 lwg|E4 |24 @& 1222 41 Temperature
: Pey ledlgs 1T E& | Lw2& | oftheair

Geometrical heights | Date of the obferva- :.;:. §~§ §'§ s | <% = E - - B S

ofthe faions n fecr | Gons, winds, &e. (EESE) B2 95\ T2 | Bm | BEEE o)

geRE|Stl gEa 1838 | 38 | 3582 |cular |

. - [ Nov 11. 8" 216 | 32°) —— |29.216 +7.6 ft.| 32° o
Linhouf and Haft- {1775 Nov 11. 8"7129.210] 3 9 1184.2 ; 32° 1 ooz J

;?ir?\uhﬂ?:] 5 feet A.M.calm andclear. | [|27.912| 30 -!»006 27.918 } 4 {: =129 13 21

below the {ummit, 28 ;

- T Q41| 32 | —— 128 941 + 15.3] 32

1176.6 feet. | Nov. 15. noon. {27.632 27 |+o15 127.647 }1!919 { = 128 26 }29

. . . . 17. 2" 7{28.990| 3144001 |28.991 + 9.2 30%
Linhoufe, and Eaft- 1776, Dec. 17. 2" 7 128.990 | 313 o) 9 1174.8 f__ ¥4 L1h61

cairn hill, 18 fect P.M. }27.688 24 |+025 |27.713 } L= 79|22 } 8

below the top, ] .

11656 feet. Subftituting Mr. DE LUC’s equation for the air, —_ 39°7—26°%1=13°6 % 2.1
Linhoufe,and Weft- 4 1775, Dec. 1. 1"]|29.250] 49 |—055 |29.195 — 53.2] 48°1] 40z
cairn hill, 11 f. bc} i1 igh S.W. tht.oos| 45 |—oas [arg01| ] 128:3|{ = 335 A [[46%
lowthctop 1178 4ft wind, fog “above.

Linhoufe, and Cor-+ {Dec. 8. 1* P.M. }g9.686 41 |—029 |29.657 3rgr | — 6.8 40 } N
fton hill, 4 feet be—} clear and windy. {[29.521| 39 |—023 |29.288 } 9 {:: 18. | 39 |39%
low the top, 380.5 ft. . .

Corfton hill, andy {1776, Dec. 16" 117 |28.580| 343|—00g |28.571 103.6| 1 + 1.6} 34} } 321
{Wett-cairn hill, 792} AM.highN.wind, }27.714 32 | ——— 127.714 } 93 1= 2 |30 8
feet. clear weather. .

Corflon hill, and ch. 17. 1 AM.q[28.574] 32 | — |28.574 77944 + 28| 31 }27_,_
Eaft cairnhill,776.6} light W. wind. } 27.710} 2§ 14022 127.732 } . {-_; 3.6| 232 S
{Cct. -

. Nov. 20. 1* P.M. [27.992 | 35 |—009 [27.983 — 9.5] 33
[““h°3“{°’ ;%d (fbr'! foow. had fallen,}27.58z 33 |—003 |27.579 } 379 {: 28.2] 33 }33
fton hill, 388.5 et} high W. wind,

N° VI. near Carnarvon.
r17%5, Aug. 4. 1" 7’ Y 129.693] 621|—098 l29.595 —i122.2] 62}
P-M. rain above,} 27,914 54.2 —066 |27.148 }224‘8'8 {-l— 544 512} 563 {
clear below.
Aug. 8. o 7’ P.M.1[30.036 | 68 [—118 |29.918 —194.7| 682
Carnarvon Quay, | S. wmd and hazy} 27.543| §7 |—075 [27.468 }2226‘3 {: 6s. 564} 623 {
and Moel Eilio,2371 4 weathser abovei,l»vI ' gor ] :
feet, Aug 2y’ .1 {30.027 | 693}—122 |29.905 —142.71 69% £
S.” wind, weather J{REE s8—o7g [yqet |} 22283 {= 9 {lest {
fomethma clearer, _ »

( Subftituting Mr. DE LuC’s equation for the air, 22311 60°.8—39°.7 =21%1 X 2.1 {
[ Aug. 7. 6 7 A.M. {30 154 563|—o081 |30.073]) 33776 {-r77-4 56—3-} 502 {

8 26.462 | 473(—o45 [26.417 | | = s2.5| 455 [[59%

30,165 | 60 |—o092 [30.073|7 —178.4| 60 _
Avg. 7. 9" 7' A'M'{ 26,468 | 49%}—o050 26 41 } 3376.6 { = 52.8| 47% } 53% {

w. oh ot P.M. [ [39-140| 6131007 30043 g | [ —191:0] 613 N
| | Aug. 7. a7 P.ML [[30 2401 LII007 132:043 11 33634 [{ T79°| SoF Msrz |

[ |

oy

..

1oL it

o

oL

-t

1



. heights near Linhoufe.

h Wales.
rature | £5:3 Refult by the rule, | Error {245
air, ESh: of the) 2.2
N e o LI 1
g4 &< | Particu- feet. {250
Mean, E; 2 2.8 lar. Mean. I ETEE
30°% { + iégéft } 1180. _
o 11813 [+ 4.7]1089¢ |
19 { ;’ %3 } 1182.6
263 {; ;2'4 } 1158.4 - =|— g2 109!0:
= 286
KZ.I{ —_ ;36 } 1141.2 - = l—24.4
41 | L3, Jpsber | = - sy o
8. ‘
08 {12 76g J| 386 | - == - fiors
325 {: 23} 7938 = = |+ 1.8|1077
75 {[Z 793 } 770 - - |— 6.5]r1068
22 ' i
33 { ’:'"__ 08} 379.8 - = |— 8.7111540
{
63 [+ 596 1o Jy - ofo - |
0z { =134 2382. ‘, 11594
123 { :Igg }2393.3 i}2391.8 +20.8
.1 |+ 76.8 j '
<2.1{ ':"__ ggg } - - 2330, |—4I.
. + 45.
103 { :;‘5‘5_6 }35302 N
- == = 11646 ]
3t {|2.523 Hassa !
P* U=1774 |
3551
ey + 61. :
7% {zzos- }v3568‘4‘| ‘




Aug. 7. o* 7/ P.M.

Aug. 7. 2* 7’ P.M.

Carnarvon Quay, fog abov .
‘fand Peak of Snow- ]

don, 3555 feet. Aug, l4.. 9" 7' fog

and rain,

{
{
Aug. 14.8" 7" AM. }
}

Aug. 14. 10" 7', {
Aug. 14. 1177, {

Aug. 14. 0" 7', {

Mr. pE Luc’s equation for the air,

& Ve v

30.140
26,488

30.144
20.478

29.984
26.271

29.978
26.279

29-972
26. 280

29974
26.280

29.976

26.282

L2 TR b
613|—097-
60%—083
62 |—ogg
534003
56i|—o80
423|—o031
58%l—o87
44 |—035
60 |—ogr1
44-2 ‘-'036
6131—o097
443—037
62%}—100
46%l—o42

ALl LA d
3° 043
30.045
26.415
260.240

29.891
26.244

29.881
20.244

29.877
26.243

29.876

Barometrical height of Snowdon from the mean of
L two days obfervations,

S—

26.405 |

29.904

26.240

Jossaal{ T S s {2
asss|{ 25| & Yoo {!
owsol{ 21433155 ot {:
Jassos | {1544 57 o |
asoeol{ 2752] ©, at {
sl [ 225052 s 1
s (27531 e |
Fason | {289 st {f
53°1—39°.7=13°%4 x 2.1=28.14 |=




~ L
N

3568.4
35513
35421
3541.

3544.6

3548.4

'13557-7

’)

N

3548.9

3474:2

0.1

'_80.8

11704

11643

11704

Compu-
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Com putations of part of Mr. DE LUC’s barometrical obfervations, anfwering to the

of the air.

Stations with their 45 fe |5 ;’é Eﬁ'é %dg%{g_ of the air, =
| 253882 258188 | 8% 18528 cular T Muced, | 2
[ IR R (e Sl v (552} esso|{ I st — {12
A R Vs R e rwend 4 NPTV o1 | RO B
Bl (T g ) e (20 ) e~ (2
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ey Y| peb o moon (0901 S0 Begiolt 2o |[ 2 13 4811 4ot sm {12
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‘0 the coldeft and hotteft temperatures

Refult by the rule, | Error

;é;: of the :é:‘
— 5.5“..‘3 A, — rule in :%: .';
.. | Ssfd | Particu- feet. |550 0
ed. E;e =32 lar. Mean. “elg
ST Y eeg (] - -] - -
1i= 3 oft } 299 ros98
23184 1.3
T 4 e ) - | fesss
— 56
) {: 2.6 401.1 - = |+ 4110732
. [1— 35 625.5 - -

{ - 3 625.5 + 1. |10876
(= 44 8 - == 2 |
{ S 773 2.9 10948
. {: 2:9 974_.0 BT B 3-2 11000

o [|— 14 60o. - - .

)L= 6.5 400.4 | + 3.4{100649
3 11 ‘;7 624.6 - = |= =-|1o814
A 334177 = |- -~ |ro9er

ol
il
Lo

979-7 = =+ 2.5(10049

Nim

Ao
b=t

1518, = = |+ 4711120

.
N

1929.2 = =+ 9.7|11306

v

2104.4 = = |+ 9.9i11241

wi

2374 2 = = |+17.911274

-
=

2493, - = |+ 6.7]11357

W
N

2934 - = |+12, {12541

J
)
]
J
}
J
}
j
} 130 - = |+ 3.1|r1024
}
}
J
J
J
)
1

I i+ I |
-

w
Ni-

317173 [} - == - |12439



A

Hotteft of the ordinary obfervations on the higheft ftations.

2922,

15th,
3119.2

1oth.

2356.3.

11th,
2486.3

12th.
2752

13ths
28775

“

“

]

v

4 4 eivVie

July 15.2"P.M.

P.M.

July 15 3" 30

1760, July 20,
1ot ,15 AM,

’

]uly 20 3 15

july 20. ro" 45’

: July 20. 3"

July 20 x 1t 30’

,uly 20. 2“ 30'

July 20. noon.

July 20 " 45

{
|
{
{
{
* {lely
!
{
{
it

“JIIV

28.797
25.778

28.764
25778

28.775
26.499

28.731
26.460

28.769
26.366
26.327

28.758
26.100

28.720
26.006

28.747
25.977

28.720

25.091 |

iUy [25.945

—131 [28.666
I |—108 25.670‘
3|—1231 [28.633
a|—103 125.675
—121 [28.654
3j—117 [26.382

Ll—131 [28.600 ]
3l—118 [26.342

—121 28.648
3|—104 [26.262

3l—138 [28.588
3l~—116 [26.211

3|—126 |28.632
4|—103 125.997
1l—138 [28.582
—110 [25.956
—126 [28.621
—103 (25.874

—131 [28.859
—105 |25.856

4

} 2876.5

} 2143,
} 2266.
} as6s.
}2s16.5
Fastea

} 2629.3

}2618.2

Méan of the hotteft,

oy

} 2841.4

} '2152.6

L= 9V

{2

ey

(=%

i

—221.3
= 971

—224.3
= 99.

{ —235.7
—240.8
= 957

{25

1= 94

gl 75

§ 77

75

77

74

77

| 75

5| 77

1

n+ I+

T+

I+ i+ I+

I+

I+




31773
31316
2372.2
2370.2.
2496.7
2501.7
2761.9
27774
2897.1

2895.7

L — [— () [S——

3154 4
2371.2

2499.2

2769.6

2896.4

+14.9

+12.9

+17.6

+189

-

12439

12603 -

12429

12468

12504

12548 |

| Compu— |
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Continuation of Mr. pE Luc’s barometrical ob{ervation

284 |wg)84 2 ‘é e LEEL 4 Temperature 24
Stations with their| 45 |2E|55 |§8 & S8 of the air, =8
weometrical heights|Date of the obfer- {5~ 88| 83|22 (22 | 28 [®&5a| o _f iz
n feet. vations. Akl g~§; feafiE, &2 §< g 8 | Parti- V| Re- §,§
geE2feE| ETE 1 Fs8 | ST [ S5e S cularn | “ldaced. 5
The Dole, by Siv 1764, ]uly 29. ([28.953{78°4|—145 [28.808 | —365ft ;710 o1 . |+ 2
FEORGE ;Ht{cx- ( 1" P.ML. { 24.951| 67 |- 095 |24.856 }3845. { = 62% } Tha) 10 { 233;
IURGH’s mealure- g g o g
aent, is above the | |July 29 " 30" [128.942| 733|—145 |28.797 —369. | 78% + 8¢
ake’ot Geneva { 24.940| 653 —0g0 [24.850 }3841. { =95 654} 713 70 { = 43!
R oft3 [176 July 8.698| 6 "
uc’s lowc:mo 1765, July 21. {(28.69 7 |—108 |28.590() , —a256. | 671 . + 6
arometer  was | 10" 30 AM. { 24.640| 593|—075 |24.565 }"954 {: 64.7 515} 593| s8 { =23
igher than the 6. L6 .
ike 83 ft. hence 1764, July 28.692| 71 j—121 [28.571 . —a75. | 73 o+
e vertical dif- I 8> A.M. {24.636 '57if—070 {24.566 }3935' {—- 70. | 56 } 64‘% 63 { =28,

nce of the baro-

eters, 4210 feet. L

17 57, ]unc 2,
\

N

0.0 6 |— .
Sosi0| 76 air Loaga|} 277 153 73

29,817 76 |—141

216.8

Jumi’.lz\/l 4% {30 .088| 824 —163 29.925 82 | 79

. 29.846| 843—169 |29.677
30.116{ 79 |—1352 |29.964

Light-houfe of junc 23. 9"}
{ A.M: 29.857| 75 [—138 [29.719

¢noa, 237.6 ft

[T D Sy

{ J
{ J
aras| [ 2,32 =} o [ 0
{ }
{ J

r—i—, oA re—A— —t— p—P—
i+
L
» O

{
1
Juneog. 5" 48’ []30.041| 79 |—152 |29.88¢ — 24.9| — + 10
{29 796| 79 |—150 [20.646 ] ***7|{ =117."| — 18175 3=,
]uly 26 1 [|30.021| 833|—166 |29.855 — 22.9| — +11
L {29'774 834 —164 29.610 214.7 107. | — 81 | 77 .
Mean | 76
[ |30.019 ,
| +or }77-—-146 29.944 [ — | = (1411
For the barometrical height of J 30-090 26 ‘ ! I
Turin above Genoa, 722.0 14 el —
Zoigl. ol | |
PO tral—ran frgragly 0 U — | =] (=8
 [29.266

For the barometrical height of Mr. [ |29 319 723|—129 |29.190 _— - e + o
DE Luc’s roomn above Turin, {28.831 _72§ —lzg 28.705 } 436.6 { - } ;72‘T — { ¥ 9

M. pE Luc’s room above Genoa, — —_—
Surface of the Lake of Geneva in fummer below Mr. pE Luc’s room,

Surface of the Lake of Geneva above the Mediterranean, —_—

By Mr. pE ruc’s rule the Lake is elevated above the Sea 1126 French, or 12¢

In the obfervations on the Dole, if Mr. DE Luc’s equation for the air is fubftituted inftead 28 66°.6—20°.7 =
of that refulting from the Britifh ebfervations, the barometrical height will be, } 5094 03977

Mr. pE T.A CATLT.ES barometrical Ob{ervations. Sent. 22, 17 1. at the (



vations.

25 Refult by the rule, | Error | 243
28z of thel, 2. 2
e A Jralein | Sw S |
- é,g £< | Particu- Me feet. 1520
8.2
[T s 1848
L :339.8".} ¢ 1
o = == = l12714
+ 2
4179.8
{ =338.3 } 9
) C 4194, |—16
.{_ le] — - - 1
{ =037 }4:91. } | 12520 |
+ 72.4 R '
Mean {12595
+ 103 . 3
{ e } 240.1
+ 108.
{1 ose || 0
04
{ .i_lzis } 237.1 | ¢ 238214 0.6]12672
06.5 - .
{ ;Izz.g } _235'3
+111.
{ = 238 } 238.5 )
lr+111.5 ]|
1 ¢l 803.2
l = 80.6 }

{12 9% }| 4198

= 43.2
1283.

‘room,  §3.3

—_ 1229.7

 —

1, or 1200 Englifh feet,

+ 56.5 _ Error,

—39°%.7=26°%9 X 2.1 { —220. =41 f4--—-96-0

t the Cane of Good Hope.



Mr. DE LA CAILLE’S barometrical Obfervations, Sept. 22, 1751, at the (

Eaft fignal on the 3
Jable-hill above} 3417 rl3o.174
| the fea, — —.173} L & . o .
Height of thie ob- } 14| |11t g0’ }66 —111 29.890 =211, | 66 + 6
| fervatory,  — Pl AN, 3 (300! 3192. 58 | — [
Vertical diftance I
of the bm‘omc-13403 U[26.502] 52/—0358 [26.444 = 60. | ¢0 =19
meters in feet, J —— ) '
Veft fignal abovc}3,468w 130,174 ,
the fea, — —-197 o —_—
cight of the ob-1 }66 131 (20.860 179- | 66 +6
ervatory; — 4 ! ot 30" ¢129.977 1 [
iatical  diftance , _ J l
" the barome- 3454 [126.377] s50|—053 |26.324] =3544. | 30 =20
Sy - J '
ith Mr. bk Mean g
’s Equation} 3426 — 3240 §8°—39°.7=18%3x 2.1{ + o }3364.4 - - - -
he air, =124-4

-



t the Cape of Good Hope.

+ 62.4
33912 - - |—11.811713

=1099.2

34942 | = = |440.2[11662 |

=205.2 J ' Mean {11687 {
- b [l - - - ‘-‘6206

Compu-
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Computations of barometrical obfefvations made on heights that have not bet

. .
geometrically.
LR . o . .

238 |sE|E2 | &% R Temperatare |} .25
.28 22| w35 . o ; ;
. ‘ SER |FE|&8 =8 g & of the air, 52
Date Stations of the baro- |3 _8¢|82| <2 - =.8 | se-
atCe ) g.?:',eﬁ 03- 82 —30 -5“ r—._—_:.../ﬁ—.-———_.,‘ gus:
- meters. ittt Eo |88y [§5, & Parti- . Bel

fuE8| S| 288 | 3w o= Mean.| 3§

gesElET LG | g°& -8 cular, CER

LS

Level of the fca at Inver-
gourie, and Belmont-
caftle.

[ Superior barometer, } 29.988
1
H
1

29,934
29-734

29.862
20653|} 1803

—108 |29 880
—og5 [28.879 } 887.9

gy

- 54° °
s4 5| 5%

il +

[
o 0
oo~y
- N
4
oc

W n
~

(o)}
W

{1773, July 8.

o
N

Top of Kinpurney- §[28.974 57 =63.
hill, ’

+-56.

Ditto. 30331 564—080 |30.251 } 908.9 |

1776, Sept. 12.

.
29.275 | §1 |—061. |29.214 57”} 53%

50 =350.

Caftle Menziés, 61

{

- 63 1] 60 {+71°
{
{

29.756 | 60%|—o09g2 |29 .64 +l74.
29.674 | 64%—104 29.570} 82 L 63 6.
65
50

Sept. 11. Top of Famqan, 29.794 | 633|—102 [29.692

+62.
si{|2: 37

+30.
45 { =11C

+3r1.
444 { =109

27.344 | 52il—062 [27.282 }2205‘8'

Sept. 17+ 25.830| 38 |—o17 [25.813

Top of Ben Lawcrs.{ 29.800/ 55 |05 [20.725 } 3677.

) . 30.000 | §55i—077 |29.92
Top of Ber More. { 26.148| 42 —029 zg.x Ig

| Top of Ben Gloe. {29'712 62 (—ogy |29.615 |

Sept. 12. 20.142 | 48 |—o41 |26.101

+67.

Sept. 3.
=14,

29.380| 58 [—083 |29.297

The inferior barometer at Belmont-caftle,

+ 84.

j
'r

Blair of Athol-lawn. { 29636 60 |—o0g1 120.545 } 219.6
} =383.

28.791| 66L|—108 |28.683

+64.

17735, Sept. 5.
=28,

1 af Ra 29.870| 62 |—098 |29.772
Hill of Balry.‘ {29.345 56 |—076 23.269 } 444.

(%)
00

Sept. 5. . +71.

=54

+ 50.
=3L

o
(o]
Nim

L
Quay at the new bridge L 29.560 | 553—077 [29.483 } 625.2

T 29.784| 62 |—o09% 129.68
Dunfinane-hill, {28.913 59 —-036 2%-82; } 766.
1774, Aug. 29 and
30. - mean of three

of Glafgow, and fration
obfervations,

28.850| 5231—066 [28.78
at Lanark. J 0| 5% 754
o » r|Freeport in the ifland of
1772 Au 6. 2 IﬂaI,) 19 feet' above the
fea, and fummit of the
South-pap of Jura, .
Hafniford in Iceland, at
the fea-thore, and fam- }

mit of Mount Hecla.

+66.
=152

30.224 | 67 |—114 (30.110
27.642| §7 |—076 |27.566 }2300'2

wn
o
Wi

1772, Sept 25 9" 43

24

+ 3
=16,

w
[J+)
N

{
{
{
{6}
{ )
1%}
{5}
3291.3 { ol 53%{ 5
{ ot}
{6}
{ 5]
{ }
{
{
{

29.859| 49 |—056 (29.803 ,
24.722 | 38 |—016 |24.706 }4886.8

{
1
{
{
{
{
{
{
{
Aug.22.  {[7 | Topof King’s'Seat;{ 29.904 | 68 |—116 [29.788
{
(|
X
{

n
(9%
Plw
[S——
wn
N
) . P




t been determined

Qo © W s
. izl Q
'5“5 g . -;.3,-;‘-3
52i; | S8 28
CEsg | 288 5S¢
[ @ O | Sagr
2w o - 55
200 S B £°gq
w , O.a v ©Qg NeY
LS H ey o] 512 e
Ne g_'uaa 5 5 g=E
ISRaR ;; m.‘!g
- —
+,’4ﬁ .
1o Ll 91,1 10%-
=9.3f,

H Yo |
MR
T38| 9s97| =i
+74- } 88.8| 281
X arta }[23486 | 29
+30 }3787- 42

13 g 1ls6s27| 53t

_ 3459-2| 24}

+67. .

Lo, H 2343 30
+84.3

+e } 1068. | 62
+64. } 4724_ N
=28.4 5% 42
+71.8 ) -
=543 } 820.8} 41
+500 1] 6 N
=313 } 656.5 222
+ 66.

g Feasas| 4
:122 } 4593 4| 76 -

.-—-'-—\'—*—-\f—-‘—\-—"-n;—/‘—\r-"-w




Ll mit of Mount Hecla.  j|
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Cemputations of Mr. BOUGUER's obfervations in Peru, fuppofing them to have be
mean temperature of the day, between the coldeft of the morning :

Stations of the baro- %’g‘. & ‘gi;l 24 £ g 2 g .98 Q.8
meters, with their |55 |E% |52 193 o8 E & 5 &
. . . <52 .12 - 1%}
‘Relative heights of the flations,| geometrical diftance |5 P gé E i: < - gl = 5 g
with refpeét to the South-fea, | 1n feet. g:&i ElEg| 525 155 go g g,yé gt,—o
o - > Q
geRse" FEE |42 | & < Q8 | a5
South-fea, 29.930 [343° |—169 |29.761 —9
15833 {Coragon, 16.808| 435|—o22 [16.786 | 23-27{ 14922 { =
| South-fea, — | 843 —— [29.461 —8y
. P i -35] 14685,
.Heights of the columns of 15564 {Plchmcha, 16.963| 443/—024 |16.939 23-35| 14685.61{ _ ¢

air, whofe bafes ftood at <
the fea, South-fea, 841078 [29.761

9374{%‘“0, ~ |21.403] 053] —— 21.325

25.54] 8683.5

I
(o)
o on

N
N
(V.3
-
i o
. P ,:| , . N ;. 3

South-fea —— | 841}—084 |29.761 —59
(| 7840 {Carabourc,au, 22,625 66 — 26.15] 72405 |1 — 8
- [ Coragon 15833 Carabourou, | —— | 66 —— |22.541 [ —31
aé Carabou;ou,, 7840} 7993 | Coragon, P — 43% — |16.786 19.661 7681.6 {_.___ 4
S«
2 Pichincha, 15564 Carabourou, | —— [ 661 mmem [22.541 » =2y
g-é Carabourc;u, 7840} 7724 {Pichincha, —_— 44.% — |16.939 1974 74451 { =3
EE: Coracon, 8 : 1 | 1 - ‘ —
ragon, 15833 Quito, — | 651 — [21.325 : [ —22
:é ‘§ P, Qnto, 9374} 459 {Coragon, ] 43% — 16.786 19-05 6236'5 L =3
58 | pors . |
- B Pichincha, 15564711 Quito — | 654 —— |21.325 —18
g f‘; Quito, 5 9374 } 6190 {11\’,}‘3}“ n, cl; a,h - ; — [16.930 } 19.13| 6000.1 —
ean of the : : —_—
"‘E% 5l four fuperior} I L R I T =
257 | Qui ’ ' columns, i J :
g'2-5 | Quito 9374 ‘Carabourou, | —— | 66%f —— [22.541 — &
ﬁ% LCarab,ourou, 7840} 1534 {Qxito, g ‘652 — |21.325 } 21.93| 1445. { -6



ave been made at: correfponding times, and in the

rming and hotteft of the.afternoon.

‘E?-E'gé 23 £58 -] B¢ |8 Ratio of the
% = 818G R it ~ . | weight of quick-
f’g s 2SS ce 5l ?: S .8 filver to air,
E8E8|s e 8835 =8 | .8
SORSIEE L] 352 | 22 | BT |
Q58S sE geE8 M Parucular Mean.
—ogr1 ft, ol + ’%{ »
{ = o } 64 {_____9 lor fi }15841 + 8.0 x4590}
‘ 14553
—878. 62.
| — go."'- } 641 {;9234 }15606. +42. | 14517
—688. +90. |1,
13120f
-—599 + g6.
{:533.5 } 75%{=638,§ } 7939-2|+99.2 12968
[—311.4 + 35-;2 _
{-_- 40.5 } 55 {=274.4 }795’2‘ 41 16623} i
105605
[ —278:9 + 365 -
{ = 37.3 } 552 { =271y }7716.8 7.2| 16507
[ —222.5 . + 33.2 o
{: 35.7 } 543 { =207.' } 6443.-5.. 15.5 17149} roms
—189. : .l
:133.2 } 55 {Izgi.j }6204.1 +14.1| 16893
s 55| - = =| = = |- -[16793
[ — 8g. [+ 61, _
v{~616 } 66 {____ 38, }1533 1. | 15089
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Triangles. Angles Sides

- Zhe Befe AD, situaied onaperfdts ot Flsiwas mesfird e in [0 5y ana BN | slowe] a7 1040 vy

| wmymaon‘a' 5W{m.ﬁaﬁmaa@o/_déamﬂa& and the bottom Jfor Bhe prolong - (/28| Mp 42.55. 25|'BC.... 4822

of Dinas Dinlle”, an ancernt Britgh Forty) or, on the Sea Shore . ation of the Bafe Hence|BF | 52.43 . 47

The hy%a/’bbfmwﬁal}blm'w use gf on thts occasion, was ascerlainil BC il Odsdl|VBC| 98 46. so) D1
bmafmﬁ@bﬁ,w&dwizawyﬁrm}g & Brening, nand dyjtance "{ch 30.8. z0 }N.c,___a’lz.,; Zo.
 before and after the operation of bhe Field . The two measurements agr- of'N from C. CNB|yz. 4.50 Me
ced bo withar Lfs than a Foot, and made tie lerigth of the Base — || ACD andDBC. (| .. ADAC 2. 27.50y . D,




Plulos

[0)

NN /
= 2Ny -

= //,4 K
LY TRIA
LTS\
i O

M
\

220l wfe
the Geometrica
of SNOWD O

wels 7z,

VOME TRICAL OQPERATIONS .

e Triangles Angles | ‘ Sides v Relative Heights I
’ " ‘ Feet.
Feet. 0?/."’ ‘EBA 7;. w. 20|) Feet. SajawB]’rganomeqsz{j 34.;.5- 2 U
482.2 | —|ABD| 3z.24.36 g Currature & Refraction . . .. bz.3 .
Height of the Tnflrument 4.6 || For e dlutude
I e 2 l 4 TN = ofp et mit t

DEBand DAE, 08/ |EDC| 86. 27. 5.|)DE..29529.6 SaboreB ... .. ... ... .|g560. 1 | Iy oD iy
51.2.5 ]brmmm_zy‘ +|CDB| o.90. 56 ‘ ]'”7'./50 - Cd&oﬂeBI}yﬂ.u“‘y7..3 ”;’0‘; »”0

Moel Edlzo from =IEDB| 86.58. 2 Alttude of |\ Zftrament...........4.0 | eSeaa 5
o N Darniz A DEB| 17 37 . o4 Snowdon CaboveB........ ..101.9 (arnarvorn .




Fhilos: Trans:-Vol LXVI. Tab XVII p.788.

P L AN

OF THE

TANGLE S

wle wfe gf for oblarning

ietrical Diftance ana Altitude |
\WD ON and MOEL FILIO
with sefpect to the Sea ar

"ARNARVON.
g/fz{qf/];&

Scale of Feet .

¢ 7000 2000 000 4000 S0 booo

Relative Heights

( EatoreDTrig” . ..........
s Gurvature & Refracton . .. .|
Wk Znflrumens .. ... .. ... L
Lidleo BaboreD ........ e
,and

Dabove tarnarvor Ouay - . - |
vas S Terticat diftance of Barom™ .
Onay above Neap Tide




LRE LeRG T Of (RELTON LNALL AL USC Gf 7L LNUS OCCATIONY, WAS ASCETlaunil
&y means of accurate Deal Rods, applied to it every Morning & Erening,
 before and afler the qperation of the Feeld . The two measurements agr-
ted lo withire lef than @ Foot, and made the lerigth of the Base —-
24076F. Tlhis Base AB, was aflerwards prolonged to C, the Iop of
Moﬂm &y mearny of thie side Base BY 411.7 sect . Thus the djffance
BC,Being 482.2 feet, the total Base A C amounts to14558.% feet.

N, High Watermark Neap Tide. D . a small Eninenice called. tie Di
902, T, G Toot HiZl ¢f Carnarvon. S , The Feak of Snowdon B, A
lazrn of Stones on Moel Eilzo . ..

| The Latitude of Girnarvon was found to be 53.9. 47, and the Va-
reaation of the Needle, By two deimuths of the Sur, laken on tie 23°%F
Augtas? Fand S 25 P M.21.18 55 weftarly.

TVee Hezght of Mocl Eeleo above Carnarvon Juay 2371 Fect, resuls-
.#ng from bie simplest opération on the Digod, the nearest potns to
the Hill, 7 to be preférred bo hat deduced fiom the Angles of Eleva -
lon taken frome A

of'N fFom C .
ACDandDBC, [
(07 the deflanceq
D70 AB and C;Z

B Coand djftanc »”51

andfor thednyles
CBD andBDC.

DSB forthe c{ylg
ance ofSnowdon
from B and D.

(

7 DCH

NBC
BCN
CNB
DAC
ADC
ACD

cBD
BDC
ABS
ABD
DBS
sDC
cDB
SDB

\248 .36 - 24

98.46. 50
30.8. zo
SL. q4.50
123.17 . 50
26.48.30
30 .53 . 40
30.53. 40

o.30.56
92.36. 15
32.24.56
1. 11. 39
J9.36 . 60

o.30.56
go.6. 46

DSB

}N.c._..a’lz..f

AD..17169.7
CD..279497

BC....482.2
}B D..27537.4

BS..47305.2
DS..50250.3

28.41.35

NB.7%e time not admitiing of any actwal Survey of the Znvi

Lo be consederd leeJ‘ hetch intended merely to convey a g



512.5

b9.7
7497

182.2
5374

85.2
2583

EDC
CDB
EDB
DE B
ADE
DAE
IDE A
CAT
ACT
ATC
.----C
...-8
---N
----8
-.-.E
----E

DEB and DAE, ﬂb/.’d
Lor the dglance o +
Moel Felzo from =
Dand A..
one?
CAT, for the af|
dtance of the { 2|
oot HL fromA.
Angles Lrom {
of Flevation Lrom...C Dep|.
and zﬁom..])“..{
Depref5eon
7 I'”mm..A..A.{

...T

22 . 175,

222. g .
29.56.
27.53.
. z24.
3.
20.34 -
347
4.75.
3. 24.

.39,

86. 27 .
g.30.
86.58 .
44.37 -

43.40
23.50 .

g
56

SDE. .29319.6

z
25|
35
203
44|
7
45
58
371
7
23
54
35
7
47

AF. . x9190. 2

% AT. 25430

of the Environs of Carnarvon &Snowdon to be made  the Plan only
convey @ general ldea of the nature of the (ountyy where tie Lraangles were fituaced.

l~Sa_h7wB .......
For the CaboveBIrygs......97.3
Alttude of {fnﬁmm i
Snowdon CaboveB........ ..101.9
CadoveN Treg/. . ....114. 3
aboveB andN {mem&J. W,
CaboveN . .........109.7
Hence BaboveN ........ ..
{ Snowdon above the Seaw at N
8 above D Trgg .. LR
o e |z
Allrtrde (f SaboveD. ... ...........]
Snowdorn Dasdove Norch.Angle of
above D and the |\| Garnarvor Ouay by Levell?
Sea at Curnarvon)| || Vertial djtance of the Baromeders
g Quay above Hipk Water Ndide
M| Snowdon above the Sea. . .. 3568, 4

3660. 1

7'. 8
35667.9

3336.7 ||

47:9
4.6

3309.1

106.3

3855 £
3.

e R R R R O R B RRRRREREEEEEE———————————

of Moel Liueo (

abore D, and
the Sea at
(arnarvorn .

e Sea at
larnarvon. .
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Puay aboveA . . ... seaaan
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Table, fhewing the equation to be applied to the obferved height of quickfilver in the barometer, from 135 to 31 inches; and for differences of

[ 687 1]

temperature extending to 1o02° of FAHRENHEIT : whereby the column is reduced to the height it would have ftood at in the temperature of 32°.

Obierved

E:;g.’;ﬁf wﬂ;?:?ﬁ?:gikhﬁ?ﬁm&mﬁf to the Esxpanfion above 32°; Equation to be fubtrafted from the height of the quickfilver in the Barometer.

Akt g Difl, | 12° Diff. | 22’ 2| 42 Diff, | 52° Diff. | 62° Diff. | 72° Diff, | 82° Difl. | g2° Diff. | 102°
31 136 1 |-o432 |-e704 o155 |.0340 1N ""E 0344 |1 [03739 |0685 17 | 0334 | 1017 0328 |.1345 [ [-0324 |.10bg [} |.2327 |.1gBO 0311 |.22G7
gof |[anB o425 |obgy D240 | 0344 M |e330 o333 [-0672 0328 |.1000 o323 |.1323 0319 |1642 0312 |.0954 0306 |.2260
30 |.1e99 o418 | 0681 0343 | 0338 ';_ 0333 o328 | 0661 0323 | 0584 o318 | 1302 0314 |-1616 o3eb |.1g22 o301 |.2213
agk |.1081 0411 | 0070 0338 |.0332 g |-o327 o323 |.0bso 0318 |.0g68 0312 |.12Bo 0300 |.158g oot |80 D106 |.2186
ag |.1ob3 o405 |.0bgE <331 0327 j?é-..n_gu o317 |0039 0312 | .og§1 2307 |28 0304 |.1562 Oagh | 1858 2191 |.2140
aftf |-1043 = o308 | obsy -+ 03abh |.0321 "E—EI:“ .¢31& i 0312 | obab 5 0307 |.0935 = 0302 |.1239 e 0198 |.1535 “ O2g1 |.1820 = Lalh |z o
28  |.1026 ?E oyg0 (0636 é 0331 0315 .§ = g o311 | p 20306 |obiy | »S].0301 | 0018 E 0297 [.1215 ..§ 0293 |.1508 | /2 |.0286 |.17g4 | &f.0281 [aa075 |1 5
27§ |.1008 “|.0384 | .0ba2g ‘| o314 |10 . ;: 0305 E o301 |obob g 0196 | ogoz 0291 |.1193 | 0288 |.1481 3 o281 |62 3 0276 |.2038 g
27 |-2990 | o377 |obig 0300 0704 E:'g 0300 0195 | 0595 Oz2g1 |.0886 o285 l.nin 01283 |.1454 0276 |.1730 0171 |.2001
26f |.o971 a3ye |-obox O30z o299 L2 T -0204 0100 |.0z84 0285 | -08b6g 0281 |.1150 £277 |.1427 0271 |.16g8 01686 |.1g64
26 |.c53 o363 |-0500 o297 |.0203 EE 028g o284 |2573 2180 |.0Bs53 0275 |.1128 0272 |.1400 o266 |.1666 o261 |.1927
25k o033 2355 12579 ci1g1 |.0287 f[—.‘ L2832 o179 |0562 ‘o175 |0817 o204 | 1100 o267 1373 0101 |.1634 ozgh |.18g0
ag agib | 0349 |.0567 () o285 |.o282 |4 :E o478 | 2273 | 0551 |J 22bg | o820 o365 |,1085 J  |.o261 1346 | 2256 |.1602 J x50 | 1853 |
24 of8e [ .I:I336 0544 [ 0273 |.0271 h_ 2 2|.0266 ) £0a63 |0529 7 0258 (0987 |] 0254 |.1041 ) 20252 |.1203 i 0245 |.1538 : o250 |.1758
a3 |.oB43 || 8|.0321 |-0522 || % |.0263 |.0259 || EE o255 || 2|.0252 |.o507 || 20248 0555 || %] 0243 |.0968 || &|.0241 [1239 | 2 cags |.1474 || §| 0230 |.1704 3
az  |.eBoy 'E: o408 |.0399 §' D25t |02yl :.E ;E 0244 § 0241 | 0485 'E 0237 |.0722 }E 0232 |.0954 *ﬁ 2231 [.1185 ?E”'ﬁ 0215 |.1410 h"ﬁ 0120 |.1630 'E':“
21 750 i 0204 (0470 | | o239 (0237 |) "|& |.o233 1) "|.o230 |.04b3 |] |.o2ab .-u:.ﬁ-‘ﬂq ] 4 0222 |.0g11 | 10020 | 131 ] .oarg [.1346 |J |.o210 | 1556
20 0713 }“r;ﬁ o280 | 0453 |7 +|.0228 |.0218 }EE 0211 }E 0220 |.Od4a }E o215 {0656 | #0211 |.0867 }5 0210 |.1077 }ﬁ- 0204|1281 }g 0201 |. 1482 }9":
15 |o550 |) 6)oarn |o339 }5. o170 |16y |J 82 |.cu66 |J 80165 o331 | 8| o161 |.o492 [J 5|.0158 |.obso |) 8).0158 | 0808 ) 3|.c153 |.09b1 |J G].e150 |111a Ea“l

SECTION
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TABLE 11. Refults of experiments on the expanfion of air of the denfity of five-fixths of the
common atmofphere; and of others on air that was extremely rare, being only preflfed with

about one-fifth of an atmofphere:

|Height |[nches [Denfity] Total expas- ['ican rat Expanfion for intermediate temperatures,
of the| of ‘min fion of 1922 | for each
N* [barom. [quick- |inches, TEbrF:“n, degree, || Fomo | 32° [+% 72° gz* 133" 172"
Iver. to32% | twega® | o72® | wwo2* |wirz2® | to1ye* | w 212°
r 0| 20851 —5.44| 2441 | 495455 | 2.33705] — @ —— Not oblerved, :
2 | 2g.76—3.05| 2b6.71| 504.340 | 2.37896 ] 2.27190| 2.41666] 2.64060| 2.55200| 2.40040| 2.31850] 2.20748
3 | 2079 1—2.53] 20.26| 47032 | 221849 1.00437| 248150 2.63150)] 2.50650| 2.15050| 2.12000] 2.30925
4 | 3009 |—5-43| 24.66] 4b6g9.07 | 221250 2.32688 | 2.53450| 2.66250| 2.24800| 2.25425| 205325 1.83523
& 5 | 29931l—g.b3] 20.35| 479-20 | 2.26038) 2.14752| 2.49500| 2.50850| 2.24700] 2a5g950| 221375 2. 11850
G
s 4 Mean, 25071 483077 | 228140 2.16266] 2.48191| 2.63327| 2.41087| 2.28116] 2.17637 | 2.0076z
=
= Difference of temperature. |Total ex- | Mean
panfion, | rate.
e Philoct 1 . on ﬂgi from .ﬁ&i to 162 a44.604 | 218510
6 4 Experiment in a heated room in Philpet lare, February 235, bare-
) meter 30,703 — 4.82=25.21 the denfity of the n.ir,ur - 51% 48} 100 £2B.301 | 245204
bz iog 16z | nifagg | ngobeo
[In Philpot lane; tube with a fmall bore; barometer e3—23.2= on 113§ from 48§ to 162 138.75 123247
- 6.77 the denfity. The air had been heaved red-hot in the bulb I3 48F 101 71.93 | 141039
T4 before it was fealed, — — -
6o} rarf 163 66.82 | 1.10446
*The cxpanfion for 212% at ths mean rate, would be — — e = 259-104
r ron 212 —_ - 339487 | 1.558q0
i 32 above zero. 44-574 | 1.39204
:.IE 8 In Pultency fireet, February 28th; with the fame manometer that 20 from 32 0 g2 g7 971 | 1.883¢5
4%  had been ufed in the fame iment in Philpot lane, barometer 4 8 s ; 84
ER 30.08—23.2=6.88 the denfiry of the air, - - s 13 39 754 | T30
§ 6o 132 192 g4.504 | 1.58007
7] L T 192 212 13-554 | 0.67770
[ [on 180 from 32 to 212 141.50; | © 78513
20 32 52 17 845 | o 8g223
a0 £+ Fk 25.043 | L2gyis
20 72 92 20,911 | 1.04550
[ﬂ?ﬂfﬂﬂjﬂ.‘lﬂ‘t April 1gth; tube with a Ia bore, barometer 20 g2 113 14937 | o.7408¢
| 9  29.8—24.08=5.72 the denfity of the air, which had been heated 4 S s gt
red-hot in the bulb before it was fealed, - = e a A3 ool b
0 132 152 14151 | 070755
20 152 172 14.150 | ©.j0750
20 172 192 12.204 | 0.b1320
20 gz 212 7.075 | ©.35375
| The Expanfion for 212* at the mean rate would be, —_ - — — 166,660
Mean of the three means; denfity 6,46, expanfion for 212% — — —_ 2g2.104 | 1.18g17

TABLE




[ 7e5 1

-TABLE Iv. Refults of experiments on the expanfion of air, artificially moiftened, by the admiffion of fteam, and fometimes water, into the bulb

of the manometer.

Height | Inches of|Denfity [Totalexpanfion] Mean rate Expanfion for intermediate temperatures,
of the fpuickfiver| in | of 'ﬁ el for each
N°|barom. |confining finches, | P70 ™ *F degree. from zero 9" §2° z* g2” 112° 132" 152" 172° 192°
the air, to 32* o g5a° to 7a° we"s | torrz’. | te 132’ to 152°% to 172° o 192° to 212”
r1 | 30ab| 4.6 | 31.76 2.050375 | 260700 gozbso | 3.38050 | 418300 | 6.48000 | 867750 | 11.93000 | 1685050
Firft fer: feam ad- | 2 | 2997 +22 | 32.17| 1400.04 b.6464% 2.10250 2.50250 2.90g 50 367650 5.16700 6.93300 | 1017500 | 1864200 | 1657850 B.agg00
Eill';:d nte the | 3| 30.00| 422 | 32.20| 1350.10 | 6.36840 2.26875 | 2.59100 304920 | 377550 | 43bgoo | 7.6ogoo | Bg4go00 | 10.42050 | 1192200 | 11.6goco
r;:ﬂb::t‘m It 4 | 3943 “+1.92] 32.35 220878 251450 2.74700 325500 | 3.73700 so1350 | g 18ggo | 1n.57550 | 25.58650
5| 302 +16 | 31.80| 1g69.71 0.43259 2.361895 | 2.51300 a2.gb4oe | 384750 | s5.96100 7-1450 | 12.29850 | 16.09750 | 1929580 | 25.23550
L6 | 30.32| +2.37] 32.69| 25766 | 1215169 2.16250 2.§5350 3.11600 2.72300 & g3bo0 283900 | 12.74100 | 16 74600 | 27.84350 | 4525000
1.;Hl fett :ddl?p:lf 7| 32 +1.3 | 350 113548 5.35004 1.221504 2.74450 2.00500 347750 | 5.41900 b.10650 7.08850 B.58950 | 1oug3boo | 498600
ter admitt
:-::m:: bulb before 1 3 | 3296| +32 | 33.26 254002 | 2.63350 z.8c850 | 378700 | 4boys0 Tube broken,
it was fealed. gl 32 416 | 3r9a| 153891 | g.a5618 202156 | 2.54250 322500 [ 3.bz00 | g4rjeo | Guygago | g.r4350 | 971100 | 1375550 | 1993270
Mean; 32.18| 166813 | 7.86854 222799 | 2-58800 z.97228 | 3.63104 | 4ugroyz | 6.865¢0 | 980494 | 12.04087 | 17.88344 | 10.22470
can of the fecond, thind, and feventh, 31.46| 1398,30 burzgba 2.23239 2.64267 295450 | 3.D4317 498500 b.90150 g.ozsla g.88700 | 13.14550 | B.31000
Mean of the fifth, fixth, and ninth, 32.14| 203806 | 9.61349 || 2.1B1g8 | 2.53633 | 300067 | 377850 | 559033 | 7.27533 [ 1139500 | 14.38483 | 2029800 | 3013040
By N® 1. the total expanfion for 192° is 1208,72, whence the mean rate is 629542,
4 = — 192" 1367.08, e —- 7.12008.
8 = — 112° 358,03 - - 315660,

From
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Table fhewing the equation depending on the temperature of the column of air, and its elevation above the fea, as denoted by the mean height of quickfilver in the
inferior and {fuperior barometers.

'3 : ; i > : i R di.
E"&‘ > Mean equated height of quickfilver in the inferior and fuperior barometers. Equation in thoulandth parts of the logarithmie altitade, ?::_Ltﬁ:,i [:,.I
EEE . whaol d
= 525 Inches 19 0 | =2t 22 23 24 25 26 264 a7 274 28 28§ 29 2g} 30 308 half ?mﬂ,_
H 1.38 :
gz* ﬁ iﬂg.gﬁq —= [95.450 [101.548 J107.640| — |113.733|110.825)125.018 | — 132,010 — [135.057) — |138.103 | — |14n.149 | — |144-105 | — |r47.242] = |150.288 | — [rg55.334| — [156.581| — 15g.429] — b.op25 ‘5
= 1 1.73 2.03 2.13 218 2.3 2.27 2.32 2.37 2.42 2,47 2.52 2,57 3-o4b25 |=
a3 w (74067 fo.078| 85189 90.5300] — | 95.411 100522 (105633 | — [110.944 | — |113.29g9| — |115.855]| — |r1B.411| — 120,966 — |123.522| — |12b0y7| — 12B.632] — (131188 — 133.743| — {5*“1 =
B 1.50 2.10 221 2,26 2.31 2. 36 341 .40 2. 51 2.56 261 2.66| L 25555 |=
72 | £ [60.028 64.120| 68.213] 72.305| —| 76.398| Bo.491 | B4.583 | — | 88675 — | 9o.722| — | 92.708| — | 94.B14| — | 96860 ~ | 9Bgoy| — licogsz| — |1o2.g999| — [105.047] — |107 093] — {1"'-"?{'-"5“ ﬂ
5 183 2.14 225 2.30 2.35 245 2.51 2,56 |2.61 2.66 2 gu |} 204025 1T
62 | & 44818 47.873| §0.928| 53.983| — | 57.039( bo.094| 63.150| — | Gb.zog| — | 67.733| — | Gg.2b1| — | 70389 | — [ 72.316] — | 73844 ] — | 75-372| — | 76.900| = | 78.427| — | 70.054| — |{ 39535 @
v 1.87 2.18 2,29 2,34 2.39 2,45 l2.50 2.55 260 2 66 2,91 2,061 1-52775 1
52 | S [9.335| — |31.335 | 33-335 | 35-355| — | 37-335| 39-335| 41335 | — | 43335| — | 44-335| — | 45335 | — | 46335 — | 4n.335| — | 48335 — | 49.335| — | s0-335] — | s1.335] — | s2.335] — |{ 2:9%000}3
a i.Bo 2.10 2.21 2.26 1.31 2.36 2.41 2.46 2.41 2. 56 a1 2,66 l.ﬂgmm 2]
42 | 2 14304 15.376| 10.358 | 17.340) — | 18.321| 19.303| 20284 | — | 2n.266| — il.?_ﬂ!-— 22.248| — | 22.7139| — | 23220 | — | 23720 — | ag211| = | 2g.902| = | 25.193| — | 25.684] — {u.g tﬁai:%
= 173 i.ﬂ_E_ 2,13 2.18 2.21 .27 2.32 .37 342 .47 2.52 2.87 X
32 When the mean temperature of the column of air to be meafured is at 32° the differences of the logarithms give the real height in fathoms and 1oooth parts.
-39 by L.g§ 2.05 .09 2. 14 .19 2.24 z.28 2.33 2.3% 242 2:47
23 £;§ 13852 — 14796 15.741 | 16,685 — | 17.630] 18.575] 19.519| — | 20.463] — | 20936 — | 20.408| — | 21.880| — | 22.353| — | 22825| — | az.297| — | 23 769| — | 24.242| — | 24.724] — {M?“g !
% 1.60 . 1.97 .01 2,06 2.10 205 1.19 24 2.28 1.33 2.37 grg;H-g
2 ﬁf a7.162| — 2g.014 | 30.866| 32718 — | 34 g6g) 36.421| 3B273] — | sour25| — | 41051 | — | 41976 — | 42.902] — | 43.828| — | 44754 — | 45,680 — | 46.606] — | 47.532| — | 48.453| — {]-gsféi 5
- 1y 1 =1

I. Compu-
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N? I. Computations of barometrical obfervations made on heights in and near London.

]

35 |wi| $4 - g |2EE Temperature | 532 Refult by tre rule, |[Errorof] 2.4
wcal heigh Date of the obfer Ed Eﬁ £ %E E"E g#ﬂ%g. of the air, :E% 4 ﬂierrulc.s'ia-
Geometnical heighs te the obfer- fy', ig EE T .8 ':E'“E ] §5 L | Jfin fest o3 g
fof the ftations in feet. | vations, winds, &c. l:--‘-_;E Ex B¢ r.';E g o Eg Parti- Mean 'EAE-:E_‘; Partica- Mezn H‘;’E
w BB\ &S| FEE | 5k ET‘E 3 k= 9| cular, | lar. ] -Iq,'}-
::mﬂﬂt “i:r 29.659 | 33"|—och 20.653 4 2.6ft,(32°¢ o [|+3%
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and N° III. of thofe near Lanark.
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N° IV. Computations of barometrical obfervations on heights near Edinburg
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N* V. Computations of barometrical obfervations made on heights near Linhoufe.

and N® VI. of thofe near Carnarvon in North Wales,
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