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L 'The Barometrical Method of meafuring the Height

of Mountains, with two new Tables [hewing the

Height of the Atmofphere at given Altitudes of

Mercury.  Extralted chiefly from the Obfervas
tions of John James Scheuchzer, M. D. Pro-
feffor of Mathematicks at Zutic, and a Member
of the Imperial, and Royal Societies of London
and Pruffia, By J. G. Scheuchzer, M. D.
F. R. S. & Coll. Med. Lond. Lic.

HE Height of Mountains, and their Elevation

above the Level of the Sea, hath been at all
Times thought worthy the Attention of inquifitive
Philofophers. We find in Pliny *, that Dicearchus,
one of the old Geographers, a Dilciple of Ariffotle,
and, as Pliny himlelf ftiles him, a Man of great Learn-
ing, had by particular Order of fome Princes meafured
the Heights of feveral Mountains, and that the higheft
of them, Mount Pelins in Theffalia, was found by
his Obfervations 1250 Paces high perpendicularly.
Cleomedes allo, 2 Grecian Aftronomer and Geographer,
who lived fometime before our Saviour’s Nativity, af-
ferts ¥, that the higheft Mountain cannot be above 15
Stadia, or 9375 Roman Feet high.

But Plutarch t fixes the perpendicular Height of
the higheft Mountains, as alfo the greateft Depth of
the Sea, only to 10 Stadia, or 6250 Roman Feet. It
will appear by the Sequel of this Paper, that the

* Hift, Nat, L. xi. ¢, 65, T Cyclice Theor, Cap, x, 3 In vita Aemilij.
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Height of Mountains, as determined by thefe early
Writers, doth not fo very much deviate from Truth, as
one would be apt to fufpe& from the infant State of
Arts and Sciences in thofe Times. Particularly the 14
Stadia of Cleomedes, which make out 9375 Roman,
or 10,214 Paris Feet, will be found by the following
Obfervations to come very near the Height of the Moun-
tains of Swifferland, which, although the higheft of
Europe, do not rife above 10,000 Paris Feet above
the Level of the Sea; and it may feem furprizing,
that fubfequent Writers, even fuch as were otherwife
deeply skill’d in mathematical Learning, have run them
up to an extravagant, and altogether unnatural Height,
At firft, it is not improbable, they went only upon
bare Conje&ures; but afterwards, when Geometry
came to be more and more improved, Quadrants, Semi-
circles, and other Geometrical Inftruments were call’¢
in Ufe, by the Means of which, and by a Trigonome-
trical Calculation, the Heights of Places could be de-
termined in a more fatisfatory Manner. And yer,
however true the Principles be, upon which this Me-
thod is founded, however nice the Inftruments, and
however curious the Obferver, the Method itfelf muft
be owned, and hath been found by undoubted Experi-
ments, to fall far fhort of that Accuracy, which it
feems to promife ; and the more confiderable the Heights
are, the more uncertain it will be. For in the firft
Place, as the State of the Air is very different in dif-
ferent Seafons and different Weather, its Refraion alfo
becomes thereby greatly altered, which occafions the
Tops of Mountains to appear higher at fome Times
than they do at others, and at all Times higher than
they attually are. But befides, there is another In-
2 conveniency,
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conveniency, which whoever is acquainted with the
true State of mountainous Countries, muft needs be
fenfible of, and that is the extream Difficulty of meet-
ing at the Bettom of high Mountains with Plains large
enough for a proper horizontal Stand, or Bafis, to fuch
a Triangle, as an accurate and knowing Obferver
would think fatisfattory to determine a confiderable
Height, making even proper Allowances for the Air’s
Refraction. , ‘

Among the many Improvements in Natural Philo-
fophy, which are owing to the Toricellian Tube, one
of the moft confiderable Inventions of the laft Century,
it hath been thereby enriched with a new Method of
meafuring the refpective Heights of Places, and their
Elevation above the Level of the Sea; a Method,
which, although it muft be owned, that it hath not as
-yet, and perhaps, confidering the Inconftancy of the
Air, hardly ever will be brought to an abfolute De-
gree of Certainty, is yet in many Refpeds preferable
to the Trigonometrical one, as it hath alfo been found
by Experience to come nearer the Truth, and leads us,
by a new and fingular Scale, from the very Horizon of
the Sea to the Tops of the higheft Mountains, a Dis
ftance far beyond the Reach of Geometrical Inftruments,
This new Method is grounded upan that effential Qua<
lity of the Air, its Gravity or Preffure. As the Column
of Mercury in the Barometer is counterpoifed by a
Column of Air of equal Weight, fo whatever Caufes
will make the Air heavier or lighter, its Preflure will
be thereby increafed, or leffened, and confequently
the Mercury rife or fall.  Again the Air is more or
lefs condenfed, or expanded, in Proportion to the
Weight, -or Force, which prefles it: Hence it is, that

Cccca n
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in England, Holland, the maritime Provinces of France,
and in general all thofe Countries which border upon
the Sea, the Mercury ftands higheft, that the higher
you remove from the Sea into the midland Countries,
the lower the Mercury will defcend, becaufe the Air
alfo becomes more rarefied and lighter, and that upon
the Tops of the higheft Mountains it falls loweft, and
thefe Heights of the Mercury in different Places are
reciprocally, as the Expanfions of the Air. From thefe
Principles, fupported by a competent Number of Ob-
fervations, it hath been attempted by feveral learned
Men, to derive proper Tables, whereby the Height of
any Place may be determined, if the Height of the
Barometer be given, or the Height of the Barometer
determined from the given Altitude of the Place, and
likewife the Expanfions of the Air fettled, as they an-
{wer to every Inch, or Part of an Inch, in the Baro-
meter.

I pafs over the firft Experiment of this Kind, which
was made in the Year 1648 (but a few Years after the
Invention of the Torricellian Tube was made publick
in France by Father Merfénne) by Monfieur Perier,
according to the Direttions of the celebrated Monfieur
Pafial, his Brother-in-Law, upon the high Mountain
Puy de Domme, near Clermont in Auvergne, the
Height whereof was thereby determined.to soo French
Toifes, or 3000 Paris Feet. (See the Appendix to
M. Pafcals Trasté de ' Equilibre des Liqueurs *.)
Nor will my prefent Purpofe admit a particular Enu-
meration of thofe made fometime after, in 1661, 1665,
and 1666, by George Sinclair, Profeflor of Philofo-
phy in the Univerfity of Glg/gow, upon the Cathe-

* Pparis, 1663, 8vo, pag. 3177,
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dral of that Univerfity, upon feveral high Mountains
in Scotland, and likewife in fome Wells and Coal-pits,
a particular Account whereof he inferted in his Ars
magna gravitatis © levitatis *. 1 will only obferve,
that thefe Experiments of Siuclair, as well as that of
Monfieur Perier, were intended not fo much to lay
the Foundation of a Calculation, whereby to determine
the differing Heights of Places, as to prove the Gra-
vity and Preffure of the Air, a Problem very much
controverted at that Time, and to thew, that the {ame
is much more confiderable in Valleys than at the Top
of Mountains, and ftill greater in Proportion at the Bot-
tom of Wells, Mines, {&c.

But this Matter was purfued ftill farther by the
Members of the Royal Academy of Sciences at Paris,
particularly, when by Order of Lewis XIV, they
drew that expenfive Meridiarn 1.ine acrofs the whole
Kingdomw of France. M. Mariotte, a celebrated Mem-
ber of that Academy, was one of the firft that laid
down certain Rules for the Conftrucion of fuch Tables,
as might {erve to determine both the Elevation of Places
above the Level of the Sea from given Altitudes of
Mercury, and the Heights of the Air, an{wering to every
Line of Mercury in the Barometer, from 287/, where
the Mercury was fuppofed to ftand at a Medium pear
the Sea. The Principles he went upon, and the Me-
thod he followed, he difcourfed of at large, in his
Second Effay de la Nature de b Air.

Sometine after, in 1686, the ingenious Dr. Edmund
Halley went about another Caiculation, which he de-
rived partly from Principles agreeing with thofe of

* Roterodami, 1669, 420. pag, 129, 132, 134, 144, & feq.
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M. Mavriotte, partly from the {pecifick Weight of Air
and Mercury, which were found by Experiments to be
as I to 10,8003 Air being to Water as 1 to 800, and
Water to Mercury as 1 to x3 %, or very near it. If
fo, as the Column of Mercury in the Barometer is
counterpoifed by a Column of Air of equal Weight, a
Cylinder of Air of 10,800 Inches, or goo Feet will be
equal to one Inch of Mercury, and go Feet to % of an
Inch, or 75 to ; Part of it. The Height of the Air,
as it anfwers to one Inch of Mercury, being thus de-
termined, and the Expanfions of the Air being regipro-
cally as the Heights of Mercury, Dr. Halley, by the
Help of the Hyperbola and its Afymptotes, calculated
two Tables, one fhewing the Altitude to given Heights
of Mercury, the other the Heights of Mercury at given
Altitudes.  Thefe Tables, the firft that ever were cal--
culated, together with the Do&or’s whole Method of
proceeding, and an ingenious Attempt of his to difcover
the true Reafon of the Rife and Fall of Mercury upon
Change of Weather, were printed in the Philofophical
Tranfactions *, and the Tables themfelves were very
lately re-printed, with fome Obfervations upon them,
by Dr. Defaguliers .

In the Year 1703, when the Meridian Line, firt
begun by M. Picard in 1669, afterwards continued in
1683, was farther purfued, {feveral Obfervations of this
Kind were made, and the Heights of feveral confidera-
ble Mountains, particularly in the Southern Parts of
France, determined as well by Trigonometrical as Ba-
rometrical Obfervations. Monfieur Cz/fin: the Younger
took that Opportunity to compare thefe Obfervations

* N° 181, pag. 106; T Phil. Tranfaét, Ne° 386,
with
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with the Rules laid down by M. Mariotte *, in or-
der to which, and conform to the faid Rules, he cal-
culated two Tables, one thewing the Height of the At-
mofphere .,as it anfwers to every Line of Mercury in
the Barometer, the other determining the Height of the
Atmofphere above the Level of the Sea at given Alti-
tudes of Mercury. But having afterwards, upon Com-
parifon, found that the Obfervations made in 1703, did
not in the Main agree with the Rules of M. Mariotte,
and that the Heights of Places, as they appeared by
thofe Obfervations, exceeded, generally fpeaking, the
Numbers refulting from the Tables made by him ac.
cording to the faid Rules, he thought it neceffary to
calculate two new ones, wherein indeed the Refults
are confiderably greater than in the Tables framed ac-
cording to the Rules of M. Marzotte ; infomuch, that
for Inftance, a Place, where the Mercury falls to 22
Inches, rifes above the Level of the Sea, according to
dMariotte, 852 Toifes, or 5112 Paris Feet; and, ac-
cording to Caffins, 1158 Toifes, or 6948 Feet, which
makes a Difference of 1836 Paris Feet, or 306 [oifes.
Dr. Defaguliers, in his Diflertation concerning the Fi-
gure of the Earth +, hath already thewn how far the
Obfervations made by the Gentlemen, that drew the
Meridian acrofs the Kingdom of France, differ from
each other; infomuch, that there are not two in nine,
where the Number of Toifes, faid to correfpond to the
Heights of the Barometer, agree together; and that con-
fequently the Heights of Mountains, as determined by
thefe Obfervations, are little to be depended on.

Z‘"Memoires de I" Acad. Royale, 1705, pag. 61, & feq. + Phil. Tranf,
Ne 386, pag. 211,

My
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My Father, Dr. 7. #. Scheuchzer, in his Journeys
over the Mountains of Swiferland, as they were
more. particularly calculated for the Improvement of
Natural Philofophy in its-feveral Branches, negle&ed
no Opportunity, along with his other Obfervations, to
make fuch Experiments with the Barometer, as might
ferve to illuftrate the Qualities of the Air, to fettle the
refpedive Heights of Places; @and particularly to thew,
how much our Mountains rife, as well above the Level
of the Sea, as above qther neighbouring’ Mountains in
France, Italy, Spain, &c. Many of thefe Obferva-
tions are {cattered up and down in his Writings, parti-
cularly his Itinera Alpina, and the feveral Parts of
his Natural Hiftory of Swifferiand, which laft Work
was publithed in High German. It would be too te-
dious to mention all the Experiments he  made at dif-
ferent Times, and upon different Mountains. But my
Defign in this Paper requires me to be particular in
one, which for the Height meafured both with the Line
and Barometer is, I believe, the moft confiderable that
ever was made, and which enabled him more parti-
cularly to examine thé two Tables made by Caffin; the
Younger, according to the Rules of Mr. Mariotte, and
the Obfervations made by him and others, when the
Meridian Line was perfected in.1703.

This curious Experiment was made in the Year 1709,
at Pfeffers, a celebrated Mineral Water in the County
of Sargans, at the Bottom and Top of a Mountain,
which rifes from a {fmall Brook, called the Taminna, to
the Height of 714 Paris Feet, as appeared by letting
a Line drop down perpendicularly from a Tree at Top
full to the Bottom. At the Bottom of this Mountain,
near the Taminna, the Mercury was by repeated Ex-

periments
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periments obferved at 247/, 9+ /7, and at the Top 1t
defcended to 24//, 11 2", {o that 1t fell juft ro Lines,
for 714 Feet, which gives about 71 Paris Feet for a
Line, if the Heights anfwering to every Line were fup-
pofed to be equal. ’

I muft here once for all defire the Reader to take
Notice, that I have made ufe in this Paper of Paris
Mealure, namely, of Toifes (@) Feet (7)) Inclics (”)
and Lines (/7). Every Totfe 1s reckoned at fix Foor,
the Foot is divided into twelve Inches, and the Inch
into twelve Lines,

The Heights of the Barometer at the Bottom and
Top of the Mountain being thus given, the Height of it
thould be, according to M. Mariotte, 116°, of, 8", x1/”’,
or 696 Paris Feet, 87,1177, which falls 15/, 31, 1",
fhort of the true Height, and according to Caffini 153°
3/, 811, that is, 921 Paris Feet, 8!/, which exceeds
the true Height by 207 Paris Feet, 8 Inches; whereby
it appears, that the Table made according to the Rules
of Mariotte is much preferable to that of Caffiui the
Younger. The fame was likewife confirmed by ano-
ther Experiment made in June 1715, upon the Steeple
of our Cathedral at Zzrich. At the Foot of the
Steeple the Barometer ftood ar 267/, 10"/, and at the
Top at 26/, 71’7, and the Heigat of the Steeple was
found by the f.inc of 24: Paris Feet, 4 Inches, which
gives very near 69 Paris Fect for one Line. Accord-
ing to the Table ot Marzotte, the Height of the Steeple
thould have been of 237 Paris Feet, according to
Caffini, 265, and according to the new Calculation (of
which by and by) mude purfuant to the Experiments
above, 1t comes to 243°, 16”7, 2117, or about two Foot
more than the true Height,

Dddd It
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It appearing by the Experiments made at Pfefers,
that from 25" 94" the Barometer deflcends to 24",
114", that is, juft 1o Lines, for the Height of 714
Feet, and the Expanfions of the Air being reciprocally
as the Heights of Mercury, my Uncie, Dr. Fobz
Scheunchzer, undertook, purfuant to thefe Principles,
and the Propertics of the Hyperbola, to calculate a
new Table, after the following Method.

As the Difference Is to Foot, So the Difference

of the Logarithms
of the two given
Heightsofthe Ba-
rometer 25" o3
and 24" 115", that
is 309%and 299 7,
or

ofthe Logarithms
of the Height of
Mercury near the
Sea, 28" 1" to
any lefler Heighr,
as for Inftance 28"
ol!l, that is 337

To the Height of
the Atmofphere
above the Level
of the Sea, as it
an{wers to one
Line of Mercury,
is

— 336, or
928 — 898 I0I1 — 1008
142717 714 12906 64’, 6", o

Thus the Height of the Atmofphere at 28” appears
to be of 10°, 4, 6", 9'", but, according to Marzorte,
it is only of 10°, 3/, or 63 Feet, and Caffiui fuppofes it
only at 10°, or 60 Foot.

In like Manner the Height of the Atmofvhere, from
28”7, 011, 10 27!, 11! isfound to be 647, ¢/, 2111,
According to the fame Rule half the Heighi: of the At-
mofphere, that is, the Height of the Place, where the
Mereury in the Barometer would defcend to 14 Inches,
appears to be, 15060/, 3//, o/l or2510°, ¢/, 31,0711,
Still upon the fame Principle the Mercury will 2efeend
to cne Line at the Height of 133,397 Paris Feet
above the Level of the Sea, which make 22,232 Toifes,

5 Feer,
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§ Feet, ot 2t Paris Miles (at 2000 Toiles th: Mile)
232 Toifes, § Foot. But as in order to determine the
whole Height of the Atmofphere, the Logarithm of 3"
ought to be deducted from the Logarithm of 336" or
28" o', and as that Logarithm is cocoo, it follows
from thence, that beyond the Place, where the Mer-
cury would defcend to 1", the Air is expanded into an
Indefinite Space. '

For the Satisfa®ion of the Curious, I have added
the Tables themfelves, to wit, thofe which Caffiuz the
Younger calculated according to the Rules of Mari-
otte, thofc which he deduced from the Obfervations
made by the Gentlemen of the Royal Academy of
Sciences, who drew the Meridian 1.ine, and thofe
which my Uncle czlculated from the Obfervation made
at Pfeffers in 1709.

In another Paper on this Subjeé I intend to com-
pare the Height of Mountains, as determined by divers
antient and modern Writers, with the true Height of
them, as it appears to be by the Barometrical Obfervati-
ons, particularly thofe made Ly my Father on the high
Mountains of Swifferiard.

IL. Obfervations of a Difference of Sex in Mifleto,
in a Letter from the Reverend My. Edmund
Barrel to Sir Hans Sloane, Bart. &c.

S IR,
AF TER I had mentioned my being pretty well
aflured, that the Plants of Mifleto were fome of

them Male, and fome Female; and had promifed to
Dddd 2 com-
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