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AIROPAIDIA.

C:H-AP T E R JSHEXXVIL

OBSERVATIONS,
HINTS, ayp CONJECTURES,
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BALLOON avp EXCURSION

FROM. CHESTER THE EIGHTH OF SEPT, 1783.

OF THE WEATHER, IN THE VICINITY OF
CHESTER, ABOQUT THE TIME OF THE EX-
CURSION.

Se@tion 211. T NOR more than ten Days before
the Balloon-Voyage, the Wind

had blown (interruptedly on Account of the Sea-
Breeze) from South and South by Weit.

Monday the 5th of September:

A Conjuné&ion of the Planet Mercury and
the Moon, at'onE in the Afternoon.

Tuefday the 6th:

A violent Hurricane in the South of England,

as London, Portfmouth, &c.
The
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OF THE WEATHER

The fame Day at Chefter North-North-Wef,
and diftant from London 182 Miles ; South.
Breeze, Rain moft of ‘the Day. Thermomete
at Noon in the Shade, 62: and 14 Divifions
colder each Night, than the following Day, atan
Average of five Years. Barometer, below Mud
Rain, viz. at 28 Inches % ths,

Wednefday the 7th :

Violent Squalls from Seuthl and South-Wef,
with hazy Air, till half paft IV in the Afternoon,
Thermom: §8; Barom. Changeable, viz. 29}

Thur(day the 8th, which was the Day of the
Excurfion :

Much bright Sun. (On Enquiry) calm bebw
till half paft 1II in the Afternoon, then Welt
Sea-Breeze : South-Weft Breeze above till half
paft IV. Calm bright Evening.

Alfo the upper Stratum of Clouds thin and
white, in guick Motion, when feen from belsw till
Noon : at which Time the Sky was almoft cloud-
lefs: and, from above the upper Stratum, wer
feen, interfperfed, Multitudes of detached Thus-
der-Clouds in large Maffes, rifing at Intervals,
in the AMiddle of the upper Surfaces of white
Clouds, und ftretching above them.

Friday and Saturday moderate : South and
South- Weft Breeze.

Sunday the 11th, The Planet Mercury flas

tionary.

Cloudy Morn. South-Weft Brecze. Ther-
mom. at 60 at Noon. Barom, above, Changeable,
vize at 291, MucH THUNDER and Rain in the
Afternoon,

212, Quere,
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ABOUT THE TIME OF THE EXCURSION. 164

a12. Quere, Had the Thunder - Clouds on
Thur{day, tho’ not remarked by any from seLow,
yet vifible to a great Extent from the Balloon
alove them,—any Connexion witn the Thunder
that bappened THREE Days after ?

Anfwer : It appears to the Obferver, that the weather, to
Thaunder was gradually colleing in the Air from Ei(‘c’;"g'/:“'“‘
Tharfday till Sunday : and if fo; will not Bal- Sigs, A
loons, when more frequent, prognofticate the the Balloon
Weather, by Sight, better than any other known
Methods ?

R A PCT: BR S WXRNIY

0N CERTAIN APPEARANCES AT DIFFERENT
ALTITUDES OF THE BALLOON.

Section 213. H E higheft vifible white of the highett
Clouds, often feen in de- Yifible Cloucs
tached Streaks, during the fineft and alfo in ways whic.
the worft Weather, (if not intercepted by lower
Clouds) and which, = when melting away, are
known in fome Counties by the common
Appellation of Horfe-Tails ; and, fufpended
over Great-Britain, are frequently marbled or
dappled by the Wind ; putting on the Appearance
of white Waves, like Sea-Sands ruffled and left
by a rapid Tide ;—had been difturbed, feparated,
and almoft melted down by the Storm the Day pre-
ceding the Excurfion,
Two of them only were flill vifible in Streaks,
near the Sun’s Place, at the firft: Afcent, They
feemed
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APPEARANCES ‘AT DIFFERENT ALTITUDES,

feemed without Motion, ‘and 'became afterwards
invifible.

Sauflure; the celebrated Profeflor of Philofophy
at Geneva,’ is very ‘exact i his Definition, Def-
cription, and Height of thefé Appearances : and
thinks ‘it ‘probable, their’ Situation' may be “ g
leaft fifteen Englifb' Miles above thé Surface of tie
Farth.”?

¢‘Car quand je confidere ces fines Pommelure,
&c ' For'when' I confider thefe - delicat
Dapplings, which, in a Series of fair Weather
begin to cover the azure Vault of Heaven with
2 white and - tranfparent-Gauge;-and which por
tend Rain a long Time before it happens ; Iam
led tq believe, they occupy a very elevated Situz
tion in the Atmofphere.” (Eflais fur I"Hygr-
metue. P 271, ) )

Tt feems however that Crofbie, in his Excurfion
from Dublin on the 25th of January 1785
pierced fhrou’ and foared? abovey thefe fine TPl
at)the Heightiof 10-Inches by the Barometer in
a frofly Air

214+ Ithas been, already noted, that at a eef
tain, Height, a Kind of cHILLINESs was, per
ceived, not afcertainable by the Thermometer.

The: Senfation: was! fuddenly imprefled  four
Times, in afcending and defcending to and from
the fame Height, viz. about 26 and, 27 Inche,
equivalent to between 500.and 1000 Y ards abow
the Surface of the Earth at the fitft | Afcent.

From the Uniformity of Effe& at the fame
Height ; the Senfation may be aferibed to the
fame Caufe; viz. the Level of the firft or lower
Tier of Clouds: altho’ the Aironaut did net
pals

1.
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APPEARANCES AT DIFFERENT ALTITUDES.

pafs throu’ any vifible Cloud or Vapour, during
the Excurfion. See Section g3.

215. At the fame Height likewife; tho’ the
Obfervations have not been fet down at large ;
the Appearances of the Earth and Clouds were
very remarkable.

During the Afcent of the Balloon, between
the Altitudes of 26 and 27 Inches; the circular
Profpe&s of the fubjicent Earth inflantly con-
trafted, and, during the Defcent, about the fame
Heigh, injlantly enlarged themfelves to the Eye
of the Aironaut.

216. At the fame Height mentioned before, the
tircular Profpeéts of the Clouds appeared on the
fime horizontal Plane with the Eye : tho’ at the
Diftance of a Mile. See Seftion 49.

In this Situation, the Obferver endeavoured to
difcover the Thicknefs of the Stratum of Clouds :
but was always bafled by a Deeeption of Sight
worth recording.

The Strata were plainly compofed of three or
more Heights of Clouds, failing at great Inter-
vals, one above the other : all which regularly
vanifbed, as he approached their refpective Levels :
as if inflantiy thrown into the Circumference of a
Circle, whofe Radius was a Mile,

During the Afcent, in pafling their fuppofed
Level, the Clouds inffantly appeared far below
him : and during the Defcent, as far above.

217, Quere: Is it not from the fame Caufe,
that all Vapour is generally invifible to a certain
Height and Diftance from the Eye?

It being incontrovertible that more Vapours

fife about NooN, than at any other Hour, parti-
Z cularly

169

Remarkable
Appearances
of Earth and

Clouds,
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Vifibility of
Vapours by
mere Dif-
tance,

APPEARANCES AT DIFFERENT ALTITUDES,

cularly at Sea, while the Sun continues to Shine;
which, notwithftanding, are wholly invifible, till
arrived at a certain Height ?

And hence the Vifibility of Vapours by mm
Diftance, which contains a fufficient Number of
Particles to intercept and refract the Light, with-
out Cold, Condenfation, or aéfual Accumulation:
viz. by Refrangibility of thofe primary Rays of
Light, which Air and Vapour united are mof
apt to refle&t or tranfmit.

Monf. Sauflure has proved by his Horfe-Hait
compirable Hygrometer, that ¢ the Air fhews
Signs of greatef Humidity an Hour after Sunrif
and of lea/f Humidity, between three and four
in the Afternoon.” But the Air being then allo
the hotteft, will diffolve or evaporate the greatef
Quantity of Vapours, and raife them above the
Hygrometer (which by its Heat will not retain,
but on the contrary repel and diffipate them) to
great Heights in the Atmofphere.

See ¢ Effais fur ’Hygrometrie, C. 6, P, 315"

218. In general then:

Is not the Caufz of the above Deceptions, it
an Abfence, but a Tranfparency of Vapour to 3
certain Diftance : (juft as the Zenith appern
€LOUDLESS, when the Air is overca/? around;)
beyond which Diftance, the Number and relative
Proximity of Particles with Refpe& to the Eg,
is fuch, as to intercept the Rays of Light:
when only, they put on the Colour of Air, and
Form of Vapour and Cloud ?

And hence the probable Reafon, why N
¢ircular Horizon of the Earth’s Surface was pre-
fented during the Excurfion, Seion 79: and

why
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APPEARANCES AT DIFFERENT ALTITUDES,

why it feldom has or can prefent itfelf to Airos
nauts or Mountaineers, at any confiderable Height
above the Region or Level of Clouds, even tho”
Clouds do not appear in the Air, either to thems
felves, or to Speators belsww.

This Point feems capable of Illuftration by
Analogy, from the Impoffibility of encreafing
the Magnitude, and at the fame Time, Diflinéinefs
of diftant Objeéts, feen throu’ a commen Telef-
tope ; on Account of the Quantity of Vapours
between them and the Eye Which varours
may be magnified till the Objeét appears confufed
ad obfcure ; and even at laft become fubftituted
in the Place of the Obje&, under the Form of
Opacity and Choudinefs.

219. The greater the Height of the Balloon,
the more contradted was the Circle of Vapour
below it ; and the more limited the Profpe& of
the Earth’s Surface below the Vapour,

220. It feemed probable that the Sun fhone as
bright on the Countries around the Obferver, as
on Objects immediately below him : which Ob-
Jes coud not have been illuminated by the Sun’s
Rays, darting throu’ the APPARENT and contracted
OPENING under him ; as the Rays which fhone
# the Balloon, fell beyond the Opening, obliquely
on Clouds which caught the Shadow of the
Balloon,

221. The extreme Rarity or Tenuity of the
Vapours was evidint from the progreffive Courfe
of the Balloon, which was a/ways in the Center
of a circular Opening, limiting the lower Prof-
Pets5 except when the Spe@ator loft all Sight

Z 2 of
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APPEARANCES AT DIFFERENT ALTITUDES,

of the Earth, by denfe, watry, intervening
Clouds,

CHANGING YET STILL THE SAME, had ‘the mof
loon, again {ftriking Effeél on the Senfes and Imagination,
Yet, however: pleafing the Recolleétion of this
GLORIOUS APPEARANCE ;' however /lrongly im-
prefled, accurately defcribed, or richly painted ; it
muft fall infinitely fhort of the original sevsa
T10N. - Unity and 'Samenefs were there ¢ontraftd
with perpetual Pariety : Beaity of Colouring ; M-
nutenefs, and confummate’ Arransement ;—with
Magnificence “and Splendar @ aftual Immenfity 3=
with apparent Limitation :—all' which were
tinétly conveyed to the Mind; at the fame Inftan
throu’ the Intervention of ‘the Organs of Sight;
and, to complete the Scene, was added the Cham
of NOVELTY.

CONJECTURES ON THE CAUSES OF THE .CIRCULAL

Se&tion 222.()UERE : As Red is the heaviel

and as red Rays blended at a certain Angle with
biue Rays, produce Qpacity : further ; as RED

This' auguff central Situation, AL w A¥S

CH¢ APorD0Es-Rovs XX XN

TRANSPARENCY TO A CERTAIN DISTANCE BFLOW
THE BALLOON, AND OF THE RED LIGHT FRO¥
THE SEA AND RIVERS, WHEN SEEN AKOVE THE
LEVEL OF THE SUPERIOR CLOUDS,

=, and Blue the lighteft Colour;

b}
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ON THE TRANSPARENCY AND RED LIGHT.

is the predominant. Colour refle¢ted from Water,
while in the Form of 4e% Cloud, for Inftance
at the Rifing and Setting of the Sun; and BLUE
the Colour always refleéted from the light Me«
dium of Air or Sky; Does not this Mixture
of leaft and moft refrangible Rays, which, when
aided with the intermediate primary ones, caufes
a Tranfparency near and round the Eye of a Spec-
tator placed either on Earth or among the Clouds ;
produce, at a greater Diftance and different
Angle, fuch tl)w ee of Opacity, as actually
to give the Idea of “Clouds furrounding hm\ at 2
Dlﬂtance !

The latter Part at leaft is true, that Vapour
and Air, which are naturally qualified to tranfmit
RED and BLUE, rathér than any other Light, will,
at a: certain Angle, when blended, produce an
opaciTY. (Seethe Letter fent by NEwToN from
Cambridge to Dr. Derham, in order to be pre-
fented to the Royal bocxetv,—m ¢¢ Mifcellanea
Curiafa, Vol. 1, Page 109.”)

Quere: May not the Rivers below actasa
Prifm ; as Clouds, about Sun-fet or Sun-rife,
do to a SpeGatoy on Earth, and refleét only the
primary Colour RED, the beaviefl and leatt re-
frangible Ray ?

It being alfo confidered that Refraction cannot
¢thange the primary Colour : nor are Rays, in
the Direction from below to the Zenith, refradt-

d; tho’ feen from a rarer into a denfer Medium,

Poffibly, a Pencil of Rays, in coming up from
the River below may be ftripped or drained by
the double Abforption of the Atmofphere and
River, and the Colour RED only, fuffered to

. reach

=
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On the red
Light from
the Sea and
Rivers,
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ON THE EXCESSINE DIMINUTION OF OBJECTS.

reach the Eye: ¢ being the laft to quit its Bafis
the Water.” (See Morgan’s Obfervations on the
Light of Bodies, &c. &c. Phil. Tranf. for the
Year 1785, Part 1, Vol. 75, Chap. g1.)

CHAY T'E R XXRR

ON THE EXCESSIVE DIMINUTION OF OBJECTS OX
THE SURFACE OF THE EARTH, TO A SPECTA-
TOR SITUATED ABOVE THE REGION OF CLOUD,
AT THE BAROMETRIC HEIGHT OF NEAR A MILR
AND HALF, PERPENDICULAR.

Section 223. HE Earth’s Surface was pre-
fented to the Eye throu® aure
cular Opening as already defcribed.

This Opening difcovered a Plain, fmooth and
level as a Die : a Sort of fhining Carpet, enrich=
ed with an endlefs Varicty of Figures depicted
without Shadow, ason a Map: what was really
Shadow forming a feparate Colour, and not cons
fidered at the Time, as Shadow. The Objedts
were diftinctly marked, and perfectly known te
be Miniatures of the Face of Nature,

All was Colouring: no Outline : yet each Ape
pearance curioufly defined by a ftriking Contraft
of fimple Colours, which ferved to diftinguifh the
refpective Boundaries with moft exa& Precifion,
and inconceivable Elegance,

Rep Rivers, verLow Roads, Enclofures
veLLow and light GREEN, Woods and Hedges
dark GREEN, were the only Objeéts clearly dif-

: tinguifhable,
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MODE OF ESTIMATING DISTANT OBJECTS.

tinguithable, and their Colouring extremely vivid.
The Sun’s Rays refle¢ted from the Surface of the
Sea, and other Waters, dazzled the Sight.

Arr living Creatures were invifible.

224. The Area of each Inclofure, computed
tocontain a certain Number of Acres, was {een
from above under the Form of a Miniature Picture
of a certain Magnitude or vifible Extenfion,
perpetually diminifhing, as the Eye recedes to a
greater Diftance,

And the Cafe is fimilar, whéther the Miniature
be feen from above, or along the Ground.

The Miniature alfo leflens as the Diftance en-
creafes, according to a certain Proportion fo ex-
@ly (a) ; That,

1. If the Diffance and Magnitude of a tangible
Object be known by Menfuration; a Judgment
is formed, and Laws laid down, for its corref~
ponding Miniature on the Eye.

2. If the AMiniature be feen, and Difance
known by Menfuration; the Mind forms a
Judgment of its tangible Magnitude.

3. And laftly, if the Adiniature be feen, and
Magnitude of a tangible Objeét is known by
Menfuration ; the Mind makes an Effort, to the
Eftimation of its Diftance from the Eye.

Thefe

{a) The macniTUDE of an Obje@ decreafes, as the
$Qares of its Diftance from the Eye increafe.

At whatever Diftance, for Example, the Eye can fee any
Object clearly ; as at the Diftance of a Foor, or a Yard, if
the Objet be removed to ravice that Diftance ; it will appear
¢ Times fmaller than it did before: 2 multiplied into 2,
“quals 4, which is the Square of 2 : in the fame Manner, if
the Object be removed to thrice the Diftance from the Eye ;
It will appear g Times as fmall, as at the firft Diftance : for
‘Rdl]"to 3 gives g, the Square of 3: and fo of any,farther Dif-
tance,

175
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‘THE"CAU 1E-DIMINUTION,

Thefe are fome, among many Modes of ‘Coms
parifon, by which the I\Lnd acquires a tolerable
Degree of Proficiency, in eftimatirig Diffances of
familiar Objects, #nown from the Appearuuce of
their refpective Miniatures on the-Fund or Bot
tom of the Eye.

And fo far moft Theories agree.

But fuch ocular Teft'is oley truey while: the
Comparifon is made in nearly the fame Mediumi®

For an Obje&t, if feen at the fame Diftane
aling the Ground, will appear lefs as it rifesa
bove it; and leaft ‘in the Zenith ; as the Suf
and Moon, at Setting or Rifing, appearfargeiand
sval; but at'their greateflt Elevation, are 'fid
and round: becaufe being feen, when pafled it
of a Medium impreghated with Vapours, - which
in fome Meafure' intercept the Rays of" Liglt!
for the FAINTER (a) a diftant Object appears, the
greater it is appprehended to be. (4)

Poffibly indeed an Object at the fame Di{{ancc,
if brighter at one Time than another; 'will ‘e
traft the Pupil in Proportion to. its' Brightnefst
which may have the fame Effect; as if the Ob-
ject had made a fmaller Mlmatute on the Retindj
and will regularly ftrike ‘the: Mind with<an
Idea of Magnitude, only equal to its correfponds
ing Contraction; i.e. lefs, when the Objedt s
bright, and greater when faint.

225.1f a like Reafoning be applied to the Afcent
of Balloons ; and it be faid that they do not il

fo

(a) See * Ferkeley’s New Theory of Vifion, Seftion 67"

(6) Dr, Smith !m\.n Recoui(e 10 intervening Objefts 3 the
Writer cannot affent to the Validity of his Almumnt, I
luttrated by a well-known Figure, to folve the .“\ppearanct
of the borizontal Moon, See ¢ Prieftley’s Hiftory of Light
and Colours, Page 712,”




ON THE CAUSES OF THE DIMINUTION.

fo high as is imagined, becaufe their Magnitude
is diminithed, merely from being elevated into a
Pottion of the Atmofphere /leaff impregnated
with Vapours ; it will follow, that to a Speéta-
for in the Balloon ; known Objects on the Sur-
fice of the Earth below,—being feen from a
farer into a denfer Medium, alfo into one which
tontain a great Quantity of Vapours ;—fhoud ap-
pear larger, than when feen along the Ground,
ata Diftance equal to its Height in the Balloon :
dl which is contrary to Matter of Faét: parti-
aularly if the Barometer gives a proper Eftimate
of the Height, of which there is little Doubt : a
proper Allowance being made, i certain Cafzs, on
Account of the Refraétion : for, as before menti-
oned, (Section 44) Objects feen from the Balloon
ata Mile and Half darometric Height, continued,
with invariable Uniformity, to fuggeft the Idea
ofat lealt feven Miles.

226. By a general Comparifon of Enclofures,
and of feparate Buildings when they coud be dif-
tinguifhed from the Balloon above the Region of
Cloud, with the moft diftant Extremities, (on the
horizontal Level) of Fields or Houfes fituated
dong the Sides of Hills or Mountains, at a
known Diftance by Miles, making Allowance
for their being feen in a ftraight Line ;—the latter
feemed at leaft five Times larger than the former :
fuppofing them at equal Diftances.

To give an Inftance. Suppofing the moft
diftant Extremities of a known Building or En-
clofure, fituated on the Side of a Hill or Moun-
tain, prefented a Miniature of a familiar Magni-
tude to the Eye of the SpeQator on the Ground,

Aa at
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The Magni-
tude of Ob-
jeéts feen
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loon compar-
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Moacn near
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when feen
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ON THE CAUSES OF THE DIMINUTION,

at theknown Diftance of a Mile and Half; the famg
Objeét when feen from the Balloon at the fame
barometric Height, appeared full five Times lefs,

This Comparifon was made by Memory, the
Morning after the Excurfion, tho’ fuggeftsl
while in the Balloon, from the wonderful Mi
nutenefs of all Objects then prefented to the Eje,

The Author being likewife familiarized to
judge of Heights ; having been on feveral of the
chief Mountains in = Europe : alfo, of com
parative Diftances, from his Situation ner
a large City, in a populous, enclofed Country;
on a high Plain, within View of the Sea, Moun-
tains, Hills, Enclofures, Buildings, and Objeds
whofe Magnitude and Diftances were known.

227. The Balloon itfelf, a Globe twenty-fire
Feet in Diameter, was feen in the Air on the Dy
of Afcent, at the Diftance of 19 Miles.

228. TheReafon already given, for the Solution
of the famous Queftion concerning the apparent
Magnitude of the horizontal Moon, feems no lef
applicable to Obje&s on the Earth’s Surfac
when feen from the Balloon : which Diminution
Objeéts below confirms the Defect of Dr. Smith's
Hypothefis.

For, as they appeared extremely bright ; -being
thone on by the Sun, and feen throu’ the Airin
a perpendicular Line, containing the leaft poffi-
ble Quantity of Vapour ; the Brightnefs muft
have exceeded that of the fame Objeéts, when
feen along the Ground: and confequently the
Miniatures of the former muft have been lefs than
the latter, and alfo their refpe@ive Diftances fen
greater.

CHAPTER
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CHATPTERXXXXE

EONJECTURES ON THE CAUSES WHICH INFLUVENCE
THE DESCENT! OF BALLOONS IN THELR PASSAGE
OVER WATER,

1. Onjeétures concerning the regular Ten- Recapitulation

dency of the Balloon to defcend onits Ap-
proach towards wATER.

2. Its greateft Defcent, when in the Zenith,
over the Middle of Rivers.

3. Recovery and Re-aféent to the former Le-
vel, as it recedes from them,

Section 229. Article 1. On the firft Afcent in
the Caftle-Yard, Chefter, the Balloon gently
moved towards the River Dee, and ‘the Sea.

And woud probably have gone out to Sea, if
the afcenfive Power had not prefently raifed it
above the Influence of the Water; into an up-
per Current of 'Air, which was vifible at that
Time, and for two Hours before the Afcent, by
the Motion of fuperior Clouds in a fafe Direction
towards the Land.

229. 2. The Balloon was affeéfed in pafling
acrofs ' the River Goway, and Trafford Mea-
dows, which ‘are a Mile wide: firft moving
Weftward, and again towards the Sea ; making
feveral Curves: then refting and lingering be-
tween Great and Little Barrow : as the Airo-
naut was well informed by Perfons of Veracity,
who obferved it : his Attention being engaged at
that T'ime by other Objes.

Aaz2 229. 3. A

of Faéls,
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PDESCENT OF BALLOONS OVER "WATER,

229 3. A proportionable Effe& was obferved
in croffing a fmall Brook near. Alvanley.

22g. 4» The River Weyer and its broad Mea
dows above Frodfham-Bridge actually flopped
the farther Progrefs of the Balloon: tho’ ifs
Courfe was merely Across the River.

The Deviation was gently tho’ invariably to-
wards the sEA : and, if not #mely prevented,
the Balloon muft have fallen in the Middle of the
Channel.

229. 5. The fame Cafe woud have happened
on the Re-afcent, at Bellair; if the lwitatig
Force had 5ot as at firft, overcome  the Influens
of the wATERS, and lifted the Balloon into i
fame upper Current, which continued to movgit
its former fafe Direéion.

229. 6. Different Branches of the Dukef
Bridgewatew's Canal near Prefton-Brook. might
poffibly. affe& it in a {mall Degree : and, th
Clouds a little afterwards, fecluded the Aiw-
naut from a Sight of  the Earth ; yet the Balloo
was knownto hang, for fome Time, over i
Merfey. near Warrington.

229,. 7. The Balloon defcended and alighted
on the Middle of a large Tiact of ;wet. Mo
Ground.

‘The Writer faw Sadler’s Ballcon rife at Man-
chefter, the 11th May, 1785, and defcend nea
Blencow-Bridge, at the Conflux of #zws Rivers.

‘The above Falts give fufficient Indications o
the conftant Tendency which Balloons have, #0
defcend on Water.

CHAPTER
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CHAPTER XXXXH,

Section 230. HREE Caufes feem generally
to concur in producing the
Effect of Defcent, over Water.

1. The Water itfelf,

2. The Air above it.

3. Change of Temperature.

Section 231. Article 1. 8o long as Gafs efcapes
from the Balloon ; it will be inftantly and reci-
procally attracted, throu’ the Crevices, by the Moij-
flure contained in the 'ir, particularly over
Rivers : its {pecific Gravity within- the Balloon,
woud be encreafed, (a) and confequently the
Balloon itfelf rendered lefs buoyant :

The Gafs woud, on the contrary, he repelled
by elesric Airs which woud leflen its Tendency
to efcape, throu” the Pores of the Silk,

But it is prefumed that Air-tight Balloons will
be little affected by external Moifture.

231, 2. Moift Air over Water being generally
cooler than over the adjacent Land, will, folong
asthe Gafs continues at its former Temperature,
aflift and raife the Balloon thus moving into a
denfer Stratum : but no fooner is the Balloon
contracted by the external Cold, than it defcends
into a Medium of Air, whofe fpecific Gravity is
proportionable to the contracted Bulk of the Bal-
loon, and refts when equal to it.

231. 3. Water is alfo a Condu&or of Elec-
tricity, tho” a feeble one : and there is moreover a

ftrong

(a) Phil, Tranf, for 1785, Part 1, Page 287,
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ftrong chemical Affinity between WATER, in.
flammable’ Air, Gafles, Floguifton, and ‘Elec.
tricity. (a)

231. 4. Water will therefore conbucT the
Gafs to itfelf : i. e. will draw the Balloon dsws
wards, and with accelerating Velocity ; as the
Attraction is ftronger,: the nearer the Water.

231, 5. But if the Air over.the Water be
warmer than that over Land ; then the Balloon,
moving into a warmer Medium, as. over. the Sg
in frofty. Weather, moft undoubtedly defcends;
till the included Gafs has received the additional
Encreafe of Temperature from.that of the Aif,
at which Time it will have a Tiendency to're-
afcend, and will reft fufpended in Equilibrio, as
in the former Cafe.

The above Caufes however may be confidered
as trivial.

The -firft may be avoided by making the Bal
loon Air-tight : and the fecond eafily ‘guards
againft by throwing out a little Balla/?.

‘T'he only formidable ene, if any,.is

THE DEPRESSION OF THE ATMOSPHERE,

This it will be neceflary to confider with fome
Degree of Attention.

CHAPTER

(a) Cavallo’s Treatife on Air, Page 576. Vitriolic Acid
Air, Alkaline Air, and other elaftic Fluids, are inftantly
ABsORBED by Water 5 (Page 673.) 'Inflammable. Air, and
fixed Air, are likewife assorBxD by waTer, (Page 434)

BB T B
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Section 232. HOEVER confults Anti-

‘quity, (a) oris acquainted
with modern Méteorifm, will afcent tothe Truth of
the Facts there recited, viz. That the Storms of
DISPERSION called  Prefler-Sobn, and Ox- Eye
over Table Bay at the Cape of Good-Hope (not
tomention thofe of coLLECTION, as /W hiriwinds(b)
and /W aterfpouts ;) defecend on Sea and Land from
the middle Regions of the Air, often perpendicu-
larly powNwARDs : " and then blow wolcntly
from a Center, To all Parts of the Compafs at
once: a neceifary Confequence of their beating
forcibly upon the Land or Water.

The Ancients maintained that the Origin
of Wind was a mere Depreffion and Per c:Jan
from the Cold of the middle Region : and it fhoud
be remarked that their Obl:,rvatmns were made
on the Continent, and in warm Climates.

Now what is feen to Excefs in the bottef and

c'.;ff."t‘/}’

{a) Nam fit, ut interdum tanquam demiffa Columna

In Mare de Ceelo defcendat,—Lucr, L, 6, V. 425,
Ura Eurus Notufque ruunt; creberque Procellis
Africus, Alfo
Omma Ventorum concurrere Praelia vidi, Vircrr.
<lin’s Account of Whirlwinds and Waterfpouts, in
ifcellaneous Traéls, Lowthoerp’s Abridgement of Phil,
Tranf, Vol. 2. Pa age 103.  Varenius Geogr, (;(" C. 21, Pag,
265, A c]cax Aecount of the Effe@s of a pres
be s met with in ¢ the Hﬂor; of Jamaica, in

In

Page 8oa, on Trude and Land Winds

sToN is to




DEPRESSION OF THE ATMOSPHERE.,

eoldefi Climates ; (a) moft probably takes Place,
in a lefs Degree, in temperate ones.

T'herefore, on a Change of Weather, the uppet
Atmofphere defcends : whether its Effeéts are Cald,
as in Winter ; W armth, as in Spring ; Wind ot
Wet ; at the proper Seafons of the Year.

233. The Balloon, with which Dicker Juniot
afcended at Briftol, April 19, 1784, ona wWiNDy
Day, proved the Truth of the Conjecture : for
tho’ the Aironaut threw out moft of his Ballaft;
yet after each Afcent and Recovery, he was
repeatedly darted downwards EVEN with the
Ground (2).

234. A fimilar Event happened to Crofbie, in
his Paflage over thé Sea from Dublin to England;
for, tho’ he too difcharged his Ballaft, the Wind
kept him dewn and EVEN with the Water.

‘The Weather at that T'ime {eems to have been
an Exvipias, Procella, Percuffion, Squall, of
Tornado, i.e. a Storm of DEPREssioN, and
DISPERSION,

235. The Eknéfiai Winds come from cool
Points on each Side the North,

Bacon alfo obferves that all BoIsTEROUS

Winds,

(2) Monf, Maupertius has found, that the extreme Cold &
'Tornea, in the northern Regions beyond the Artic Cireley
came direétly from abewe : fee * La Figure de Ja Terrg,"
Page 59. II femble que le vent fouflle—de tous Cotés alt
Fois: et il lance la Neige avec une telle Impetuofité, qu's
un Moment tous les Chemins font perdus, ¢ It feems that the
Wind blows from all Points of the Compafs at cnce,” &€
(4) The Do&rine of fmokey Chimnies diftin@ly treated of
- the Article smokE, in the Encyclopaedia Britanmnicl
ceive fome Improvement, from Circumitances which
tain the fudden Defcent, Elevation, and quick Depreffion
es or rather Torremes of Airy viz, by widening the
| covering their Tops,

-
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ON DEPRESSING TORRENTS OF “AlR,

Winds, as Procella, Typho, and T'ufbo, have the
ident Direction of a Precipice, or Projection
dwnwards, ‘more than other Winds : they feem
to.rufh down like a Torrent or Caflcade's and aré
then reverberated or beat back from the Earthy
inall Direétions. -

Stubble, Corn, or Hay in the Meadows are

nifed, and fpread around in the Form of an Ex-
TENDED| CANOPY,, (nverted Cone, elliptic Solidy and
byperbolic Curve.) See ¢ Bacon’s Hiftoria Vento-
um, Pag. 43, ad Articulum 16. ()
236, If then it be allowed to reafon from
that Analogy which took Place in moft of the
Cafes already mentioned ; the gentler Deptefiion
of Balloons over Water 'in milder Wéather, may
be owing 'to a Caufe' fomewhat fimilar, the’ not
bevidently an immediate ‘Object of the Senfes,
Wiz, an aétual the’ invifiblé Defeent of Air upon thy
Water.

237. Blanchard in his Paffage over the 'Sea
fiom Dover to Bologne in'France, when near
the Middle of the Channel, fiuffered an unexs*
pected’ Depreflion, and 4t the fime Time was
neatly BECALMED.

A carm alfo took Place on the Irifh ‘Sea:
Which muft have prevented 'Crofbie from land-
ing,—without Wings, or fome: propulfive Ma.
thinery, connefted with the Balloon.

' Bb 238. Lunardi

(2] It is thought more candid, and will to many be more [a-
isfatfory ; vo make occafional References to different ‘Autliors
Who haye. treated diftinétly on a Subje@, and leave the
eader to draw his own Conclufions by applying to their ex-
s Words j—than, either to infert abundant Quotations ; or
Beave their Thoughts into the)Zexsmre of the Worlk ; whicl
Mt encreafe its Bulk, without preducing any Thing ¢ither
W or infiru@ive,
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238. Lunardi rofe from Liverpool when the
Wind blew doifleroufly : ‘yet was becalmed twenty
Minutes over the broad Turn of the Merfey near
Ince, when above the Level of the Wind : and,
defcending into the fame Stream of Wind, was
hurried along towards Beefton-Caftle in Chefhire,

Cr R R P R ORI
Deprefing  Seion 239.THE Exiftence of deprefling

({ilu;::gfw?{o Columns of ‘Air was: well
the Egyptians.known to a People more ancient than either Ro.
mans or Greeks.
240. The fultry Climate of Egypt, whof
Situation is that of anextenfive Meadow waterel
by a broad River, and enclofed by Mountains
the Eaft and Weft ; confequently not fubjed to
general horizontal Currents of Air, except along
the Line of its Meridian,—is the Country, wherein
Columns of coor Air defcending on the Water,
woud be foon obferved.
And they, in Fa&, were almoft the only Peo-
ple who applied the Obfervation to common
Life: having,.according to Herodotus, as well
as later Writers, built Jof:y Structures oPEN AT
THE ToP. By which Means the cool Air RUSH-
186 downwards greatly refrefhed the Inhabitants.
The ancient Pantheon, at prefent called Al
Saints Church, now ftanding at Rome ; builtin
the lowct Situation of a Street named the Piazza
di Navona is on this Conftru@ion : and the Hint
probably taken from an Egyptian Model.
241. In all inland Countries, whofe Lakes
ase




ON DEPRESSING TORRENTS OF AIR.

ae frequently furrounded by Mountains, as Bala-
Pool in North-Woales ; thofe of Weftmoreland
ind Cumberland ; the Lake of Geneva in Swif-
ferland ;—the Air rufhes FORCIELY on the Sur~
fice of the Water in defcending Torrents : this
the Writer has frequently obferved. (a)

(In other Languages, the Words applicable to
Wind on a Lake, or the Ocean, fignify Defcent
», Kola€anww, and Eminespmas alfo the Northerly
or defeending Wind correfponded to the Exvigiag®
while the Southerly or aftending Wind anfwered
fothe Amoryn.)

All this, which may be allowed to take Place
in bad Weather, may perhaps be excepted to, in
fie, and ftill more fo, in the fing/? Weather.

As the flighteft Change is firft’ obfervable on
the Surface of Water, whether on Lakes or the
Ocean, the Defeent of Air in the fineft Weather
§familiar to Mariners by the Appellation of
LUGHT AIRS, playing in Eddies : and particu-
lirly in"the wariable Latitudes ; i. e. between 32
id 42 : to thefe the Writer can alfo, witnefs :
& well as on fmall and large inland Lakes, by
partial Dimplings and Rufflings of the Surface.

OBJECTION TO THE THEORY REMOVED.
242. It may be objected to the above Theory,
that the Wind plainly blows in' an horizontal
DireGtion, as may be feen from the Motion of
Clouds and Trees.
Bb 2 To

(a) Once, particularly, in the Month of [anuary, at Lau-
finne: Farenlieit’s Thermometer at 7 only: ‘the Country

, | to¥ered with Snow 5 and a North Wind beating vioLenTLY
" | n the Lake, which continued liquid without Ice: owing,

fethaps, in Pare, to fubterranean Heat, and Exhalations,

187




OBJECTION TO THE THEORY.REMOVED,

Te which it may-be anfwered, that. if Clougds
gre not befide the Queftion ; as it is not afferte
that a fingle Column of Air prefles from fo greil
a Height to the Earth ; (tho’ it be the Cafe iy
Squalls ;) yet it is extremely difficult to deters
mine whether Clouds mowe in a Direétion exadlly
parallel to the Plane of the Horizon : and it is
much more probable that they are in a perpetud
Change, encreafing or melting ; rifing or falling,
according to the Prefure and fpecific Gravity o
the Medium in; which they float ;. its T endency
to Moifture or Drinefs, Cold or Heat ; alfothe
different . Combinations: and Decom pofitions,
with Refpect to which, the Atmofphee sia
perpetual Variation.

The Motion of Trees, if carefully attepded
to, feldom thew Effe@s of a regular horizontd
Current,

And fince the more powerful the Wind ; the
more evident and accurate may he the Obferyi
tion : it will be found, that the firdl general Efe
fect 1s an oblique Deprefiion, fucceeded by .a Re
covery or inftant Exaltation : then a momentary
Paufe, or actual Retreat of the Wind 3 and ina
few Seconds, a Return of the deprefling Torrent.

But the ftrongeft, and, at the fame Timey an
irrefragable Proof, is by Appeal to Men of Scienc
in the Nayy,, or, to fkilful Pilots, who' are cons
verfant with, Winds and, Waves 5. whe/ha
weathered Storms off Cape Hattesas in. Latitude
3635 (where probably the' Wind is perpetual ;)
or have made an Eaft-India Voyage :—whether,
if a Gale blew in an horizontal Dire@ion oN1Y;
the Ocean coud produce fuch an Tnequality of
Surface:

~, . 3
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A GENTLE DEPRESSION IN FAIR WEATHER.

Surface : or whether when the Sea runs mMouw-
TAINS high; the tremendous Surges muft not
arife-from’ the ‘wiolent A&ion of Winds repeated
at Intervals, fometimes defeending perpendicular-
ly; ‘but oftener in: forcible elaftic Torrents of
gblique DEPRESSION, and inftant Refilition ¢

B ki P TYEVR XXNXVI

Se@tion 243. f Ntimations of deprefling Columns

in..moderate. Weather, .are. the
[fugei/p Clouds, which often make their fir/? Ap-
pearance, and remain longeft, nay almoft cona
tingally, -sver and aleng great Rivers, and Chains
of Mountains, both ‘during a Calmy or from
whatever Point the Wind blows,

And hence the greater Quantity, Violence,
and. Continuance of Wind and Rain, which
then defcend (a) : alfo of the greater Purity of the
Air during fuch Defcent.

244. As, therefore, it is plain that atmofpherie
Air DESCENDS frequently, both in bad and fine
Weather ; if a Caufe can be affigned {6 general,
4 to make it probable, that fuch DEPREssIiON
doss almoft . ¢ontipually, take Place :—tho’ at
prefent the Effet is only evident tothe Senfes,
by aftual Experiment in the Paffage of Balloons
throw’ fuch Columns ;—it-will be fufficient to put

Balloonifts

(a) The Deprefiion and Reverberation of the Wind neag
ivers, and its Defcent from Mountains, a Point 1o be dif-
tffed, may furnith a Hint and Reafon, why Rain falls more
In one Place, than in another not far.diftant :. and why in
the fame Place it falls in different Quantities, at different
Heights, irregularly,

A gentle De-
preflion of
Air over m
Places in
Weather,




ABSORPTION OF . WATER BY AIR.

Balloonifts on their Guard againft the Effeds of
fuch Depreffion.

245. In order to inveftigate the Theory of
Depreflion ; it may not be unacceptable; partis
cularly to thofe who have not had Leifure to
perufe the Experiments on Air, by Dr. Prieftley,
or the Collettion on the fame Subje& by Ca
vallo ;—juft to extra&t a.few fhort Quotations,
on the chemical Affinities of Air and Water.

246. Article 1. ¢“ "Water, as Rain, imbibes
only the pure Air of the upper Regions, leaving
the lighter and floguifticated Air to afcend.” (a)

246. 2. Felice Fontana fays, ¢ Common Aif
receives an Encreafe of Bulk and Elgficity from
being fhaken in Water.” (4)

246. 3. Air abforbs Water, and Water ab-
forbs Air: (¢) and the Abforption of Air by
Water is promoted by Avitation : it alfo abforbs
twice as much defloguiflicated Air, as common
Air: (d) the whole Bulk of the Air abforbed
being equal to ene-twelfth of the Bulk of the
Water : yet the Bulk of the Water feems but
little encreafed = the Air being contained within
the Interftices of the Water.

247. The following is'a pretty and an eafy Ex-
periment, to fhew how the ABSorRPTION OF WA-
TER'BY AIR- takes Place, ‘ufider the immediate
Infpeétion of the Obferver.

Admitting the Sun’s Light into 2 Room, throu’
one Window only ; pour a Pint of barling Water
into a large Bafon : hold the Bafon, which will
not be half full, next the Light, in fuch a Man-

. P nNETy:

() Cavallo’s Treatife on Air, Page 446,~=—(5) 442,
() 441 mmw(d) 442,
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ABSORPTION OF WATER BY AIR,

ner, that the Sun may thine on the Water and
Bafon ; yet the Eyes be fhaded by the Top of
the Window Frame,

Incline the Side of the Bafon towards the Light,
fo that the Water may rife even with the Top.

The Eye being placed juft above the upper Side
of the Balon, fartheft from the Light; look on
the Water.

You may then obferve the Surface of the Water
next the Light, refract the Sun’s Rays, and pro-
duce the primary Colours, particularly the RED
and GREEN : which tho’ tranfient, continue to
be feer in Succeflion ; as Vapours rife above the
Surface of the Water. Their fir/ Afcent is
plainly difcoverable : remaining above its Surface,
in the Form of /mall Duft, gently agitated, not
Jparately but as a whole. Nor do they feem to
fife into Steam, till aflifted by the Ation, and
Contadt of dry Air, which like dry Spunges, Jicks
of and abforbs the fmall Duft already accumu-
lated by the Force of the Heat from below, and
then becomes vifible under the Appearance of
Steam, flying off in diffin& hollow Veficles.

The more fiill the Air of the Room, the more
flowly will the Spunges of Air come in Conta&®
with the Body of fmall Duft.—Befides the fmall
Duft already“mentioned; the Heat will detach
folid Globules of Water ;. which will remain
floating on the Surface of the Body of Water :
till the dry Air defcends and tranfports them with
it; the Airar the fime Inftant diffolving the
folid Globules into hollow Veficles.

But the moft extraordinary Phenomenon, and
which cannot be miftaken, is, that as foon as a

Spunge
pung

19




ABSORPTION OF WATER BY AlR,

Spunge of Air has dipped sinto the Sutface, of
Woater, and received its Lading; the Veficles cans
tinue to accumulate, till another frefh Spunge
defcends in' a fimilar " Formy which ' may be
traced upon the Surface of /the Water, and feen
i its’Shadow, or rather in Beams of Light ‘at the
Bottom of the Bafon, at the Inftant it has flown
oft with its Burden : for that Part of the Surface
of /the’ Water tran{mits new-Rays of ‘Light; on
Removal of the Vapour carried away by the
Dipand' Play of Air

248; The Removal of “the Vapour; likewifls
exhibitsa curious Appearance on the Surface of
the Woater : which feems. as if divided intoirres
gular Pareels detached from “each other . like
the reticular Daplings vifible on the under Sided
Clouds' elevated to- the: higheft Stratum  of the
Atmofphere, and there evaporating or diffolving

249> Sopowerful is the: Attraction between
Airand ‘Water; that, while the Steam is rifing
above and round the Sides of the Bafon ; /Zava
of frofp Airy by Intervalsy prefs the exterior Parts
of the Steam inwards, in order to get at the Surs
face by defcending into the Bafon,

This' Operation is beft difcovered, when thé
Bafon is held even. And the whole Procefs may
be obferved meore diftinétly, if the Bafon is raifed
and fixed on-a Frame, near the Height of the Eje
of the Obferver, ftanding upright : who will then
be able to trace minuteiy the exact Form of the
Steam, and Infinuation of the Waves of Air in-
to the Center of eich Curl, or rifing Curvature:
an Appearance, fimilar to which, may be feen in

Water flowing from a fmall Orifice in a clofe
Vellel;
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ABSORPTION OF WATER BY AIR.

Vellel ; the frefh Air forcibly entering in ah op-
pofite Direction ; forming a vifible Cavity and
Curvature in the Center of the Stream.  See Hal-
ley’s Experiments on Evaporation in the open
Air, and in a clofe Room, in Lowthorp’s Abridge-
ment of the Phil. Tranf. Vol. 2, P. 108.

Having once remarked the foregoing Procefs
atLeifure ; the fame may be feen over any open
Veflel of Water juft warm enough to emit vifible
Steam : but the Air thoud be as /4l and cabm as
poflible : the Steam never rifing from all Parts of
the Surface at once; but a deprefling Spunge of
Air dlways defcends to the Surface, the Inftant
aLamina of Vapour has been detached,

Such is the regular. and invariable Procefs of
Evaporation,

The fame Procefs may be diftinétly traced over
the Surface of a Piece of Water or River, the
Air being perfetly calim, in a gentle Froft, at
Sunrife, particularly in Autumn, while the Wa-
®r retains a Warmth fuperior to that of the Air.

250. Hence it follows that asmuch light (a) and
warm Air as is raifed with the Steam by Evapora-
tion -from the Surface of any Water; fo much
leavy'and ool Air is aNSTANTANEOUSLY, con-
flantly, and forcibly DEPRESSED upon its Sur-
face, in order to fupply the Vacancy, reftore the
Equilibrium, and continue the Evaporation. (4)

Co 251. Now,

(a) It is light in Confequence of its Warmth, when coma
Pared with the cooler condenfed Air above it,

(6) In the fame Manner that Curls and Streams of Air
defeended into the Bafon' over the rifing Steam, and interrupted
the Regularity of its Elevation; in the larger Townsy
during Winter (the Weather being moderate ) the Prefiure of Air

on all Sides, from without, produces a caonftant Breeze to-

vl

wards

W




DEPRESSION OF THE ATMOSPHERE,

251, Now, befides the mutual Affinity ths
Water has to almoft all Kinds of Air, and to
Floguifton ; added to its Power of Abforption;
and as the sEa, particularly in Summer, alfg
RIVERS and damp MEADOwWS are generally cale
than the Lands and Countries bordering on them;
Currents of damp cool Air prefs forwards to- fupply
the Defe@ or Vacancy caufed by Heat, Rarefadtion
and Elevation of dry warm Air, which is necefla
rily, and almoft conftantly rifing into the At
mofphere, from heated Lands, Plains, and gentl
Eminences /ng fbone on by the Sun.

252. Conlequently the pure, cool, defloguifts
cated Atmofphere, is almoft continually defgend-
ing from above ; fometimes imperceptibly, often

forcibly,

wards the Cénter of the Town: as may be difcovered, nt
only by the Smake in its Deviation from the Perpendiculi,
as it iffues from the Chimneys; but by all who are inclind
to make the Trial; for, on leaving the Town, they will mit
the Breeze,

In calm Weather, during Summer, the contrary Event
happens : ‘but more particularly in bor Climates, For ils
Country being hotter than the Town; a Depreffion of the
Armofphere takes Place, and fcatters the Smoke on all Sides
round the Town; ;

The Cities in Italy, and other'hot Climates, on *Accoynt
of the Buildings, and defirable Narrownefs of the Streets,
form one contiguous Sheiter, Arbor, or grand ‘Par, 2fol 3 Kot
which Reafon, the Nobility leave tiie Country, and refide in
the Towns during Summer: there finding a Coolnels and
Refrefhiment unknown' on the fiorching Plains,

A Receprion and Difperfion of Air, takes Place as aifl pree
Jently be mentioned,

The fame ocular Proof and Procefs in the Evaporation of
Steam, accounts at once, for a curious Phenomenon cone
ftantly obfervable on all Waters ; viz, 2 narrow smooTH irfe-
gular Surface of confiderable Length, nearly in thé Direfion of the
FWind, yet unaffeéted by it : all which is probably nothing more
than rifing Volumes of elafiic invifible Steam ; refifting the s
nearelt defeending PWawes of ‘arr; and prevénting them from
approaching the Surface of Water, over which the Steam i
comprefled 5 and there producing a temporary carm,
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forcibly, on the Surface of the Sea, the Channels
of Rivers, Meadows, and all wet L.and, Which
Depreflion adts, in Proportion to 'its Strength,
on the Balloon ; and always with a fenfible Ef-
fet: for, being in Equilibrio with the Air at
all ftationary Heights ; the Za/f Depreflion of the
Atmolphere makes the Balloon defcend, confi-
derably.

253. This Reafoning is, in many Cafes, ap=
plicable to the Air, and confequently the Wea-
ther and Cold of Mountains,

Nor can it otherways be accounted for, why
the Smow is perpctual, and the Cold fo intenfe,
on Mountains under the Equino&ial, and be-
tween the Tropics : but which admits an ealy
Solution on the above Hypothefis. ()

Cca2 CHAPTER

{a) Phil, Tranf. for 1777, Page 470, Thibet in Lat, 37,
told with Snow and Froft,

See Ulloa’s Voyage to South-America, Book 6, Chapter %
where hedefcribes the fnowy Mountains, under the Equator,

As the Weather, near the Equinodtial, is more regulag,
its Changes clofely following thofe of the Moon; and alfo
the Winds and Hurricanes more violent j the Truth: of the
toregoing Theory will receive the firongeft Confirmation by
tracing the Effedts of DEPRESSING TORRENTS OF AIR, in
the Ifland of, Jamaica, extracted from the Author already
mentioned.,

“"The cool Vapour rufbes from the Mountains towards the
hot dry Air, which hovers over the Savannalis or Vallies,
6The Rain falls heavieft in the Mountains, Vol 3, Page

00,

The Lard-Wind after Rain, proceeds from that Quarter
\\Lh:nce the Rain has fallen buavieft; and feems to rufp from
above,

In Spain and North- America, the Wind rufbes dewn, Page

01,

When the Land is moff heated, the Sea-Breeze blows almoft
all Night, Page 6oz,

The Barometer {ubfides from 1 Inch to 11 ar the full Moon,
or jutt afrer it,

Wind blows from the Mountains all round the Ifland : a]nd

itill

U
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CHAPTER  XXXXVI

Setion 254. HE Subje& of DEPRESSING
TORRENTS: requirés’ an ac-
curate

ftill a Sea-Breeze over. the Mo
none, 6o4.

(In Jamsica likewife the Wind blows off the Ifland eviy
away at once,” fo that no Ship can any where come in by
Night, or go out buteaily in'the Morning, beforg’ the S
Breeze fets in. ec Abr, Phil, Tr, ¥

ains : 4o the-Low-Lands,

3}:‘.113 cold Air 5
With a #%f Wind below the |L]\
Mountais (L

In ALL ¢

-'n 15 a [fer mw Gurret
{: and the .Sf-/f.v )

Rain alw “hermometer  falling, after 3
Shower, from 6 ta 8 Degrees, 610.

(And Iron rufts, leaft inrainy Weather: [the Airsbeing
then priEsT,] defcend from the upper Regions, Abr,
Ph. Tp V;3:8. 546

It is faicl alfo that, *¢ in Jamaica the Clouds gather, and
¢ according to the Mouutains : [fo.that o/d Seamen wil
tell you €ach }j.'-.u;“" towards Evening, by the Shape of the
Cloud swer it.”’

The Sea-Breeze, being counterpoifed by Defzent of the
al Air,-produces-a caLmy ¥
he fame Author likewife fays, that ¢ the Clouds beginto
gather apont 2 or.3.0'Clock. in the Afternoon at the Moun-
tains, and do not m"uh’ firlt in the Air, and after fettle therg
but ,';rL firft and embody. there :* the reft of 1the Sky being
(,lur t1!l Sun-fet.  So that they do not pafs zear the Earth i
and f\n]) fo p where they meet with Parts of the.Earth
ele va“d ,." e the uj. 3 hut PRECIPTTATE from a wery grt

cee rarified Nature ; [o88
o obfcure the Air or Sky ar aliy that great Variety of beav-
tiful Colours in the Canopy of Heaven being 1aifed to @
much greater Diftance [lie means Heivht] in Jamaica than
ivis.here” " AbL,.Ph, 'Tr, ¥, 35 Pllsén,

(Prognoftics of Weather, at. certain Periads of the Moon,
ar¢ mentioned by Captai La“b ord, Lowthorp’s Abr, Phily
Tranf, Vol, 2, Page 103,)
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DEPRESSING 'TORRENTS OF AIR,

curate Inveftipation : as it will ferve to point
out the proper Time
an Aironzut ought fo to calculate his Voyaze,
as to arrive over the Middle of the Channel, or
Arm of the Sea, at {ome particular Hour: in
order to wait for a- Sea Breeze which may waft
him to the other Side,

A 'Point not difficult ta be n.ﬁ:crt;l%n-*d

Alfo, this Idea of DEPRESsIoN, if proper
confidered - and digefted ; may prove a fuﬂu;ult
foundation on which to eftablith a new T heory
of the 7Weather, {o ill'determined at prefent; from
itsaggregate IWeight or Elaflicity only, as indicated
by the B‘\mmetgr.

255. 1f a Conjeéture may be formed on a Sub-
jeft;, matérial in itfelf, yet of which fo little is
aétually known ; woud not the proper Time of
undertaking a Voyage over the Channel be fuch,
that the Aironaut fhoud find himfelf three Parts
of the Way acrofs, by NINE ¢’Clock'in the Morn-
ing ?

Day or Night, when

256. In warmer Climates, where the Seafons
are more regular 3 the Land-Breeze blows to Sea
from ‘Midnight till X, in the Morning: at
which Time, the Sea-Breeze blows to Land ;
tontinues 'till 'V, or VI.'in the Evening; and is
fucceeded by a carLm, which lafts till Midnight.

Whence it follows, that during the Time of
the' Sea-Breeze, thers is a conftant: Tendency
towards a GULPH OF AIR, along the Middle of
the Channel : the Equilibrium of which is as
tonftantly fupplied by a Depreffion of the upper
and in general cooler Strata of Air; and there-
fore a dangerous Time for the Paflage of Balloons.

On

|

~3




Of the hori-
zontally calm
medioc€anal
deprefling
Current,

DEPRESSING TORRENTS QF -AIR,

On_the contrary, during the: Night, land
till ten in the Morning, there is an. Accumids
tion of Air, along the Middle of the Channel : which
confequently is a proper Time to enfure a fof
Paflage ; by the Affiftance of WiNGs, or, fome
ProPULSIVE Machinery.

257. TheDeficiency or Vacuity being fupplied
from the etherial Regions ; it might, be taker
for granted, that fuch Ether muft be confideray
lighter than the adjacent common Air on a
equal Leyel, and therefore propartionably dangn
ous for. the Paflage of Balloons.

But if it be confidered that fuch Air, aCting a4
WEDGE, or more probably in' the Form of anhys
perbolic Solid, (&) to fill up the Vacuity, defcents
with Rapidity from a colder Atmofphere impteg
nated with aqueous Vapours invijfible from belo;
and that both the Air and Vapour have recipie
cal Affinities and Attrations, eleric and me
chanical, with the Body of Water beneath them;
and are often rendered ftll cooler by 1ts conflag
Agitation and Euaporation ; alfo, that the Supply
being immediate tand. cotemporary, . with; the
DOUBLE TIDE oF AIR flowing from . the midd
over the oppofite Shores ;—there poflibly maybe
little or no Difference between the aggregate of
barametric Gravity of fuch Columns, 'and thofé
which are formed by the Sea:Breeze on eithe
Side of them: therefore the Defcent of Bl

loons

{a) The Depreflion.of a Terrent of Air in the Form of al
hyperbolic Solid, contraing as it defcends to the Earth, i
Proportion as its Denfiry ¢ creafes ; hmy furnith a Hint to-
watds the Solution of a Difficulty how to account for the
Augmentation of veficulous Vapours into large folid Droph
frequent duting § Showers,
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MEDIOCEANAL DEPRESSING TORRENT OF AIR.

Joons'is. owing, among other Caufes, toan almoft
perpendicular actual Depreffion of the fuperin-
cumbent Atmofphere (a).

Following up the Idea of a:Sea-Breeze, blow-
ing, at a Medium, for 20 Miles over Land ; al-
tho’ the' Stratum of the LoWER CURRENT of
Air, or Sea Breeze, may not exceed HALF A
MILE IN DEPTH, meafuring from the Ground
upwards ; nearly equal to 26 Inches.of the Ba-
rometer above, the Thermometer alfo absve be-
ingat 55, i. e. Temperate :—yet this Obfervation
may prove of eflential Service, while the urrPER
CURRENT of « Air, i, e. the general Wind blows
TowARDS the Sea, (which will be found to take
Place more freguently than is, at prefent, ima-
gined ;) or while the Balloon is influenced that
Way ; as was the Cafe with Sadler and his Com-
panion when over the Nore: who, on his acci-
dental and fudden Defcent, fortunately found
Safety in the SEA-BREEZE,

Which Breeze was fought for, and made Ufe
of by the Author, when in the Balloon, near
Frodfham, in Chefhire.

For, as the Sea-Breeze is pretty general, Airo«
nauts: fhoud not be too apprehenfive: as they
have it in their Power, by proper Management,
todrop into the Breeze—for EITHER SHORE :
if they ‘are provided with a Machinery to waft
themfelves acrofs the intermediate depreffing or
Gcumulating MEDIOCEANAL COLUMN OF AIR :

which

(a) Monf, SaufTure’s valuable ¢ Effais fur L'Hygrometrie,”
irow new Light on the Doétrine of Rarefadion and C
dénfation ‘not unfavourable to the Hypothefis here advanc
Page 260, i

-
Y
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MEDIOCEANAL DEPRESSING TORRENT OF AIR,

which Space, between the two Shores, is, as
before hinted, frequently BECcALMED.

258. Further : as the above Theory of a z
divcéanal Depreffion feems to receive additional
Confirmation  from each Balloon Experiment;
Lunardi C[njLul.!’I”" on the sth of Oéctober laf
when near the Middle of the Bay of Ldmbumh
or Frith of Forth ;—it may be found praudent, to
keep the Balloon (onu.umly rifing, till the Airos
i / .f ot the J :111:.?_ over.

o

2¢8, -_7_. For if the general Wind in the upper
‘rent not ftrong ; the Aironaut may expedt

to be bec ;..‘;:.x.", with Refpect to the horizentil

)

Diretion of the Current, the Inftant e finds,
by the Rife of the Bar rometer, that the Balloon

cends 5 1..e. when 1t is acted upon by the de-
prefling Column : in which Cafe, the /Jig/zcr he
has foared, the fafer ; as he will have more Room
and greater Latitude for Exertion by Means of
the Machinery : which Machiner ry will be greatly
aided by the Force of the defcending Column or
Gravity ; and will a& on afimilar Prin cmir with
the Ferry-Boats over the River Po in Italy;
which are a Sort of ‘horizontal l’cnuuhm. For
the Aironauts. will continue to  defcend, at* the
fame Time that their Z7nss furnifh the Means
of a progreflive Motion.

T'herefore, before the Time that the Balloon
has reached the Surface of the Water ; ‘they will
have crofied the deprefling Column ; and find
themfelves wafted gently by the mew Sca-Breeze
fetting in towards the oppofite Shore.

259. If the Aironaut rifes up to Sea with a Wind
blowing from the Land on each of the oppofite

Sides
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MEDIOCEANAL ACCUMULATION,

Sides of the Channel, and arrives above the Mid-

dle of the Channel, while the fame Wind re-
mains ; it'isprobable that the Balloon*will con-
tinue to rife higher as he proceeds towards the
Middle, wwhere the MEDIOCEANAL ACCUMULA-
TioN, has for fome Hours taken Place; and
therefore he need not be under any Appre-
henfion of falling : = but, as before, it heing pro-
bable he will alfo be becalmed ; the Neceflity of
propulfive, Machinery is equally urgent, in erder
to pafs the Center of. the = Acexmulation : “after
which, the Balloon will ride Home to the oppo-
fite. Shore in the new Sea-Bréeze, by that Time,
Juft beginning to fet in,

260, With the Affiftance of propulfive Machine-
Iy, it is imagined the Airopaut may be enabled in
afew Minutes to force throu’ the calm mediocéa~
nal Accumulation, or Depreflion : after which,
he will have little Qccafion to make Ufe of it.,

261. SUNRISE is, probably, the saresT Time of
all, to afcend towards the Sea, with an Air-fight
Balloon : " arriving . with the Affiftance of the
Wings, throu’ the calm mediocéanal Accumula-
tion : and there waiting till the new Sea-Brecze

fets in to the oppofite Shore.

Dd CHAPTER

201




Difficulties,
propofed by
Monf.Sauflure
ftated ; and
their Solutmn
attempted,

(202 )

C.H.ARTER, XXXXVIL

Section 259.IT may be obferved here, that the

two Difficulties ‘propofed by
Sauflute, are,. in a great Meafure, removed; in
adm:ttnw the Doétrine of mediocganal Depreffion,
and wn(equcnt altérnate Aecumulation,

In a diftinct Chapter, treating of the V ariation
of the Barometer, which he zd ows has Need'of
farther. Explanation ; be afks (Page 308) “what
Rleafons can be “affigned, why. the Eq? Winds,
which are cold.and dry, make the, Barometer difs
ce na’,, in, England and ‘Holland ; yet, the .7yt
‘VIHJS whlch are may?' and “temperate, make it
rife 2 g : '

“PHe Eaft Wikds 5 blow ehiefly'in Spring.

Now it'is umvcrfa]ly agteed, that the Sea, i5
.ooner heated' by the:Sun than the Land : and
on' Account of the marm:; Adid exha?cd {a) is
a]fo lefs’ cold; {b} durmrr Ehat Scafou, in the ﬁms
Lat:tudc. :

f +il 213 'j“ : i 1 In,

"

(a) Ice, when expofed to marine acid Air, is diffolved by
it, as faft as if it touched a red hot Iron, See Cavallo’s
Treatife on Air, Page 727. Alfo Prieftley’s Experiments and
Obfervations, Vol. I, l’|ge 148,

(oL s 1||c WATER Iemains TRANSPARENT OF c:nIounefs,
the’ fatbrated with matine acid Air, and by a very gentle
Degree of Heat, the Gafs may be .azam expelled from it, aé
it is expe”ed fJom ‘pmt of Salt,”’

This Obfervation is applicable to the Tranfparency of Va-
pours, in the Air, tho' mixed with the marine Acid exhaled
from the Sea: ml when the acid or Sea Air is mixed with
Alkaline or Land Air, they inftantly combine 3 lofe their Elafli-
city, and form a CShits vifible Subftance or Cloud. Cavalle,
Page 728, Prieftley’s Exp, and Obf. Vol, 2, Page 293,




ON THE DEPRESSION OF THE ATMOSPHERE,

In Spring, therefore, the great Atlantic or
Weftern Ocean, being /i cold than England,
Holland, and Eaftwards; the Air pendent over
the moft extenfive Tra& of dry and cool Land in
the World, rufthes Weftwards. to' fupply “the
Equilibrium of warm light Air rifing upwards,
and caufing a temporary mediocéanal Accumu=-
lation : which (altho’ the fpecific Gravity of the
cold Air is greater) muft produce an ac&ual De-
ficiency in the aggregate Weight' of the Acmof-
phere over England and Holland : confequently
the Barometer falls.

Again: the Weft Winds which blow at other
Seafons ; if, in Winter; are not frequent, ex-~
cept about Noon after frofty Nights which have
equalized the Air for the Tranfmiffion of vigorous
Sunfhine : and fhoud be looked upon as (what
they are really obferved to be) Jw partial Sea-
Breezes, or Enpy Currents, infinuating them=
felves near the Surface, and fetting Eaftwards
frequently againft the upper and more general
Winds ; and therefore produce a temperary Ac-
cumulation.

If, in Summer ; the Supply of cool Air to
the heated Land, being made not only from the
Northern Oceany and lofty Mediterranean Moun-
tains ; but alfo from the Atlantic Breezes 5 the lat-
ter, tho’ moift and temperate, muft alfo tend to-
wards an Accumulation of the Atmofphere over
England and Holland : and therefore the Baro-
meter rifes,

Dd 2 CHAPTER
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CHAPTER' XXXXVIE

radsand  Sedlion 260. EFORE the Subject of medi-
S vNcans oceanal Accumulation and
tending to R . X 4

confirm the  Depreffion of Air, is wholly quitted ; it may
Rz’ix‘jazﬁn be well to mention and compare a few Facts and
and Depref-  Obfervations, which will elucidate the Doctrine;
i and in their Turn, receive Light from it.

261. If, in the Middle of a hot funny Daj,
Vapours lighter than the Air, were to rife fron
the Ocean, (which they will continue to do, it
hollow Veficles or Bladders, till the Expanfion
breaks the Bubble, at which Time the Wat
woud fall to the Earth, if not drank up by th
Attra&ion of dry Spunges of Air ;) there woul
be a conftant Wind blowing from Land to Sea,
fill up the Chafin : but at fuch Time, the Land
is more heated than the Sea : therefore hot Al
and Vapour arife from bath; and the Brees
on the contrary, blows from Sea to Land; col-
fequently 'if the Vacuities were not continual
fupplied. from the etherial Regions, and from the
Ocean, all Animals woud actually die, for Want
of Air, as in a hot chfe Room.

Such Supply is therefore conftantly made, b
Depreffion of the Atmofphere, and Abforption
of the Water,

262. What happens on a great Scale, aboet
the Ocean, as Jefore hinted ; probably, happens
on a fmaller, over Channels or Arms of the Sea:
and on a ftill fmaller ; over and along Rivers,
Brooks, wet Meadows, and damp Grounds. :

2()3, i




DEPRESSION OF THE ATMOSPHERE.

263. In the variable Latitudes on the Atlantic
Ocean ; cool frefb Air is fupplied from above, by
defcending Vortices 6f Wind and Showers : i. e.
Storms of COLLECTION, (a)

264. It may be remarked, in Confirmation of
the above Doctrine, that triangular or Latteen
Sails are ufed, and more ufeful, in a Mediterra-
nean’ Sea, furrounded by high Lands, from which
the Wind fuddenly defcends in Squalls ; than in
the open Atlantic, where the Wind is more equals

264. 2. Perhaps there cannot be a better Account
of the deprefling T orrent of Air, than that which
Bacon has given, in defcribing the Motion of
Wind on the Sails of Ships, in a Squall.

“ All Wind acting on the Sails of a Veflel, tends
to deprefs or fink it. Wherefore in /frang Gales,
they firft haul down the Yards, and take in the
Topfails : afterwards all the Sails : cut away the
Mafts : throw the Lading overboard, the Guns,
&c. to lighten the Veflel, and keep her above
Water.” (1)

CH APTER XXXXIX,
Sedtion 265.WITH Refpe& to Mountains:

on reading what Travellers

have written, particularly Ullda; (¢) they feem
to anfwer the Intention of fupplying cool Air to
the furrounding Plains, or Continents ; by De-
preflion

(a) On the Defcent of Air in Thunder-Gufis, fee ¢ Chalmer’s
Account of the Weather in South-Carolina, Vo, 1, Page 1,
10 79"

() ** Hiftoria Ventorum, Pag, 54, Art, 34.”

(¢) Book V, Chapter 2d,

»
(o}
L'H

Torrents of
Air on Eng,
and Zeneriffe.




DEPRESSING ' TORRENT “OF ‘ATR-ON ‘ETNA,

preffion and Condenfation : and alfo, if on Iflands;
to the Sea itfelf,

266. 'Brydone, in his Tour throu’ Sicily and
Malta, in 1773 ; () giving aniAccount of this
Afcent. to ‘the "Top, of Etna, fays, ithat. at the
Foot of the Crater, the Snow was frozen hard
and folid : (4) and that the Crater was fo hot’; it
was impoflible to/defcend into it.

Further : ¢¢ that the Smoke !rolled down
from the Sides, like a Torrent : till of equal G-
vity with the Air, when it fhot off horizontally;
Track, according to the Direcs
tion of the /#ind : which there rofeito a vIoLEN
Degree : o that it was with Difficulty he coul
fettle the Barometerfor an Obfervdtion.”

He alfo adds ¢ that Cluds began to gathr
round the Aountain 3 but were difpelled by th
Wind.”

Now from the foregoing Theory is it not pres
bable to fuppofe, that a Torrent of dir rufhed cots
tinually down from the etherial Regions, na
only to fupply the Fire of the Crater ; but alb
the Vacuity caufed by the perpetual Elevation d
Vapours and heated Air from below : the Tor
rent likewife depreffing into the Track with itfelf
the Volumes of Smoke which wére feen to roll
dire&ly down the Sides of the Mountain : that
this' defcending; Torrent of 'Air, in its Progrcfs,‘
difpelled the Clouds forming round the Sidesoi
the Mountain, by the Afcent of warm Vapous
cendenfing, as they rofe, on their Approach to the
cold Mountain : the Smoke thooting horizontalhy

from

forming a long

{(a) Vol, 1. Page 132,

Page 193,

R g o e Pma  Smdiic

. R Teheh B Teak ) Rt R e

i




DEP. RESSION OF AIR ON: TENBRIFER.

from, that; Elciglit andy atiwhieh-dni horizonedd Cur=
rait of dir-began taitake Place? Forit can hards
ly be imagined. that the Air at thé Téprof Eitda;
found: to: be 5 & edtiuial,”’dnd which ‘muft have
beenreplete: with-a Mixture of  Floguifton, irs:
fammable Adry | Gafles,’ and other aériad Floids
highly:rasdfied]; heated; DRy o (and conifequently
lightér-)-at:the dnflantiof rifing: outof-the glowing
Cauldran; i becamesfo condenfed as tor 'fallzdike
Water,> withoit partaking of tite Motion ofoa
slent: Wind, fuppdfedoto-blow in afn horizontal
Dire@tion. i [
267.1/Glas, in his Accountoof (Tenstiffey (u)
feports, that the Clouds are generally half asthigho
sithe Penk, above the )Sew (iyid, & dtcording to
bhim{, rvearithe Heightiof a.Mile:and Halfs ¢ s-balsagi
which: @lotds,  the! North Eafferly B hids 'c Enmr
RALLY previaills and) e the  famePime; . sl
themy! we - find- @ et IHeflenly G mr e wHichndg
ilieve to be the Cafe iz every Part of the IVl
wien the' PRABE WIRT Blows 2 -0 5 nards 919H
It Pageoa 53] he fays, (¢hiit'in afeending abovés
the Level of the Clouds, he found the Airdhaipy
wldand - piereiny’: and- the Wind~ blew throtis
from South Wif¥, and Weft'Sotth Wefk: {6 thaw
the Wind blew’ towards the Mountain' from thres
dffecent’' Points at leaft) ¥iz, ‘the Ttade W isd,?
; 028 e I’”-fz'om-
i

(a) Hiftory of.the' Camary (Iflesy Pageagziobl ino1afiih 3o

(6) As the fvpgrior Clouds; during, the H_.;-UGO!I Excurfion,
didnot mitich excebid'the Heiglitlof Toot VAR 3 fuppofing'drent
e Cioudgiat an squal Height absove alie Sda, g T engri
e ought to conaliide, either; that,the Peal.was notfo 1
% GIas reprefents it ; on, that the Level‘of ‘the Clotrds{vas

I

“thdn half the Height of the Mountain,

207




Conclufion
drawn from
the above, ap-
plicable to
Balloons,

NOCTURNAL DEPRESSION ON TENERIFFE,

from North Eaft below the Clouds; juft above
them, from South Weit: and ftill higher, a frefh
Gale, from Weft,

¢ The Air on the Top of the Pike was thin,
cold, piercing ; and of a dry parching Nature,
like the South Eafterly Winds which I have felt
in the great Defert of ‘Africa, or the Levanten
in the Mediterranean : or ‘even notunlike thof
dry eafterly 'Winds -which are frequent-in the
Notthern Parts of (Europeyiin clear 'Weather,
i the Months of March or April,” Page 257

This dry Wind anfwers to the Ekncfiai (be-
fore mentioned) i.ei/¥ind defeénding FROM THE
CLOUDS.

Glas further, obferves (Page 250) that th
Clouds;-in fine Weather,. defcend gradually to-
wards Evening, and reft on the Woods. til
Morning : when they re-afcend, and remain ful
pended above them, till the fuccu:dmw Even-
ing.

Here thena noé’curnal Depreflion of the Atmof:
phere is.obvious, - But this Appearance will not
prove that the Air does not defcgnd below the
Level of the Clouds: for, tho’ the Clouds defcend
with the Air; Vapour-Air, of which, they ar
compofed, becomes tranfparent both by Difiolu-
tion, in a warmer Stratum, and,Proximity
the Earth, as before mentioned.

268. From the Variety of Winds expericntﬁd
at different Heights, ot only on Teneriffe, butin
different, Places ; it 'is’ plain, that if Balloons
cani be imade durable and Air-tight ; they ma

be wafted, “between the Troplcs by an Eaf’tﬂ{;
: We




CORROBORATING PROOFS OF A DEPRESSION,

Weft Current at Pleafure : and alfo throu’out
the Globe 5 the Occafion being made, in fome
Refpect, fubfervient to the Time ().

ald A PooL B8 Ly
CORROBORATING PROOFS OF A DEPRESSION,

dect, 268, Art, 1. HE Author is well in-

formed, that, during an
Engagement at Sea;—in ten Minutes after the
Aion has commenced ;—tho’ it blew a Gale be-
fore ; (that is, tho’ it blew wielntly ;) the Agi-
tation of the Air, arifing from the Explofion of
the great Giins, and fmall Arms, woud counteraét
the Wind, and produce a dead Calm,

268. 2. Quere: does not the new elaflic Air,
produced from the Nitre, (4) give an inflanta-
neous Compreflion and Dilatation to the incum-
bent atmofpheric Air, round the Place of Action,
while the lighter floguifficated Air pafles throu’ it,
nifing, and affefting to its higheft Limit, the whole
Atmofphere. And does not the Effect of a fudden
Calm, {uppofe the Wind to defcend from above with
a Kind of faltatory Motion, inftantly coun~
teralted by the wew elaffic Air i—For if the
Wind be fuppofed to blow fideways or hori-

Ee zontally,

{a) See ¢ Royal Aftronomer, by R, Heath, Page 321, on
Trade Winds and Monfoans,”
) One Pound of " Nitre only, producing by mere Heat,
c Feet of Air. ¢ Cavallo, Page 332, and 311, Ex-
5

Periments on Gun-Powder,”




ON THE THEORY OF DEPRESSING TORRENTS,

zontally, fo any confiderable Height above the Wi.
ter, woud not the freth Jateral Air glide away,
and prevent the Continuance of the CalmF

269. When a Squall happens, or only
Rain falls; Air will rufb from all Sides, and
from above, to fupply the Vacancy of the fallea
Cloud and Vapour.

The Air immediately above muft fall : the
teral Air gravitating towards other Place
Hence Cold, and a bright Sky after Rain.

270. The Theory of Accumulation may
account for the frequent warm Rains in Winte,
and during the Night.

For the preceding diurnal Accumulation ovar
the Sea, may circulate during the Night, ate
great Altitude, to reftore the Equilibrium and
Lofs of ¢old Land Air fent by a low or Ground-
Wind to Sea, during the Day-Time : particu
larly, as the Accumulation over the Sea, during
Winter, is almoft continual,

271, The Wind would more frequently b
perceived to defeend and rebound upwards, (Trids
of which might be made by holding an Un
brella, extended at right Angles with its Axis, up
right in the Hand ;) if the fame Opportunity offer
ed, of oppoling as great a Surface to it in a perpen-
dicular, as is every Day done, in an horizontal Di-
rection : for in walking, the whole Height of the
Body, and half its Surface, is oppofed horizontal-
ly to the Wind : but the Head only, which &
covered, is oppofed to the perpendicular Preflure.

272. As every Circumflance in the Orde
of Nature is fo admirably contrived that el
apparent Inconvenience re&ifies itfelf ; in isc.f:j.‘-
Winas




Lol

OF EKNEFIAI AND APOGAY WINDS,

Winds continuing to blow from a coLp Point;
the Conftru&tion of the Atmofphere is fuch, that
the warm light Air from the oppofite Points will
neceffarily rife up and flow overthecold Stratum,
and by their Tendency to an Equilibrium, will
produce an Air /efs cold, before the fame Wind is
exhaufted.

273. On the one Hand ; it is probable,
that, as cold Winds are heavy; the Eknéfiai
Winds are covered with frequent Waves of the
Apogay, or light warm Air rolling over them,
frequently from the oppofite Points.

274, On the other Hand, as the Apogay
Winds are naturally light and warm, it is ime
frebable that they fhoud be freguently covered with
Waves of cold heavy Air, rolling over them from
Eknéfiai Points.

It may therefore be reafonably concluded, that
the Eknefiai Winds, when approaching or op-
pofed to the Apogay, fhoud be confidered as
Ground I¥inds, (i.e. Winds blowing next the
Surface of the Earth, tho’ they be fuppofed at
te fame Time to defcend) which receive
the Apogay above them: and that the Apogay
being warm light and moisT, (which laft will
have the fame Effect, as if they were more elaftic ;)
(4) being alfo more turbulent, and endued with
greater Velocity, prefs back the Eknefiai from
the Surface of the Earth, and upwards ; and at the
fame Time flow above them.

Ee 2 By

(4)-* See Recherclies furles Modifications de I> Atmofphere,

No, 715, ** Ph, Tranf. Part 2, for 1777, Col, Roy’s Experi-
ments, Sect, 2d, Page 689, 744, 753, 764,




OF EKNEFIAI AND APOGAY WINDS,

| By which means the Eknégfiai partake of thejy

Qualities ;—become lefs ¢old, lefs beauy, and lef
dry (a).
ol

CHAPTER

|

! (a) The different Phenomena of the Aurora Borealis my
1 be owing to the Afcent and Mation of the Apogay, in th
iddle Region, over the Stratum of Eknefiai or Ground-Winds,
The Effeéts of Tidvs in the Air yet to be mentioned, muft no,
however, be wholly excluded,

The Aurora Borealis is (een in Spring, Autumn, and Winter
fometimes culminating, fometimes moving in Streams and Waen
in the fuperior Regions of the Atmofphere: when culmin
ting ; as if rifing out of Clouds in the North,

This Appearance may be owing to warm moift Air pe-
petually generating between the Trepics, and rolling o
thie cold dry Stratum of Eknéfiai Winds, which cut offit
Communication with the Earth : till accumulating over i
| Poles, it enlightens the Atmofphere, converting a fix Mot}
! Night into Day ; and returns to the Surface filently : or il
I ightning, whenever it is communicated to the Earth, throt'

Faprur defcending by its own fpecific Gravity ; or along with

| -

i g{:i{mﬁ:';.-g Torrents of Air, known to be accompanied by fit

‘ quent FLASHES,

i When the Vapour is condenfed in its Defcent, by paffig

throu’ a Stratum of the Eknefiai Winds ; it becomes ovae

charged with the ele@ric Matter, furrounding and adbering 0

it; and depofits the Overplus in Lightning, on its Approac

to other Clouds, or to the Earth,

1t is vifible in the Form of a Vapour, when the Vapourty

| which it adberes, becomes overcharged with elecric Matin
by Defcent into a coo/ Eknéfiai Stratum below : there forming
a luminous and tranfparent Atmofphere: the Particles of
Light and Vapour being repelled to great Diftances from each

| other at fo rare a Height.

It culminates above the Vapour, becaufe lefs heavy than
the circumambient Air : and may be fubject to the Arcradtion
of other Planets,

The Aurora Borealis is alfo feen to iffue in Streams and
Waves of Light, with inexpreflible Velocity, on its Returt

] to the South, in a lower Stratum, as it paffes throx’ Inter :h’cfsE
| between the Veficles of warm Vapour, raifed and difperled
:J by the turbulent Apogay Winds, in the middle Region,

i

During Summer, the middle Region becomes blended with
¥ the lower, throu® Defeé of Cold: and the ele@ric Matter i
i fuppofed to be communicated to the Earth, filently, and cons
i tinually 5 but by Lightning, when a léwer and colder At
mofphest
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CHAPTER - LL
Section 273. IF then this Reafoning be al-
1

owed ; aérial Travellers
will not be fubject, when, at a confiderable
Height, even in Winter, to great Degrees of
Cold, fuppofing that the Air does not actually
freeze the Waters below ; and the Apogay or
Southerly Winds have continued for a few Days.

On the Contrary ; Aironauts may expect Cold,
encreafing with their Afcent, even in Summer,
tho warm below ; fuppdfing the Eknchai or
Northerly Winds to have continued but for a
Day before the Afcent : they may poflibly, indeed
by foaring higher, rife into the regular Stratum of
the warm Apogay floating above them.

276. From what has been faid, there feems a
Degree of Probability, that the: Air for a Number
of Miles, above warm cultivated Plains {houd
differ materially in its Temperature, from Air
sbove Mountains, or even on @ Level with their
Summits.

That the former Air, in moderate Weather,
fhoud continue warm and rarefied : while the lat-
ter is cool and condenfed.

For the fame Reafon the Air over the Sea, on
the Hours of Accumulation ; i.e. during the

Night, in Summer, and frequently in Winter,
thoud

mofphere condenfes and overcharges the Vapour, and cuts
off the Communication,
It cannot be feen but in efcaping from Veficle to Veficle :
‘}071“_d1ur'1ng Summer, after Sunfer, on Account of the
\\'.‘;\g 1149




HEIGHTS TO WHICH BALLOONS MAY ASCEND,

fhoud be found warm and rarefied : efpecmlly
during a Continuance of the Apogay Winds,

277. Itis likewife probable that the Atmof.
phere will be found RESPIRABLE at much
greater Heights, than is at prefent imagined;
dumw the Continuance of the Eknéfiai ‘Nlnds
and alfo on Account of the z//l guiflicated Alr,
(a) whac is drier and lefs elaflic in Proportion to
its Rarity. (4)

278. The Height of 10 Miles feems not toy
great to limit human Refpiration, thoud any At
tempt be made, to foar with a Balloon in a mild
Atmofphere; and particularly between the Tro-
pics. (¢).

Balloon:

(a) Air is not unfit for Reﬂmmmn by k ‘ang loft its wital
ciple, but becaufe it has imbibed F/ on, which canno
I): icl ars fromit, but by Agitation in Water, Ca
vallo, on Air, Pages 479, 670.

(4) For if Moifture be one Caufe, which keeps the Partis
cles of Air at greater Diftances from each other; this Caufg
decreafes at grear Altitudes.

I alfo the E decreafts in Proportion, not only to the
Height, but the Drinefs ; its Particles muit, on both Ac-
counts, approach each other, at great Altitudes : tho’, from
the Altitude only ; they woud feparate according to the Rule,
viz, that the Rarity of the Air is proportionable to the Re.
laxation of the Force comprefiing it.

So that at the Height of 8 or 10 Miles, a Quantity of Air
taken from the Surface of the Earth, w uud occupy 6 Times
its former Space: fuppafing the Ail both below and above
to be of the fame Kind, as well as_of the fame mean Tempera-
ture of 55, on the Thermometer, See ** Martin’s Philofos
phical Grammar, Page 178,

(c) Chalmer defcnumg a Whirlwind, which is a Szworm of
correctioN and Aent of HoT Air, &c. by Rarefa@ion,
fays, * as the Wind ceafed, prefently after the Whirlwind
pafied, the Brancues and Leaves of various Sorts of Trees,
which had been carried into the Air, continued to Farr for
HALF AN Houwr ; and, in their Defcent, appeared like Flocks
of Birds of different Sizes,”

This Circumitance proves that Columns of nor Air muft
kave been raifed in a Body, in Succeffion, to fo confide lerable
ht, I"it .r ranches oF ‘Trees carricd wp by them, took

Pr
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ON THE RECEPTION AND DISPERSION OF AIR.

But an Obje&ion woud be found in the Size
of a Balloon fufliciently capacious to contain
nearly 6 Times the Bulk towhich the Gafs woud
neceflarily expand itfelf, at the Height of 10

Miles.

279. It feems moft likely that the primary Caufe .

that will affet the Afcent of Balloons is the
Difficulty of encreafing the Dimenfion of the
Balloon : the Second, is from the exceflive Cold ;
if the Wind blows from any Points of the North.

Suppofing the Conflru&ion of the Atmof-
phere to be as reprefented by different Authors,
{which, by the Way, is fcarcely credible) ten
\Illcs w:]l perhaps be the utmoft attainable
Helght.

280. There is a Circumftance relative to the
Motion of the Air, which has not been fufficiently
attended to: and bears fome Analogy with that
Of a T/:‘ﬁ?'l;‘f!’gb /{.”r-

This Circumftance may not improperly be
called the Reception and Difperfion of Air.

In cold Climates, it is an Obje&t of Dread:
in warm ones, a moft defirable Piece of L uxury.

A gentle Unduhtlon of the'Air is perceived in
Pcru, and other hot Climates, by Perfons fitting
in Arbours theltered from the Sun.

The furrounding Air is inftantly contracied by
Condenfation, hlrmﬂr the Abfence of the Sun’s
Ra)q, and therefore ¢ occupies a kefs Space : frefh Air
iS7ecerved, and as inftantly difperfed by L\pszlOH
towards thofe Pa.. ts, which are the warmeft, i.e.
where there is leaft Refiftance : fo that a gentle

Breecze

(&)
o
‘J

#irft Caufe of
Limitation, in
the Afceat of
Balloons,

Second Caufe
of Limitation
in the Afcent
of Balloons.




DEPRESSION OF THE ATMOSPHERE.

‘ Breeze is conftantly kept up, probalbly by a De
i preffion from absve (a).

281, Analagous to this, are thofe Wind
which generally rife early and die away at Sunfe;
i the no¢turnal Condenfation of the Air being fufs
i ficient for the REcEPTION : as Air fuffers fome
‘ Compreflion without Tumult.

T'o demonftrate the Changes owing alfo tore.
mote and invifible Caufes leaft fufpected ; Bojle
i fomewhere fpeaks of an Inftrument he mady
”{ which was fo nicely contrived, that he coud tell
i while fittingin his own Apartment, whenever an

i detached Cloud pafled beneath the Sun’s Difk
The Principle on which it acted feems to hae
been that of a Reception and Difperfion of Al
that took Place within the sHADOW proceedin
from the Cloud.
I 282. An oblique Argument fupporting the Dow
i trine of Depreflion, aflerted to take Place, infa
Weather, is that /7ind drys up the Moifture fron
i the Ground more than the Suz : and that Mard
which is the fuzﬁ;(byf, is alfo the mofl drying, th
not the hottef Month,

Bacon, in his Enquiry into Motions and Us
dulations of the Air, ufes a Metaphor, whid
tho’ fomewhat facetious, is ftritly philofophica:
¢ For qwhen WINDS Jead THE DANCE, if ol
¢ agreeable to know the FIGURE.” (c)

And

that m the Eaft, Liquids
nc, in the open Airy ful
ontinual Breeze ai
re) of Air,.in Con
iflure will thus b

(@) It may be from thi

littoria Ven
(1) 5 Lunn'mn‘_"

s nofTE
S NeL¢




WARMTH DESCENDING FROM AEBOVE.

And it is probable, that they really prefs the
Earth with a faltatory progreflive undulating
Motion, defeending in elaftic Steps of fudden
Compreflion ; and rifing with quick alternate
ones, of Dilatation and Expanfion,

Dicker’s Balloon gave Proof of this.

283. Laftly : the cHILL of Air which always
takes Place over wATER, and moiff Grounds,
een in the FINEST WEATHER, ftrongly favours
the Reception and Difperfion of it, to the {urround-
ingand more heated Lands: (which can onlybe fup-
plied, as before mentioned, by Torrents of freth
Air gradually defcending from the etherial or mid-
dle Region of the Atmofphere;) and feems to
produce the fame Effet, viz. a conftant Breeze,
with that of the Arbor, Shade, or Shelter from the
un: alfo with that of the Shadow from the
Cloud pafling under his Difk, which affe@ed a
tomplete T'hermometer and Hygrometer.

284. On a Change of Weather from Froft to
Thaw, the Colour of the upper Air FIRST alters
fiom a clear and deep, to a dull and faint Blue, or to
amuddy Haze, not diftinguifhable into Clouds,
but vifible above them ; a vivid Brightnefs ftill
remaining, for many Hours, to about 500 Yards
above the Surface of the Earth.

Or, foft warm Showers fall gently, without
Wind, or any apparent Change in its Dire@ion.

All which feem to favour the Accumulation
and Defcent of warm Air, by Waves of the
Apogay rolling over the Eknefiai Winds.

Ff CHAPTER

217
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€ HAPIT ER LI

Proper Days  Seltion 285, S the fafeft Hour of the Day hg
in the Month been already pointed out, for the
forthe Alcent - F
of Balloons, Afcent of thofe Aironauts, who propofe to crofsz
Channel, or Arm of the Sea, in a Balloon i
tight or nearly fo: it may not be ufelefs to throw
out a few Hints on the propereft Days in e
Manth, for the Afcent of Balloons.
'l 286. It will perhaps be found true, that the
' more frequent Winds are generated near the Sur-
face of the Earth : but that Storms are generated
from above. Cold, Heat, Drought, and Moil-
ture produce the more frequent and diurnid
Winds : but'the Conjun&ions and Operations
of the Moon and Planets contribute to the Pro-
duction of Storms and other Inequalities of the
Atmofphere: more efpecially the Moon : at the
New and Full. Thefe Attra@ions firft affed
'I the fuperior Parts of the Atmofphere, (a)

287.  Weare fure in the calmeft Weather, o
have fome Breeze at Noon, and at full Tide.
‘Therefore, both are improper Times for Bal-
loons to be at Sea : the Time of low Water and
Midnight woud be beft in thofe, if equal in othet
Refpets.

Changes of Weather as to Wind or Calm
happen about the New and Full Moon. (4)

288 Varieties

| (a) On the A&ion of the Sun and Moon over Animal Bo-

; dies, by Dr. Mea i, Mifcell, Cur, Vol. .2 72, 373 :

(8) For thefe Obfervations fee Gaffendus's Natural F??N-

| Yofophy, De Chales’s Navigator, And Altro-Meteore-Logics,
per J. Goad,

e - e et B e ¢
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€HANGES IN THE ATMOSPHERE.

288. Varieties of Tide produced by the
united or divided Forces of the Sun and Moon,
eccafion fimilar Changes in the Atmofphere near-
lyat the fame Time.

For Inftance, at the Time of the New Moon
or Conjunion, i.e. when the Earth, Moon,
and Sun, are mearly in a Line ; the Moon being
between them : alfo at the Time of the Full
Moon ; i.e. when the Moon, Earth, and Sun
e nearly in a Line; and the Earth between
them, which is called the Oppofition. (a)

In the firft Cafe, the Moon and Sun attra& the
Atmofphere of the Earth conjointly, or with
united Force: in the fecond Cafe; the Earth
ding between them, they a&t in Oppofition ta
tch other, fill nearly in the fame Line,

At thefe Times, the sPRING Tides are at the
bighef? i. e. once every Fortnight ; and in the twa
interval Weeks are the NEAP or lowef? ‘T'ides =
for a like Reafon.

Becaufe, in the latter Cafe, a Line fuppofed to
b drawn from the Moon to the Earth, and ano-
ther from the Earth to the Sun, woud form
tearly a right Angle: or in other Words ; be-
Gufe the Moon and Sun woud attract the Earth
#right Angles to each other, or in a lateral Di-
teltion :—the Moon woud draw one Way and
the Sun another :—their Forces woud be divided.

Now itis a Fa&, that the Ocean is raifed
mnﬁdemb]y twice every twenty-five Hours, by
the Attraction of the Moon, when fhe comes to

i 5 the

(¢} See Maclaurin’s Newton, Page 376,
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TIDES IN THE AIR AS IN THE OCEAN,

| the Meridian, So that the Surface of the Sez,
; inftead of putting on the Form of a Spher
‘ or Globe, will be changed into an oval Figur,
whofe longeft Diameter being produced, wou
pafs throu’ the Moon.

In like Manner a fimilar Elevation muft ta
Place, as often as the Sun is in the Meridia,
either above or below the Horizon.

Moreover, this Elevation is greatef on the Ney
‘ and Full Moon, becaufe the Moon and Sun
| then confpire in their Attraltions : and lkeff i

the Quarters : as they will then draw differat
| Ways ; the Difféerence of their Aétions only pi
! ducing an Effect.

Laftly, the Intumefcence will be of a midd
Degree, at the Times between the Quarters, ai
New and Full Moon.,

28qg. As in the Ocean, fo in the Air aboveiy
i a Tide of Air muft roll along the Atmofphen,
throu’ the whole Extent of it; and rife upwa
i twice in about 24 Hours,

And fince the Height of the Atmofphere
computed by Halley at 45 Miles, and the Delh
of the Ocean at an Average, but half a Mik
the Air will more eafily and quickly obey
Attra&tion of the Moon and Sun, than the Tik
of the Ocean : and, as it revolves in a Sphet
which is about 100 Times larger than that

: the Ocean, the Agitation and the Velocity of
' Tide, will be fomething greater, in Proportit
to its Elafticity, and inferior Denfity to
Water of the Ocean. (a)

‘ o
- 2qc. T#
f rFY AT . . . ’ i
it {a) Air at a Medium is Soo Times rarer than Wateri!

hat if Qoo Times the Quantity of Air naturally @




ure,
ou

THE HIGHEST TIDES ONCE A FORTNIGHT.

2go. The Weight of the Air muft now be
confidered.

The Weight of the Atmofphere in England
does not exceed 31% Inches of Mercury in the
Barometer * nor does the leaft Weight fall fhort
of 28% : the greateft Difference in the Weights
may be taken at 2 Inches: dividing 30 (nearly
equal to the whole Weight) by 2, the Anfwer
is 15. So that the under Parts of the Atmofphere
being prefled upon by about a fifteenth Part lefs
Weight at one Time, than at another; the Jpe-
dific Grawity of the Air will fometimes be a fifteenth
Part lighter.

But the Height of the Atmofphere being efti-
mated at 45 Miles, which is equipoifed by about
30 Inches ; when equipoifed by a fifteenth Part
lefs Weight ; (that is, dividing 45 Miles by 15;
which amounts to the fame as if a fifteenth
Part of the whole Height was taken away;
the Anfwer is 3 Miles;) fhews that the Atmof-
phere is 3 Miles higher at one Time than
at another, over certain Places; indicated by
the Barometer at thofe Places.

Such an Accumulation of Air, arifing only
from Preflure or {pecific Gravity in one Part of
the Atmofphere, and not in another ; by its
Tendency to an Equilibrium ; and when to this
Tendency is added its elaflic Force ;—muft be
produtive of WINDs, defcending Torrents, Inun-
dations of Air, or Storms, near the Surface of
the Earth: and nearly fuch a Difference in the

Barometer

tained in a Veffel whofe Dimenfions are thofe of a cubic
Foot, were prefled into it by a Syringe or Condenfer 3 the Air
woud differ nothing from Water in Denfity,
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PARTIAL ACCUMULATION OF AIR,

Barometer has been known to happen in a fey
I{OU[Q

Such Accumulation, however, is not properly
the Tide of Air.

291. At the New and Full Moon, the united
Attractions of the Moon and Sun raife the Sprma-
T'ides in the Ocean to the average Height of 10
Feet and a half. (a)

And in the Moon’s Quarters, the Moon
drawing one Way, while the Sun draws another,
viz. at a right Angle, made by Lines from
the Sun and Moon to the Earth’s Center; the
average Height of the Neap Tides in the Ocean
will be 6 Feet 7 Inches,

The fame Attraction which raifes Water 1o
Feet and a half, will raife Air, whofe Dentfity
1s 8co Times lefs, to almoft one third of that to
which the whole Preffure of the Atmofphere can
raife Fluids : (4) Now it has been before feen,
that the Preffure of the Atmofphere raifed the
Air 45 Miles : fo that the Air “is raifed by the

1

united A

ctions of the Moon and Sun, at the
New and Full Moon, to one-third Part of 454
i. e, to 15 Miles. And for the fame Reafon, thc

i at the Moon’s Quarters to 10 Miles

(¢) the Difference between which is s Miles.
There is confequently a real Tide of Air five
Miles higher at each New and Full Moon, than
at her Quarters : which Tide rolls with mcrc’di-
ble

ilfon on Climate, Chap, 5. Pages 46, gq4.—

(<) B\' reducing 1o Feet 6 Inches, and 6 Feet 7 Inches,
into Inches, a ividing by common Divifors, as 3 and 2;
itisf ! >

t o t 6 Inches, will be to 6 Feet 7 Inches,
48 3 to 2 hearly : that is, as 15 Miles to 10 Miles,




REAL TIDE OF AIR SOME MILES IN HEIGHT.

ble Velocity along the Verge or higheft Limit of
the Atmofphere ; and is generally produive of
Wind below,

292. The Elafticity of the Air muft likewife
be brought into the Account, as contributing
greatly to its Motion : the Spring of Air always
increafing as the Preflure encreafes.

Confiderable Changes muft therefore enfue in
the inferior Parts of the Atmofphere,

For as the Effeét of the Moon’s Attra&ion is
to diminith the Weight of the Atmofphere (tho’
its Quantity be increafed) by elevating the Co-
limn of Air in the Line of her Meridian ; the
Rarefalion of the Air is therefore encreafed, firft
¢ the Top of the Atmofphere ; afterwards it gra-
dually defcends to the Bottom, or Surface of the
Earth : fo that the incumbent Weight being
diminithed, the Air beneath will be greatly
expanded.

At whatever Height therefore any Quantity of
Vapour or fuperior Cloud refted, while the Moon
was in her Quarter ; it woud gradually defeend at
the Approach of the next New or Full: at which
Times it woud remain fufpended at a Height,
where an Expanfion took Place equivalent to the
former Expanfion, at.the Moon’s Quarter: and,
if the Height during the Moon’s Quarter was enly
tqual to that of common Clouds ; fuch Vapour
woud, at the New and Full Moon, defeend in

ift, Rain, Snow, or Wind,

293. Little Reliance is to be placed, in thefe
Northers Climates, on the aggregate Weight (or
taflic Power) of the Air, indicated by the Height
of the Barometer, near the Times of the New

and
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Proper Days
{or Afcent,

THE ALMANACK TO BE CONSULTED,

and Full Moons: tho’, in general, it will defeend
about thofe Times.

Thefe Things being fo; it woud be im.
provident to undertake an aérial Excurfion, either
three Days before, or three Days after the Day,
either of the New, or Full Moon : the Afcent
thoud be forborne every other Week ; at leaft til
the Art is a little more advanced.

T'he two remaining alternate Weeks in each
Month, viz. when the Moon is in the Quarters,
and the Tide of Air flowing throu’ the Atmof
phere, is checked, counterbalanced, and equa
lized, by the lateral Attra&tions of the Moo
and Sun, adling at right Angles, i.e. on dif
ferent Parts of the Air, pendent on the Earth’s
Surface ;—more fettled and regular Weather may
be naturally expefted ; and particularly fre
from the Extremes of #nd and Cold.

Moreover, as the Almanack, and Ephémeris (4
may be always confulted ; the Day fixed on fhou
not be marked with Conjuné&ions of the Planets
(#) The Inequality of their united Attration
greatly deranges the Equilibrium of the upp
Parts of the Atmofphere ; producing fudde
Squalls and Gufts of Wind: which, tho’ of
fhort Continuance, perhaps a few Hours, ar
inaufpicious to the fuccefsful Inflation and Afcent
of a Balloon, during the Infancy of the Science

(See Section 211.)
CHAPTER

(a) White’s Ephemeris, Page 38, for the Speculum Phe
nomenorum, or Miiror of the Heavens,

(b) See the Book which gives an Account of Walker's
Eidouranio
The intel

it Reader will eafily diftingui(h the Effeds, ?5'
he Planets, viz, their mutual Attra&ions, owibg
iral Caufes only j==from the futile Ravings cf jm’.)csﬂ
Aftcology,

| ST
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C H A P T-ER QL

ON THE MEANS OF SUSTAINING A BALLOON ABOYE
THE SURFACE OF THE WATER, BY A TEMPO-
RARY LOSS OF BALLAST : AND OF RECOVERING
THE BALLAST,

Seft. 294. Act. 1. HE two Inconveniencies

arifing from a. Difcharge
of Ballaft, while the Balloon is under the Pref-
fire of a medioceéanal Column of Air, are,

1. Firft, left the Balloon fhoud rife too bigh
for by opening the Valve in order to defcend ;
Gals efcapes : which is an afual Lofs: and the
Balloon is rendered incapable of fupporting its
Burden at the fame Height, as before.

2. The prefent Impoffibility of refuming the
Billaft, in order to defecend, ox check the Elevation,
on approaching either Shore, or at any other
Time,

204. 2. Thefe Inconveniencies are to be re-
medied by the following Methods.

If Sand be the Ballaft fixed on; put as much
of it into a Bladder by Means of a Tin Funnel,
a, when /efs than bag“blown, it will contain, with-
out finking below the Surface of FREsH Water.

Prepare the intended Weight of Ballaft, in
Bladders, after the fame Manner.

Alfo to racH Bladder with Ballaft, tye another
Bladder zwithout Ballaj?, half blown.

Gg Tye




MEANS OF KEEPING BALLOONS ABOVE WATER

Tye faft each Set of Bladders, fo prepared,
with a leathern Thong ; the Ends of which may
be /ef a few Inches to fpare.

The Grapple may remain in the Car,

294. 3. When the Balloon egins to defcend
over Water ; lower out the Cable, by Degrees,

Tve a Pair of Bladders, one of which contains
Ballaft, very tight, round the End of the Cable

Then a fecond Pair, at fuch a Diftance that the
intermediate Part of the Cable, will flat.

Repeat this Procefs, till the proper Effe& is
obtained ; or the whole Ballaft is difcharged,

294. 4. The Car and Balloon may be baukd
or wound dswn to the Surface of the Water: and
the Ballaft refumed, as the Balloon approachs

+ the Shore.

294. 5. If it be found neceffary, the Ballt
may be dijfcharged by cutting the THONGS, g
dually : or the cABLE, at once.

294. 6. If the Wind be contrary, and the
Weather moderate ; the Tide, or Stream may, by
Calculation and Forefight, be made to ferve the
Purpofe of the Aironaut, in towing the Balld
which floats on its Surface : and thus checking
or gently drawing the Balloon after it.

294. 7. In fuch Cafes, the Aironaut wou
do well in applying his propulfive Machinery.

A GENERAL OBSERVATION.

204. 8. To prevent the car of the Balis
from being drawn out of the Perpendicular,
Circumftance not infrequent ; it is neceflary 0
have fome Contrivance, by which the Cable fhall

tun throu’ a moveable Pulley, on a Swivel, in
the




WwITHOUT THE LOSS OF GASS OR BALLAST.

the Center above the Car ; and that the Aironaut
fhall be able inflantly, by a Screw; or otherways,
to faften the Pulley and Cable fo tight, that the
Strefs fhall remain on the Center above the Car,
however farcibly the Cable may be ftretched,

CHAPTER _LIIL

ANOTHER METHOD OF SUSTAINING A BALLOON
OVER WATER, WITHOUT LOSS OF GASS, OR OF
BALLAST.

Settion 2935, ET the Ballaft confift of that
L Kind of Rope (wound on a
Reel) that is either by Nature or Art, fpecifically
lighter than frefh Water : as a hollow cylindrical
Rope of Silk, in which Corks are thruft: the
Silk to be dipped into elaftic Varnifh, to prevent
the Abforption of Water into the Pores: ora
common Rope well varnifhed ; or covered over
with a cylindric Cafe of varnifhed Silk, might
anfwer the fame Intention, if Corks or Bladders
were tyed at proper Diftances : in which Cafe,
the Rope might, at the firt Afcent of the Bal-
loon, hang from the Center above the Car, at
its full Extent, fuppofe a Mile or a Mile and
half in Length, without the Encumbrance of a
Reel.
If Bladders are ufed ; thofe that hang near the
Car thoud not be more than half blown.
By the above Expedient ; as foon as the Bal-
loon began to decline, from Evaporation of
Ggz2 Gafs,
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ON THE UTILITY OF EXPERIMENTS,

Gafs, or Depreflion of the Atmofphere, and the
loweft Part of the Rope touched the Water ; the
Balloon woud continue to levitate, in Proportion
to the Quantity of Rope fuftained on the Surface
of the Water.

The Aironaut woud move lefs fwift indecd,
but more conveniently; as he woud not be obliged
to rife above the Wind : but be able to lwer, and
raife himfelf at Pleafure : fir/?, by pulling upa
Part of the Rope into the Car ; and having there
made it faft ;

“ Secondly, by cutting away, as he faw Occafion,
the loofe End, ‘and Folds of the Rope fo drawn
into the Car with him.

Gt B B R il

ON THE NECESSITY OF ASCERTAINING THE PRO-
PER MODES OF DIRECTION, EY DIFFERENT AND
FREQUENT EXPERIMENTS.

On the Necef. S€ction 296. HE Neceflity of making fre-
fity of fre- quent Experiments, in ordet
quent Expe- by Sl s s {LTRE :
riments, in t0 prove how far the Balloon is capable of Di
different rection, by different Combinations of the mecha-

Modes of Di-

e nical Powers, is fo apparent; that no Balloon

fhoud rife a fecond T'ime, without the Applici-
tion of Machinery to that End.

Each Candidate for Fame, as Proprietor of 2
Balloon for public Exbibition, ought to vie in his
Pretenfions to a Superiority of Manouvres.

T heir
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PRECAUTIONS TO SECURE A LANDING.

Their refpe&ive Performances woud appear in
the public Papers ; and Decifions be made to the
Advantage of the Art.

For it is probable, that by fuch Comparifin
chiefly ;—the comPARISON of experimental Blunders
and Miflakes, and not by an Union of Theory
and Pratice, cemented by liberal Patronage,
the Balloon can arrive to any Degree of Perfec-
tion, in a Country, which is the Scene of pera
petual Contention : where the Sum of Life feems
devoted but to PARTY ; and where the precious
Time of the GrEAaT is funk in Luxury, and
their exalted Talents loft in the Labyrinth of
Politics.

297. To_firive againfl the Stream is proverbially
impoffible : and it woud be literally fo, to attempt
by any Kind of Machinery to force the large
Surface of a Balloon, with any Degree of Velo-
city, againft @ Stream of A1r. (Seétion 201.)

Ships, which have the Aid of an Element
800 Times denfer than the AIr, are obliged to
wait in Port, till the Wind is favourable. But
neither is this confidered as an Argument againft
maritime Navigation - nor does the Perfedlion of
the Balloon require its Afcent in a Storm : tho’
the Preference due to the Balloon, on fuch Occa-
fion, woud be decifive in its Favour: as the lat-
ter woud prefently furmount the Wind, and /e 20,
in the calm Air abouve it.

Sect. 298. Art. 1. By Wings, or fome pro-
pulfive Machinery, acing forcibly in a Direc-
tion required, and with Eafe to the Operator;
TWo uﬁ’ful Mansyvres may be attempted, and
will frequently be found fuccefsful,

208, Art, 2.

Precautions
to fecure a
Landing,




230 TO SECURE A LANDING IN WINDY WEATHER,
Firf Manos-  208. Art, 2, Firft, To RETARD the Courfe
wre: o fe-  of the Balloon during its Defcent ; in fuchgz
cure the Land-
ing in windy Manner, as to prevent thc Wind hom damaging
Weather, the Jfrubme or fnapping the Cable : and thus
land with Sa&ty, and at the finalle/? J.)i',?am'e BE-
YonD the Place affigned.
I‘:epramw 298. 3. A filken, or other light Rope is to be
* provided : and to run throu’ a fuatch Bluck faf-
tened to a RUDDER, or to the cAR, as in Crof
bie’s Balloon (a).

Which Rope alone woud leflen immediate and
unforefeen Danger, by ufing the Balloon as'a
Sail, if it actua 1y alighted on the Water.

298. Art. 4. The fame Rope being a Mile, ot
a Mile and Half in Length ; the [Zhole, ox a Part
of it, might be fuffered to run off the Whegl,
and, falling on the Surface below, in mifly Wes-
ther, woud ferve as a Signal to determine whether
the Aironaut was over Land, or Water.

Alflo by winding up his Wheel, he might, if
the Weather was moderate, bring himfelf dunr
to the Grapple, which might be fo contrived 25
to run down the Rope, and remain at the Bottom,
by Means of a Knot, or other Check.

He might alfo /e his Grapple, and rife again:
or when down ; pull the Valve-Cord, and land.

208. 5. With a seconn fhort Cable, fnatch
Block and Grapple, he woud be able to masr the
Balloon, from which, he might, by procuring
the Country People to load the Car with frefh
Ballaft equal in Weight to himfelf ;—get outy
and even leave the Balloon in their Care.

The

(=) Sce London Chrenicle, 26th July, 1785,




T0 SECURE A LANDING IN WINDY WEATHER.

The Precaution of knowing whether he was
over 2 frefh Water-Lake, (for he might hear the
Sea) might be afeful'in mifty and low cloudy
Weather by Day, or during the Night ; without
expending Gafs in the explratory Delcent,

298. 6. To facilitate the landing, the Signal-
Rape may be ufed to the grcatf;ﬂ? z‘ulv:’.;ltagc, par=
ticularly in windy Weather ; by lowering out a
Pait, or the Whole, whether a Mile, or Mile
and half, fo that the Grapple may take Effe&t on
the Ground, at the Diftance of its Length 4y
Effimation, fhort of the Place where the Balloon
is intended to land.

As foon as the Grapple holds ; it is in the Op-
tion of the Aironaut, to tye Parcels of his Bal-
laft lofely round the Cable, to run downwards
along with it.

(For which Purpefe, Iron-Rings with Spring-
Swivels, which open by Preffure of the Fingers,
and fhut of themfelves, might anfwer better than
the /eathern Thangs, as the former might be put,
in an Inflant, round the Cable, and woud run
down quicker. )

Thefe Parcels of Ballaft are to be fent down,
in Succeflion, till the Balloon has acquired fuch
Degrees of FALSE LEVITY, as will be fufficient
to counteract that Tendency which the Wind
will have to deprefs the Car of the Balloon forci-
bly on the Surface, fo long as it is conneted
with the Grapple on the Ground.

298. 7. When this Point is effected, the
Balloon will remain fufpended in the Air ; and
being acted upon by the Wind, will be prefled
inte 2 Direction approaching to an horizontal

Line,
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TO SECURE A LANDING IN WINDY W.EATHER,

Line, in Proportion to the encreafing Power of
the Wind.

And here the Neceffity of having the Cablel
faftened to a Center above the Car, in order to
retain its Perpendicularity, is moft evident.

The Aironaut, in this Situation, may venture
to wind up the Cable gradually, and defcend, to
the Grapple.

2g8. 8. Sccondly : When the different Curs
rents of Air, have been tried by Defcent and
Afcent of the Pioneer-Balloon (@), and found
to-be all unfavourable ; the Aironaut is to rif
fiill higher, into a Calm, purfue his Courfe hori-
zontally in the BLUE SERENE, 'by propulfive
Machinery : eftimating the Velocity, by the ¢Di«
dent Refiflance of the half "Mile white Flag' 'del-
cribed in Section 12, 13. and 12, x5, hanging
at a proper Diftance belsw, and of that which
hangs loofely "at the Side of the Car, to fhewa
Change in the Direction of the Wind, (then.
made by a Refiftance of the Air): or he ma

judge

fa) To find the Dire@ion of an uppef Current, without
the Inconvenience of rifing above the Level which the Ajre=
naut has fixed on,

This the Abké Bertholon has hinted at, by Means of &
fmaller Balloon.

The Dimenfions of which, muft however be fo large; thaty
allowing for the Evaporation of Gafs, it will juf rife with
the Weight of a Quantity of Cord, a Mile and half, for In=
ftance, in Length : and have fufficient Room left within, 10
admit of :he Expanfion of Gafs without Rupture,

The Pioneer-Ball.on may be taken up, empry, and filled
with Gafs neceffarily efcs ing from TrE MovTn of the greal
Ballson, when flationary : and may be! fent up with a Cord,
failened to the Center above the Car of the great Balleony 10
reconnoitre the fuperior Currents: or it may be only filledia
Part 5 and made to defeond, and difrower the lowwer Currents,

Sce ¢ Des Avantages de Ballons, &, Page 72.”




IMPROVED MODES OF ASCENT,

judge of the Velocity and Direion, by the
Flight of a Feather, repeatedly let loofe at certain
lagervals of Time.

FWAPRPTER LV

NEW MODE OF ASCENT, TO DETERMINE THE IN-
STANT THE BALLOON 1S ARRIVED AT ANY GIVEN
HEIGHT : TO MEASURE THE HEIGHTS : AND TO
ESTIMATE THE DENSITIES OF THE AIR AT THE
GIVEN HEIGHTS.

AkSO, A METHOD OF ASCENDING TO A FIXED BA=-
ROMETRIC HEIGHT: THERE TO REMAIN SUS-
PENDED IN EQUILIBRIO.

Setion 299. TYREVIOUS to the Afcent, pro=

vide a Cord, which fhall have
fuficient Strength to fupport twice its own
Weight, when fo great a Quantity of it is
uiled together, as, if extended, woud meafure
half a Mile or a Mile.

Weigh the whole Coi/, or any Number of
Yards, fo as to obtain the whole Weight,

Mark the whole Length of the Cord, with
ifferent coloured Worfted, or otherways, at the
Diftance of every eight Yards: as a founding
Line,

Note the Marks in a Pocket-Book.

Thefe Things being done ; give the Balloon,
by iNFLATION, 2 Power of Levity at leaf? equal
to the known Weight of the Cord: which may
be eafily obtained by throwing into the Car, al-
wady ballafled and prepared, a Weight equal to

Hh the
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HEIGHTS OF THE BALLOON-MEASURED,

| the Aironaut, together "with'-that of the Cod,
The Cord muft alfo, ' previous to the 'Afeent,
be rolled upon a'Reel, (made faft*in“the Ground)
whofe Diameter fhoud be Two Feet:each i
i of the Wheel may be called'a Yard,
i A Barometer with an attached Thermometet
f fixed “in the fame Frame, ‘alfo'a’ fecond onde
’ tached Thermometer placed at the Diftancesof
] Yard from'the Frame, fhoud remain “upon the
5 Ground during the Inﬂatlon

The fame Appamtus of Barometer withtidf.

tached and detached T'hermometer, fhoud be fuf
i pended in the Car.
il The Inftant the Balloon afcends, an Obferver
below “is to' note in'a Book ‘the Point at which
the Quickfilver ftands in each ofthe THRE
‘ T'ubes of the lower Apparatus, alfo the Tlme of
i Afcent: the Aironaut the fame.

The Rope is, previous to the ' Afcenty o'
tyed 'to a Center'above the Car’: “and as foun's
the Balloon has elevated the Car 100 Yards ;>the
Obfervations, as before;, are to be fet down b
low, and by the Aironaut: and repeated atithe
Height of “each ‘100" Yards :*a Drum: torbeat;
during the Time each Obfervation below iszfing
down ; and'the Balloon not fuffered to rife, " till
the Drum has ceafed.: By fuch repeated Notis,
and Silence; the Aironaut will know ‘the .exia
Height, at which the Balloon 'is checked indts
i Elevation: and the exai? Time during which its
Elevation is impeded.

This Procefs -is to continuey tillithe Ropels
raifed to its full Length,

At ‘which-Inftant a double-barrel Grun.is t0
be
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DENSITIES 1OF, THE AIR ESTIMATED,

be fired ;. the exa& Time noted below : and the
Time of hearing the Sound noted above.

Thefe Notesiare to be compared at the Airo-
paut’s arrival on Earth,

300. For fuch nice Experiments the Aironaut
{houd  afcend half an Hour before suNrRISE, or
Sunfet : and ) the. Day -chofen by the foregoing
Riules.
+1{The Air muft be QUITE cAaLM : but it is not
neceffary that it fhoud be free from Clouds or
Mift

Wlen, the Rope is at itsfull Extent; the Ope-

rator below is to fhorten it, by winding down the
Balloon; 100 Yards: the Signals below, being re-
peated, till the Balloon is arrived within 100 Yards
of the: Ground.
v go1. While one Obferver below is writing
down the Obfervation to be made the Inftant the
Balloon has rifen exaétly 100 Yards; another
Qperator. is .to weigh, by Hand, with Spring
Steel-Yards, the Force of Levity already ag-
quited, which is to be noted down by a third
Byftander.

This: Procefs .is to be repeated at every 100
Yards:

The- Levity, it is true, will encreafe as the
Balloon rifes, - (probably in a geometric Progrefs
fion ;) (2) yet the Cord, by rifing with the Bal-

loon; will greatly check it : if, however, it prove
Hh 2 infufficient

(a) As the Heights of the Atmofphere encreafe in an g_n‘,'b-
metical' Progreffion 3 the Denfities arc faid to encreafe in a
geometrical Progreffion: which is a mathematical and pedan-
tic Mode of Expreffion.

For' asithmetical Progreffion keré means.no more eh;jn _t?:s

eight
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at different
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Method of af.
cending to a
fixed barome-
tric Height:
there to re-
main fufpend-
ed in Equili-
bria

TO ATTAIN ‘A FIXED BAROMETRIC HEIGHT,

infufficient for that Purpofe, and;- left the Gorg
fhoud be in Danger of breaking:; at the. fecond
hundred Yards, or; at whatever Height. the Les
vity is found to-have encreafed 10 Poundsy; bus
is lefs: than 203 a Gun isfo-be fired as a feeh
Signal to the Aironaut; who is:to fcatter awdy
a Bag of Sand-Ballaft, (to be put,up in Bagsof
10 Pounds each ;) whenever he hears the,Dif
charge of a Gun.

If the Cord, Rope, or Balancer, be fufficiently
ftrong ; there will be no Neceflity for theBir.
onaut to throw out Ballaft occafionally ;. nof fot
the Obfervations in the former Part of this Sec
tion : the Denfities will likewife be more eafily
determined, by the Meights ; which fhew the
Encreafe of Lievity and Expanfion of .the Balloon,
at each of the given Heights: Allowance being
made- for the Weight of the Balance Rape, raifid
by the Balloon.

302. 'The Aironaut, may, at any Height,
marked by looking at the Barometer, when; g
Inches for Example, or asdoon as he finds his
Balloon fufficiently expanded, pull up the{Repe
over a Pulley ; ory wind it upon a Reel of tsto

Fegt

Height of 1,2, 1,4, §, 6, &c. &¢. Yards, Fathoms, Réods, or
any other equal Interval, I
If then at the Height of one Yard, the Balloon. has j&-
quired (fuppofe) the Levity ot 1 Pound; then, if this Levity
¢éncreafes in geometrical Progreffion § (as twice 116 2,) itwill,
at the Height of 2 Yards, have encrealed to 2 Pounds ;. and,
as twice 2 is 4;)-it will, at the Height of 3 Yards, haveen-
creafed to'4 Pounds: and, as (as twice g is 8;) iosvill, &
the Height of 4 Yards, have encreafed to 8 Pounds;, and, (as
twice 8 is 163;) it will, at the Height of 5 Yards, haveen-
¢reafed to Y6 : and, (as twice 16 is 42 ;) the Levitywill, 2
the Heightof 6 Yards, have encreafed to 32 Pounds; and{o
on, doubling the preceding Number; at the Height of ¢l
Yard, Fathom, Rood, Mile, &c, &c,




ARD REMAIN INCEQUILIBRIO IN THE AIR.

Feet! Piameter, iwithin the Car ; »and continue

toda (o5 till he: finds that the Barometer begins
to.7ife; which/is a Sign that the Balloon dcﬂend;
by! the' additional I;/sz':x’ of the Balancer juft
brought - into’ the Car 1 .on which, by precon~
gerted Agreement, he' may throw outa WHITE
Plag; prepared to hang a Yard below the Car.

On-Sight of the Flag, the Perfon at the Reel
belw is to cut the Rope : which Rope, or a Part
oftfity is to be drawn into the Car,

The ' Balloon will rife no higher 5 'lnut remain
inl Bquilibrio in the Air, at that Heigh

C-H-AP:T E R/ LVIIL

ON“BALLOONS. THEIR DEFECTS AND FARTHER
IMPROVEMENTS.

Sedtion 303, HESE Defe&s are beft known
from-the Hiftory: a Detail of
whiclris given to the World in an entertaining,
depant, and fcientific Manner,, by a celebrated
Writer on other Subjects, Monf. Faujas de Saint
Fond, in two Volumes, 12mo. for the two laft
Years, illuftrated with Engravings by the belt
Mafters.
And he. promifes .a Continuation, or annual
Regifter of Experiments and Improvements.
The Title of the Book is, ¢ Defcription des
Experiences de 1a Machine aéroftatique; &c. &c.”
304 Mr. Cavallo has favoured the Britith Na-
tion with a curfory tho’ clear Account of the
{ame
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DEFECTS  IN THE -BRITISH BALLOONS,

fame, in his ¢ Hiftory of Airoftation:” a Cons
tinuation of which it were to be withed he woug
likewife publifh annually.

30s. It might contribute greatly ito the Im-
provement of the Art ; if Mr. Faujas-woud; gist
Engravings on a large Scale,. of- ithe different
Machinery, already ufed or invented ito direGthe
Balloon, with- their  Proportions .. particularly
the MOULINET of Blanchard: as well as,tha
lately tried by Meflrs. Auban and Vallet ; whok
Machinery is {till' more diffinguifbed and . EFpg
TUAL.

206, The Titles and Sizes of all ufeful Boaks
written on" the Subject, alfo the. Places: wihes
they are to be had, might likewife be infertedyat
tHc End of each annual Volume,

. “The principal Defeéts of the BritifhBals
Ioo ns ar in

i Thf- Conftruétion.

2.1 Production of Gafs.

9. Mode of Dircétion, and

4--Security of landing,.

Firft, Defeéts of the \Jonf’tru&mn are both i
the Form, and Compofition,

The Form ought to be that of a rIGHT (ﬂ)
Cylindery ' (b) by which the Capacity. is doubled
without encreafing the Refiftance : ending above
and below, each in a Hemifphere. = A cylindri-
cal Trunk, 2 Feet in Diameter, being added
convey the Gafs inzo the Balloon ; and fufferit

to

(a) Whiften's Tacquet’s Euclid, Book XI. Definition ofi#
right Cylinder, Art, 3, Page 166.

(6) Archimedes’s Theorems, Propofition 33, 34 ; it the
End of #hifien's Euclid, Page 42,
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IMPROVEMENTS SUGGESTED.

to'efcape, when too much expanded in the etherial
Régions.

It thoud alfo be furnithed with'a Valve, at the
Bottem, “of ‘equal Diameter “with ‘the T'runk :
keeping itfelf Air-tight;and opening outwards by
igiven' Refiftance, (as that of ten Pounds Troy,)
fiom the infide Gafs,

There muft 'be an upper Valve as ufual:” oc-

tafionilly ‘to'promote a fiwift Defcent.
10368, The Form will likewife ‘continue to be
defective, “till ‘an interior Balloon for common
Air is adopted, according to the Plan laid down
byothe ingenious ‘Monf. - Meunier; lately” ap-
pointed by ‘the French Academy of Sciences at
Paris; ‘one of ‘the Commiflioners for’ the Im-
provement of Airoftation.

The Ufe of which interior Balloon by Com-
preflion of the furrounding Gafs in the external
Balloon, prevents, it is faid, the Lofs of Ballaft
and of Gafs: two very confiderable Advantages.

For the a&ual Sum total of Gafs not being
diminithed ; the Balloon will continue longer in
the Air, before an Efcape of Gafs, throu’ the
Pores of the Silk, makes it defcend.

There will, on the fame Account, be lefs Oc-
eafion to take in meer Ballaft, for the'Purpofe of
throwing it overboard, to prevent the Defcent.

Therefore an equal Weight of Articles necef=
farg-to remain in the Car, may be fubftituted in
Place of the Ballaft,

309. Art. 1. And, fince it is next to impoffible,
the Atmofphere fhoud continue for 24 Hours to-
gether, of the fame Denfity, Weight, and Temper=
aure 5 or, in fhort, without Motion ;—the Air-

onaut
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HEIGHT FOUND BY A QUADRANT,

onaut will have a Power of fecking, at difara
Heights, for that Current ot Air, or Wi,
which fuits him beft : or, in a very few Minures,
to rife above all Currrents ; become flationafy,
and lie to in the SERENE, waiting for a Aind:
which, as before mentioned, he may readily find,
by lowering out a Mile of T'wine, and his whi
Flag : attending to it, with a fmall perfpectiv
Glafs, or Magnifier.

309. 2. Another moft material Advantage'i
to be able, in a high #ind, to chufe the Spoton
which he propofes to alight: or wait for afa
vourable Opportunity to defcend.

To afcertain 310, To compute the Height and Diftancef

;'i‘,‘*ﬂi“;‘}::wm the Balloon, by Means of a white Flag, or othét

by a Quadrant, vifible Objeét, fufpended from the Car, at a e
ain Diftance below it.

Let the Obferver take the Altitude of the Ca
with 2 Quadrant : and alfo the Altitude of the
Obje&t or Flag.

Then by-a Cale in plain Trigonometry; il
the Altitude of the Car be by the Quadrant

C' 59°=HAC, the Altitude of the
| 0 Obje&t 550=HAO, and e
Length of the Line veered out
be 200 Yards, or otherwife=
€0,
2 iy Then the Complement of
HAQO=AOH=350°; and the Complement of the
Angle HAC=ACH=31°; and the Supplement
of CAC-ACO=A0C=145°.

Then; ICAOQ 4o ; CO 200 : AOC 34508

AC; and Radius : AC : : CAH 359° : CH 1499
Y ards,




AIR-BOTTLE BALLOON OR CONDENSER.

Yards; the Height of the Balloon taken at the
Time.

Next; Radius : AC:: ACH 310 : AH 846
Yards, which is the horizontal Diftance of the
Place on the Earth from the Obferver, over which
the Balloon was then fufpended.

This Method finds the Height truer. than the
Barometer, and with fewer Circumftances of
Confufion.

And if the Balloon Art coud be perfected, fo
#to make them ftationary at any Height ; this
Circumftance woud afford excellent Opportuni=
ties of proving the Heights by the Barometer :
befides which; the Diftance alfo has been ob-
tained : a Point not before attempted. (a)

Ol & BVDE 'R TLNVIL,

OF THE AIR=-BOTTLE BALLOON.

Section 311, IL L the Particulars of
Meunier’s Invention are

made public, (4} an additional Air-ight Balloon,
or Air Bottle, at Jealt 15 Feet in Diameter, of a
ghbular Form, appended below the Car, and fur-
nithed with a Condenfer, to be worked by pulling
upwards, or, as the Béllows of an Organ, by the
alternate Motion of the Feet of the' Aironaut,
ftanding upright in the Car, may be ufed inftead
of the interior Balloon ; to keep the.great Balloon
i at

) Inferted in the Chefter Chronicle, Sept. 30, 1785.
{a) Inferted in the Chefter Chronicle, Sept. 30, 1785
\(M The Writer not having yet been able to procureit from
the London Bookfellers,
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AJR-BOTTLE BALLOON OR CONDENSER,

at a given Height : and confequently prevent th
Aironaut from rifing too high : to atchieve which
Purpofe, during the fir? dfcent; a Rope or Ba.
lancer may be ufed, a Mile and half long, faften.
ed. to the Car, and rifing with the Balloon, (to
check its Power of Afeent,) till an' Equilibriumis
produced : at which Inftant, on Sight of the whi
Ilag from the Car, the Balance-Rope is tol
cut, by the Operator below. (Section 302.)

If the Aironaut perceives by the Rife of the
Barometer, that the Balloon defcends; he may
throw out a liztle Ballaft, (perbaps a Pound o
two), and then wind up his Balancer, or fuffesit
to remain at any Length, at his Option.

312. By keeping the Balloon at a given Height
only ; no Gafs is expended in preventing the, g
ceflary T mc.u.cy of Balloons to.a perpetual Ele.
vation : alfo, during the felf Defcent of the Bals
loon ; by openjnrr the Air-Bottle; the Airona
will fupercede the Neceflity of throwing out Bale
laft, for a Re-afcent,

313. The Air-Bottle-Balloon fhoud be coyer-
ed by a ftrong light Net, of a Dimenfion_rathe
lefs than the Bottle, which will hinder it from
burfting: the Refiftence of the condenfed Al
within, being then chiefly on the Net, and but
little on the bottl

The Net may be made of Silk and Cottoﬂ
Thread 5 left the Mefhes, by the Preflure of the
Knots, ﬂloud eat into the Bottle,

CHAPTER
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Gl A BT EiRY L LIX,

SURERIORITY OF THE AIR-BOTTLE TO AN INTE-
RIOR BALLOON.

Section 314. HE Air-Bottle can be attended

with no Sort of Danger. For,
ifit burft ; the only Effect is to raife the Bal-
loon ' ‘which is made to defcend, ‘at Pleafure, by
opening either the lwer or upper Valve.

Whereas an interior Balloon condenfed with
common Air, prefles againft the furrounding ex-
tetior Gafs : and the Gafs, againft the iNsiDE
of the ‘great Balloon, when the latter is in an
glevated and rarefied Atmofphere ; which Atmof-
phere, in Proportion to its Height, makes //s
Refiftance to the Outfide of the great Balloon : and
thereby encreafes its Tendency to a Rupture,

By the Application of the Air-Bottle, which
will be to a Balloon, what an Air-Bladder, or
Swim is to a Fifh ; a concomitant Advantage is
derivable.

For the common Balloon and Air-Bottle,
which may be called A DOUBLE BALLOON, will,
in their prefent imperfec? State, be able to remain
1 Day, or perhaps a Couple of Days in the Air :
there being no Lofs of Gafs : unlefs by Evapora-
tion, throu’ the Pores of the Silk.

And this Advantage of a double Balloon may be
tifeted with little ExPENCE (except that of a
Complete Net) to the different Proprietors, who

iz may




HINTS FOR THE DIRECTION OF BALLOQNS,

may make alternate Voyages, with the Balloons
thus united : one being inflated with Gafs ; the
other occafionally with three ormore A tmofpheres
of common Air condenfed.

C AP B RGN

HINTSFOR, THE. DIRECTION OF THE BALLOOK

Sect. 315. Art. 1.J.N the London Chronick,

from the 206th to the 22dd
Auguft, 1785, is a Letter from Bury, contaii:
ing an Account of Mr. Poole’s Balloon, with
the following Circumftance, viz. ¢ It was found
neceflary, before the Balloon was liberated, tocit
away the Wings, intended to aét as Sails, whid
had been conftruéted by an ingenious Piedmon-
tefe, patronized by LorRD oRFORD, and whichil
was fuppofed, woud have contributed fo facilitat
the Direction of the Balloon, but were found gred:
by 19 retard the Celerity of its Motion.”

Now if any Credit can be given to Newfpap
Accounts, (that of the Beccles Balloon being
‘entire Fable,) it is to be lamented that the Wing
were cut away for the Reafon affigned : astt
feems the only one that coud propcrly be offered
for applying them.

ST s “Balloons already rife like a Rockel
and prefs forward almoft with the Celerity of the

Wind': it is therefore evident, that thefe Celerr
ties




HINTS FOR THE DIRECTION OF BALLOONS,

ties muft be: greatly retarded, in order to facilitate
the Direttion) s -and confequently that the Wings
bid fair to: have anfwered the Intention of their
ingenious Projector.  And why precipitately cut
them away, before the Balloon was left to the
Pleafure of the Wi md ? fince no regular or fafe
Manouvres ought to have been ‘ntcmptud till
that T'ime.

There appears to have been much the fame
Reafon for rejecting the Piedmontefe Wings,
that there was for condemning the ufe of a Para-
fhute, to which a Dog being appénded was killed
in the Defcent: becaufe the Parathute was not
let, loofe at a fufficient Height, nor was it pro-
perly diftended.

315: 3. It feems, that as the Wings had greatly
iMPEDED the Balloon; a certain Addition to them
might have nearly sTOPPED it in the Air.

For the Balloon having once acquired an uni-
form Motion, by encreafing the Surface of the
refiting Body, or Wings, the Balloon may be re-
tarded to a certain Point. But the Refiftence
encreafing woud raife the refifting () body above
its Powu of Aétion, and thelciorc, in Fad,
leflen it ; by which Means the Balloon woud
continue to be propelled in the Direction of the
Wind, with a Force equal to that Diminution.

Suppofe, for Inftance, that, inftead of the half
Mile Flag, which evidently checked the pro-
greflive Motion of the Balloon (Section 70) a
l.lruer fquare Surface, of varnifhed Silk, or a trian-
gular Latteen Sail (lch the Aglepsy of LL Roi (4))

was
fa) See Chambers’s Dictionary under the Article RESIS-

TENCE.
(b) See his ¢ Navires des Anciens,”
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HINTS FOR THE DIRECTION OF BALLOONS,

was fubftituted, and kept ftretched, by a hollog
Cane, or Yard. (¢)

315. 4. Alfo, that by Means of a Fan or fmall
Oar, acting as a Rudder, to be folded and taken
back into the Car at Pleafure, .the Ballooniwas
compelled tomove with a given' Side foremoft;
that the Sail was let down below the Cary/by
ftrong filken Cords faftened to each Angle; and
laftly, that leaden Weights, (each weighingan
Ounce Averdupoife when widely perforated, and
put throu’ the Ends of each Cord before /it's
faftened to the Car), be let down to each. Angle;
occafionally-encreafing the Weights (or Sail) i
Proportion to the Wind ; which relative W eights
(or Sail) will beft be determined by. repeated Ex-
periments ; will not fuch-an Apparatus.or Ane
mometer-Sail, acting as a Vis Inertiz nearlyat
right | Angles againft the Force of the Wiind,
chuL the Balloon ; 3 till the encreafing Refifterice
raifing the Sail upwards towards the Horizon di-
minithes its Power of A&ion ! With :this:Sail
therefore, which requires little Attention . and
with the Affiftance of Wings moved by Levers,
prefled alternately downwards as the. Bellows of
an Organ, by the Feet of the Aironaut and meze
\\/u‘rht of his Bod y ftanding upright.near the
Center of the Car; the Balloon 1 may probably be,
in fome Refpeét, fubju,t to Dire&tion, and move
obliquely againft the Wind, or with Force ina
Calm.

The Balloon and Anemometer-Sail, like the

: Earth
(c) See “ Gordon’s Principles of Nayal Architeéture.”

Alfo the Balzaes and Guaraes, in Ullda’s Vu)a'a to Amee
rica, Bock 4, Chapter.g, Vol, 1, Page 183




HINTS FOR THE DIRECTION OF BALLOONS,

Earth and Moon will turn on their common
Center of Gravity,

315. 5. It is pofiible to erect a light hollow Maft
throu™ the Car, and throu’ the Balloon, by
Means - of  a cylindrical Tube of varnifhed
Silk, extending from Top to Bottom, in order
to fuftain the Balloon in an upright Situation,
and make it keep Pace with the Car, when the
latter is propelled by the Wings. The Maft
houd be covered with foft Cotton, to leflen the
Roughnefs of the Fricion. It may al{o contain
within it, another flenderer hollow Maft, after
the Manner of a Cane Fith-Rod; either to be
lowered out, and. placed horizontally acrofs or
below the Car, to ferve as a Guard for the Bot=
tom of the Anemometer-Sail; or to be let down
to any Depth occafionally : and other Sails con=
nefted, by the ufual wooden Rings, and kept
tight by Cords running throu’ Blocks faftened
toany Part of the equatorial Hoop, as ufed at firft,
by the gallant Admiral of the Air BLANCHARD, and
afterwards too precipitately rejected ; fince, in
Cafe of a Rupture of Gafs throu’ the upper
Hemifphere of the Balloon ; the equatorial Hoop
preferves the Parathute complete : and for Want
of which Hoop, young Arnold had certainly loft
his Life, if the Water of the Thames had not
broke his Fall.

During the Defcent of the Balloon, the Sails
are to be taken in, and the lower Maft projected
nto its Socket.

315. 6. Different Trials may be repeatedly
made : the Effeéts of which, whether evidently
weful or apparently otherwife, being carefully re=

corded
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On the Man-
ner in which
the Wind,
Anemometer,
and propul-
five Machine-
ry will proba-
bly operate
on the Bal-
loon,

ON THE UTILITY OF EXPERIMENTS,

corded and regularly publifhed in Detail, may
afford Data for the Profecution of further Difo
veries, and lay the Foundation for a rational
Superitructure of aireflatic Navigation.

Seét. 316. Art. 1. By adding W eights, and
encreafing the Surface of Anemometer-Sails ; the
Vis Inertize will become o powerful in the Dis
redtion of the refifting Medium of the Air ; that
the Wind in«the oppofite Direction will foree
the Balloon out of its Vertical, and incline itfo
the Horizon. The Car will be a Fulcrum Axis
or Center of Motion: on an imaginary Point
of which, as on a Pivot, the Balloon and Sai
will turn oppolite Ways, balancing. each: othe
in every Situation.

216. 2. The Balloon muft therefore be brought
back into the Vertical by a counter Exertion of
the Wings : to which the Vis Inertiz muft al
ways be made to bear a juft Proportion.

The Declination of the Balloon is: the. ol
Inconvenience forefeen to refult from anAne
mometer too large, or too heavily laden : andit
is inftantly remedied by flacking the Sail.

One Thing ftill remains to be mentioned.

317. Balloons durably Air-tight, and termie
nating in a Hemifphere above, (Seltion 307)
ought to have their Dimenfions  fuch, that
there fhoud be no Occafion for more. than
their upper Hemifphere to be inflated. Unde
which Form, they may with Eafe and Safety
be pitched as Tents on the Ground ; by Cords
faftened at equal Diftances to the cquatorial
Hoop ; and on Occafion by the Aironaut himfelf,

while in the Car : who may be provided with
Iron




IMPROVEMENTS SUGGESTED,

Tron Ring Stakes barbed, and faftened or ready
to be faftened to each Balloon-Cord : and, as
foon as the Balloon is moored by the Anchor,
Grapple, and fnatch Block, (Seétion298, 3) with
a light Axe drive down the Stakes round the Car,
and regulate them when he alights from it, on
the Ground.

Cidd b B T B Rw Xl

HINT FOR A VANE-SAIL TO PREVENT THE BALS
LOON FROM TURNING ROUND, WHILE THE WIND
CONTINVES STEADY,

Section 318. O the Block-Pulley in the
equatorial Hoop, hoift a Sail,
whofe Shape is as follows.

From the equatorial Hoop, let fall a Perpen-
dicular : and from the loweft circular Point in
the Circumference of the Balloon, draw a Tan=
gent, or horizontal Line, till it meet the former :
thefe Lines, together with that Part of the Cir-
cumference intercepted between them, in the
Points where they touch the Circle, forms a
Space, which is the Shape fought.

The Sail may be kept fteady by a hollow Cane
of Bowfprit thruft out from the Car, and made
faft with the ufual Tackling.

319. Hint for an Umbrella-Pendulum or Valve-
Swing, to proje& the Balloon in a Calm in the
tthereal Regions, above the Station of Clouds ;

Kk where
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Hint for a
Palve Swin
to projeét the
Balloon in a
calm and ele-
vated Atmof-
phere,

IMPROVEMENTS SUGGESTED,

where the Refiftence from the Air is much lefs
than at the Surface of the Earth.

Let the Car of the Balloon be perforated fo as
to admit a light Gordon Maft, or Pole 18 or 20
Feet long, perpendicularly throu’ it. (315, 3.)

At the Diftance of five Feet from the upper
End of the Pole, a light hollow cylindric Tube
of Iron, one Foot long, as a Bolt, fhoud be put
throu’ it, at right Angles : fo as to play fmoothly
in two Iron Bends, fixed in the Car; one Bend
fo far moveable, as to rife with a Hinge to admit
the End of the Bolt; the other Part. of the
Bend to be perforated : throu’ which a hollow
Staple is to be faftened, with a fpring Cotterel
chained : this Apparatus will prevent the Pole
from turning round.

Two light Frames of Wood, of a parallelo-
grammic Form, each twelve Feet by fix, and
covered with varnithed Silk, are to be hooked,
one on each of the oppofite Sides of the Polg
from its lower End upwards ; the Frames tobe
moveable in fuch a Manner, that on prefling tht
Pole one Way on the Axis or Bolt, the Frames
fhall lie clofe ; but on recovering the Preflure,
the Frames thall expand and open, fo as to form
an obtufe Angle with each other, or to lie almoft
in the fame Plane, when the Recovery is made
brifkly, and with a Degree of Strength.

A Handle of Wood, the fame Size with the
Bolt, may be faftened throu’ the Subftance of
the Pole near its upper End.

The Operator is to ftand in the Car, and work
the Pole backwards and forwards, which wil
give

T T il skl sl e




IMPROVEMENTS SUGGESTED.

give a progrefive Motion to the Balloon in a
Calm.

This Method may poffibly prove more effetual
than the Umbrella-Wheels, on an horizontal
Axis, of Monf. Carra (2); as the Umbrella-
Pendulum is eafily unrigged, removed, and
brought into the Car, in Cafe of a Whirlwind ;
by Means of a circular Rope faftened to the Axis
or Bolt, one End being in the Car, and the other

| put' throu’ the Aperture at'the Bottom, and

brought up from the Qutfide again into the Car.

The Umbrella- Pendulum may be made to turn
found horizontally on the Bolt ; the Ends of the
Bolt being faftened under a circular hinged
focket, or Groove, of Iron.

0 8 A0 b B Ras 1l wdde

BEFECTS, IN THE COMPOSITION FOR BALLOONS,
REMEDIED,

ALSO ON THE COCHUC-VARNISH,

Setion 320. TYALLOONS are defetive in the

Compofition for the Varnifki

which, till lately, was incapable of rendering
the Balloon completely and durably Air-tight.

Kk 2 321. It

(a) Monf. Carra propofed to afcend with two Balloons,
One, a feventh Part lefs than the other, is to be conneéted by
2Rope, throu’ a Pulley fixed in the equatorial Hoop of the
Freat Balloon, to a Reel in the Center of the Car : in defcend-
ing, the Reel is to be unwound: the great Balloon and Car
Will therefore defcend, while the fmall Balloon remains in
the Air, The Scheme is certainly practicable, See the Cut
in the London Magazine for June, 1784,
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ON THE COCHUC-VARNISH,

321. It was fometime ago reported at Paris,
that Mr. Dutourny de Villiere 'had ‘undertaken
to conftruct a Balloon f{o truly impérmeable, that
he woud warrant the Duration of it, for ‘feveral
Hecks in the Air.

And it is fmce known that this Defideratum
of the Art has been effeGted, in the Compofition
for the celebrated Balloon of Meflrs. Auban and
Vallet, FIrsT made fubject to Direction.

322. Mr. Berniard, a French Chymift, has
made curious tho’ unfuccefsful Experiments,’ in
order to melt the cochuc or elaftic Bottle ; as
may be feen in the 17th Volume of the ¢ Journal
de Phyfique.”

Mr. Faujas and others made fimilar T'rials.

323. The Writer, unacquainted with whit
had then been done in this Matter, coud not help
remarking the ftriking Properties of the Cochi
in its prefent Form, to anfwer every Intention
of the beft Varnifh, if its Price was lower;=
viz. compact, pliant, unadhefrve, and wm!rnab/s by
#Veather ;—if it coud be diflolved, and afterwards
made to recover its prefent UNADHESIVE Form:
an Art in which the Eaft and Weft-Indians are
$ill our Mafters.

He has, however, after expenfive Trials and
Combinations, been'able to reduce it into a -
pid Liquor.

As it may prove a ufeful Ingredient for Air-
sight V arnith ; the Secret he now difcovers to the
\'\ orld : and it is merely this.

324. ““ Take any Quantity of the Cochuc,
as two Ounces Averdupois: cut it inte fmall

Bits, with a Pair of Sciffars,
Put
Cul

- e o~ By

s TR TR e B B



ON THE COCHUC-VARNISH.

Pat a ftrong Iron-Ladle (fuch as Plumbers or
Glaziers melt their Lead in) over a common Pit=
Coal or other Fire.

The Fire muft be gentle, glowing, and withaut
Smoke.

When the Ladle is hot, much below a RED
Heat 3 put a fingle Bit into the Ladle.

If &lack Smoke iflues, it will prefently flame,
and difappear.: ' or it will evaporate without
Flame : the Ladle is then too hot.

When the Ladle is lefs hot, putin a fecond
Bit, which will produce a wHITE Smoke.

This wHITE Smoke will continue during the
Operation, and evaporate the Cochuc : therefore
no Time is to be loft : but little Bits are to be
put in, a few at a Time, till the whole are
melted. Itfhoud be continually and gently ftirred
with an Iron or Brafs Spoon.

The Inftant the Smoke changes from white to
BLACK, take off the Ladle; or the whole will

| break out into a violent Flame, and be. fpoiled

or loft,

(Care muft be taken that mo WVater be added :
a few Drops only of which, woud—on Account
of its fuperior fpecific Gravity, for the Cochuc

| fwims in Water—make it boil over furioufly,

with great Noife.)

At this Period of the Procefs; two Pounds,
or one Quart of the BEST DRYING-0IL, (or even
of raw Linfeed-Qil, which, together with a few
Drops of Neat’s-Foot-Qil, muft have ftood a
Month, or not fo long, on a Lump of Quick-
Lime, to make it more or lefs DRYING )—Dbeing
poured off the Lime-Lees ; is to be put into the

melted
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ON LAYING ON THE VARNISH,

melted Cochuc, and ftirred till hot : and the
whole poured into a glazed Vefiel, throu’ a coarfe
Gauze, or fine Sieve.

When fettled and clear, which will be in‘z
few Minutes ; it is fit for Ufe, either hot'er cold,

The Silk thoud be firetched all Ways hori-
zontally, by Pins or Tenter-Hooks, on Frames;
which Frames, the greater they are in Length,
the better : and the Varnith poured on CoLD, in
bot Weather ; and How, in cld Weather,

It is perbaps beft, always to lay it ony when
¢cold,

The Art of laying it on properly, confifts'in
making No INTESTINE Motion in the Varnifh,
which woud create minute Bubbles. Therefore
Brufhes of every Kind are improper.

Each Bubble breaks in drying, and forms'a
fmall Hole, throu’ which the 4ir will dranfpire,

CHAPTER LXHL
ON VARNISHES, CONTINUED,

Section 325. O thofe, who are unacquainted
T with the Principles of Che-
miftry, or the Books which teach it ; and yet are
defirous to make Experiments, which may throw
freth Light on this curious and ufeful Art, when
applied to Varnifhes for Umbrellas or Balloons ;
the following detached Notes are recommended :
which were communicated to the Author by
different Artifts ; each gminent in his Profeffion.
326, Te

o
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THE SUBJECT QOF VARNISHES CONTINUED,

326. To make copal Varnifh,

Procure fome bluifh Flemifh alcaline Afhes,
{an Ounce fuppofe) : pound them wery five, and
lay them before the Fire, till they become hot
and DRY,

Put them, while hot and dry, into Qil of Tur-
peatine, (a Pint or Pound for Inftance) : or, into

| the fame Quantity of Spirits of Wine.

For by Means of the Alcaly, (a) all the Wa-
ter invilibly contained in the Oil or Spirits will
be-abforbed, and leave the Qil or Spirits, aLco-

| HoL, that is, quite pure, and highly re&ified :

which Procefs is called alkalizing the Turpentine,
of S pirits.

Put the Turpentine or Spirits fo alcalized,
into a Copper Veflel, with half an Qunce of
TELLOW COPAL finely pounded and fifted.

Stir it, and the Copal will foon melt.

N. B. If you alcalize the Spirit of Turpen-
tine, when the Copal is diffolving, add a little

| Spirit of Wine: and if you alcalize the Spirit

of Wine, when the Copal is diflolving, add a
little Spirit of Turpentine.

The sepiMENT of the Varnith will dry on
the Silk, in a few Hours,

The thicker the Varnifh, the fooner it drjes,

327. Article 1. To make an excellent THIN
Varnith,

To one Quart of cold raw Linfeed-Oil poured
off from the Lees made by a Lump of wnflacked
Lime on which the Oil has ftood, ten or eight
Days, at the leaft, in order to communicate a
drying Quality : (or on brown Umber burnt and

pounded,

fa) Sec % Lewis’s Commerce of the Arts,”

To make tbin
Varnith,




THE SUBJECT OF VARNISHES CONTINUED,

pounded, which will have the like Effect :)—add
half an Ounce of Litharge.

Boil them for half an Hour.

Then add half an Qunce of the Copal Varnifp.

327. 2. While the Ingredients are on the Fire,
in a Copper Veflel ; put in one Qunce of Chio
T urpentine, or common Rezin : and a few Drops
of NEAT’s-FooT-0IL : and ftir the whole witha
Knife, or any clean Thing.

When ¢old, it is ready for Ulfe.

327. 3. The Neat’s-Foot-Oil prevents the
Varnifth from being fticky, or adhéfive: and
may be put into the Linfeed-Oil, at the fame
Time with the Lime, or burnt Umber.

327. 4. To make the above Varnith #ranfje-
yent, or white; ufe Maftic and Copal : to make
it brown, ufe Seed or Shell-Lac, and drowner fiill
ufe pounded burnt Umber,

327. 5. Rexin, or Chio Turpentine may be added,
till the Varnifh has obtained the defired Thicknefs,

327. 6. It muft likewife be obferved, that
Litharge rots the Silk : therefore T'rials muft be
made without the Ufe of Litharge.

327. 7. The lnger the raw Linfeed-Oil re-
mains on the unflacked Lime, or Umber, the
Jeoner will the Oil dry, after it is ufed.

If fome Months ; fo much the better. Such
Varnith will f&t, i. e, will not run, but keep its
Place on the Silk, in four Hours.

The Silk may then be turned, and varnifhed
on the
»8. ON GUM MASTIC, SANDARAC, SEED-
AC, SHELL-LAC, AND COPAL.

228, 1. Gum Maflic diffolves, without pound-

ing
ings»
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THE SUBJECT OF VARNISHES CONCLUDED.

ing, by adding a few Drops of ‘Oil of Vitriol :
fo do Gum Sandarac, and Gum Copal, when
finely pounded and fifted.

328. 2. Gum Sandarac, and Gum Maflic are
great Driers of themfelves: and may be fubfti-
tuted for Litharge.

328. 3. The Maftic diffolved in the Oil of
Vitriol, gives a fweet Smell to the Varnifh,

228. 4. Sandarac will foon grow duf in the
Fire: it melts into a tranfparent Liquor.

328. 5. Sandarac, Seed-Lac, and Shell-Lac,
muft be finely pounded and fifted, before they are
ufed,

229. The Author having examined different
Kinds of varnifhed Silks, in different Places,
does, from their Excellence, recommend thofe
made by Fawékner, Umbrella-Maker, Alport-
Street, Manchefter: a Perfon wholly unknown
to him, but from the Merit of the Work : which
confifts not only in the Varnifh itfelf; but in the
peculiar Method of applying it, which the Author
is not at Liberty to make public.

Fawkner can warrant his Silk Air-tight 5 foft

| and wnadbefive ; durable, and unalterable by that

Excefs of Heat and Cold, to which the Balloon
is, at the fame Time, fubjedt ; viz. internally, to
the hot depredating and cauftic Fumes, rifing
with the Gafs: and externally, to the Sun, Wet,
Froft, and Drought,

L1 CHAPTER
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CHAPTER LXIV.

${INTS ON IMPROVEMENT OF THE MACHINERY,

Section 330. [ N order to make Improve-
ments of the Balloon flil]
more rapid and general; the Society for the
Encouragement of Arts, who have given no
particular Encouragement, in Imitation of that
at Lyons, to the much-wifhed-for Art of dirett~
ing the Balloon ;—might offer a Premium for
different Inventions of a propulfive Machinery, the
Models of which are to be made at the Expence
of the Society, within a certain limited Sum:
and, without condemning what cannot be known
unlefs by repeated Trials,—give Encouragement
for fuch Trials : the Models to remain with the
Society for public Exhibition,

331. Alfo, Figures and Explanations of fuch
Machinery as have been tried, viz. the Flyor
Moulinet of Blanchard ; and of thofe which have
not fucceeded for Want of T'rial ; might be fent
by the Inventors, in order to perpetuate the In-
vention, either to the Suciety of dris; or to the
Editors of creditable Magazines, who woud be
glad of fuch ingenious Acquifitions, as it woud be
a Means of procuring Purchafers, and circulate
the Knowledge of this gigantic Infant Science.

Improvement woud then go on apace, and in
a Chain : each Labourer forging and finifhing
his refpective Link.

Whereas at prefent every one is obliged to find
his own Materials, fink the Foundation, raife
and finifh- the Building. And hence fo little
Work is done, worthy the Infpection of a fkilful

Archited.
CHAPTER
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CH AP T ER:7EXY;

ON THE UTILITY OF BALLOONS =
AN INTRODUCTORY CHAPTER,

Sect, 332, Art. 1. J T feems a favourite Queftion,
among thofe who takea Plea-
fure in obje&ing to every Thing they neither
do nor will underftand, to atk, ¢ Of what Ufe
can thefe Balloons be made ?”” and without wait-
ing for an Anfwer, to fay—¢* they pick the Pock-
ets of the Public, rifque the Lives of the Incau-
tious, encourage Mobbing and Sharpers, and
terrify all the World.” Thefe trite Reafonings
are all very true, but little to the Purpofe: the
Effects above defcribed being merely thofe arifing
from Novelty. If, fays one in an inferior Sta-
tion ; ¢ they coud convert Balloons into common
Stage Waggons ; Goods might be carried withthe
greater Expedition :” or, ¢ into Stage Coaches,”
fays another : or, ¢ into Mail Coaches” fays Pal-
mer ; “¢ it woud be certainly very clever, as L have
thePatent :”—<¢ or into comfortable Carriages ta
fepin out of THE wiNDOW, ata Moment’sNotice ;
that woud be fomething,” cries a Nobleman : ¢ it
woud fave one a Couple of Sets of Horfes, and
woud eat Nothing: one might ride one’s own
Balioon Matches, from one’s Window to New-
market, and from Newmarket to Town; drefs
for Court as we do, and make Nothing of it.”
Such are the different Ideas annexed by dif-
ferent Ranks of Men, to the Word uTiLITY
when applied to Balloons.
Llz2 232,23 Fer




ON THE UTILITY OF BALLOONS 2

32. 2. For once let the feeble Voice of a
French Philofopher be heard, the Abbée Bertho-
lon: who may perhaps aflert that all this is
not impoflible.

A Series of Experiments only can determine:
and let the following Remarks ferve as an In-
troduétion to his Opinions.

332. 3. It is certain that the Progrefs already
made in the Improvement of Balloons, fince their
Inventien only three Years ago, is far fuperior to
the Acquirements in every other Art.

The Antients knew, that excited Amber at-
tralted Straws, and certain other light Subftances:
but medical Eleéricity, and a Prefervative from
Lightening, were notwithftanding referved forthe
Moderns.

They likewife attended to fome ftriking Effeéls
of the natural Loadftone : but were totally un-
acquainted with the artificial Magnet, and the
amazing Powers conferrable by it in the Dif-
orders of the Imagination : nor did they know
the FPolarity of its Needle, or Application of it
in the Compafs,

They had not combined Nitre and Sulphur
with Charcoal : much lefs had they changed the
Mode of War into Science, by ' eftablifhing
Founderies for Cannon, and the Study of Taclics.
Yet fome Nations with a Knowledge of the Mo-
derns, as the Chinefe, have not improved, even
in the Conftruéion of their Veflels, according
to the European Manner; continuing fill in

practical Ignorance.

Nor have other Indians improved in Propor-
tion
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AN INTRODUCTORY CHAPTER.

tion to the Opportunities of Inftru&tion in fe-
veral Arts,

Thofe of America, for Example, who con-
tinue to hunt, fith, and fcalp : neglecting the
Plough, and other Arts of Property and Peace.

332. 4. And thus it has been with the Britifh
Nation on the Subje&t of Airoftation.

Cavendifh, Prieftley, and others, had produced
inflammable Air, weighed, and found it lighter
than common Air : and all that had feen a bright
Fire might conclude, if they reafoned at all, that
hot Air was lighter than cold.

Yet if Montgolfier had not made, oN A LARGE
SCALE the Application of hot Air, in a Bag open
at the Bottom, and properly poifed; Charles
and Roberts woud probably not have thought of
applying the Gafs of Cavendith : and Mankind
woud not yet have foared into the etherial Re-
gions.

332. 5. In this the French are ftill before the
Englith, and will continue fo to be, without a
laudable and unlooked-for Emulation in the lat-
ter. That the former admire Liberty, Montef-
quiew’s ¢ Spirit of Laws” may determine ; but they
are not addiéted to Politics, Their Nobility areen-
dowed with a liberal and enterprizing Spirit.
They join and patronize Men of Genius and
Talents in the Cultivation of the Arts, and
Improvement of every Kind of experimental
Knowledge. Their Pleafure confifts in a na-
tional Ambition to excel.

They have Leifure, and are fober.

Half that Time which Men of Fortune in
France dedicate to Tafte, Invention, and Refine-

ment 3
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ON THE UTILITY OF BALLOONS.

ment ; Britons fpend among the Beafts and
Birds: the other half, at the Bottle, and in politi«
cal Cabals.

Prefent Prafit is almoft the fole Motive for Ex-
cellence in Great-Britain : and Experiments{a)
pot made with that View, are feldom repeated;
are overlooked and forgotten.

CHAPTER LXVL
ON THE UTILITY OF BALLOONS.

Section 333.THE Balloon opens a new and
unlimited Field for Philofo-
phical Difcoveries.

334. The many curious and interefting Cone
jectures which Monf. de Luc (before the Inven-
tion of Balloons) throws out, in the Courfe of 4
large Volumes, on the Subject and Qualities of
the Atmofphere ; may now be determined by a¢-
tual T'rial.

335. The Abbge Bertholon wrote in 1784:
and has particularly mentioned the following
Points, as capable of ample Inveftigation, and
Difcuflion.

Se&. 336. Art. 1. The Temperature of the Air at dif-
ferent Heights.

Which will determine whether the Atmof-
phere be pracically Navigable, at all Times and
Places.

306. 2. Thi

(a) See Prieftiey’s numerous Experiments: and that Li-
brary of curieus Invefligation, the Philofophical Tranfa&ions.




ON THE UTILITY OF BALLOONS,

936 2. The diffalvent Power of the Air by Means

of an Atmometer for Evaporation.

Probably the Height may be determined, to
which Clouds commonly : afcend in order to find
the proper horizontal Level, in which Balloons
¢an move with the greateft Eafe, Safety, and Ex-
pedition.

336. 3. Variations of ihe Barometer,

This will afcertain the exa& Height, without
Menfuration.

336. 4. The DENSITIES at different Heights.

A principal Objeét in de Luc’s abftrufe and
fientific Refearches : not only ufeful but ne-
teflary to determine the Laws of Refra&ion
without which, Aftronomy, and confequently
§AVIGATION, muft remain defective,

136. 5. The different Effects of Tafles, and Odors,
at different Heights: Experiments on Plants and
Animals : alfa of soUND.(a)

Thefe may produce new and falutary Ef-
felts on the human Body: and determine how
far a Change from hot, putrid, and impure,
tocool pure Air, impregnated with the invigor-
ating aérial Acid, may contribute, without the
Aid of Drugs, to the Recovery of the Sick, and
Invalid : or promote Longevity.

336. 6. The Direition and Velacity of the Wind.

The different Currents and their different
Heights, the Limitation of each Stratum of
Wind, together with their different Tempera-

tures

{2) And Magnirude of diftant ObjeQls,

Bacon fays that Objecs are more wifible in an Eaft Wind,

and Sounds more audible in a Weft Wind ; being heard at a
freater Diftance, ¢ Hiftoria Ventorum, P, 37, Art, 31,

263




ON THE UTILITY OF BALLOONS.

¢ures at the fame Time, will point out the pro-
per Paths for the Balloon to move in, at all
Times, and poffibly without the Neceflity of ac-
curate Dire&ion : the Mode of Afcent and Def-
cent being already known, and proper Inftruce
tions given for a fecure Landing,

336. 7. Eleéiricity of the Air, METEORS.

This may lead to the Birth Place of Lighten-
ing, and Methods how to avoid its Effe&s in the
Air. Tho’ it bealready known, that little Dan-
ger is to be apprehended, on Account of the
mutual Repellency between the electric Fluid,
inflammable Gafs, and oiled Silk.

The Irides, the Coronaes, Haloes, and other
Phenomena of Colours: the Generation and So-
lution of which may be inveftigated on the Spot.

336. 8. Geography may become e new Science.

336. 9. Ufe of the Balloon for Signals in the calm
Air, above Moleflation ; above Winds fill blowing
below : to difeover the Pofitions of an Army,or Navy.(a)

336, 10, T throw principal Men into Town :

and convey others out of it

336. 11. With the Montgolfier Balloon, fo
try Experiments on Light, and Fire : to tranf-
port great Weights : raife them out of the Wa-
ter: draw up Piles, raife Trees, Veflels, &c.
336. 12. The Parafhute to fecure a Man from
too precipitate a Fall, is to be § Yards in Dia-
meter, when extended : the Man,—weighing 140
Pounds, and the Parathute weighing 10 Pounds,
with a Surface of 150 fquare Feet,—woud, in that

Cale,

(a) Sece Le Roi's Ufes of the airoltatic Globe at Sea, in his

% Navires des Anciens, Page 2254
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ON THE FORM AND DIRECTION OF BALLOONS,

Cafe, feel no greater Shock than if he Had fallen
fiom 'the Height of fix Feet.
336. 130 The Compafs and its Variatisns » ally the
dijferent Branches in Aftrenomy.

His' Hintson the Direction of the Machine are
ingenious.

337- 1. Wheels furnithed with Wings.

337. 2. Imitationsof the Form and Motions$
of Fifh. (a)

337. 3. Veeflels to condenfe Air, as the Bladders
of Fith,

337- 4. Wind-Guns, Wind-Fountains.

337- 5- Elopile and Vapour Steam,

337 6: Contrary Currents at different Heights;
Proof of,

337. 7 New Hints fot Balloons to be raifed
by Stéam.

337. 8. Monf. Gouan’s Invention to g0 THREE
HUNDRED MILES A DAY IN A CALM.

338: The general Ufe to which Balloons feem
€apable of being applied, with the Afiftance of

propulfive Machinery, in thé Calm which exifts
' M m above

(a) The natural Figure of the Disd n-Globe-Fifb, a coloured
Print of which is given in  Martyi’s new and elegant Dica
tionary of natural Hiftory :» where it is defétibed as follows «
“ The Form of 'the Body is ufually oblong : but when the
Creature ‘is alarmed, it poffeffes the Power of inflating its
Belly to a globular Shape of great Size ;”—féms to furnifh
& Hint fot the proper Figure of a Balloon, when the Art is
more im praved;

The Balloon, as far as it is meant to re
Part of 'the Fifh, is' to be made fiff, with Paiteboard or
Papier miche varnithed ; for, being ftrong, and in a perma-
nent Form, it is more capabie of ‘cantinuing Air-tight ; the
lower'Pares being flaccid, will be inflated, as the Balloon rifes,
and deflated during the Defcent,

Rowers, and propulfive Machinery, are to be fixed within
the Fifh, in Place of the Fins : and Goods of crraTER
Weight placed in a covered Car below: the Air-Bottlz-Bal-
oon being fixed bétweeh both,

femble the upper
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above the Level of a coNTRARY Wind ; is that
of a common Vehicle, not fubject to the Incon-
venience of Roads and Inns, between diftant
Places and Countries, for Paflfengers, properly
accommodated in a Boat-fhaped covered Car,
furnifhed with Provifions, and occafional Si-
berian Cloathing : the Car to be furrounded
with, and refting on Bladders, one fourth blown,
and having each a few Drops of Water withiny
to keep them moift and elaftic ;—to prevent an
accidental Shock in alighting on Land ; and from
finking, if on Water.

Such a Conveyance (the Balloon being once
made Air-tight, and furnifhed with an Air-Bottl
to afcend and defcend without Lofs of Gafs) i8
ready at all Seafons and Times: both Night and
Day : for, as the Aironauts will enjoy continual
Sunfhine without a. Cloud, from his Rifing to
his Setting : fo, during the Night, the Light of
the sTARs, always intercepted in their Paffage
to the Earth by Clouds or thick Vapours, will
be greatly augmented, when above both : befides
the probable Increafe of Light reflecfed from the
upper Fields of white Clouds {hone on continu-
ally by the different Planets and Conftellations:
all which will afford an Illumination equal, if
not greater, than that of a cloudlefs frofty Night,
when the Ground is covered with Snow.

And fuch Light will be fufficient to read or
write by : alfo to examine the Barometer, (a) in order
to know the Height and Level of the Balloon
above the Surface of the Earth: and the coM-
rass for Direction, a

(a) And by Kunckel’s or Canton’s Phofphorus, See « Prieft-
ley’s Hiftory of ryent. Pages 585, 370.”
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PROCESS OF INFLATION.

If Aironauts propofe to afcend by Night, and
in the Moon’s Quarters ; obferving likewife the
Precautions already given ; it may be proper alfo
to confult and take with them the ¥ phemeris, in
order to know the Tlime when the Moon rifes,
and alfo when fhe is at the highefl, i. e, in the
South, or has remained about half her T'ime abover
the Horizon.

The plaineft Points, on which not only the
Succefs of an Excurfion, but the Lives of
Aironauts may depend, are too frequently nege
leGted, as unimportant and trivial.

CHAPTER "LXVH]

THE PROCESS OF INFLATION.

Sedt. 339. Art. 1. HREE cylindric wooden
Veflels were funk more
than half their Depth into the Ground : two of
them, each, 5 Feet Diameter, and 5 Feet high :
the third, 8 Feet in Diameter, and 8 Feet high,
An oblong Hole, 4 Inches by 3, was made in
each Veflel : and each Hole was furnifhed with
a folid wooden Plug (made tapering) 6 Inches in
Length : throu’ thefe the Vitriol was poured.
Befides which, there was an oblong Opening
in each Veflel, large enough to admit a Work-
man, to diftribute the Iron equally over the Bot-
tom, and to pour in Buckets of Water: which
Mm 2 Openings

267
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Inflation on
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PROCESS INFLATIQN,
Openings were well ftopped, as {oon as the Iron
and Water were poured in,

As the vitriolic Acid is corrofive, burning the
Skin or Cloaths ; the following P‘L‘.aut.ous were
taken,

An occafional moveable T'ub was provided, 3
Feet high, and g wide : in the Center of whofe
Bottom was an oblong Aperture, equal to thatin
each of the Vellels : 2 correfponding Tin Tube,
6 Inches long, and narrowing to the Bottom, was
nailed by its Border on the Infide of the occa-
fional T'ub; fo as to go ealily into any of the
oblong Holes,

A EBottle of Vitriol being brought in its Bafket
by two Men, and made to reft on the T op of one of
Veflels ; a third Affiftant held the
occafional Tub in his Hands, with the Plug-Staff

the fermenting

faftengd in the Aperture of the Tin Tubg; and
the Initant a fourth Perfon opened the Hole
the irn enting Veflel ; the Affiftant placed the
g in the H l:':?ping the Plug tight,
ats.

of Vitriol was then lll‘lllttd‘u(}y

p(;urcu into the oce

Ux"

to prcwnt the J'.'
ke Bottle

ifional Tub : and the Bottle
being removed, Plu-_?'—Staﬂ" was taken ouf,
and the Vitriol fu fered to run into the fermenting
Veflel : the Afiiftant watching for the Inftant
when the Vitriol was run out, in order to force
iz the Plug-Staff again, and prevent the Efcape
of Gafs: after which, the Tub was rinced with
a few Quarts of Water, let alfo into the Veflel.
The fame Tub was then removed : the oblong
Hole in the fermenting Veflel inftantly covered ;
and, by driving down the folid wooden Plug,
continued




IMPROVEMENTS SUGGESTED,
continued Air-tight ; by Means of moift Clay, and

alittle Water, kepr purpofely on the Tops of

each Veflel, to difcover by the Bubbles, whether

Gafs efcaped.

In thefe Veflels, early on the Morning of the 20 Hundred
Inflation, were diftributed 20 Hundred Weight, ,\[\L:r,'{lf:'l}“:dli_
at 120lb. Averdupoife to the Hundred, confifting ings.
of caft Iron-Filings, and of a Mixture of Cannon-

Borings.

The Borings were bright and freth when
thrown into the Water : and any Bits of Wood
that fwam, were fkimmed off,

Rufty Iron emits Gafs, that is heavier than
tommon Air, and therefore is improper.

At the fame T'ime, 16 Bottles of concentrated 16 Bottles of
vitriolic Acid, or as it is impfoperly called Oil B ia
of Vitriol, were brought in their Packages near
the Place, to be ready for Ufe: each Bottle at
an Average containing 112 Pounds Averdupoife,
of Vitriol : each full Bottle and Package together
Weighing from 136 to 148 Pounds.

339. 2. Toathe Iron in each Veflel, was then g Pints of
poured a Quantity of Water, which was mea- (atftoa
fured in the Proportion of about 4 to 1: i, e. 4 dupoife of
Pints of Water to one Pound, of the vitriolic 4¢id
Acid.

The Height of Water and Iron in each Veflel,
being then gaged, was about 14 Inches.

In a Line with the two fmaller Veflels, and
between them, was fixed another wooden Veflel
or Ciftern, filled with Water.

(N. B. Freth Water ought to have flowed }:“ﬂi‘j{’;mems
Continually into it, and to have run over the Top < i
of the Ciftern: for the fame Quantity being once
faturated,
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faturated, can no longer abforb the alcaline and
fixed Air to be feparated from the Gafs before the
latter enters the Balloon.)

In the Ciftern was fixed a Stage, confifting of
4 long Feet, (reaching to the Bottom of the
Ciftern,) nailed at their upper Ends to the Infide
of an inverted Tub or Funnel, fo placed over
the Center of the Ciftern, that 3 Inches of the
lower Part of the Rim of the Funnel were under
the Surface of the Ciftern-Water : the Funnel
was ¢glindric, 3 Feet acrofs, and 2 Feet high.

An Open was cut, 1 Foot Diameter, in the
Bottom of the inverted Funnel : on the Circum-
ference of which was nailed a Tin-Cylinder or
common Condu&tor, 2 Feet high: and at a cr-
2a2in Angle, as moft convenient, was foldered 2
cylindric Arm, of equal Diameter, and 1 Foot
long ; having a Lip, Ring or Rim, on its out-
ward circular Edge.

Round this Rim was faftened a varnifhed Li
nen Tube, of equal Diameter with the Cylinder,

At a fmall Diftance, about a Yard from the
Ciftern, ftood a flender Stillage, 3 Feet high; on
which was fupported a detached Tin-Cylinder or
Conneéer, 1 Footlong and 1 Foot Diameter, made
with 2 Rim at each End : in the Center of whole
lower Side was foldered, at right Angles, ano-
ther Tin-Cylinder or Evacuatory, 6 Inches long
and 6 wide : its Ufe is to let out any Water, that
the Heat of the Mixture might caufe to boil and
rife up out of the fermenting Veflels: and thus
be evacuated, without entering the Balloon : ofy
if condenfed in the Balloon, might run out by

the fame Orifice,
340, The
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The oppofite End of the varnifhed Linen
Tube was faftened round one End of the de=
tached Cylinder on the Stillage: and round the
other, was tyed the Neck or Bottom-Opening
of the Balloon.

Each of the 2 fmaller fermenting Veflels was
furnifhed with a cylindric Tin-Tube; each Tube
4 Inches and a half Diameter, nailed on the
Qutfide of a circular Opening in the Top or
Head of each Veflel ; communicating by addi-
tional reGtangular Bends under the Funnel and
Water in the Ciftern : the great fermenting
Veflel had 2 Tubes, each 4 Feet and a half Di-
ameter ; communicating with the Funnel,

340. The Procefs woud have been more
complete, if the fermenting Veflels had been funk
till their Tops were even with the Ground : and
plaiftered round their Outfides with foft moift
Clay, fix Inches thick, to keep them Air-tight.

Alfo, if the common Condu&tor had been only
1 Foot high : its horizontal or rectangular Arm
only 6 Inches long : the Linen Trunk but 3
Feet, joining the Conneéter on the Stillage 1
Foot high, to communicate with the Neck of
the Balloon ; which Neck fhoud be 3 Yards in
Length, and its circular Opening 1 Foot, at
leaft in Diameter,

CHAPTER

Improvementg
fuggefted,
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C H AT E'R - EXVHI

Section 341. T[ Procefs: of inflating the
Bal 1

alloon began about X
the: Morning; by pouring 4 Bottles'of Vitriel,
imn‘.ceiia:dy—on:: after the other, into the'occas
fional Tlub, pluln'rfy placed over one of the
fmaller fermenting Veflels: the Tub' being'in<
ftantly rinced with' a few Quarts of Watér;
which was fuffered to fall into the fame Veflel,

The oblong Hole was left purpofely: 'open‘for

a Minute, till the ftrong Smell of ‘the Gafs was
perceived above: the Orifice: i. ¢i till the GaR
had prefled out all the common Alir'that remiained
floating-over the Surface of the Mixture' i’ the
fermenting Veflel : which® Smell being plamly
percaved, the folid Plug was Jm'-ncdntely drivent
down,

And prefently the Gafs” was known to' prefs
forward ' with an’ elaftic Force' thiou’ the' Tif
Conduétor, . by the  Motion it communicateéd to
the Surface of the Water in the Ciftern :' thence
upwards throu’ the' contmon Condudtor : at it
Departurefrom both of which throu” the Linen
Trrunk, and Neck into the Balloon, the Gafs
makes a guggling obtufe Sound by quick’ Inter-
vals according to the Quantity of Gafs protruded.

And as the Intervals encreafed, a Judgment was
formed, that the Operation began to be lefs vi-
gorous : and confequently that it became necef=
lary, either to renew it by an Addition of more
Vitriol and Water in the fame Veffel, or to fet
the other fmall Veflel in Fermentation, the lat=
ter
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ter of which Mr, Lunardi preferred : this hap-
pened about half an Hour after the Vitriol was
poured into the firft Veffel,

342. After the fecond half Hour, eight Bottles
were poured, by four at a Time, into the great
Veflel.

And at one o’Clock, the Balloon, without any
farther T'rouble was beautifully inflated.

No Iron Rods were ufed to ftir up the Borings
of Filings at the Bottom of the Veflels: the Vi-
triol being found fo heavy as to penetrate them
% faft as the Iron, contiguous to the Vitriol, had
parted with its Gafs.

At each of the two former Inflations, a fimilar
Accident happened which may be imputed to the
fime Caufe.

243. During the firft Inflation, the folid oblong
wooden Plug fell into one of the fermenting
Veflels : the hot Vapour, forcibly iffuing from
the Orifice, was condenfed in the Form of a white
Smoke ; whlch being miftaken by the Company,
2 Cry was 1mmcdlately heard of Fire, Fire: on
which the Workmen retreated. Mr. Lunardi in-
cautioufly thruft his Arm into the Orifice to ex-
tract the Plug: at the fame Time being much
burnt, and failing in the Attempt ; the Gafs con-
tinued to-efcape, till a new Plug was prepared.

344. During the fecond Inflation, one of the
Plugs being driven too forcibly ; it was with Dif-
ficulty extricated, by the Strokes of a Hammer
2painft the Sides of it, which tended at the
mee Time to difplace the Boards forming the
Top or Head of the Veffel : and, a little
afterwards, occafioned it to burft, unexpect-

Nn ((H"\



IMPROVEMENTS SUGGESTED.

edly INWARDS, () rendering the Veflel ufelefs
for the Purpofe of Inflation.

Obfervation. Therefore inftead of the folid obs
long wooden Plug, a circular Hole, 4 Inches
Diameter thoud be drilled in each Velflel : and a
correfponding folid wooden Plug 8 Inches long,
5 Diameter at the upper Part, and tapering to near
3 at the Bottom, fhoud be prepared by the Turner.

In the upper Part of the Solid fhoud be turned
an infide Screw, to which an outfide Screw of
the circular Plug-Staff, made of Ozk, Ath, or
other heayy Wood, 4 Feet long, and 4 Inches
Diameter, fhoud be adapted : the Worm of the
Screw to be 5 Inches long.

A wooden Peg of Afh, about a Quarter of an
Inch Diameter, may be put throu’ a Hole near
the Top of the Staff, as a Handle.

A Lever of fuch a Length and Weight will
probably anfwer every Intention, as no fudden
Blows will be required to faflen or extralt it.

Thé occafional Tub, Tube, Plug, and - Staf,
fhoud be fathioned after this Model.

345 The Price of the Iron and Vitriol for Tuflation
2000lb. of Iron Filings or Borings (&) delivered

onthe Spot, at 6s.a Hundred, - £.6 0 0
16 Bottles of Vitriol, atan Average

98s.aBottle - - -*- - - 30 8 0
Concomitant Expences, - - - - 312 0

£.Total 40 o 0

Obfervation

{a) This was owing to the cool Air rufhing in to fupply

the Tendency to a Vacuum by the Expanfion of hot Steam,

with the extricated Gafs,

The Accident proves that no Danger is to be dreaded from
zxransion of the Gafs, ;
() From Berfpam-Forge near Wrexkam, where there 15

always a fufficient Quantity,
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IMPROVEMENTS SUGGESTED.

Obfervation 1. A great Saving might be made
by conduéting the Procefs in a different Manner,

The Author making two Journies to Man-
chefter, purpofely to obferve the Procefs by
Mr. Sadler ; found that his Balloon was inflated in
two Hours each Time; by Means only of the
two {maller identical fermenting Veflels which
Mr. Lunardi afterwards purchafed : but the Le-
vity procured by the former, tho’ he alfo expend=
ed 16 Bottles, was by no Means fo great as that
gained with the Afliftance of the great Veflel.

It has likewife been remarked by the Author,
who has made feveral Experiments to this End,
that the Veflels always continued in Fermen-
tation and Ebullition, with a guick Pulfation, for
at leaft 24, and commonly during 48 Hours,
after the Inflation was completed.

And, that not more than the Depth of
balf an Inch of Filings had been cakined during
the Operation: the reft being perfeitly bright,
and untouched by the Acid.

Obfervation. 2. If therefore one Inch in Depth
of Filings, be fpread over the Bottom of each of
the fmaller Veflels enly ; the proper Quantity
of Water poured in ; and #ot more than two
Bottles of Acid ufed at once, ineach Vellel ; alfo,
| as foon as the Fermentation begins to decline 3
other two Bottles, and a proportionable Supply
of Water be added ; if fuffered to work double,
triple, or quadruple the Time ;—the Inflation
will be as great, if not greater, for Inftance, in
fix Hours with eight Bottles, and two fmall
Tubs, as it woud in three Hours, with 16 Bot-
tles, in the fame Vefels.

Nn 2 The
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IMPROVEMENTS SUGGESTED,

The fmall conducting Tin Tubes ought in-
ftead of four and a half, to be nine Inches Dia-
meter : by which Means there will be no viclent
Preffure of Guis to endanger the Burfting of the
Veflels : particularly if the Gafs is not fuffered
to defcend ; .but, on the contrary, according to
Inftructions already given, either to rife, or
move, in an horizontal Direction, paft the Evi-
cuatory, into the Balloon.

346. The Workmen may begin the Opera-
tion at twelve at Night, or at fix in the Morn-
ing : and the Time previoudly fixed for the Ex-
hibition, may be eight or ten Hours after the
Operation has commenced.

The Neceflity of a Current of frefh Water,
throu’ a Pipe of at leaft half Inch Bore, the lara
ger the better, to fupply the overflowing Ciftern,
cannot be too much nfiffed on : as the Levity of
the Gafs almoft wholly depends upon fo trivial
a Circumftance, as that of having a plentiful
Supply of cold frefh and foft Water.

347. Obfervation 3. Suppofing the Balloon AIR-
TIGHT, necar half the Expence is thus faved in
the Inflation.

Befides the greater Probability of carm
Weather for the Inflation, if completed before
X. in the Morning, more Time is given to
remedy Accidents, and reify Miftakes: the
Warmth of the Air likewife encreafes.

But above all ; if an upper Current carry the
Balloon to Sea, the Aironaut may, (as before
mentioned) drop into the Sea-Breeze, which
will waft him fafe back till IV. in the After-
noon, or even later,

CHAPTER
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MENSURATION OF HEIGHTS,

Section 348. ULES for calculating the

Height of Mountains, when
applied to thofe elevated Stations in the Atmof-
phere attainable only by Means of the Balloon,
will henceforward become more ufeful, and be
more frequently pradifed: as the Lives of
Aironauts may depend on a Knowledge of their
Height above the Earth ; which, not being deter-
minable by Sight, in all Weathers, or at all Times,
muft be referred to the Barometer and Thermo-
meters, they carry up with them,

De Luc, Horfeley, Mafkelyne, Shuckburgh,
and Roy, have each written ABLY on the Sub-
ject, in the Tranfactions: tho’ few have either
Leifure or Inclination to follow them.

Sir George Shuckburgh has made fuccefsful
Attempts to fmooth the Way, by Examples and
Tables, yet is ftill too concife for actual Learners,
and the Generality of thofe who will have Spirit
enough to go before the Calculators in exploring
the Atmofphere ; but cannot dedicate fufficient
Leifure to overtake them in their Studies.

Each may therefore affift the other.

349. Whoever is at the Trouble of comparing
the Obfervations made: by Shuckburgh, with
the Dire&tions here given, will find that the lat-
ter contains the E/fentials of the former, with this
material Difference, that the Inveftigation moves

here

Rules for cale
culating
Heights by
Means of the
Barometer
and Thermea
meters,




MENSURATION OF HEIGHTS,

hete by Steps, which are all pointed out to the
Learner; and not by Strides,

Each Step is felf evident: and, by carrying
Conviétion to the Mind, is juft what the Mind
itfelf woud make ufe of, in the Attainment of
any diflant Truth.

To do every Juftice to Sir George, the Merit
of whofe Performance wants no Eulogium ; his
three Precepts are copied; tho’ rather as a Me-
morandum for thofe who underftand the Me-
thods ; than as plain Direétions for fuch as are
yet to learn them.

It will be found likewife, that the firft, fecond,
and third Tables are greatly enlarged : being
calculated for thofe extreme Temperatures, and
Heights, which the Balloon enly can attempt to
reach : and the third Table, for greater Difpatch
in computing the Expanfion of the Air,

The Foundation and Conftruction of each Ta=
ble, is alfo methodically traced and elucidated.

CHA P L BB
METHODS TO ASCERTAIN THE TRUE HEIGHT.

Section 350.h{ ETHODS to be purfued on

taking and comparing Heights,

in order to afcertain the true Height of any Sta-

tion in the Atmofphere, by the Barometer and
‘Thermometers.

For this Purpofe it is neceflary, 1, to pro=

yidie




BY A BAROMETER AND THERMOMETERS,

vide a Barometer, (whofe Bulb or Ciftern is large
enough to contain all the Quickfilver in the
Tube;)—into the Frame of which, a Thermo-
meter, on Farenbeif's Scale, is to be fixed or gf-
tached

The Ufe of the attached Thermometer is to point
out the Temperature of the Barometer.

2d. A fecond or detached Thermometer is alfo to
be provided. (a)

This is to be hung in the Shade at the Dif-
tance of a Yard (or two) from the other :—to
fhew the general Temperature of the Air at the
fame Time and Place : and may be called the Air
Thermometer.,

A proper Perfon, on the Ground, having a
good Watch, with Pen Ink and Papu at Hdnd
is to attend the Inftruments belozw every ten l\’]l#
nutes, (or at any other precomcerted Intervals of
Timc,) putting down,

1ft. The Time of Lach Obfervation.

2d. The Point at which the Quickfilver ftands
in the Barometer.

3d. The Degree of Temperature of the attached
Thermometer.

4th, and laftly, the Degree of T cnmci:xtt re of
the detached or Air-T hermomcter.

‘This Employment is to be carefully attended

; during the Time, that fimilar Obfervations,
by preconcer te(lAgrvument are making, with three
other fimilar Inftruments, on the E op of the
Mountain, or z any elevated Station in the Atmo-

{phere,
(a) The detached Thermometer might be proteéted from
the Sun, by being fwung a few Inches deloww the Car of I.lu,

Balloon by means of an Opening made purpofely throu® the
Center of the Car,




MENSURATION OF HEIGHTS,

fphere, by Means of the Ballson ; and to be written
with a red Lead Pencil, in a Patent Afles Skin
Pocket Book.

The Inftru- Each fingle Obfervation, made with one Set

ments to be . .

compared on ©f Inftruments below, is to be compared with

Return from each fingle correfponding Obfervation, made with

the Mountain, the other Set above

pper Sta- e

tion, And two Obfervations are faid to corref/pond,
when both are made nearly at the fame Time, the
one belsw, and the other above.

351, Take Shuckburgh’s firft Example, (Ph,
Tr. for 1777, 2d Part, Page 577.) viz.
<¢ et the Point at which the Quickfilver ftands

in the Barometer, on the Ground, be 29 Inches
4 tenths : the attached Thermometer 50 Degrees
of Temperature, and the Air Thermometer, or
general Temperature of the Air 45° : at the fame
Time, that at the Top of the Mountain, or
other elevated Station in the Atmofphere, the
Barometer ftands at 25 Inches 19 Tenths, the
attached Thermometer at 469, and the Air Ther-
mometer at 39° and £ : required the upper Height
in Englifh Feet.”

Ribe o the A The Work is divided into three Stages.

Work: and  The End propofed in this firft Stage isto

Praétice of the ]y, . : Y s
anfion
£ & Eruniiie, bring the colder Barometer, to the fame Exp 1fi

or Temperature with the other.

353. 1ft. Step. Firft, write down the Obfer-
vation made on the Ground, or at the Bottom of
the Mountain, thus:

Berow. Barometer, 29 Inches 4 Tenths.
attached Thermometer, 50 Degrees. ~Air Ther-
mometer, 45°.

254. 2d. Step. Secondly, write down the Ob-

fervation




BY A BAROMETER AND THERMOMETERS,

fervation made at the Top of the Mountain, or
upper Station in the Atmofphere, thus:

ApovE., Barometer, 25 Inches, .19"Tenths,
attached Thermometer, 46°. Air Thermome-
fer, 29 5.

355. 2d Step. Subtrat the colder attached Ther-
mometer, from the other attached T hermometer,
thus : 46 colder from 50 warmer, and there re-
mains 4° warmer, viz. the Number of Degrees of
Temperature to which the colder Barometer muft
be expanded, before it becomes equal in Tempera-
ture to the warmer Barometer: each Barometer
being always fuppofed egual in Temperature with
ts attached T hermometer.

356. 4th Step. Give the colder Barometer the
fame Temperature with the warmer : or, which
amounts to the fame, give the colder Barometer
that Zxpanfion which is communicated by the Ad-
dition of 4 Degrees of Temperature.

Both Barometers will then have the fame Tem-
perature, or Expanfion, viz. an Expanfion equal to
the warmer Barometer.

This is to be done by referring to the firlt
Table, for the Application of which there are fe-
parate Inftru@ions: fee the Explanation of the
firft Table. (a)

Oo CHAPTER

(a) Foundation of the firfp Table.
(Ph. Tr, for 1777, Part 2d, Page 567.)—It was four\d lw
Lkpcument that the Decmlal _ - 0002
Wus the Expanfion on 50 Inches of Quickfilver, with
€ach Degree of lcmpara ure from freezing to boil-

ing Water: alfo, the Decimal — — +00004 2
was the \(;:an[mn en 30 Inches of the Glafs Tube
{containing the (LUIL.I\[I]\LI) vith each Degree of m—————a
Temperature : therefore by Addition, — 0

or by takingonly 4 Decimals, o -~

281




( 282 )

EPEICAC R E R S E Xy

USE AND PRACTICE OF THE FIRST TABLE, Iy
THE FIRST EXAMPLE,
The USsE.

Sedtion 357.TO find the Expanfion of Quicks
filver, and of the barometric
Tube in which it is contained: or, in other
Words, to find the Point to which the Quick-
filver will rife in the Tube, (in Parts of an Inch)
with a given additional Temperature, on Farene
heit’s Scale.
The Queftion in the firft Example is, (Ph, Tr,
for 1777, Page 578 ;)

To find the Expanfion that arifes, with the
Addition of 4 Degrees of Heat, on the colder Bas
rometer refting at Inches 25 .19 Tenths, in or-
der to give it an Expanfion equal to that of ano-
ther Barometer, 4 Degrees warmer than the for-
mer : the Temperature of each Barometer, being
indicated by its refpective attached Thermometer.

N, B. During the Application of the firt Table, the Invei-
tigation moves forward two Steps only, viz, the 4th and gth,

The 4th Step, applied in the firf? Example,
358. The Order to be obferved in finding the
Expanfion

is the Expanfion or go Inches of Quickfilver, and the Glafs
Tube containing it, wwitd each Degree of Temperature,
sonflruétion of the ﬁ;;."_ﬁ Table,

Thus any vertical Number, thewing the Expanfion, may
be readily formed, by doubling, firff, the Number immediately
under each Inch for the Expanfion below it: and afterwards,
by adding the Number immediately under each Inch, to the
Expanfion laft found.

Note: The vertical Columns, below each Inch of Quick-
filver fhew the Expanfien oz that Inch, qvit correlponding
Qegress

S Bk " Tl Tl Sass o . ol
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PRACTICE OF THE FIRST TABLE,

Expanfion of the Quickfilver, with 4 Degrees
on Inches 25 .19 Tenths of the Barometer.

ift. Find the Expanfion, With 40 on 25 In-
ehes only.

Then in order to obtain with 40 on .1g, begin

2d. With 4° on 1 Inch above 25 Inches, i.e.
on the 26th Inch.

3d. With 4° on .1, i.e. one Tenth of an

| Inch above 25 Inches : and laftly,

4th. With 40 on .19, Tenths above 25 Inches.
The PRACTICE,

359. 1ft. In the fir/2 Table, with 4 Degrees on
the left Hand vertical Column, and with 25 In-
ches, along the upper Range; at the Point of
Meeting, is the Anfwer .o101 (a) viz. the Ex=
panfion, or Rife of the Quickfilver ftanding at 25
Inches, and receiving an additional Heat of 4°:
the Anfwer .o1o1 being the Expreflion for the
ten thoufand one hundredth Part of an Inch, (vize
i Height, by Expanfion.)

360. Add this Number, .o101, Part of an Inch,

| or Rife by Expanfion, to the Barometer refting at

Inches 25, .19 Tenths, Units under Units, &c.
thus ; .0IO0I.

361. 2d. Now, in order to obtain the Expanfion
with 4 Degrees, on .1g Tenths i. e. the nine hun-
dred and tenth Part of an Inch of Quickfilver in
the Tube (above 25 Inches, ) it muft be confidered,
where it ought to be found in the firft Table.

Qo 2 Tenths

Degrees of Temperature indicated by the Thermometer iny
the Column to the left Hand. Example: to find the Ex.
Panfion oz 30 Inches of Quickfilver qwirh 1 Degree of Tem-
Perature ;. the Anfwer in the Table is .003: i,e. fuch Ex-
Panfion raifes the Quickfilver the goooth Part of an Inch,

_(a) There is feldom Occafion to take more than the three
it Decimals out of the Table, the Remainder being of Jitele

walye
Yaiue,




PRACTICE OF THE FIRST TABLE,

Tenths of 1 Inch, above 25 Inches, it muft
be obferved, are at fome intermediate Point be-
tween 25 and 26 Inches; that is, above 25, yet
not {o high as 26, or more than 23, yet lefs
than 26.

Therefore, to find the Expanfion with 4 De-
grees, on 1 Inch above 25, i. e. on the 26th Inch;
look in the Table, firlt, with 4 Degrees on 25
TInches : then with 4 Degrees on 26 Inches. The
refpe&ive Numbers are .or01 and .o105.

And by taking the Expanfion with 40 on 25
Inches, from the Expanfion, with 4° on 26 Inches,
thus ;

Expanfion {.omx on 25 Inches,
.otro5 on 26 Inches,
et .
The Remainder .0004 is the Expanfion with ¢ |
on 1 Inch, above 25, i. e. on the zbt\ Inch.

262. 3d. To find the Expanfion, with 4o on.1
above 25 Inches; add a Cypher and decimal
Point to the former An{wer, which then becomes
.00004, viz. the Expanfion, with 4° on one
Teenth, above 25 Inches. |

363. 4th, Lattly, to obtain the Expanfion with
4%, on .19, above 25 Inches, fay: If one Tenth
ofan Inch, above 25 Inches, gives this Expanfion

viz. 00004, what Expanfion will nineteen Tenths
above 23, give ? anfwer .19 Tenths more j'thus:
L ] .00004 i igh

.19

C ; then, inorder to have
(Sec R:zc 288) as




THE FIRST TABLE: 285
SHEWING THE ExpanNsioN witu HEAT
oN INcHEs oF THE BAROMETER,
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SHEWING THE EXPANSION

THE FIRST TABLE CONTINUED ¢+

ON INCHES O

r THXR

witHd HEAT
BAROMETER,
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IN THE FIRST EXAMFLE.

as many decimal Places in the Produ& as are
contained both in the Multiplicand and Multi-
plier, add a Cypher and Point to the left, and the
Produd becomes .occco76
viz. the Expanfion’ with 4° on 1g. above 25
Inches.
The sth Step, appliedin the firft Example.
364. Add this, to the former Expanfion, thus:
Inches 25.19 Tenths

with 49 on .25 .o101 Expanfion
with 4% on .19  .cococ76 Expanfion

The Anfwer is 25.2[001076, viz. the Point at
which the Quickfilver woud ftand, in the coldeft
Barometer, when equally expanded, i. e. of the fame
Temperature with the warmer. Reject all but
the firft Decimal as too minute : this is feen by
a Line drawn between the firft and fecond De-
cimal.

Practice will fhew how far to proceed, without
computing the decimal Parts of an Inch, to more
than 4 Places; but it is always more exacl,
to follow minutely the above Rules.

CRIA P e R LR

Se&tion 365.H.~\VING therefore underftood

the Foundation, Conftruétion,
and Ufe of the firft Table; in the prefent Cafe,
having alfo added the decimal Parts of an Inch
juft found, for the Expanfion,—to the Inches and
"Fenths,




END OF THE FIRST STAGE.

Tenths, exprefling the colder Barometer ; which
will then have the fame Expanfion, or Temperature
with the warmer, thus;

Inches.

25.19  colder Barometer *

.o1c1 Expanfion on the fame, in Parts of an
Inch with 4° of Temperature, (re-
jecting all but the firft Decimal as too
minute, )

25.2]oo1 added ; this Sum will expres the
Point at which the Quickfilver in the colder Ba-
rometer woud {tand, when equally expanded, i.e.
in the fame Temperature, with the warmer.

366. 6th Step. Place both Barometers, now of

equal ‘Temperature with the warmer, together,
firlt, the upper Barometer; and under it the lower,
thus : Inches 25. 2 Tenths.
20. 4
END OF THE FIRST STAGE.

367. The Ends propofed in the fecond Stage of
the Work, (the colder Barometer being mow
brought to the fame Expanfion or Temperature
with the warmer,) are two: Firft, to find, (by
the Application of the fecond Table) the Heights,
in Feet and Tenths, in the Atmofphere, corref-
ponding to the Points at which the Quickfilver
fands in both Barometers, which have now the
fame Temperature, viz. that of the warmer equal
to 500: on a Suppofition that they were both
expofed to the Temperature of 31°.24, on Faren-
heit’s Scale, which is about the Standard or freez.-

Pp ino
£ =
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MENSURATION OF HEIGHTS.

ing Point, for which fole Purpofe the 2d Table
is calculated.

N. B, The Second Stage includes two Steps only, viz, the 7th
and 8th,

. 368. 7th Step. The Barometers being placed
in one View, as before directed, thus :

Upper Barometer, Inches 25 .2 Tenths,

Lower Barometer, Inches 29 .4 ; find, with
the Temperature of 31°.24, the correfponding
Heights in the Atmofphere.

“T'his is to be done by referring to the 2d T'able,
for the Application of which there are feparate
Inftrutions: See the Explanation of the fecond
Table.(a)

CHAPTER

(a) The Foundation of the fecond Table,

This Table is calculated from Briggs’s Logarithms : each
Number, in the fecond Column, being nothing more than
the Logarithm—correfponding to- the Point, (in the firf
Column,) at which the Ql_ucl\ﬁlver ftands in the barometric
Tube, —fubua&cd from the Logarithm of 3z Inches multi.
plied by 6,

('orﬂmfl’wﬂ of the fecond Table.

This Table confifts of three wertical Columns only: tho'
Ecre tripled, for the greater Convernience of Infpe@ion.

‘The firft or left Hand Column fhews, in Inches and
Tenths (from ten Inches) the Gradations of the Quickfilver
in the barometric Tube, beginning as low as one lnch above
the Suiface in the Ciftern, and proceeding throu® all the in-
termediate Points, to the unufual Extent of 32 Inches: (a) fup-

pofing

(a) The Bavamcter, (to which the Scale of Heights is .«;‘chn! in
the 2d Column of the od Table) is jrm'r‘wm’ re J‘E funk nvithin the
Surface of the Earth, till the Quickfilve tz’, sat 32 Inckes, asap=
P us/: om the laft Article in the Table, viz + 32 Inches, 0,00 Fett,
;: Inches is thevafore the Foundation of the Table, and (rnu‘myd,,
g fo Sf?mk[imgb, to 1647 Feet, under the S,;:.‘me zfr.l.e
ﬁ';a, at lowv Water ).
l'hh Depth then being the imagin: ary Level pointed nut by the

ickfilwer, at the unuiual Extent of 32 Inches; each interior
1 b and erfwyr Quuifm er will wn:ffaﬂd' toa iupermr Eleva-
f the [?!/f'l unent, in Feet amf Tenths (HJ-'rur: that Lew u, nﬂd
will include the Menjuration of the deepelt Mines,

For the mean "Prffure of the FBarometer, at low Water,
Srom
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CHAPT EERE X

USE AND PRACTICE OF THE SECOND TABLE IN
THE FIRST EXAMPLE,

The USE.
Setion 369. O find the Heights, in Feet
and Tenths, in the Atmo-
fphere, correfponding to the Points at which
P'p:2 the

pofing likewife that the Tube is elevated in the Atmofphere,
fo that the contained Quickfilver, when expofed to the Tem-
perature of 31°, 24 of Farenleit, refts at each Point in the
Table,

The fecond vertical Column gives the different Heights in
Feet and Tenths, to which the barometric Tube muft be

| raifed above its Level at 32 Inches, in order that the contained
Quickfilver, if expofed to the Temperature of 31°.24 of Fa-

renheit, may ftand at each Point indicated in the firft Column,
The third vertical Column, gives, likewife in Feet and
Tenths, the pirrEreExce between each two adjoining
Heights in the fecond Column, correfponding to a fingle
Tenth (of Quickfilver): which fingle Tenth is the Difference
between each two adjoining Tenths of an Inch in the firft
Column,
For Example: Suppofe the Quickfilver in the barometric
Tube, in the firft Column, ftands at
Inches - 16.1 anfwering to 19570.4 ) Height in Feet
And againat 16.2 anfwering to 19398.4 ¢ in the Atmo.
{phere,

Difference of .1 in Feet: remaining = 172.0
which fixteen Inches two Tenths, is a fingle Tenth more
than fixteen Inclies one Tenth, and will therefore anfwer to
ilfs Heightin the Atmofphere by that fingle Tenth ; con.
fidering that the lower the Quickfilver falls in the Tube, the
higher muft the Barometer itfelf be raifed in the Atmofplere,
inorder that the Quickfilver may reft at the lower Points of
the Tube, If therefore a /s Height in the Atmofphere be
required which fhall anfwer to one Tenth more than 16
Inches two Tenths; fubtraé the Height anfwering to 16.2
from the Height anfwering to 16.1, i.e, fubtra& the lefs
Height from the greater, and the Remainder gives that J ,m
Height in the third Column, anfwering to the Height of one
Tenth more than 16 Inches 2 Tenths, of the Barometer,
freom 132 Obfervations in Italy and an.‘ara', is 30.04 Inckes ;
the ‘Tt.'r"mra{urr of the Barometer being at §5°, ive, Temperae,
and that of the Air at 62°,




MENSURATION OF HEIGHTS,

the Quickfilver ftands in both Barometers,
which have mow the fame Temperature, viz,
that of the warmer Barometer, on a Suppofition
that they were both expofed to the Standard-
Temperature of 31°24, on Farcnheit’s Scale.
The PRACTICE,
The 7th Step applied in the fir/t Example.

970. Look at the firft Column, in the
Jfecond Table, for

25.2, and the Anfwer is 6225.0 in the fecond

Column ; and for

2.4, and the Anfwer is 22¢8.2. The Anfwers
are the Heights, in Feet and T'enths, in the At-
mofphere, at which the Quickfilver ftands in both
Barometers, with the Temperature of 317.24:
correfponding to their refpective Points, for which
Jole Purpofe this Table is calculated.

371. 8th Step. Having placed the Barome-
ters and their correfponding Heights in the
Atmofphere, fhewn by the fecond Table, at
one View : fubtract the leffer from the whole
Height, and there will remain the greater
Height, viz. the Height correfponding to the
Barometer in the elevated Station, above the
Height correfponding to the Barometer, on the
Ground, (both being at the Temperature of

31°.24) thus: Heet.
Inches '25.2 correfpond to 6225.0
Inches 29.4 correfpond to 2208.2; fubtract:

and the Remainder is’ 4016.8 viz. a

Number in Feet and Tenths correfpon
the Height of the upper above the lower Baro-

both being in the Temperature of 31°.34

{See P: 2—‘_—;:") 372 Now

moter
1CEET




BY A BAROMETER AND THERMOMETERS. 293

THE SECOND TABLE.

The 1ft Column fhews the Quickfilver in the barometric Tube ftar
at each Inch from T to g0, and at each Tenth from 1oto 32 Inches,

i , above the

3502

Column fhews. ti
; ary Lewvel at 32
Fect and Tenths, anfw
in the firlt Column.

The 3d Column fhews the Height in Feet and Tenth
a ‘Tenth of an Inch on the Barometer, being the DIFFERENCE bi-
tween each two adjoining Heights in the 2d quiunm.

ng to Inches and Yenths of the Barometer

inch,| Feet, ii)lth’l'- |lineh.y  Feet.
I 190399.9, 8561, 8|l" % 1{25 |
2 (72247 Jdl 22125 - {
4 {1065 4 s g |
20161681.8] > 2'*l 1 ialay - -3j19: :
e 14"” .,‘! v i 1 0O 5 B 8
5 {”’3'% 5814.6| 4247 T | tgos) 6]
2 48370.8] 1750.0]| 5|24 S (5 o069 11, 6 6l
8] .4«‘7]‘.(- /I 2 «0|24.2 LR 18721 & \»{”
£ |70 9 )l 4016.8| | 4 G.OlE Stiat . 21166.¢|
7 jQOOS'Il 3479:5]| +7|240¢ i 2l -,:!h_n,f_-\ufr_di
8 3(’)[23_()‘ foé.\‘) ; 1 .‘\7123\‘7 y T, :’ .}\ilL‘SS\) (“I(:_)}. ]“r
~ p £ pdets M R R i E y E i | 80 |
9 |33954-4) 2745 4| (i"J(’fﬁ-“ {201 :; 9118225 5,65 4l
10.0|20209.0f -7 12.0122472.4]° . ""ll16 ©18c61.8| 2 /|
3o 259.6(|" 3 34/ 199.7| = "l162
oI 300_1_{_)_4,| =4 4! 1232727/, ‘ ‘
.2 :g;g';\.c 2;_4_; +2{23074-5), 1 &
*3129538.7) 27 .8l '+3|22877
1:8 | /|
-41292806.9 z:') A 422682 y
e L o il s D
-§129037.0L  _ 0 ol] *5|224°9: 4 .
-6/28790.6 "';’P_ .6[22296 | i
2 . | g
2 et 2447 A IR AT 5
'5\:“5:'3-%3'9 242-4 *7|22105 ‘ b
.5i.!23"10'_;_g 2902 S 11@1!‘). [,‘;“’ [‘ O 4. °) h
e 240, | . . o 1
-9[28063.3] 7" Il -gj21728.1 [E{( g -(Jlbu:;hlﬁ__
2 27.0| | ! 4 ) e 3 11673
11.0|27825.4] -2/ Ii4.0021541.3 185 [0 16482-1| 2= ¢
.i:.‘,7-89,(w 235 ilz12¢c2.8 (\ 111632 203529
e 233-7| 353 71184.1 g
2|27355.9] 32Nl .2)21871.7) o 216177-3/ 2
[ £239 231.6 21182.9 Sl TR
3|27124.30 D2 ¢ '4 120088, 8l.81.6 3116026 :;30 =
| i 22 5 e 1
-4{26894.7 9 v41z0807.2|" 2 4158760 >~
laerzs L1 2276 180.3 4 RSP U Ts 504
-5125007.1 = ""CJL.U (3 el 5115720 71 "4 %}
A 2230.6 - 21179.0 bl ceag 2149 5
i PR s | PP 20447 94-8.0| SI1557° 2 6l
7126217.8 Folll S .zo.:(n).()‘ 3 l1c43 e
- PERIRE 22 ugih 508 | B 7067 gl 46.8
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MENSUR ATION OF HEIGHTS,

THE SECOND TABLE CONTINUED,
linch | Feet, Il) Iff, ilh II‘ Feet. i‘)iﬂ'.![.’.-‘n. Feet, T)TF.
s L s g i18.1)] e 8
118.1]14848.5) ¥~ 221100455 o M26.15310.6/99
=t lAT CLEL e ol LR ) 210.019%7F
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{osliaer8 7L 200 slong8.a) el -5l4g14-200
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BY A BAROMETER AND THERMOMETERS,

THE SECOND TABLE CONCLUDED.

[inch, “Feet, | DIff.[Tich, Fect, | Diff.||luch | Feer, | Diff|
g 86.7| Qaak 84.,‘“1 i 182.8|
s e 08 e st gute 4520
R L s K| B Lo Y
£9,:4% 4 dlg . gitd b 7 ol 7é
.41236.6 ;‘_8 Eouk 7430 §3 . 1&3.4-,32'. |
Eosi 5.6 Rt e L) | o7 £181.8
+5.1251.0/52" "".(’39‘78~.,y g| &1 031.6
6.1165.7 %:é <3 57603 8;1\ 32.C oo‘o}
.7:1080 7 | .4493.2 |

372. Now apply the third Table, or Table for
Tenths, if neceffary 5 including two more Steps,
viz. the gth and roth: which, being ufelefs, in
the firft Example, are, for the prefent, omitted.

373. An Explanation of the third Table, or
Table for Tenths, is, however, for the Sake
of Order, here fubjoined. (a)  (Sece Page 298.)

(2) Foundation of the ‘Tufn'r‘fw Tenths,

The Height, in Feer, cotrefponding to the Expanfion on the
Teuth of an Inch of Quickfilver with the Temperature of
31°,24 (as in the 3d Column of the 2d Table) are reduced by
this Table into a ten Times lefs Number of Feer: and the
Tenth of an Inch (of Quickfilver) is alfo again divided into
2z more Parts : in order to thew, in a ten Times lefs Num-
ber of Jfuch Feet, the Expanfion correlponding to any of thofe
Parts into which the Tenrh of an Inch (of Quickfilver) has
been divided.

Conftrultion and Ufe of the Table for Tenths.

1, The Figures in the lett vertical Column (hew the Height
in Feet, (from 81 to 130) correlponding to a fingle Tenth of
an Inch of Quickfilver, viz, to the higher of two adjoining
Tenths, as in the 3d Column of the 2d Table.

2, The Figures, along the upper horizontal Line, fhew ths
Number of Parts into which the Tenth of an Inch has been
divided,

3. The Figures, at the Point of Meeting, exprefs, in a ten
Times lefs Number, of the Feer in the left vertical Column,
the Expaniion correfponding to any of tho
which the Tenth of an Inch (of Quickfilver) has been di

Thus : 9o is a Number of Feer called g Tenths of 10
the Tench: are F and not Tenths of a Foot,

Parts
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MENSURATION OF HEIGHTS,

THE THIRD TABLE, OR TABLE FOR TENTHS:

Serving to compleat the 2d Table, on Expanfion of the
Barometer, with the Temperature of 31%,24.

1. The upper horizontal Figures fhew the Number of Parts

into which the Tenth of an Inch has been divided,

2. The Figures in the left vertical Column exprefs the Height
in FEET, (above the imaginary Level, at 32 Inches of the
Barometer, panfion correfponding to a fingle Tenth of
an Inch of Quickfilver,

3, The reET in the Place of Meeting are called TENTas:

thus, go Feet are g Tenths of 100 Feet.

Fee, Parts into wbich the Tenth of an Inch is divided,
112131445 161718;:9

10 10 T0 10 g 10 iGc 10 a0

81| 8[16]24]32)40[49][57]65178

82| 8|16]25]|33|42)49]57]00]| 74

831 8117125 33)41|50]58]|66]75

84| 8] 17])25]34]42150]59167]70

8¢ ! 8] 17| 25]34 4251 ]'50]068]|%6

86| gl 17| 26134143 52]601]69177

87| 9l 17]26]35])43]|52]61|70}|7%8

88| 9|18 26| 3544)53]062]70]79

8g| ol 18| 27136 44]53]|62])71]|80

90| gl18|27]36]45]}54]63]72]8

or| 9f18]27136]45]55]04]|73]82

9 gf 18|28 }37146] 5564|7483

93] 9l19]28137]46]56]165]74]84

o4 9|19} 28]38)147]56]66]75]85

05| 9]19]28]38]4757|066|76]85

gb | 10419|29|38)|48]|58)67]|77]806

g7 [ 1o]19]29 (3948|5868 |78]3%7

g8 | 10|20 29|39|49]|59]|69]78]88

99| 1o} z0}30]40|49f59]69 |79 |89

1co | 10| 20] 30| 40| 50 60| 70| 80 | go
1ot | 1o | z0 | 30| 40 | gou| 61 | 71 | 81 | gt
102 | 10| 20| 31 | 4r| 51|61 ]71]82]¢z
103 ] 1o'| 21} gr |41} 5t | 62] 72| 827 03
104 b 10|21 |31 f42)52]|62]73] 83|94
10¢ | 10 ) 21 | 31 )42} 52 ) 63.) 73] 84 |94

|
|
%
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THE TABLE FOR TENTHS CONCLUDED,

Feet. Parts into wubich the Tenth of an Inch is divided.
IR ORI ) Y gho R S S L)
10 1o 10 10 10 10 10 10 10
106 | xr j21l3z)42|53]64174| 851 95
107 | 11 |21 |32]43]53]|64]75] 86| 96
108 | 11 |22032)43|354]65})76] 8] 97
109 | 11| 2z]33]44|54]165)76| 87| 98
mo|11|2z2)33144155]166)771 81 99
it 11 ]z22)33]44)55167]78] 89} tco
1z |11 ] 22)34|45)56167]78] go{ 101
g frnlz3)34]45]56]68]79| go| 102
114 | 11| 23] 34]46]|57]|68]8] gt]103
tg | 11| 23] 34)46|57|69|8] g2}103
1116 12| 2335|4658 70] 81| 93] 104
17| 1223354758 70|82] 94| 108
|1z |z2al35)47]|59) 7183 94]16
19| 12| 24]36|48)59|71183] 95]107
120 12| 24 36| 48] 6o| 72|84 9b| 108
121 | 12 | 24| 36| 48| 60| 73185] 97] 109
122 | 12| 243704961 ]|73]851] 98] 110
123 | 12| 25| 37| 49|61 | 74| 80] o8] 111
124 [ 12| 25| 3715062 74]87| 99| 112
125 |12} 25| 37|50 62]75]87] 100|112
126 | 13| 25| 38|50 63|76 88| 101|113
127 | 13| 25| 38|51 ]63176]89]| oz 114
128 | 13| 26§38 |51 |64 77]9°]) 102} 113
129 | 13 | 26 | 39 | 52| 64| 77| 90| 103 | 116
130 | 1326|309 )52]|65] 7891|104} 117]

END OF THE SECOND STAGE,

Qg 374. The




OF

MENSURATIGN HEIGHTS,

374. The Ends propofed in the third and laft
Stage of the Work, are, firft, to add the general
Temperatures of the Air, or detached Air-Ther-
mometers, at each Place of Obfervation above
and below, into one Sum.

Secondly, to divide that Sum : each Moiety
of which is called the mean Temperature of the Air,

Thirdly, to apply that Moiety to each Baro-
meter, (both of which have been already brought
to the Standard-Temperature of 31°. 24;) inor
der to prove whether the Moiety (or Quantity
of Heat afligned to each Barometer by the general
Temperature of the Air) exceeded, fell fhort of, ot
equalled the Standard-Temperature of the Baro-
meters, by the 2d Table.

And fourthly, from the Moiety or mean Tem-
perature of the Air, to find the true Height of
the upper Barometer : which Temperature re-
folves itfelf into three Cafes.

375~ 1ft. If the Moiety or mean Temperatureof
of the Air is greater than the Standard Temper-
ature, viz. that to which the Barometers are now
brought ; find the Expanfion of Air correfpond-
ing to fuch Excefs of Temperature by the fourth
Table, which Height by Expanfion, being added
to the Height already found in the 2d Table
thews the true Height, viz. of the upper Baro-
meter,

N. B, The 4d and laft Stage includes two Steps only, vids
11th and 12th,

376. 11th Step. The detached Air-Thermo-
meter above was - - 39~ Degrees.

The detached Air-Thermometer
w was = — - - 45

1, Add




§Y THE PRACTICE OF THE FIRST EXAMFLE,

1. Add them, for the whole
Heat. - — — . 2)84% Deprees

od. For mean Temperature of the
Air-Thermometers, or a Moiety of
the Heat, divide by 2. -— 425

3d. Deduct the Standard-Tem-

perature of — —_ — 314
from cither Moiety, and the Re- ——
mainder — — — 11
is the 11 Degrees of Heat, more than the Standard
(a) for each Barometer.
For 42°%,and 42°%, equal to 84°3, was the
whole Height of the Air at both Places of Ob-
fervation in the upper and lower Stations; of
which whole Height the detached or Air-Ther-
mometer above received 39°%, and the detached
or Air-Thermometer below, received 459,

377. 12th Step. Find the Height correfpond-
jng to the Expanfion of Air, with Excefs of Heat
or Temperature above the Standard- Temperature
of the Barometers: and add it (as in the firlt Ex-
ample) to the Height of the upper Barometer,
correfponding to the Standard-Temperature al-
ready found in the fecond Table, and the Sum is
the #rue Height of the upper Barometer.

This is to be done by referring to the 4th
Table, fhewing Expanfion of Air with Heat ; for
the Application of which thereare {eparate Inftruc-
tions: fee the Explanation of the 4th Table. (%)

Qgq 2 78. The

(a) The Standard Temperature was 31%.24, which not be-
ing exaétly 1 Quarter, another Decimal is added, (for Eafe in
C‘O.l.l"put?![icﬂ,) by which 31,24 becomes 31.25, i.e. by di-
viding one Degree of Heat into 100 Parts, and taking 25 of
thofe Parts, or dividing the 100 by 25, the Anfwer is 4, 3.0, §
of the whole 1c0: or (31)}.

(&) The Fox on of the fourth Prble.
1, Tr, for 177 Pages 564, and 566,)=From
the

et Ak
rt 2d

]




MENSURATION OF HEIGHTS,

378. The Expanfion of Air, in the firft Ex-
ample, is found 'by the 4th Table to be Feet

107.3
the Mean of a Series of Experiments with a Man®dmeter, or
Inftrument to meafure the Rarity and Denfity of the Atmoa
fphere, depending on the Action of Hear and Cold, it was
found, that when the Postion of a Tube containing Air (at the
Temperature of freezing by Farenheit, and Preflure of 30}
Inches (2) by a common Barometer) was divided into 1000
Parts; the Volume of Air within it, encreafed nearly in‘a
certain Proportion, as each Degree of Temperature encreafed y
iz, at a Mean, 2,43, or fimply (by reje€ting the 2d Decimal
as too minute) 2.4 : that is, a 1000 Parts of Air became by
Expanfion with one Degree of the Thermometer, equal to
3002432 i, e. the Portion of Air occupying 1000 Parts, did,
with the Addition of one Degree of Heat, occupy 1002.43
Parts : thatis (by reje@ing the 2d Decimal 5 as too minute)
occupied two Parts and 4 Tenthis mors than the thoufand,

Corﬁr.‘tﬁr'm -}f the _f;:u th Table,

Suppofing therefore that the Portion of the Tube containe
ing Air, was one Foot in Length or Height, divided alfo into
a thoufand Parts ; one Degree of Heat woud encreafe or ex-
pand it two Parts and four Tenths more than the thoufand
Parts into which the Foor was divided,

CAUTION.

Dbe fourth Tadle properly confifls of only nine borizontal Columns
of thoufands, in Breadth ; which Columns are extended in Length
t0 one bundred Linpes, refpondirg to 100 Degrees of Hear,

Tbe Table is herc divided, in order that it may conform to the
Size of the Pages : by which Means the Formation of ecach wertical
Number by the wing Rule, (which renders the Table felf-evia
dent) might without this Caution, bave been attended with Jeme
_D_iﬁicu[!‘)'-

The vertical Columns delozo the Figures exprefling each
thoufand, fhew the Expanfion of Air oz each refpective
thoufand, ith the correlponding Degrees of Temperature
indicated by the Thermometer in the vertical Column to the
left Hand,

Example the firfts to find the Expanfion of Air on one
thoufand Feet, wizh one Degree of Temperature; the An-
fwer in the Table is 2:4, Or 2,43 : i, €, 2 Feet and 4 Tenths
of a Voot, rejecting the 2d Decimal as tdo minute,

Example the fecond : to find the Expanfion on § thoufand
Feet, wits g9 Degrees of Heats the Anfwer is 1924.56 1 and
fo of the Reit,

Thus any of the wertical Numbers fhewing the Expanfion,

may

(2) T-‘Efﬁ' Experiments were made with the Manimeter qvben the
Atmofpbere vas balf an Inck beavier than in
to prove the Expanfion of Quickfiluzr, the Barom
ar 30 Inches only.




BY THE PRACTICE OF THE FIRST EXAMPLE,

107.3 Tenths kigher than the 4016.8, viz. the
Remainder from the 2d Table (Seétion 371) 5
which Numbers added give 4124.1 Feet: viz,
the true Height of the upper Station required.

CHAPTER

may be readily formed, by doubling, firf}, the Number imme-
diately under each thoufand in the horizontal Line, for the
nine firit thoufands, (of which the Breadth of the Table
properly confifts, exclufive of the thermometric Column)
for the Expanfion below it : and, afterqevards, for each Ex-
panfion immediately below the former, by adding, to the
Expanfion /aff found, the Number immediately under its
refpective thoufand,

Firft Example: to find the vertical Number for the Ex.
panfion under the firft thoufand, viz, 1000, <with 2 Degrees
of Heat : the Number under 1000 is 2. 43 : double this : and
the Anfwer is 4,86.

Second Example : fuppofe the Expanfion /zf found be that
er one thoufand Feet with 24 Degrees of Heat; viz, 58,323
and the Expanfion on the fame thouland, wwith one Degree of
Heat more, viz, on 25 Degrees, be required ; add the Ex-
panfion oz one thoufand Feet, with 24 Degrees, viz. 58.32
to the Expanfion ez the fame 1c00, wirh 1 Degree, viz, 2.43

and the Anfwer is, by Addition, - - = = 60.75

Third Example: fuppofing the L‘xp‘mﬁon laft found to be
the Expanfion on gooo Feet wirh g9 Degrees of Heat, which
in the Table is 2165.1.

It is required to find the Expanfion on the fame gooo Feet,
with 100 Degrees of Heat; add to the Expanfion laft founL,
viz. 2165.13,the Expnnﬁon on the fame goco Feet,
viz, 21,87 with one Degree of Heat, and

2187.00 is the Anfwer by Addition.

Any wertical Number fbewwing the Expanfion may likewife be
found, firlt, by m the ﬁ)f Figwe or Number, of the
given th cmﬂzr d Feet (i borizontal Line,) into the Anfaver or
Expm fion on the firfk .!:,r,z.fard Feet, with one Degree of Heat: for

Eaczmu.: H

To find the Expanfion on gooo Feet with one Degree of Heat,
Tbe Expanfion on 1000 Feety with 1 Degree of Heat (from
whence, all the other }:'xpa;,-ﬁms are derived ) being 2.47% 5 multiply
that Number by g, the firft Figure of the given tbrufam{ Feet, and
rlz Anfwer or Expanfion with 1 Degree of Heat, is 21.87: L:rfe
all the Anfwers or Expanfions, immediately under the borizontal

Line of thoufands, are formed.
Tben 2dly. any other wertical Nymber or Expanfion may be
formed

303,
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C.H AP T E B, LAKUL

USE AND PRAGTICE OF THE FOURTH TABLE, IN
THE FIRST EXAMPLE.

The USE,
Section 379. O fhew in Feet, and Tenths,
T what is the Expanfion of Air
on each thoufand Feet, from 1000 to gooa Feet,
with each Degree of Temperature {from 1 to 100
Degrees, on Farenheit’s Scale.
The PRACTICE.
The v2th Step applied in the fir/t Example.
380. For the Expanfion of Air with 11 De-
grees of Heat on 4016.8 Feet, look in the fourth
‘Table, with 11 in the left Hand vertical Column
of Temperature, and (firft) an 4000 Feet, along
the upper Line: the Place of Meceting gives
the Expanfion of the Air, with 11 Degrees an
4000 Feet: viz. 106.92. (2)
Next ; look with 11 Degrees, and (as there IS
a Cypher only in the Place of Hundrtds) a7 10y
(vizs

he given

er of De-

lying the Fxpanf,rx immed I"ltL]) u

formed by multy
izontal Line, into the given N:

thoufand Feet in th
grees s for Example 5
To find the E
'TffEx‘bmgﬁan ':‘.
Expanfion with §0°, is 50 Tm.e: morey wiz. 1093450, and fo4f
the Reff.
T.‘_uja different Methods Jerve to prove the Anfwers, an td to eluci=
date the Table,

»anfion on gooo Feet, with 30 Degrees.

(a) There is fe/dom Occafion to take more than the firft
Decimal out of the Table,

th one Degree on 9000, is 21. 87 therefore ’i“



PRACTICE OF THE FIRST EXAMPLE.

(o1}
[=]
w3

(viz. of the 16 Feet) call the 10, a 1000; the
Place of Meeting, or Anfwer is 26.73:

Thirdly ; with 11, on 6, (viz. of the 16,)
calling it 6000 ; the Anfwer is 160,38 :

Fourthly ; with 11, on 8, (viz. the 8,) and
the Anfwer is 213.84.

381. Having added the refpective Expanfions
together, thus

with 11°, on 4016.8 Feet. Tenths.
4000 = 106.92 106.92
10 =26.73 2673
"Lzrb " 6 = 160.38 .16038

i> 8=213.84 .021384
J Expanfion 107.369004 3
(See Page 306.)




PEGREES OF Tyg THERMOMETER, rromM 1 70 50, ON PARENHEIT"S §CALE.

AT
=~ 0

THE FOURTH TABLE,

SHEWING THE ExPANsIoN wiTH HEAT, rroM 1 T0 100 px.
GREES, ON EAcH THOUSAND FEET inx THE ATMOSPHERE,
FROM J00OO TO Q000 FEET.

S |
O 00N Gn B Ly B e

- = o
o B L) B e

~3

-
]

19

L3 L LD ) L3 L a1
N OAS

OO O £

W
) D

42
43
+4
$5
46
+7
18

19

50

1000
2.43
4.86
7:29
9:7>

12.1§

14,58

17.0!

19.44

21.87

24.3¢

26.73

29.!6

31.59

34.02

36.45
38.88

41.31

43.74

46.17

48.60

51.03
53.46
55.59
58.32

00,75

63_13

55.61

68,04

70.47

72,9%

75:33

77.76

80,19

22,62

85.05

87.48
89.9:
92.34
94.77
97.2¢
99.63
102.06
[04,4(’,
1c6.92
10g.3

114,21

2000
4.86
9.72

14,58
19.44
24.30
29.16
34.02
18.88
4374
438.6¢c
53-46
58.32
63.18
68,04
72.90
77:76
82.62
87.48
92.34
97.20

102.06
rob.g2
111,78
116,64
121,5C
126.36
131.22
136,08
140,94
145.8¢
150.65
155.52
160.31‘:
165.24
179.1¢
174.96
[79.8'.'
184,68
189.54
1944<
199.26
204.12
268.98
213.84
218.7

Iri.7:%223.56

228,42

3000

7:29
14.58
21.87
29.16
3645
43.74
03
58.32
65.61
72,90
8o.19
87.48
9477

102,06
100,35
116,64
123:93
131,22
138.5:
14580
153.09
160,38
167.67
:24,96
182,25
189.54
196,83
204,12
21 1.41
218,70
225,99
233.28
240.57
247.86
255:15
262.44
269.73
277.02
284.31
291,60
298.8¢
306,18
313.47
320,76
328,06
335-34

342.63

Klﬁ.ﬁvl,lzgg.Z'Si}:j,g,g;
119.07/238.14|357.21 )4
121.50'243,00!364.50 4&‘6‘90‘0."7 g0

40c0

9 72
19.44]
29.16)
38,88
48.6c
58.92
68.04
77:76
87.48
97.29
106,92
116,64
126,36
136.08
145.80
155:5%

233.28
243 o0
252,72/
262.44]

281.88

301.32
31l.04f

408,24
417.96
427 68
437:49
447.12
456.84

466,56
7b";S

165.24{206,55
174.96[218.70
184.68(230,85
194.40243.00
204,122
213.84)2
223.56/279.45

272.16/340,20

291.60[364.5¢c

320.76 400,95
330.48/413.1¢
40.20/425.25
349.92/437.49
359.641449.55
369.36/461,70
379.08/473.85
388.80[486.00
398.521498.15
§10,3¢|6

5000
12,18
24,30
36.45
43.6¢
60.75
72.90
85.05
97420
109.35
121 §0
133.65
145.80
157:95
170.10
182.25
19440

255415
267,30

261,60
303.75
315.9¢
328.05

352.35

376.65
388,30

522.45
534.6¢
546.75
558.90
371.05
583,2¢
595.35

selole}

14.58

29.10

43-74

53.32

72.9(‘

37.48_
102.006]
116.64
13122/
145.8¢]
16c.38
174:96
129.541
204.12
218.70
233.28
147.36
20244,
177.02
291,60
306.18
320.76
335+34
349.92
364..5¢
379.08
393.66
408.24
422.82
437-4©
451.98
481,14
495.72
510.30
524.88
539:40
55404
568.62

656.1c
670.68
6%5.26

(59535

o[680.40

6l714.42

7000
17.01
34.02
51.03
68.c4
85.05
102.06
119.07
136.08
15398
170.10
187.11
204.12]
221,13
238,14/
255-15
272.16
289,19
306.18
323.19
340.20
357.21
37422
391.23
408.24
4'}.5.15
442.26
4.59.47
476.281
493.29
510.30|
527 31|
524-32
§91.33
578.34

012.36
629.37
646.38|
663.39|
697.41

731.43

2174844,

799-47
699.84!816.48
714:42/833.49

70545
782.46

726.00l850,¢

8coo

19-444

38.88

58.32

77:76

97.2¢
116.64|
136.08)
155.52
174.96)
194.40
213.84
233.28
252.72
272.16
291.60
311,04
330.438
349.92
369.36
388.80
408.24
427.68
447-12
4.66.56
486.00
505.44
524.88
544.32
563.76
583.2¢
602.64
622.08
641,52
660.96
680.40
699.84
719.28
738.72
758.16
777-6¢
797.04
816.48
835.92
855.36
874.8¢c
894.24
913.68
93312
952.56

QT2.0f¢

9o00

21,8
4374
65.6:
87.48
109:35
131,22
153.09
174.96
196.83
218,90
240457
262.44]
284.31
306.18
328.05
349-92
371-79
39360
415458
43749
459:27
481,14
503.01
524.38
546.75
568.62
59°.49
612.36
634.23
656,19
677.97
699-84
721.71
743-5%
76545
787.32]
8cg.19
831.06)
852.03
874.80
896.67
918.54
940,41
962.23
984.15
1006.07—
1027.89
1049.76
1071.63

proeErs or Ty THERMOMETER, FROM §T TO YOO, ON FPARENHETT S SCALY,

10072.8°




THE FOURTH TABLE CONCLUDED. 30§

SHEWING THE EXPANSION wiTh HEAT, rroM 1 To 100 DEGREES,

oN EAcH THOUSAND FEET 1IN THE ATMOSPHERE, FROM |
TO 9900 FEET,

Qoo

praorers or THer THERMOMETER, FROM 5T TO JOO, ON FPARENHETT S SCALY,

1000 | .000 30004000 5000 | 6ooo | 7000 | 8ooo | gcoo
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24

.98
-85

*59
46
33
.20
07
+94
81
.68
55
42
.29
.16
03
90|
77

51

12
99
86
73
[o1#}
47
34
21
o3
95
82
69
56
43

30

447.121670.68/8094.24 r117.32‘134l.36 1564.9211788.4%12012.04
451.981677.97|903.961129.95{1355.94 1581.9311807.92|2033.91
456.84/635.26/9713.68]1142.10 1370.5211598.941827.3(|2055.78
461.70/692.55/923.40|1754.25(1385.10 1615.95(1846,%¢|2077.65
$41933.12]1166.40|1399.68|1632.96/1866.24) 2099, 52
13'942.84(1178.55 1414.26(1649.97{1885.68 2121.49

5| 11g0.70 1428.84]1666.98|1905.12(2147.26

1212.85 1443.42{1683.99(1924.56[2165.13]
cl1215.00!1458.0cl17071.00|1044.0¢C 2187 ool

ek




MENSURATION OF HEIGHTS,

382. The decimal Points in the Anfwer
muft be changed, thus:

1. For the Place of Thoufands in the Queftion,
(viz. 4000,) the Anfwer muft remain, viz
106.92, as in the Table, which is calculated for
the Place of Thoufands.

2. For the Place of Hundreds, in the Queftion,
(viz. which in the prefent Cafe was a Cypher ;) if
there had been a Figure or Figures in the Place
of hundreds ; then the decimal Point in the An-
{wer muft have been removed over ome Figure or
Place to the left.

3. For the Place of Tens, in the Queftion,
(viz. 10 Feet,) the decimal Pointin the Anfwer,
muft be removed over zwo Figures, or Places, to
the left.

4. For the Place of Units, in the Queftion,
(viz. 6) the decimal Point in the Anfwer, muft
be removed over three Figures, or Places, tothe
left.

5. For the Place of a Decimal, in the Queftion,
(viz. .8) the decimal Point, in the Anfwer, muft
be removed over four Figures, or Places to the
left, by adding a Cypher : and for the Place of each
further Decimal in the Queftion ;—one Place
more in the Anfwer, by the further occafional
Addition of a Cypher, thus: on
Feet 4000, the Anf. 106.92 is ftill 106.92

10 26.73 becomes ,2673

6 160.38 .16038
.8 213.84 021984
107.36906

283. Which Sum, by rejeéting all but the firft
Decimal,
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BY THE PRACTICE OF THE FIRST EXAMPLE,

Decimal, in the Anfwer, is Feet 107.3 Tenths
equal to the Expanfion of Air, with 11° of Heat,
# 4016.8 Feet, the Height of the upper Barome-
ter, with the Temperature of 31°.24, according
to the 2d Table.

END OF THE LAST STAGE.

384. The rRULE underneath, confifting of 3
Precepts only, is laid down by Sir George Shuck-
burgh, in the Tranfactions for 1777, Page 574,
in order to afcertain the Height of Mountains,
&c. (See Section 349). (a)

Rr 2 385. Re-

(7 SR AR CESE

¢ Precept the 1}, With the Difference of the two Thermometere
that give the Heat of the Barometer (and avbich for Diftinétion fake,
are called the attached Thermometers ) enter Table I, avith the De-
grees of Heat in the Column on the left Hand, and awith the Height
of the Barometer in Inches, in the borizontal Line at the Top 5 in
the common Point of Meeting of the two Lines awill be found the Cor-
redfion for the Expanfion of the Quickfilver by Heat, expreffed in

| decimal Parts of an Erghifb Inch; wwhich added to the coldeft

Baremzter, or [ubtralied from the borteft, awill give the Height of the
two Barometers, fuch as would have obtained, bad both Infruments
been expofed o the fame Temperature.

‘¢ Precept the 2d. With thefe correfted Heights of the Barometers
mter ‘Tdb":‘ II, and take out nﬁ)(ﬂiwt{y the Numbers rarrr';}')andr'ng
to the neareft Tenth of an Inch’; and if the Barometers, correfied as
in the firft Precept, are found to fland at an even Tenth, wvithour
any further Fraction, the Difference of thefe teve tabular Numbers
(found by fubtra&ling the lefs from the greater) will give the ap-
proximate Height in Englifb Feet.  But if, as will conmenly bap-
peny the corref? Height qu}’rbe Barometers fhould not be at an even
Tenth, nvrite out the Difference  for one entire Tenth, found in che
Column adjoining, intitled Differences ; and awith this Number en-
tr Table 111, of proportional Parts in the firft wertical Column to
the l:ft Hand, or in the v1tb Columny ard, woith the next Decimal,
following the Tenths of an Inch in the Height of the Barometer (wiz.
the bundredths ) enter the horizontal Line at the Top, the Point of
meeting wwill give a certain Number of Feet, awbich awrite down by
#elfs do the [ame by the next decimal Figure in the Height of the

Baromerer

Rure copied,
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1%, Step, in

2d, Step, in
Seltion 354,

3d. Step, in
Section 355,

4th Step, in
Section 356.

RECAPITULATION OF THE WORK,

385. Recapitulation for each Step of the

Section 353. Work, in the firft Example; referring to the

Sections.

Below. Barometer, Inches 29, .4 Tenths.

Attached Thermometer, 50 Degrees, Ait-
Thermometer 45°.

Above. Barometer, Inches 25,.19 Tenths,

Attached Thermometer 46°, Air Thermome-
tery 2%

From 50° fubtra&
46

——

and there remains 4 Degrees of Tempera-
ture to be added to the colder Barometer., _
By Means of the firft Table, find the Ex-
panfion of the colder Barometer, with Degrees of
Heat, viz. 4%on Inches 25, .19, gradually, thus :
with

Barometer (wiz. the thoufandtbs of an Inch, ) with this Difference,
[riking off the lafi Cypher to the right Hand for a Fraftion ; add
together the two Numbers thus Jound in the Table of proportional
Parts, and their Sum fubdué?frcm the tabular Numbers, juft found
in Table II; the Differences of the tabular Numbers, fo diminifped,
will give the approximate Height in Englif Feet.

“ Precept the 3d. Add together the Degrees of the two detached
or Air Thermometers, and diwide. their Sum by 2, the Quotient will
be an intermediare Heat, and muft be taken for the mean Temperature
of the wertical Column of Air intercepted betwween the two Places of
Obferwation : if this Temperature fhould be 31°% on the Thermome-
tery then will the approximate Height before Sfound be the true
Height 5 but if not, take its Dfﬂrrmr:_ﬂom 31°%, and with this Dif-
Serence Jeek tbe Corvedtion in Table 1V, Sor the E.r’mqﬁr,n of Air
auith the Number of Degrees in the wertical Colymnon the left Hand,
and the approximate Height to the neareft thoufand Feet in the bori-
aontal Line at the Top 5 for the bundred Feet frrike off ome Cypler
t0 the right Hand ; for the Tens firike off two 3 for the Units three :
the Sum of thefe feweral Numbcrs added to the approximate Height,
if the Temperature be greater than 31°%, fub
the correlF Height in fisgﬁﬁ Feet,  An Ea
this quite plgin,”




IN THE FIRST. EXAMPLE, 309

i o o
m_th 47 on25. = .0I0I ol Biesth
with 4% on .19 = .0000076 Section 364.
25.2]
J : S hs,
Upper Barometer, Inches 25, .2 Tenth LT
Lower Barometer, - - g, ) Sedion 366,

9
£End of the firft Stage.
By Means of the 2d Table, find the ‘cor-

7th Step, in

relponding Heights in the Air, at 31° 24. Seske 3N
25, +2 Anfwer 6225.0

. et o08.0 8th Step, in

*Irihk 4208 Se&ion 371,

The Remainderis 4016.8 Height in Feet, &ec.

The 3d Table, or Table for Heights in the At- g1, and 10rh
mofphere correlponding to the Ténth of an Inchon Steps, in Section
the Barometer, including the gth and roth Steps, ™"
is ufelefs in this firft Example.

End of the Second Stage.

Detached Air-Thermometer, above, 2%

Ditto - - - - - . [Jg/'gw, 45°¢ 11th Step, in
—— Seétion 376,
Whale Heat: o 1esild 1ssrom: 2)84%
Half Heat or mean Temperature Ak
Deduét Standard - - - . . 1%

e

Moiety above Standard & ol

By Means of the 4th Table, find the Expan-

; : 12th Step, in
fion of Air, with 110 on -

- 4106.8 Feet Seétion 377,
viz. 107.3
which added to the fame Height

EiVES - m imivaain 4124.1 for the
true Height, in Englith Feet, of the Mountain,
or upper Station, fought.

End of the laft Stage,

CHAPTER
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CHAPTEER: LRX¥V.

PRACTICE OF THE SECOND EXAMPLE :

With a diflinét View of the Work. (Ph. Tr. for
1777, Page 579.)

Section 386. HE Point at which the Quick=
filver ftood in the Tube of the
Barometer on the Mountain, or in the Car of
the Balloon, being Inches 24.178 Tenths ; its
I attached 'Thermometer, Degrees 57.2 Tenths,
1 and its Air-Thermometer 56° ; while the Baro-
i meter on the Ground ftood at Inches 28, .r318
) Tenths ; its attached Thermometer, Degrees 671,
| «8 Tenths, and its Air-Thermometer 63°, .9}
b what is the Height of the apper Station ?
| a8, Step, 387. 1ft. Step. Set down the Obfervation
on the Ground, thus :
Berow, Barometer, Inches 28, .1318 Tenths,
Attached Thermometer, Degrees 61, .8 Tenths.
Air-"Thermometer, 632, .g.
2d. Step, 388. 2d. Step. Set down the Obfervation, on
the Mountain, or in the Car, thus :
. ApovE, Barometer, Inches 24; .178 Tenths.
Attached Thermometer, Degrees 57,.2 Tenths.
389. 3d. Step. From the warmer aftached Ther-
mometer, {ubtract the colder, thus:
i 61°,.8
{ 575 +2

| L

| 4d. Step,

4, 6
390. 4th. Step. Give the co/dsr Barometer the
fame




BY THE PRACTICE OF THE FIRST EXAMPLE, 311

fame Expanfion, viz. 49, .6 with the warmer, by
the fir/! Table.

CHEA P T B R LAY

PRACTICE OF THE FIRST TABLE IN THE SECOND
EXAMPLE,

4th Step applied in the 2d Example.

Setion 391, HE Order to be obferved in 4;?5“1’ ap-
finding the Expanfion with gl

4°.6, i.e. with 4 Degrees, .6 Tenths of Heat,
on 24.178, i.e. 24 lnches, .178 Tenths of the
coldeft Barometer.

Find the Expanfion required, thus:

Cafe the 1/2.

1ft. Part. #ith 40 on 24 Inches.

2d. Part, With 4° on ,178 Tenths of an Inch
above 24 Inches.

Cafe the 24d.

1ft, Part. /#ith .6 Tenths of a Degree, on 24
Inches.

2d. Part. With .6 Tenths of a Degree, on .178
Tenths above 24 Inches.

SPECIFICALLY, #hus:

ift, Part of Cafe the 1/, To find the Ex-
panfion,

With 4° on 24 Inches,

2d. Part of Cafe the 1.

With 4°, on .178 Tenths of an Inch above 24
Inches; begin thus:

Hith




et the ,.,,Je 5/ P) 5uu7]¢h , 1n order fa invefligats the

BY THE PRACTICE OF THE SECOND EXAMPLE,

With 4°, on 24 Inches: then,
H/z'tb 4%, on 25 : then,
Vith 4°, on 1 Inch above 24, i, e. on the 25th

fnch then,

With 4°, on .x Tenth above 24 : then,

With 4°, on .178 Tenths above 24.

1ft Part of Cafe the 24, To find the Expane
{ion,

With .6 above 40 on 24.; begin thus:

With 4° on 24 Inches: then,

With 50, on 24 : then,

Hith 1° above 4°, on 24, i. . the 5the : then,

With .1 Tenth above 49, on 24.: then

With .6 Tenths above 40, on 24+

2d Part of Cafe the 2d. To find the Expan-
iton,

f/ ith .6 Tenths above 40 of Heat on .17 78

“enths above 24 Inches : to be done thus :

‘L ¢ EXPANSION with 40, on .178 Tenths above
24. Inckes, being once jfurrl, divide 17 by 4 : and
the Quotient is the Expanfion with 1° abeve i
17 8 Tenths of an Inch above 2.4 Inches,
"/wz Jor the Expanfion with .x Tenth above 4°,
178 Tenths above 24 Inches ; add a Cypher and
nal Point t ta the left rf the fame Duotient.

Then for the Expanfion with .6 ; midltiply that Sum
iite .6, and adda G pbzr and decimal Point.

The Anfwer is the pART of an Inch, to which .6
Tenths of a Degree above 40 rff[at on :178 Tenths
of an Inch above 24 Inches, raifes the Barometer.

It is true, the . \.P T i5_fo minnte as to be'réjected

+ PRACTICE of the i]a{‘t !' art of Cafe the 1/1.

b 4", on 24 Inches;

look

P

N, el e ©

]



PRACTICE OF THE SECOND EXAMPLE.

look, in the firft Table, (Se&. 363) and in the left
vertical Column, with 4 Degrees of the Ther-
mometer ; and along the upper horizontal Line,
m 24 Inches of Quickfilver in the Tube of the
Barometer : the Point of Meeting gives the
Expanfion .0097 (a); which, preparatory to Ad-
dition, is to be placed under the 24, 178 thus,
.00g7

PRACTICE of the 2d Part of Cafe the fir)i.

393- In order to obtain the Expanfion, with 40,
of Heat or .178 Tenths of an Inch above 24
Inches of the Barometer ; let it be confidered
where it ought to be found in the Table: for,
Tenths of r Inch above 24 Inches, are at fome
intermediate Point between 24 and 25 ; that is,
above 24, yet not fo high as 25 : or more than
24, yet lefs than 25,

Look thercfore in the Table, with 4 Degrees
of Heat, on 24 Inches ; then with 40 on 25 In~
ches : and the refpeétive Numbers are.oogy and
0101,

And by taking the Expanfion with 4° o 24
Inches, from 4° on 25 ; the Remainder will be
the Expanfion with 4° on 1 Inch above 24 In-

ches, viz. on the 25th Inch, thus:

i 25 = .o101 from;
With 4° on §24 = .0097 fubtrat:

.0004 : - This there-
fore is the Expanfion with 4°, on 1 Inch above
24 Inches.

Then with 40, on .1 Tenth of an Inch zbove
24 Inches.
Ss The
(a) There is no Occafion to take more than four De.
imals out of the Table,

3%




PRACTICE OF THE SECOND EXAMPLE.

The Anfwer is the. fame as the former, viz,
0004, with the Addition of a Cypher and decimal
Point to the left, thus; .0oo4 becomes .00004,
viz, the Expanfion with 40, on..1 Tenth of an
Inch above 24 Inches.

Then for the Expanfion with 4°, on ,178
Tenths, fay,

If the Expanfion with 4°, on .1 Tenth above
24 Inches gives .oocc04 Part of an Inch, what
will the Expanfion with 4°, on .178 give ?

Hibussd sexdll, v einEatis fy T 78t

Multiply the two laft Terms, thus :

.00004
378
00032
00028
00004

coooy12: and, as in Multipli-
cation of Decimals, the Produ& muft have as
many decimal Places, as are in the FaQors;
a Cypher muft be added to the lefc Hand, thus:
.c0000712 : but having divided that Product by
the firft Term .1, viz. a Decimal, ‘the' Anfwer
1s:a Cypher lefs ; viz: .0000712.

This Anfwer is the Expanfion awith 4o, o
.178 Tenths of an Inch above 24 Inches: pre-
pare it for Addition, as the former, 24.178

.00g7
0000712

PRACTICE of the firft:-Part of Cafe the 2d.

For the Expanfion of .6!1 Tenths of

gree of Heat, (more than the 4 ch-:us:‘
on 24 Inches of the colds? Barometer ; it thoua
he




PRACTICE OF THE SECOND EXAMPLE.

be confidered where fuch Tenths can lie in the
Thable.

Now .6 Tenths of 1 Degree, (more than the
4°) are at fome Intermediate Point of the Ther-
mometer between 1 and 2 Degrees: above r1;
yet not fo high as 2: or more than 1; yet lefs
than 2.

Therefore .6 Tenths of 1 Degree above 4
Degrees, are fomewhere between the 4th and 5th
Degree;: above 4; yet not {o high as 5: or more
than 4 ; yet lefs than 5.

Look in the Table (Section 363) ; firft with 4
Degrees of Heat, on 24 Inches, and then with 5
Degrees of Heat oz 24 Inches; and the refpec-
tive Numbers are .0097 and .0121 : and by taking
the Expanfion with 4 Degrees on 24 Inches, from
the Expanfion with 5 Degrees on the fame 24
Inches ; the Remainder will be the Expanfion
with 1 Degree above 4° on 24 Inches: viz.

ol {5} = .0I2I %a:z 24 Inches, as in whole

Y = 10097 Numpbers.

Remainder, .0024

This therefore is the Expanfion with 1 Degree
of Heat, above 4, viz., with the 5th Degree, on
24 Inches of the Barometer,

Then fay, if 1 Degree of the Thermometer
(above 4, viz. the 5th Degree) gives by Expan-
fion, a certain additional Height, or Part of an
Inch; viz. .0024, on 24 Inches of the Barome-
ter 3 what Height will 6. Degrees give ? Anfwer
6 Times morei

D8, Multiply




PRACTICE OF THE SECOND EXAMPLE,

Multiply the 2d and 3d Terms, and divide by
the firft, thus;
b R oo Y ARG
6
0144 is the Expanfion, or
Height, in Parts of an Inch, for 6 Degrees.

And farther, to proportion for the Decimal ;
fay as .1 Tenth of a Degree gives a certain
"Tenth of the former .0024, in additional Height,
viz. .00024 ; what Height will .6 Tenths give?
Anfwer, .00144.

Prepare this Height for Addition to the Num-
bers already found.

PRACTICE of the 2d Part of Cafe the 2d.

395. To find the Expanfion of .6 above 4° on
.178 above 24 Inches.

The Expanfion with 4° on .178 is already
found to be .0000712: divide it by 4, and the
Anfwer is .0000178, viz. the Expanfion with 1°
on .178 above 24 Inches :

And, for the Expanfion with .r Tenth; the
Anfwer, with the Addition of a Cypher and de-
cimal Point to the left, becomes 00000178,

Laitly, for the Expanfion with .6, fay,

If. 1 91 - ,00000198 = § 21l (6P

Multiply the 2d and 3d Terms, and divide by
firfk: . ..0o000178

.6

000001068,

The Anfwer is a Decimal lefs, viz. .00001068 ;
i. e. the Decimal of an Inch, to which .6 Tenths
of a Degree above 4 Degrees of Heat, on .178
Tenths




PRACTICE OF THE SECOND EXAMPLE, 317

Tenths of an Inch above 24 Inches, raifes the
Barometer : which, after all, is fo inconfiderable,
that it may be fairly rejected.

Yet the Rules by which thefe Dedu&ions are
made, may be ufeful in other Cafes.

Prepare for Addition, as before.

The Decimals, in the Anfwers, may be omit-
ted, when they exceed four Places.

396. sth Step. To proceed with the fecond sih seep.
Example.

Place the different Expanfions now found,
above each other, Units, Tens, &c. ufider U-
nits, Tens, &c. preparatory to Addition, thus:

For the Expanfion with 49, .6 on 24, .178 :

ift. with 40, on 2.4, -0097
2d. with b on 24, «00144
3d. with 4o, o .178 .0000712

4th. with .6 on 178  ,00001068

The Expanfions with 49, .6 added=.01122188
To the Sum add the Height of
the colder Barometer - - 24,178

24.1892|

The Anfwer is Height of the colder Barometer,
now equal in Temperature to the warmer : (re-
jecting all but the four firft Decimals, )

397. 6th Step. Place the Barometers now of ¢y

Step,
the fame T'emperature, i. e. egual to the warmer,
in one View, thus:
1ft. the upper Barometer, 24.18g2
2d. ‘the lwer Barometer, 28.1328
The 7th Step applied in the fecond Example. 715 Stip,

398.-Find the Height, in Feet, in the 2d Co-
Iumn
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Sth Step,

PRACTICE OF THE SECOND,EXAMPLE.

lumn of the 2d Table, correfponding to Inches
and Tenths of the ‘upper barometric Tube, in
the 1ft. Column of the fame T'able, thus: (Sed.
371.)

T'he Barometer ﬂx‘-.ndin;; at 24.1892 ; it muft
be confidered where, in the 2d Column of the
2d Table, a Heignt correfponding to fuch Inches
and Tenths can lie: 'and the Anfwer ‘is, fome-
where above 24/ Inches . v Tenth, but not fo high
as 24 Inches .2 Tenths: 24 Inches . 1892 Tenths,
being more’ than 24 Inches .1 Tenth, but Lf
than 2§ Inches .2 Teenths.

Firft then, look in the 1t Column for Inches
24, .1 (Tenth; and the correfponding Height in
Feet is 7388,0: but the :Height for 24, .2, in
the 2d Column, beneath the former Numbér, is
only 7280.1.

399« Sth Step. Subtract the latter from the
former- and the Remainder is 107.9, the fame as
in the 2d Column 'z viz. the Height, in Feet and
Tenths, correfponding to one Tenth only,
namely, the'ad Tenth above Inches 24, .1 Tenth:
with the  Temperature of 31.24 of Farenheit,
for which fole’Purpofe the 2d Table is calculated,

A rnew' Queftion then arifes, viz. what are
the Heights in Feet and Tenths, correfponding
to the remaining Tenths of Decimals of an Inch
above Inches'24, .1 Tenth,

viz. .08

.00Q

.0002 ! which is to be refolved,
' Application of ‘the 3d Table, or Table for
Tenthsy which fee, (Section 373.)

APPLICA~




APPLICATION OF THE TABLE FOR TENTHS. 31I¢

400. oth Step applied in:the 2d. Example.

Firft for the upper Barometer.

Look in the Table for Tenths, in the left
vertical Column with 107, (rejecting the .9, as {
too minute ;) and along the horizontal Line at the
top, with 8 : and find t]lL Anfwer gradually, thus :

1t. With 1oy, and 8, (as a whole Number,)
an{wering to .ﬁ“ : which, in the Place of Meet-
ing, gives 86 Feet,

2d. With 107, and g, (as a whole Number,)
anfwering to .0o0g : which, in the Place of Meet-
ing, gives 7. .

3d. With 107, and 2, (as a whole Number,)

3111'\\ ering to 0002 : which, in the Place of
Meeting, gives 21.

Place them in View, and add, and brine them
? o

back again into Decimals, thus
With 107 and 8, apfwering to.o8 giving 86. Fect
- - andg, - - to .009 - - .7
~ = landiarr s el UL 50002 veps L2
95.9l1

(Next: with the g, if required; which was
before rejected :) but there beine no .9 Téenths
in the lefe Vertical, call it go, and allow for it

in each Anfwer l)y moving the dec

1al Poing

two Places to the left, thus: with

90, and 8, an{wering to .08 giving 72 = i
andg, - - - to 009 - 8I = ,08I
and 2, - - - to,0002 = 18=.0018

10 .510\,l’t
Add the former Sum g¢.ol
e )l

Total = r',l_'; 7)




10th. Step,

PRACTICE OF THE SECOND EXAMPLE,

Which g5.9 is the Height in Feet and Tenths
correfponding to.0892 Decimals of an Inch above
Inches 24 .1 Tenth: and 24 .1 ‘gave Feet
7388.0 in Height ; therefore an additional Height,
of fo many Tenths of an Inch of Quickfilver in
the Tube of the Barometer, muft give in Feet,
a lefs Height of the Barometer elevated above the
imaginary Level indicated at 32 Inches.

4071, 10th. Step. Subtract the Height in Feet, cor-
refponding to the Expanfisn on .0892 Tenths of
an Inch, (/fi than Inches 24.2 Tenths, of
the upper barometric Tube,) from the Height, in
Feet, correfponding tothe Expanfionon Inches 24.1
Tenth of the fame barometric Tube, continuing
at the Standard Heat, (2) viz. 7388.0

95-9

The Remainder 7292.1 gives the
real, viz. the /s Height of the upper Barometer,
at 24,1892 with the Standard Temperature.

Repeat the fame Procefs, viz. the gth. and roth.
Steps, for the fwer Barometer, thus :

For the lower Barometer in the 2d. Example.

Firft, Find the Height, in Feet, of the lower
Barometer, ftanding at Inches 28.1318 Tenths,
in the 2d. Column of the 2d. Table, corref-
ponding to Inches and Tenths of the Quick-
filver in the barometric T'ube, in the firft Co-
lumn of the fame Table, thus:

The lower Barometer ftanding at 28.1318; it
muft be confidered, where in the 2d. Column of
the 2d., Table, a Height correfponding to fuch
Inches and Tenths can lye: and the Anfwer is,
fomewhere above 28 Inches, .1 Tenth, but not

o

(2) See Setion 368, Note (a),




PRACTICE OF THE SECOND EXAMPLE,

fo high 25 28 Inches .2 Tenths : 28.1318 Tenths
being more than 28 Inches .x Tenth, yet lefs
than 28 Inches .2 Tenths.

Firft, then, look, in the firft Column for 28T
and the correfponding Height, in Feet, is 3386.6:
but the Height for 28.2, isonly - - 3294.0:

fubtratting the lefs from the greater;

the Remainder dsve = =~ n] 92.6,
the {fame as in the 3d. Column, viz, the Height,
in Feet and Tenths, correfponding to ene Tenth
only above 28, 1.

Having therefore found that Feet 92,6 Tenths,
are the Height, correfponding to one Tenth
only above Inches 28.1 Tenth, of the lower Ba
rometer, with the Temperature of freezing ; for
which Jole Purpofe, the 2d Table is calculated ;-
a new Queftion arifes, viz. what are the Heights,
in Feet and Tenths, correfponding te the re-
maining Decimals above 28,1, viz.

.03

.00

.0008 ; to be refolved by Applica-
tion of the third Table, or Table for Tenths,
which fee, (in Seétion 373.)

Look in the 3d. Table, with g2, (omitting the
6 as too minute) and with
3anfwering to .03, which gives 28 =Feet 28.

I - - - to .OOI, - - - 9:.. - _()
8- -« +10.0008, -~ « - 74==~ 74
29.6[4.

Which 29.6 is the Height in Feet and Tenths
correfponding to .0318 Teenths above Inches 28.1
Tenth : and Inches 28.1 Tenth gaveFeet 3386.6

gsT Tenths

321
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Tenths in Height: therefore an additional Height
of fo many Tenths or Decimals of an Inch of
Quickfilver in the T'ube of the Barometer, muft
give in Feet, a lefs Height of the lswer Barometer,
elevated above the imaginary Level indicated by the
Quickfilver refting in the Tube at 32 Inches.(a)
402. Therefore (ubtract the Heght, in
Feet, correfponding to the Expanfion on .0318
Tenths of an Inch (/fi than Inches 28.2 Tenths
of the lrwer barometric T'ybe,) from the Height,
in Feet, correfponding to the Expanfion on 28.1
Tenth of the fame Barometer, viz.
3386.6
2g9.6

and the Remainder - 3357.0, gives the real
Height in Feet of the lower Barometer, at 28.1318
when above the imaginary Level, and with the
Temperature of fieezing by the fecond Table.
403. Then, by taking the Number of Feet and
"Tenths above the imaginary Level, (indicated by
the Quickfilver, in both Tubes, refting at 32 In-
ches) anfwering to the Expanfion on Inches and
Tenths of the Hwer Tube, from the Number
of Feet, &c. by the former Procefs, anfwering
to that of the upper Tube; viz.
upper 7292.1
lower 3357.0

and the remaining Feet 3935.1 Tenth s the
Height, by which the Station of the upper Baro-
meter exceeds the Station of the lower ; both be-

ing

¢a) Seétion 368, Note (a) on Nete (a),
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ing at the Temperature of 31°,24 on Farenheit’s
Scale. See Setion 371,

END OF THE SECOND STAGE.

Seltion 4b4. 11th Step. 11th Step.
(See the Pra&ice in the 1ft Example, Seét, 376.)

Air-Thermom. ABovVE was 56°,
Air-Thermom. BELOoW was 03. g

Whole Heat 119. g(oadding aCy-
Half Heat 59. 95 [pher)
Standard-Heat 3L 24

which dedutt; and there
remains each Moiety, 28. 71
above the Standard- Heat,
405. 12th Step. (See the Pradtice in the firft 1, 54,
Example, Se&ion 377.)
By the fourth Table, find the Expanfion of
Air, with 28.71, (more than the Standard-Tem-
perature) on Feet 3935, .1 Tenth, gradually,
thus :
406. Firfl, with 28° on Feet 3000=204.1(a)
g00 as goo0=612.3
32 3000=204.1
5 5000=340.%
I 1000= 68.0
Note : 1ft. The decimal Point in the Anfwer
correfponding to the Place of Thoufands, in the
Queftion, is to remain, as taken from the Table
calculated for thoufand Feet, thus: 204.1.
oty 2d. Fer
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2d. For Hundreds in the Queftion, remove the
decimal Point sne Place in the Anfwer, thus :
612.3 becomes 61.23 :
3d. For Tens, two Places, thus : 204.1 becomes
2.041 :
4th. For Units, three Places, thus : 340.1 be-
comes .340I :
sth. And for each Decimal, a Place more, by
adding Cyphers to the left, if wanted, thus:
68.0 becomes .co680.
407. Place the plain and decimated Anfwers, in
one View, and add the latter together, thus:
204.1 = the fame 204.1
612.3 = becomes 61.23

2041 = = = = 2,041
3401 = - - =~ + 3407
68i0="= - = .00680

viz. Expanﬁon ot'A-ir zfirb} 26%.71179
28° o1 3935.1
408, Second, with ;71° on Feet 3000= s517.8
900 as gOOO=15§52.7
39 @3000= 517.5
% s000=— 862.5
oI 1000= '172.§
In order to decimate thefe Anfwers, it muft
be obferved that the Expanfion was not with 71
Degrees, but with .71 Tenths of a Degree of
Heat ; therefore the decimal Point correfponding
to 3000 Feet in the Queftion, muft in the Anfwer
be removed two Places to the left, thus: 517.5

becomes

(2] Taking one Decimal only out of the Table,
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becomes 5.175 : for the 100, three Places: for

FSN0 the 10, four-Places : and fo
05175 on.
008626 ‘
.0001725

6.7|882483
The Expanfion with .71 being found, viz,
Feet 6.7 Tenths ; add it to the Expanfion on
28 Feet already found, viz.

267.7

274.4 Anfwer.

Which Height in Feet and Tenths, corref-
ponding to the Expanfion of Air w:th 28°,71
Tenths of a Degree of Heat more than the
Standard 319.24, bemir added to the Height in
Feet and Tenths, Correfpondmcr to the Expanfion
on Inches of the Quickfilver in the upper Baro-
meter, with the Standard-Heat, already found,

viz. 39351
gives the real Height of the Moun~  274.4

tain, or upper Station, fought, 4209.5
END OF THE THIRD STAGE.

The fecond Example briefly flated: referring to the
Sectians,

409. Below : Barometer 28.1318.

Attached Thermometer 61°.8; Air ditto 63°.9.

Above: Barom. 24.178.

Attached Thermometer §7%.2 3 Air ditto 56

Degrees of Heat, viz. .4 .6 to beadded to
the

325
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Seétion, 391,

Settion, 399,

Sedtion, 400,

Settion go1.

RECAPITULATION OF THE SECOND EXAMPLE,

the colder Barometer at Inches 24.178 Tenths, by

the firft Table, viz. 0112

Parts ofan Inch of the Quick-
filver in the Barometer,
raifed by 4°.6 of Heat.

The Sum 24.1892

is the poINT, in Inches and Tenths of an Inch,

at which the upper Barometer now refts, being

of equal Heat with the lower.

End of the fir/l Stage.

By the 2d. Table, find the Fight, in Feet and
Tenths, correfponding to the faid PorNT when
at the Standard - Heat; gradually, thus: the
Height correfponding to Feet 24.1 is 7388.0:
then with the Difference 107.9, (rejecting the .q}

Find the Height by the 3d. Table correipond-
ing to .08 86.0

009 Q.7 }—_— Feet 95.9 Tenths.

.0002 o2
Which Height fubtra&t from 7388.0

95-9

And there remains, in Feet, 7292.1

The Height correfponding to Inches 24.1892
Tenths of the upper Barometer, with the Standard
Temperature of 31.24 ; for which fole Purpofe
the 2d. Table is calculated.

Repeat the laft Procefs with the Lwer Baro-
meter, refting at 28,1318, gradually, thus:

By the 2d. Table, find the Height correfpond-
ing to 28.1, which is 3386.61 ; then with the
Difference 92.6 (rejecting the .6) find the cor-
refponding Height, by the 3d. Table for the re-
maining Tenths or Decimals of an Inch, above
28.1, viz.

.03
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03 28.0
.00t .9 ¢ = Feet 29.6 Tenths.
.0008 W7
Which Height fubtra& from 3386.6
29.6

And there remains, 3357.0 viz.
the Height in Feet correfponding to Inches 28
.1318 Tenths of the lower Barometer, with the
Standard Temperature of 3r1.24, for which fole
Purpofe the 2d. Table is calculated.

Subtract the Height in Feet, correfponding to
Inches of Quickfilver in the upper Barometer,
viz. 7292.1 from ditto in Jower Barometer,
viz. 3357.0 and there remains the Height in Feet
of the upper Barometer at the Stan-
viz. 3935.% dard-Temperature of 31.24.

End of the fecond Stage,

On which Number of Feet, viz. 3935-I, by the

4th Table, find the Height, with 28°.71 of Heat :
With 280.  on Feet 3935.1=267.7 and
With .71 onthe fame = 6.7

Sum 274.4: which
Height, more than the Standard-
Heat, being addedto - - 3935.1
the Height, with the Standard, ——
gives the true Height, viz.  420q.5,

End of the third Stage,

CHAPTER
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Se&tion 402,

Seflion 403,

Seétion, 4044
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CHAPTER. LXXVII,

PRACTICE OF THE THIRD EXAMPLE,
REFERRING TO THE SECTIONS., (‘a)

Section 410, ELOMV: Barom. Inches 30,
.0168 :
Attached Therm. 60°.6; Air-ditto, 60,21
Above: Barom. - - Inches 29, .5218:
Attached Therm. 560.6 ; Air-ditto, 57o.
Subtraét the colder from the warmer,
and there remains 4o of Heat to be added to
the colder Barometer 3 to give it an egual T empe-
rature : which is to be done by the 1/ Table, thus;
To find the Expanfion with 40 of Heat, on
the colder. Barometer ; (which, as beforey is the
upper Barometer) {tanding at Inches 29, .5218
Tenths.
Firft, with 4o on-29 Inches=.o117:
2d, with 4o on .5218 Tenths above 29 Inches::
In order to obtain which; begin
with 4° on 29 = .0117
then with 4° om 30 = .0121
Subtraét for the Expanfion with——
4° on ¥ Inch above 29, and there
remains = - = = = = .0004.

Then

(a) Tue quesTIoN : In the upper Gallery of the Dome
of St, Peter’s Chuich at Rome, and -0 Feet below the Top
of the Crofs, the Barometer, from a Mean of feveral Obier-
vations, ftood at Inches 29,5218 Tenths: the attached Ther-
mometer being at Degrees 56.6 Tenths; and the Air-Ther-
mometer. at 57 Degrees: at the fame Time that another,
placed on the Banks of the River Tyber, one Foot above the
Surface of the Water, ftood at 30,0168, the attached Ther-
mometer at 60°.6, and the Air-Thermometer at 60°.2 : what
was the Height of the Building above the Level of the
River?
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Then for the Expanfion with 4° on .1 Tenth Se&ion 362,
of an Inch above 29 Inches ; add a Cypher and
decimal Point, viz, 00004 :
Then for the Expanfion on .5128, multiply seaion 365,
the two laft Terms, and divide —-x
the Produé by the firft Term
«1: the Anfweris - =~ - 0002|0872
Add the Expanfion with g0 on
29 Inches, juft found, - .o1ry
to the Inches of the colder
Barometer, - - viz. 29.5218

Anfwer ; Inches 29.5337 Tenths of
the colder Barometer, are mow expanded equally
with the warmer : (rejeing the Decimals as in
Seétion 395.)

Place the Barometers, thus:
Upper Barometer, 29.5337
Lower Barometer, 30,0168

End of the firfl Stage.

411. By the 2d Table, and in the 2d Column, Se@tion 372,
find the Height of each Barometer, with the
Standard- Heat, in Feet and Tenths, correfpond-
ing to the Inches and NEAREST Tenth aboye
and below the Point required : and

Firft of the upper, at 29.5337 :

The Inches and nearef? Tenth is above

Feet,
29.5, correfp. to 2119.7 Difference
and below 29.6, cor. to 2031.5 ( between.sand.6
above2g Inches,
88l.2

412. By the 3d Table, with the Difference 88 Sefion 373,
Un Feet,

pu—
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Feet, find the Expanfion on the remaining Deci-
mals, ‘above 2g.5, viz. on.0337, thus:
on 03 = 26 decimated 26.
003 26 - - - 26
0007 62 =~ = - 02

r———e

Feet 29.22

From the Height correfponding to  29.5
viz. Feet 2119.7 Tenths,
fubtra& the 29.22, i.e. Height cor. to .0338
and there —_—
remains  20§0.4|8, the Height cor. to 29.5338 |
with Expanfion of the Standard-Heat.

413. Repeat the 4 laft Steps for the Jower Ba-
rometer, at 30.0168.

tft. The Inches and neare? Tenth is aboue

30. correfp. to Feet 1681.7 }Difference of

and below 30.1 cor. - 15§95.0 ¢.1 above 30
Inches.
86|.7

2d. Then with 86 Feet, find the Expanfion on

the remaining Decimals, above 30,

4

viz. .0168, thus: on o1 =9 = Q.
oob =52 - 5.2
coo8=bg - .69
? Feet 14.89

414. (3d.) From the Height correfponding to
30 Inches, viz. Feet 1681.7 Tenths,
{ubtra& the Height 14.89 correfp. to .0168, |

and theré remains 1666.81, the Height correfp.
to 30.c168, with Expanfion of the Standard-

Heat,
A From
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4th, From the upper Height, at 2090.48
Subtract the lower Height, at  1666.81

And there 'remains the Height 423.67 in Feet
and Tenths of the upper Barometer, with the
Standard Temperature.
End of the fecond Stage.
415. Detached Therm. above i Seétion 374.
Detached ditto, below 60.2
Whole Heat - - 117.2
Half Heatt - - .58.6(0 addinga
StandardHeat- -  31.24 [Cypher)

which being dedufted, leaves 27°.36, viz. De-
grees of Heat more than the Standard, for each
Barometer.

416. By the 4th Table, find the Expanfion of seaion 380,
Air, with 270,36, on Feet 423.67 Tenths,

Firfl, with 270, on 423.67, thus: Seéion 406,
viz, on 400 as 4000=262.4 decimated 26.24
20 a5 2000=131.2 - =~ =~ 1,312
3as 3000=196.8 -~ - - .1g68
.6 25 6000=393.6 - - - .03936
.07 35 7000=45G.2 = =~ =- .004592
Expanfion—27.6g92752
Second, with .36 on the fame, thus: Sedtion 407
On 400 as 4000=349.9 decimated .3499
20 as 2000=174.9 - = - .0I749
3 as 3000=262.4 - - =~ .002624
.6 as 6000=524.8 - - =~ .0005248
.07 as 7000==612.3 - - = .00006123

Expanfion=.37050003

Add the former 27.692752
Height in Feet 28.06325203
Uu2 418, Which
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417. Which Height for Expanfion of Air,
with more than the Standard Heat, being ADDED
{a) to the Height, for Expanfion of the Barome-
ter, with the Standard-Heat, gives the true Height
of the upper Barometer, at the given Heat.

For Expanfion of Air above Standard Heat,

Height in Feet  28.0
For Expanfion of Barometer,
with Standard:  Height in Feet 423.6

418, TrueHeight of the upper Barometer 451.6

Lower Barometer 1 Foot above the Water 1.0

Height of the T'op of the Crofs above the
Gallery = - = - - - = = 500

Height of the Top of the Crofs above the
Tyber - - = - - - - - 502.6
Height of the fame, meafured the fame
Day geometrically, was - - Feet 502.9
End of the lafl Stage.
CHAPTER

(a) See Seftion 375. 2dly. If the Moiety, Hajf
Heat, or mean Temperature of the Air, 75 equal to
the Standard-Temperature, to which the two Baro-
meters are brought, by the 2d Table; the fourth
Table, for Expanfion of Air, is needlefs : the Height
already found, in the zd Table, being the frue Height
of the upper Station.

3dly. If the Moiety, Ha/f-Heat, or mean Tempe-
rature of the Air, is /efs than the Standard-Tempe-
rature of 31°.24 ; fobtra@ the mean Temperature
from 31.24 ; and with the Remainder find the Ex-
panfion, as ufual, by the 4th Table: fubtract the
Sum, (which is a correlponding Height in Feet and
Tenths) from the Height in Feet and Tenths of the
upper Barowneter, at the Standard-Temperature, in the 2d
“I"able : and the Remainder will be the zruz Height of
the Mountain or upper Station. Seltion 384, Note 4.
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CHAPTER .LXXVIII,

PRACTICE OF THE FOURTH EXAMPLE, (a)
FOR MEASURING SMALL HEIGHTS,

Section 419, Ttached Therm. below, %10.0
Attached Therm. above, 70 .5

Subfra&, and there remains - - i5
Tenths of a Degree of Heat to be added to the
colder Barometer (which “in ‘the prefent Cafe is
the upper, but might poffibly have been other-
wife) by the 1ft Table.

Firfd, with ¢°5 on 29 Inches. To obtain
which, begin
with 1°.0 on 29 Inches = .00z :
with 0.1 above 1°, on 29 = .0002: then
with 0°.5 above 1°, 29 = .001.
Prepare it for Addition to the colder Barometer.

colder Barometer SIS fa 20.085
Expanfion with .5 above 10, oz 29 .001
29.986

Secondly, with .5 Tenths above 10, o 085
Tenths above 2¢ Inches. To obtain which,
(having already found the Height from Expan-
fion with .5 above 10, oz 29 Inches, tobe .co1 ;)
fince the Expanfion on -985 Tenths above 29
Inches, is fomewhere above 29, yet below 30

Inches ;

(a) Tux quesTron : Near the Convent of St. Clare, in
a Street called La Strada dei Specebi, at Rome, the lower Baro-
meter ftood at 30,082, its attached Thermometer 71 Degrees,
and detached ditto at 68 Degrees = on the Tarpeian Rock; or
Weit End of the famous Hill called The Capitol, the upper
Baremeter was at 29.985, its attached Thermometer 70,5,
and detached ditto 76%:  what was the Height of the Emi-
nence ?

By this Exam.

pie, fmall
Heights are
eaflily mea-
fured.
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Inches ; find the Expanfion with .5 above 19, on
30 Inches, thus:
firft, w::tb 1% - = = on30=.003
2d. with 0°.1 above 1°, an 30 = .0003
3d. with 0°.5 above 19 on 30 = .001§

Subtract the Expanfion with .5 Tenths above
1%, on 29 Inches, from the Expanfion with .g
Tenths above 1°, o7 30 Inches :

viz. on 30 = .001§
on 29 = .001X

e

The Anfweris - = .0005, the Height
from Expanfion, with .5 Tenths above 1%, on 1
Inch above 29, i. e. on the goth Inch: Then,
if 1 Inch above 29 gives .0005 ; .I gives .0000§:

and gf5
multiplied 00025
as whole 00040 ‘

Numbers, 00045

give - .0004|925
add the former Number 29.986
and, for the three remaining Deci-
mals, may be fubftituted 1 De-
cimal in the fourth Place - I

colder Barometer of equal Heat} Y
. 29.9005

with the warmer - - - § !
420. FWhen the Quickfilver in each Barometer indi- '
cates the fame Number of Inches, differing but one or
two Tenths at the moft 5 (which will frequently be
the Cafe, in levelling flat Countries, or meafuring
Jmall Heights ,--z.ry?ead of the ufual Method, (“ ﬁﬂu

the Height of each Barometer feparately, wr ith the
Standard-




FOR MEASURING SMALL HEIGHTS.

Standard-Heat, by the 2d Column of the 2d Table,
as in Seition 4113 )—it will be more convenient,

ift. To fubtraét the lower Barometer from the
upper.  Then,

2dly. By the 3d Column of the fame Table,
find the DIFFERENCE, (viz. of one or two Tenths
at the moft) below the Inches and neareft Tenth of
the lower Barometer.

And laftly, ‘with that DYFFERENCE, find by the
gd Table, the Height at the Standard-Hzat, cor-
refponding to the remaining Decimals above the upper
Barometer.

421, (11.) From the lower Barom. viz. 30.082
Subtraét the upper - 29.9865

Remaining Decimals above the upper — .og53

2d. Find, by the 2d Table, the Height cor-
refponding to the Inches, and neare/? Tenth above
and below the Point at which the Quickfilver refts
in the lower Barometer.

The Inches and neare? Tenth is

above 30 Inches, correfpond. to Feet 1681.7
and below 30.1, corefpondingto - - 1595.0

86.7
which is the DIFFERENCE of .1 below 30.1.

Laftly. Find, by the 3d Table, with the prr-
FERENCE, viz. 86 Feet, on the remaining Deci-
mals, for the Height, in Feet, correfponding to
the Standard-Heat.

Viza ‘09 = = 4= =m0 Fest
003§ e L e S
+0Q005 e - = 43

Anfwer, Height in Feet 81.73
correfponding to .0955 above Inches 29.9865
Tenths

335
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Tenths of an Inch, of Quickfilver in the upper
Barometer thus brought to the Standard-Heat.
422. Prepare for Expanfion of Air from Excefs
ahove Standard-Heat, on the fame Number of
Feet :
Detached Thermom. above 76°.
Detached Thermom. below 68.0

Whole Heat « - 144.0
Half Heat - - = 72.0(0 adding 2
Standard-Heat -«  31.24 [Cypher)
which deduét, and there re-
mains = = =~ - = - 40.76: with
which, by the 4th Table, find the Expanfion of
Air on Feet 81.73:
Firfl, with 40°, on 81.73, thus:
m8o. as8ooo - 777.6 = 7.776
PO | K 1T TS U R
.7 as 7000 - 680.4 = .06804
.03 a8 3000 - 291.6 = .002916

7-944156
Second, with .76 on 81.73, thus :
on 80, as 8000 - 1477.4 = .J4774
I, as1000 - 184.6 = 001846
.7 287000 =~ 1292.7 = .0012Q27
.03 25 3000 - 554.0 = .0000554

Expanfion .150934F%
add the former Expanfion - - 7:944156

Sum of the Expanfions, viz. Height
inFeet = = - - - =
from Excefs of Heat above Stan-

dard, with 40°0.76 on 81.73,

E 8.0950901
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ADDED to the Height at the Stan- % 8r
dard-Heat, in Feet - - - 73

gives, in Feet and Tenths, the true
Height of the Tarpeian Rock  89.8]2,

CHAPTER LXXVIIL

A CALCULATION TO ASCERTAIN THE HEIGHT OF
THE BALLOON ON THE DAY OF ASCENT : ONE
BAROMETER AND ONE THERMOMETER ONLY,
BEING TAKEN UP INTO THE CAR.

Seltion 423, HE Queftion is ftated from

Section 36 : and the Mode of
Operation taken from the Recapitulation of the
fecond Example, Section 4009.

Obfervation before the Afcent:

Below : Barometer 29.8; attached Thermo=
meter O; detached T hermometer 65°.

Above : Barometer 23;=23 -25; or 23.25 (4) 5
attached Thermom. o ; detached Thermom. 65°.

There being no attached Thermometers ; the
firf Table is ufelefs : the Barometer below is
therefore fuppofed to be of the fame Temperature
as when above ; the detached Thermometer re-
maining at the fame Degree, viz. 65°.

State the Barometer, thus : when below, at 29,8
when above, at 23,25,
End of the firfl Stage.

424. Find the Height (at the Standard-Heat)
correfponding to the Inches and nearef Tenth
above and below 23.25: i. e, above 23.2, and
below 23.3 : by the 2d Table.

XX Now

(a) Sadler's Praffical Aritbmetic, Page 291,
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HEIGHT OF THE BALLOON MEASURED.

Now 23.2 correfponds to 8379.7 : and the
Difference of .1 above, i. €. to 23.3, is in Feet
—112|.1: by the 3d Column of the fame Table.

With this Diffcrcncc, confult the 3d Table:
i. e. with 112, (omitting the .1 as too minute)
on the remaining Decimals above 23.2, viz. on
05, as On 5, of % ; and the Anfwer is 56 Feet:
which Number being fubtradted from 8379.7,
the Remainder 8323.7, is the Height in Feetof
the Barometer in the Car, at the Standard-Heat.

Repeat the laft Procefs for the Barometer on
the Ground.

Now 29.8, by the 2d Table, correfponds to
1856.0; and there being no Parts or Decimals
more minute than a Tenth, viz, .8, there is no
Occafion for the 3d Table.

Subtra&t the Barometer in the Car, from the
fame when on the Ground ; and, by the 2d Table,
upper Barom. 23.25, correfp. to 8323.7, and the
lower Barom. 29.8, - - - - to 1856.0: the
Remainder is the Height in Feet of the
Barometer in the Car - 'viz. 6467.7,withthe
Standard-Heat.

End of the fecond Stage.

425. Detached Therm. above, at 65°

Detached Therm. when below, at 65

Whole Heat - - - HTES

Half Heat - - = =  65.(co adding
Standard-Heat « St Naros  [Cys
—— [phers)

which dedu&, and there remains 33.76 Degrees
more than the Standard-Heat, for each Barometer.
Then for the Expanfion of Air, with fuch

Heat more than the Standard, confult the 4th
’I‘Etble’




HEIGHT OF THE BALLOON MEASURED.

Table: viz. with 33°.76 on Inches 6467.7, the
Height of the Barometer in the Car with the
Standard-Heat, thus:

426. Firft, with 330, en 6467.7

on 6000 as 6000=481.1, decimated 481.1

400 35 4000==320.7 = = = 32.07
60 as 6000=481.1 - - = 4.811
7 as 7000=561.3 = = = = .5613
07 as 7000=561.3 - =~ = - .05613

Expanfion—=518.59843
427. Second, with .76 on 6467.7 :
gn, as before, 6000=1108. decim, 11.08
go00= 738.7 - - .7387

6000=1108. =~ = ,1108
7000=1292.7 =~ = .012027
7000=1292.7 = = .0012027%

Expanﬁon=11.94.37197
Add the former 518.59843
Total Expanﬁon:_s_g,atsfsm
viz. Height &y Expanfion in Feet,
with more than the Standard-
Heat, add to Height in Feet at
the Standard-Heat - - - = 6467.7
428. The true Height, in Feet and
Tenths, of the Barometer in the
Car = = = = - =« = - 69g8.2
Feet in a Yard 3)
Yards in a Mile 1760)2332.2 Feet.
1760 (1 Miles

Yards in a Quarter of 2 Mile 440) 572(1Qr.
440

32 Yards.
Xx2 The

333




MENSURATION OF HEIGHTS, CONCLUDED,

The Height of the Balloon 1 Mile, 1 Quarter,
32 Yards, and 2 Feet.
End of the lafl Stage,
and of the Menfuration of Heights.

N. B. A thermometric fliding Rule, for the Ex<
panfion of Quickfilver, and of Air, may poffibly,
from the foregoing Tables, be fo contrived and
adapted to the Barometer, as to tell the Height
by Infpection, while in the Car of the Balloon,

CH- AP E R T ELEXKE,

HINTS, ON THE CHEAPEST METHOD OF INFLA«
TING BALLOONS, WITH DESCGRIPTIONS OF DIF«
FERENT MODELS FOR A GASS-STEAM-ENGINE.,

Section 42q. HE Expence attending the In<
flation of Balloons is a folid
Objection to their frequent Ufe,

A Check is thereby given to every Improve-
ment that might otherwife be ex;_eétcd from a Re=
petition of Experiments,

Itis, in fhort, the chief Difficulty under which
the AIRONAUTIC ART at prefent labours.

This Difficulty, however, if once overcome,
(and of which there is little Doubt) will pro-
bably bring thofe extraordinary Machines, into
general Eftimation.

What now cofts fifty Pounds, may then be
done for five: abating the Expence of the pre-
paratory Engine,

Monf. Lavoifier, by the Application of Steam
to Iron Filings enclofed in a Copper Retort, has
'rcncratcd




ON THE CHEAPEST METHODP OF INFLATION,

generated inflammable Air, or light Gafs (4): and
Dr. Prieftley, by converting a Gun-Barrel into a
Steam-Engine, has produced a Gafs 13 Times
lighter than common Air; (%) whereas by the
prefent expenfive Method, with Metal and Acid,
the Gafs for Inflation is feldom more than fix
Times lighter.

What has bitherto been atchieved on a fmall
Scale, is here meant to be extended.

As no Particulars are made public, or at
leaft, have yet come to the Author’s Know-
ledge, relative to the Conftru@ion of fuch 2
Gafs-Steam-Engine, as may, with Safety and
Effect, be applied to the Inflation of Balloons;;
the following Defcriptions of different Models
may deferve fome Notice i—may poffibly excite
the Attention of the Ingenious ; and put them on
contriving eafier Means to obtain the fame End,

| A

430, Let there be an Iron Hot-hearth, one Yard
fquare, and two Inches thick. Let it be /et on a
common Brick Stove, built as near the Ground
as poflible, (or cven below it) in the open Air.
Its Chimney to confit of malleable Iron, flat
at the Top, and ftrong enough to fupport a
Tea-Kettle or Boiler to produce Steam: and
extending at leaft one Yard from the End of the
Hearth horizontally, before it turns up, It may
rife three or four Yards high, flanting farther
from the Hearth : the Form a hollow Cylinder »
with a Turn-Cap at the Top, two Feet long,

fet
(a) The Writer has not hitherto been fo fortunate as to
meet with the original Memoir, containing the Particulars of
thiz curious Experiment by Monf, Lavoifier.
(%) Dr, Prieftley’s Experiments and Obfervations relating
to Air and Water, Ph, Tr, for 1785, Vol, 75, Part 1, Page
379,

wa

A




ON THE CHEAPEST METHOD OF INFLATION,

fet on at right Angles; for the Management of
the Smoke.

Suppofing then the Fire-Place to face the
Wefit ; the Chimney may proje&t Eaftward. The
North Side is to be appropriated to the Iron-
Borings or Turnings ; and on the South Side is
to be depofited the Drofs or Calx,

A Mufile or Mould of malleable Iron is to e
fcrewed and luted over the hot Hearth, -The
four Sides of the Mufle next the Hearth are to
have horizontal Lips or Rims proje&ing half an
Inch: and Screws are to be driven, throu’
Holes drilled at proper Diftances, into the Hearth,
The Sides are to rife upright a Couple of Inches:
clefing, - as they rife, in the Form of a hollow
Cylinder, one Foot in Diameter, and perhaps a
Yard above the Hearth : which is now converted
into a Gafs-Steam-Engine. :

It is propofed to ftrew over the Hot-hearth a
thin Layer of Borings, one Tenth of an Inch
thick ; to which Layer when red hot, the boiling
Steam is to be applied. The extricated Gafs is
to be conveyed from the Top of the Cylinder,
by Means of an extended Trunk of Tin, and
varnithed Linen, into a Tub of cold Water kept
eontinually flowing over, into which a few Lumps
of quick Lime are thrown : and from thence the
Gafs is to rife into the Balloon,

431. The Iron, whether Filings or Turnings,
proper for Inflation, muft be bright ; wholly free
from Chips, Bits of Wood, and all heteroge-
neous Particles : but particularly RUST, and
GREASE : /¢fs than a cubic Inch of the latter,
woud fpoil a Ton of the brighteft, and otherwife
the beft prepared Materials. (Section 339.)




WITH GASS PROCURED BY MEANS OF STEAM

A Day or two only, before a Balloon is in-
flated ; the proper Quantity of bright Iron thoud
be heated RED HOT in Charcsal, and fuffered to
go cold.

For Want of this fimple Preparation of the
Iron, the Gafs has proved defe@ive in Point of
LEVITY : altho’ the Balloon appeared fully in-
flated,

This Misfortune happened at Birmingham,
and other Places.

432. The De

the Bori

*’g ‘,"fO"l

zs, keeping the Machine neardy
Air-tight,  For, it is mw well known, that the
Gafs will explode, if one-third Part of common
Air be introduced : or, if lefs ;. it may unite with
the Gafs, and detra& from i#s Levity.

433. The following Particulars may likewife be
confidered as an Improvement,

3

1. To lay a Plate of, Iron, Brafs, or Copper,
over the Hearth ; whlch, if made of caf? Iron,
will be a ‘.pt to crack, in Conta& with the Stea
and will alfo unite with and concrete the Im'r
Turnings or Gun-Borings into a folid Mafs,
that woud be feparated with Difficulty.

2. To make the Drofs-Pit in the Form of a
hollow Wedge, narrow at the Tr-':: fcrewi

and luting it to the South Side of the He
fhoud hold the Drofs arifing from a Ton of
Borings ; which will be fufficient for the Infla-
tion of a Balloo on, to carry one Perf:

3. On the I\ouh Side is to be ¢
form of Brick, a Yard fquare,
Plate of Iron : t..\ i
the Bottom of the F

e c

nfide Surface ¢

1
T "
1earin,

343




ON THE CHEAPEST METHOD OF INFLATIONy

4. The Ton of Borings is to be placed on the
Floor, and covered with another Muffle; fecured
and luted to the Side of the Hearth : having a
Communication of two Inches high, and one
Yard wide, with the Bottom of the Hearth: as
the Drofs-Pit has.

5. A Brafs or Copper Rake is to remain within
the two Muffles : to prefs forward the Borings,
fpread them over the Hearth ; ftir them fre-
quently ;—by turning the Inftrument, {crape
them into the Drofs-Pit 5 and apply frefh from
the Depofit.

6. To perform thefe manual Operations
within the Machine kept Air-tight; it will be
neceflary, at the exterior End of the Muflle, te
faften a ftrong leathern Cafe, made very wide
and pliant, and two Yards long : into which the
End of the Rake-Handle is to be inferted.

il
434. The Modevef Operation.

The Borings being fpread on the Hearth, and
red hot 5 the Steam Pipe is to be opened, and in=
flantlythut. The Gafs being fuddenly extricated ;
the Pipe is to be opened, and fhut again as be-
fore: the Borings pufhed into the Drofs-Pit;
and a freh Supply fpread. This Procefs to
be renewed, till the Inflation is completed.

If it be thought neceffary to prevent the
Steam from communicating with the whole
Dep6t of Borings, and fo evolve too much
Gafs ; a little Brafs Door with Hinges of the
fame, might be made to hang from the Top of
the Communication between the two Muffles:
which Door opening inwards, and hanging ver=
tically,




WITH GASS PROCURED BY MEANS OF STEAM,

tically, woud by the Preflure of the Gafs, ftop
up the Open : and yet, if made ftrong, not pre-
vent the Operations of the Rake, at proper

Times,
1111,

435. The Machine woud be lefs complex, with
one large Muflle, fomewhat longerNorthand South
than the Hearth ; furnifhed with leathern Cafe
and Rake. Put in the Borings at one End : keep
the Steam-Pipe always open; with a Hand at
the Rake ; pufhing away the Drofs, and prefling
forwards frefh Borings.

i

436. Further: it has fince occurred, thata
Machine in the Form of a GUN=BARREL, extended
in all its Dimenfions, will probably anfwer ever;
Intention.

And of this Kind are the hollow cylindrical
Tubes, of different Lengths, and about a Foot in
Diameter, (a) which are cafl; for the Conveyance
of Steam, from the Boiler of a Steam-Engine.

Such a one, (previoufly lined with a Cylinder
of Copper, or malleable Iron, to prevent the
Adhefion of the Borings, when reduced to a
Calx by the Admiffion of Steam ;) might be
placed horizontally over a Stove, (with or without
a Chimney) and furrounded with red hot Coals,

The Ton of Borings might be depofited at
one End of the Tube; and, by Means of the
Air-tight flexible leathern Cafe, be prefled with
a Rake, gradually into the Fire, and &eyond it
when calcined.

Care muft be taken to make the Apparatus

nearly Air-tight.
y e o




ON THE CHEAPEST METHOD OF INFLATION,

The Steam fhoud pafs into the Tube, from
below > and the Gafs be conduded towards the
Balloon throu’ another Iron Cylinder, nearly
equal in Diameter and at right Angles with the
firft; lying alfo in an horizontal Direion; a-
long the Ground.

The Tubes might be farged or eaf?, fo as to
form but one re¢tangular Piece,

The further End of the fecond Tube thoud
communicate with a third, made of T'in, and bent
downwards about a Foot ; thence at right An-
gles, for fix Inches: then to rife up, alfo at
right Angles, the Length of fix Inches more.

‘The Tin Tube is to defcend into a Ciftern of
cold Water, made to flow over continually, by a
frefh Supply ; and into which, a few Lumps of
Quicklime fhoud be thrown,

The Gafs, which will prefs upwards throu’
the Water, is to be received into an inverted
Funnel, and thence (as in Seftion 339, Art. 2.)
conveyed to the Balloon.

VI

437, The following Alterations woud fuper~
fede the Ufle of the Rake, and /lathern Cafes : the
latter of which, by any accidental Crack or Flaw
in the Leather, might admit a fufficient Quanti-
ty of common Air to produce an Explofion.

The cylindric Form of the Copper, or
malleable Iron (to be ufed as a Lining for the
Tube) is to be changed, into that of a half Cy-
linder, or inverted Muffle: and to be perforated
with {mall Holes,

This Muflle is to be nearly filled with a Ton
of Iron Borings: (the Ends to be made up, to
prevent the Borings from falling out into the
Tube;)




WITH GASS PROCURED BY MEANS OF STEAM.

Tube ;) the Muffle itfelf is to be fupported by a
Cradle (a) of the fame Form, made of sTronG
Copper Wire, (4) like the open Iran-Wire-Fen-
ders : and the whole is to be thruft into the
Tube.

The Length of the Muffle depends on the
Quantity of, Borings that are intended to be ufed.

The Ends of the Tube fhoud not be made fo
firong as the Tube itfelf: that, if an Explofion
happens, they may give way firft, and prevent a
Rupture of the Tube: not that any Danger is
to be apprchended, that fuch an Event will take
Place, fo long as the Steam-Pipe is attended to,
by a proper Perfon: the above Caution being
only given, to preventa Poffibility of Rupture.

Each End fhoud be caft, or forged with a hol-
low Handle; and fhoud fcrew into the Tube.

The Length of the Tube fhoud be fuch, that
the Perfon who attends the Steam-Pipe, fhoud
feel no Inconvenience from the Heat of the Fire.

Nine Feet woud therefore be a proper Length :
the conduéting Tube the fame.

Within fix Inches from each End of the Tube
which holds the Borings, a Hole, half an Inch
in Diameter fhoud be drilled acrofs the Middle
of the Tube, in an horizontal Direction.

Into thefe, an Iron Axis is to be fitted, (fo as to
take out occafionally) and pafs throu’ the Tube : each
End of the Axis is to proje&t outwards a Couple
of Inches, and to be made fguare, for the Socket
of a ftrong Iron Winch or Handle.

Nayo Each
() By Means of the Cradle, both are more eafily moved :
the Mufile is prevented from adhering to the Tube; and Steam

is admitted to the Borings,
(5) Copper fuflaining a red Heat, better than Iron; the
latter of which, calcines with Steam, or, in COOlNg,
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ON THE CHEAPEST METHOD QF INFLATION,

Each Axis to be furnifhed with a ftrong Chain,
of equal Length with the Tube; one End of
which Chain is to be riveted, or otherwife fixed,
to the Middle of the Axis; and the other, to be
faftened occafionally to one Extremity of the Cradle
and Muffle : the fecond Axis and Chain in like
Manner, to the other Extremity.

The Muflle is to be placed in the Cradle:
both are then to be thruft into the Tube, and
faftened to the Chain at the farther Akis: in
which Pofition the Muffle may be filled with
Borings, and gradually drawn into the Tube ;
-‘ till the fame End has reached the Center of the
! Fire. The nearer End is then to be hooked by

the nearer Chain, already wrapped. round the

nearer Axis: and the light Iron Caps to be

fcrewed on each End of the Tube.
| 438. The Boiler for Steam may be fixed on any
Part of the Tube near the Fire, and near the
oppofite Axis; {o that one Perfon may attend
both the Steam-Pipe, and Axis. The Steam to
be conveyed throu’ a fmall Orifice made in the
I Bottom of the Tube, between the fame Axis and
1 the Fire,

439. As foon as the Materials, above the Center
of the Fire, are fuppofed to be r¢d hot, the Steam-
Pipe is to be opened for a Moment and sHuT
! AGAIN. The extricated Gafs will be inftantly
: HEARD, rufhing throu’ the Veflel of ¢old W ater;
and as inftantly seENto fwell the varnifhed Linen-

The Steam-Pipe is. to be regulated by thefe

infallible Signals: and the Procefs continued,

I
till. that. Quantity of Borines, that was in the

Center




WITH GASS PROCURED BY MEANS OF STEAM.

Center of the Fire, and confequently red hot,
is fuppofed to be calcined,

At which Time, the Handles are to be applied
to the Axis, and the Cradle and Muffle drawn
5 or 6 Inches forward into the Fire.

When drawn too far ; Recourfe muft be had
to the fecond Axis.

440. If great Expedition is required, two or
three Conductors from the fame Tube may be
ufed : and, at the Diftance of fix or feven Feet
from the Fire, Tin-Conduftors may be added ; ta-
king . Care that they arc made, applied, and con=
inued Air-tight,

TcH ok E N D
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