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AIR O.P AIDI A.
CHAPTER XXXVII.

OBSERVATIONS,
HINTS, and CONJECTURES,

O N T H E

SUBJECT
OF THE

BALLOON and EXCURSION

?ROM CHESTER THE EIGHTH OF SEPT . 1785.

OF THE WEATHER , IN THE VICINITY OF

CHESTER , ABOUT THE TIME OF THE EX¬
CURSION.

Section 211.m OR more than ten Days before
the Balloon-Voyage, the Wind

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

Monday the 5th of September:
A Conjunction 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, Portsmouth , &c. The



OF THE WEATHER

The same Day at Chester North -North -Wcst,
and distant from London 182 Miles ; South- q
Breeze, Rain most of the Day. Thermometer
at Noon in the Shade, 62 : and 14. Divisions '
colder each Night , than the following  Day , at an j
Average of five Years. Barometer, below Mud
Rain, viz . at 28 Inches -̂ ths. ^

Wednesday the 7th : ^
Violent Squalls from South1 and South-West, |(

with hazy Air, till half past IV in the Afternoon, ^
Thermom . 58 ; Barom. Changeable, viz. 29!, ^

Thursday the 8th, which was the Day of the
Excursion;

Much bright Sun. (On Enquiry ) calm helm
till half past III in the Afternoon, then Weft
Sea-Breeze : South-West Breeze above  till half
past IV . Calm bright Evening.

Also the upper Stratum of Clouds thin and <
■white, in quick  Motion , when seen from below  till
Noon : at which Time the Sky was almost cloud- <
less ; and, from above  the upper Stratum , were
seen, interspersed, Multitudes of detached Thun* (
der-Clouds in large Masses, rising at Intervals,
in the Middle  of the upper Surfaces of white ^
Clouds, and stretching above  them. j

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

Sunday the nth . The Planet Mercury sta- (
tionary.

Cloudy Morn . South-West Breeze. Ther- |
morn. at 60 at Noon . Barom. above,.  Changeable, .
viz. at 29 i . Much thunder and Rain in the JAfternoon.

L12. Qyere, ,



about the time of the excursion .. 16.7
312 . Quere , Had the Thunder - Clouds on

Thursday, tho’not remarked by any from below,
yet visible to a great Extent from the Balloon
ekve  them,—any Connexion with the Thunder
that happened three Days after ?

Answer: It appears to the Observer, that the
'Thunder  was gradually  collecting in the Air from
Thursday  till Sunday : and if so j will not Bal¬
loons, when more frequent, prognosticate the
Weather, by Sight, better than any other known
Methods?

CHAPTER  XXXVIII.

os certain appearances at different
altitudes of the balloon.

Section 213. s IT H E highest visible white
X Clouds, often seen in dfc-

tached Streaks, during the finest and also in
the worst Weather , (if not intercepted by lower
Clouds) and which, when melting away, are
known in some Counties by the common
Appellation of Horse-Tails ; and, suspended
over Great -Britain , are frequently marbled  or
dappled by the Wind ; putting on the Appearance
of white Waves , like Sea-Sands ruffled and left
bya rapid Tide ;—had been disturbed, separated,
and almost melted  down by the Storm  the Day pre¬
ceding the Excursion.

Two of them only  were still visible in Streaks,
near the Sun’s Place, at the first Ascent. They

seemed

Weather, to
be prognosti¬
cated, by
Sights  from
the Balioou

Of the highest
visible Clouds
which are al¬
ways vihium



*68 APPEARANCES ATP DIFFERENT ALTITUDE

seemed without Motion , and became afterwardsP
invisible. >- tl

Sauflure, the celebrated Profeflbr of Philosophy
at Geneva* is very exact ifr his Definition, Des- C
cription , and Height of these Appearances : and ^
thinks it ■probable, their Situation may be “ at T
leajl fifteen English Miles above the Surface of tk
Earth .” " tl

“ Car quand je considere ces fines Pommelures, ^
he .” “ For when I '-consider these delicate fl
Dapplings , which, in a Series of fair Weather, ^
begin to cover the azure Vault of Heaven with 0
a white and transparent Gauze * and which por.
tend Rain a long Time before it happens j I am 11
led to believe, they occupy a very elevated Situa- ^
tion in the Atmosphere,” ("Eflais fur l’Hvgro- ^
me trie, P . 27 i .)

It seems however that 'Crojiicf  in his Excurllon ^
from Dublin on the 25th of January 1785, ^

I : .ti : pierced fhrbu ’ and soared a.boVe‘t  these yfw IFdt, v
' 'J r ,"'iV at the Heightof 16 Inches by file Barometer in

firefly  Air . ti- rv - -h n
of tiie cum.  1 214. It has been already noted, that at a eer. v
mss  perceived tain Height, a Kind of chilliness was per- ®at t  certain . r  a
Height. ceived, not ascertainable by the Thermometer,

The Sensation was suddenly  impressed four
Times , in ascending and descending to and from
the same Height , viz. about 26 find 27 Inches,
equivalent to between 500 and icoo Yards above
the Surface of the Earth at the fitst Ascent. ,

From the Uniformity of Effect at the fame ^
Height ; the Sensation may be ascribed to the
same Cause, viz. the Level of the first or lower
Tier of Clouds : altho’ the Aironaut did not

pass



s. APPEARANCES at different altitudes .' 169
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pass throu’ any visible Cloud or Vapour, during
the Excursion. See Section 93.

215. At the fame Height likewise, tho’ the
Observations have not been set down at large ;
the Appearances of the Earth and Clouds were
very remarkable.

During the Ascent of the Balloon, between
the Altitudes of 26 and 27 Inches ; the circular
Prospects of the subjacent Earth injiantly  con¬
tracted, and, during the Descent, about the same
Height, instantly  enlarged themselves to the Eye
of the Aironaut.

216. At the same Height mentioned before, the
circular  Prospects of the Clouds appeared on the
fame horizontal Plane with the Eye : tho’ at the
Distance of a Mile. See Section 49.

In this  Situation , the Observer endeavoured to
discover the Thickness of the Stratum  of Clouds :
but was always baffled by a Deception of Sight
worth recording.

The Strata  were plainly composed of three or
more Heights of Clouds, sailing  at great Inter¬
vals, one above the other : all which regularly
vanished, as he approached their respective Levels :
as if injlantiy  thrown into the Circumference of a
Circle, whose Radius was a Mile.

During the Ascent, in passing their supposed
Level, the Clouds instantly  appeared far below
him: and during the Descent, as far above.

217. Quere : Is it not from the same Cause,
that all Vapour is generally  invisible to a certain
Height and Distance from the Eye ?

It being incontrovertible that more Vapours
rife about noon , than at any other Hour , parti-

Z cularly

Remarkable
Appearances
of Earth and
Clouds*



*70 APPEARANCES AT DIFFERENT ALTITUDES.

Visibility of
Vapours by
mere Dis¬
tance,,

cularly at Sea, while the Sun continues to jhint;
which, notwithstanding, are wholly invisible, till
arrived at a certain  Height ?

And hence the Visibility of Vapours by mm
Distance, which contains a sufficient Number of
Particles to intercept and refract the Light , with¬
out Cold, Condensation, or actual  Accumulation:
viz . by Refrangibility of those primary Rays of
Light , which Air and Vapour united are moll
apt  to reflect or transmit.

*Mons. Saussure has proved by his Horfe-Hair
comparable Hygrometer, that " the Air shews
Signs of greatest  Humidity an Hour after Sunrise,
and of leajl  Humidity , between three and four
in the Afternoon But the Air being then  also
the hottest, will dissolve  or evaporate the greatest
Quantity of Vapours, and raise them above  the
Hygrometer (which by its Heat  will not retain,
but on the contrary repel and dissipate  them ) to
great Heights in the Atmosphere.

See " Essais fur l’Hygromctrie, C . 6, P. 315,”
218. In general then :
Is not the Cause of  the above Deceptions, mi

an Absence, but a Transparency of Vapour  to a
certain Distance : (just as the Zenith apptan
cloudless , when the Air is overcajl  around ;)
beyond which Distance, the Number  and relative
Proximity of Particles with Respect to  the Eye,
is such, 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 Reason, why NO
circular  Horizon of the Earth ’s Surface was pre¬
sented during the Excursion, Section 79 : and
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appearances at different altitudes,

why it seldom has or can present itself to Airo-
nauts or Mountaineers,  at any considerable  Height
above the Region or Level of Clouds, even tho’
Clouds do not  appear in the Air, either to them¬
selves, or to Spectators below.

This Point seems capable of Illustration by
Analogy, from the Impossibility of encreafing
the Magnitude,  and at the fame Time , DiJiinSinest
of distant Objects, seen throu’ a common  Teles¬
cope; on Account of the Quantity of Vapours
between them and the Eye IVbich vapours
may be magnified till the Object appears confused
and obscurej and even at last become substituted
in the Place of the Object , under the Form of
Opacity and Cloudiness.

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

220. It seemed probable that the Sun shone as
Irigbt  on the Countries around the Observer, as
on Objects immediately below him : which Ob¬
jects coud not have been illuminated by the Sun’s
Rays, darting throu’ the apparent and contrasted
opening under him ; as the Rays which shone
•n the Balloon, fell beyond the Opening, obliquely
on Clouds which caught the Shadow of th?
Balloon.

221. The extreme Rarity  or Tenuity  of the
Vapours was evident  from the progrejstve  Course
of the Balloon, which was always  in the Center
ofa circular  Opening , limiting the lower Pros-
po&s ; except when the Spectator lost all Sight

Z 2 of
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Novel Situa¬
tion peculiar
to the Bal¬
loon, again
described.

On the circu¬
lar Transpa-
icncy.

APPEARANCES AT DIFFERENT ALTITUDES,

of the Earth , by dense, watry , intervening
Clouds.

This august  central Situation , always
CHANGING YET STILL THE SAME, had the moll
striking Effect on the Senses and Imagination.
Yet , however pleasing the Recollection of this
glorious appearance ; however strongly  im¬
pressed, accurately described , or richly painted ; it
must fall infinitely short of the original sensa¬
tion . Unity and Sameness were there contrasted
with perpetual Variety:  Beauty of Colouring ; Mi¬
nuteness , and consummate )Arrangement ;—with
Magnificence  and Splendor: aSiual  Immensity ;~
with apparent  Limitation :—all which were dis
tinflly  conveyed to the Mind , at the fame  Instant,
throu ’ the Intervention of the Organs of Sight:
and , to complete the Scene , was added the Charm
of novelty.

CHAPTER XXXIX.

CONJECTURES ON THE CAUSES OF THE CIRCUUl
TRANSPARENCY TO A CERTAIN DISTANCE BILOK

THE BALLOON , AND OF THE REO ' liGHT FRO*

THE SEA AND RIVERS , WHEN SEEN ABOVE TH!
LEVEL OF THE SUPERIOR CLOUDS.

Section 222 . / "AULRL : As Red is the heaviest
and Blue the lightest Colour;

and as red  Rays blended at a certain Angle with
'blue  Rays , produce Opacity : further ; as Rtn
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ON THE TRANSPARENCY AND RED LIGHT. *73

is the predominant  Colour reflected from Water,
while in the Form of dehse  Cloud , for Instance
at the Rising and Setting of the Sun ; and blue
the Colour always reflected from the light Me¬
dium of Air or Sky ; Does not this Mixture
of least and most refrangible Rays, which, when
aided with the intermediate primary ones, causes
aTransparency  near and round the Eye of a Spec¬
tator placed either on Earth or among the Clouds;
produce, at a greater Distance and different
Angle, such a Degree of Opacity , as actually
to give the Idea of'Clouds surrounding him at a
Distance?

The latter Part at least is true, that Vapour
and Air, which are naturally  qualified to transmit
red and blue , rather than any other Light , will,
at a certain Angle, when blended,  produce an
opacity . (See the Letter sent by Newton from
Cambridge to Dr . Derham, in order to be pre¬
sented to the Royal Society,—in " Miscellanea
Curiasa, Vol. i , Page iog .” )

Quere : May not the Rivers below act as a 0n the re(I
Prism; as Clouds, about Sun-set or Sun-rise, Light from
do to a Spectator on Earth , and reflect only the a,ld
primary Colour RED, the heavtejl  and least re¬
frangible Ray ?

It being also considered that Refraction cannot
change the primary Colour : nor are Rays, in
the Direction from below to the Zenith , refract¬
ed; tho’ seen from a rarer into a denser Medium,

Possibly, a Pencil of Rays, in coming up from
the River below may be stripped or drained by
the double Absorption of the Atmosphere and
River, and the Colour red only, suffered to

« reach



1^ 4 ON THE EXCESSIKEDIMINUTION OF OBJECTS.

reach the Eye : “ being the last to quit its Balis
the Water .” (See Morgan’s Observations on the
Light of Bodies, &c. &c. Phil . Trans , for the
Year 1785, Part 1, Vol. 75, Chap . 91.)

CHAPTER XXXX.

ON THE EXCESSIVE DIMINUTION O F OB J E CTS OS
THE SURFACE OF THE EARTH , TO A SPECTA¬
TOR SITUATED ABOVE THE REGION OF CLOUD,
AT THE BAROMETRIC HEIGHT OF NEAR A Milt

AND HALF,PERPENDICULAR.

Recapiiuia. Section 223 .f I ' HE Earth ’s Surface was pre-
Scenery be- A sented to the Eye tlirou ’ a cir-
low. cular  Opening as already described.

This Opening discovereda Plain,  smooth and
level as a Die : a Sort of Jhining  Carpet , enrich¬
ed with an endless Variety of Figures depicted
without  Shadow, as on a Map : what was really
Shadow forming a separate Colour , and not con¬
sidered at tne Time , as Shadow.  The Objects
were distinctly marked, and perfectly known to
be Miniatures of the Face of Nature.

All was Colouring-, no Outline : yet each Ap¬
pearance curiously defined by a striking Contrast
of simple Colours, which served to distinguish the
respective Boundaries with most exact Precision,
and inconceivable Elegance.

Red Rivers , yellow Roads , Enclosures
yellow and light green , Woods and Hedges
dark green , were the only Objects clearly dis-

' tinguifhable,

1



MODE OF ESTIMATING DISTANT OBJECTS.

tinguishable, and their Colouring extremely vivid.
The Sun’s Rays reflected from the Surface of the
Sea, and other Waters , dazzled the Sight.

All  living Creatures were invisible.
224. The Area of each Inclosure, computed

to contain a certain Number of Acres, was feest
from above under the Form of a Miniature Picture
of a certain Magnitude or visible Extension,
perpetually diminishing, as the Eye recedes to a
greater Distance.

And the Cafe is similar, whether the Miniature
be seen from above,  or along  the Ground.

The Miniature also lessens as the Distance en-
creases, according to a certain Proportion so ex¬
actly (a) ; That,

1. If the Distance  and Magnitude  of a tangible
Object be known by Mensuration ; a Judgment
is formed, and Laws laid down, for its corres¬
ponding Miniature  on the Eye.

2. If the Miniature  be seen, and Distance
known by Mensuration ; the Mind forms a
Judgment of its tangible Magnitude.

3. And lastly, if the Miniature  be seen, and
Magnitude  of a tangible Object is known by
Mensuration; the Mind makes an Effort , to the
Estimation of its Distance from the Eye.

These

(a)  The magnitude of an Object Jecrtases,  as the
Quarks  of its Distance from the Eye increase.

At whatever Distance , for Example , the Eye can fee any
Object clearly ; as at the Distance of a Foot , or a Yard, if
the Object be removed to twice  that Distance $ it will appear
4 Times smaller than it did before : L multiplied into 2,
equals4, which is the Square of 2 : in the fame Manner , if
f‘,e Object be removed to thrice the Distance from the Eye ;
't will appear 9 Times as small, as at the first Distance : for
3into 3 gives 9, the Square of 3 : and so of any farther Dis-



176 ON THE CAUSES OF THE DIMINUTION.

'

These are some, among many Modes of Com*
parison, by which the Mind acquires a tolerable
Degree of Proficiency, in estimating Distances  of
familiar Objects, known  from the Appearance of
their respective Miniatures on the-Fund or Bot¬
tom of the Eye.

And so far most Theories agree.
But such ocular  Test is only true, while the

Comparison is made in nearly  the fame Medium.
For an Object , if seen at the lame Distance

along  the Ground , will appear less as it rises a-
bove it ; and least in the Zenith ; as the Sun
and Moon, at Setting or Rising, appear large ml
oval-, but at their greatest Elevation, are smelt
and round;  because being seen, when passed out
of a Medium impregnated with Vapours, which
in some Measure intercept the Rays of Lights
for the fainter (a)  a distant Object appears, the
greater  it is appprehended to be. (1)

Possibly indeed an Object at the same Distance,
if brighter at one Time than another, will «**
trail the Pupil  in Proportion to. its Brightness:
which may have the same Effect, as if the Ob¬
ject had made asmaller  Miniature on the Retina;
and will regularly strike the Mind with an
Idea of Magnitude, only  equal to its correspond¬
ing Gontraliion; i. e. less, when the Object is
bright , and greater when faint.

225. 1sa like Reasoning be applied to the Ascent
of Balloons ; and it be said that they do not rise

so

11
i

(aJ  See " Ferkeley ' s New Theory of Vision , Section 67.'
(b) Dr, Smith having Recoutfe to intervening Object\

Writer cannot assent to the Validity of his Argument , A-
Initiated by a well -known Figure , to solve the Appearance
of the horizontal Moon,  See " Prieiiley ’s Hillory of
and Colours , Page 712.,”

I



ON THE CAUSES OF THE DIMINUTION. *77
so high as is imagined, because their Magnitude
is diminished, merely from being elevated into a
Portion of the Atmosphere least  impregnated
with Vapours ; it will follow, that to a Specta¬
tor in the Balloon ; known Objects on the Sur¬
face of the Earth below,—being seen from a
rarer into a denser Medium, also into one which
containa great Quantity of Vapours ;—shoud ap¬
pear larger,  than when seen along the Ground,
ata Distance equal to its Height in the Balloon :
all which is contrary to Matter of Fact : parti¬
cularly if the Barometer gives a proper Estimate
of the Height , of which there is little Doubt : a
proper Allowance being made, in certain Cases,  on
Account of the Refraction : for, as before menti¬
oned, (Section 44) Objects seen from the Balloon
ata Mile and Half barometric  Height , continued,
with invariable Uniformity , to suggest the Idea
of at least seven Miles.

226. By a general Comparison of Enclosures,
and of separate Buildings when they coud be dis¬
tinguished from the Balloon above the Region of
Cloud, with the most distant Extremities , (on the
horizontal Level) of Fields or Houses situated
along the Sides of Hills or Mountains , at a
known Distance by Miles, making Allowance
for their being seen in a straight Line ;—the latter
seemed at least five Times larger  than theformer
supposing them at equal Distances.

To give an Instance. Supposing the most
distant Extremities of a known Building or En¬
closure, situated on the Side of a Hill or Moun¬
tain, presented a Miniature of afamiliar  Magni¬
tude to the Eye of the Spectator on the Ground,

A a at
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The Magni¬
tude of Ob¬
jects seen
from the Bal¬
loon compar¬
ed with those
of the Sun or
Mocn near
the Meridian,
when seen
from below.

at the known Distance of aMile and Half ; thesame
Object when seen from the Balloon at the same
barometric  Height , appeared full five Times less,

This Comparison was made by Memory, the
Morning after the Excursion, tho’ suggested
while in the Balloon, from the wonderful Mi- ,
nutenefs of all Objects then presented to the Eye,

The Author being likewise familiarized to
judge of Heights ; having been on several of the
chief Mountains in Europe : also, of com¬
parative Distances, from his Situation neat
a large City , in a populous, enclosed Country; j
on a high Plain, within View of the Sea, Moun¬
tains , Hills, Enclosures, Buildings, and Objects <
whose Magnitude and Distances were known.

227. The Balloon itself, a Globe twenty-stve 1
Feet in Diameter, was seen in the Air on the Day
of Ascent, at the Distance of ig Miles. 1

228. The Reason already given, for the Solution 1
of the famous Question concerning the apparent
Magnitude of the horizontal Moon, seems no less 1
applicable to Objects on the Earth ’s Surface, ;
when seen from the Balloon : which Diminution0! j
Objects below  confirms the Defect of Dr . Smith’s '
Hypothesis. t

For , as they appeared extremely bright ; being t
shone on by the Sun, and seen throu ’ the Air in
a perpendicular Line , containing the least posss- ;
ble Quantity of Vapour ; the Brightness must ,
have exceeded that of the same Objects , when 1
seen along the Ground : and consequently the j
Miniatures of the former must have been less than 1
the latter, and also their respective Distances stem  1
greater. '

CHAPTER 1
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CHAPTER XXXXI.

CONJECTURES ON THE CAUSES WHICH INFLUENCE
THE DESCENT OF BALLOONS IN THEIR PASSACE

OVER WATER.

I. / ^ ( Onjectures concerning the regular Ten - Recapitulation

V_>( dency of the Balloon to descend  on its Ap- Fâ s*
soacb  towards water.

2. Its greatest  Descent , when in the Zenith,
over the Middle of Rivers.

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

Section 229. Article 1. On the first Ascent in
the Castle-Yard , Chester, the Balloon gently
moved towards the River Dee, and the Sea.

And woud probably have gone out to Sea, if
the afcensive Power had not presently raised it
above the Influence of the Water ; into an up¬
per Current of Air, which was visible at that
Time, and for two Hours before the Ascent, by
the Motion of superior Clouds in a safe Direction
towards the Land.

229. 2. The Balloon was affected  in passing
across the River Goway, and Trafford Mea¬
dows, which are a Mile wide : first moving
Westward, and again towards the Sea ; making
several Curves : then resting and lingering  be¬
tween Great and Little Barrow : as the Airo-
naut was well  informed by Persons of Veracity,
who observed it : his Attention being engaged at
that Time by other Objects.

A a 2 229. 3. A



DESCENT OF BALLOONS OVER WATER!180

229 3. A proportionable Effect was observed
in crojsmg  a small Brook near Alvanley.

229. 4. The River Weyer and its broad Mea¬
dows above Frodfham-Bridge actually stopped
the farther Progress of the Balloon : tho’ its
Course was merely across the River.

The Deviation was gently tho’ invariably  to.
wards the sea : and, if not ‘timely  prevented,
the Balloon must have fallen in the Middle of the
Channel.

229. 5. The same Cafe woud have happened
on the Re-afcent at Bellair ; if the levitating
Force had not  as at first, overcome the Influenct
of the waters , and lifted the Balloon into the

same  upper Current , which continued to move in
its former safe Direction.

229- 6. Different Branches of the Duke of
Bridgewatejfs Canal near Preston-Brook might
possibly  affect it in a small Degree : and, tho
Clouds a little afterwards, secluded the Ait«•
naut from a Sight of the Earth ; yet the Balloon
was known to hang, for some Time , over the
Mersey near Warrington.

229. 7. The Balloon descended and alighted
on the Middle of a large Tract of . wet
Ground.

The Writer saw Sadler’s Balloon rife at Man¬
chester, the nth May, 1785, and descend near
Blencow-Bridge, at the Conflux of two  Rivers.

The above Facts give sufficient Indications of
the constant Tendency which Balloons have, to
descend on Water.

CHAPTER



CHAPTER XXXXII.

Section 230. f | "IHREE Causes seem generally
1 to concur in producing the

Effect of Descent, over Water.
1. The Water itself.
2. The Air above it.
3. Change of Temperature.
Section 23x. Article 1. So long as Gass escapes

from the Balloon ; it will be instantly and reci¬
procally  attracted , throu’ the Crevices,  by the Moi¬
sture contained in the Air,  particularly over
Riverss its specific Gravity  within the Balloon,
woud be encreased, (a)  and consequently the
Balloon itself rendered less buoyant:

The Gass woud, on the contrary, be repelled
by ele&ric  Air : which woud lessen its Tendency
to escape, throu’ the Pores of the Silk.

But it is presumed  that Air-tight Balloons will
be little affected by external  Moisture.

231. 2. Moist Air over Water being generally
cooler than over the adjacent Land , will, so long
as the Gass continues at its former Temperature,
aflist and raise the Balloon thus  moving into a
denser  Stratum : but no sooner is the Balloon
contracted by the external Cold, than it descends
intoa Medium of Air, whose specific Gravity is
proportionable to the contracted Bulk of the Bal¬
loon, and rests when equal to it.

231. 3. Water is also a Conductor of Elec¬
tricity, tho’ a feeble one : and there is moreover a

strong
(a)  Phil , Trans, for 1785, Part I, Page 287,
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strong chemical Affinity between water , in-
flammable Air, Gasses, Floguiston, and Elec¬
tricity . (a)

231. 4. Water will therefore conduct  the
Gafs to itself : i. e. will draw the Balloon down-
wards,  and with accelerating Velocity ; as the
Attraction is stronger, 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 Sea
in frosty Weather , most undoubtedly descends:
till the included Gafs has received the additional
Encrease of Temperature from that of the Air,
at which Time it will have a "tendency to re-
ascend, and will rest suspended in Equilibrio, as
in the former Cafe.

- The above Causes however may be con fid ere!
as trivial.

The first may be avoided by making the Bal¬
loon Air-tight:  and the second easily guarded
against by throwing out a little Ballast.

The only-  formidable one, if any, is
THE DEPRESSION OF THE ATMOSPHERE.

This it will be necessary to consider with some
Degree of Attention.

CHAPTER

(a)  Cavallo ’s Treatise on Air, Page 576. Vitriolic Acid
Air, Alkaline Air, and otlier elastic Fluids, are instantly
absorbed by Water ; (Page 673 . ) Inflammable Air , and
fixed Air, are likewise absorbid  by watbr . (Page 434)
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CHAPTER  XXXXIII.

Section 232."\ T 7'HOE VER consults Anti-VV quity, (a)  or is acquainted
with modern Meteorifm, will ascent to the Truth of
the Facts there recited, viz. That the Storms of
dispersion called PreJler -’John,  and Ox Eye
over Table Bay at the Cape of Good-FIope (not
to mention those of collection, as Wbirlwinds[b)
and Waterspoutss) descend  on Sea and Land from
the middle  Regions of the Air, often perpendicu¬
larly downwards : and then blow violently
froma Center , to all Parts of the Compass at
once: a necessary Consequence of their beating
forcibly  upon the Land or Water.

The Ancients maintained that the Origin
of Wind was a mere Depression  and Percussion
from the Cold of the middle Region: and it fhoud
be remarked that their Observations were made
on the Continent, and in warm  Climates.

Now what is seen to Excess in the hottesl  and
coldest

(а)  Nam fit, ut interdum tanquam demissa Columns
In Mare de Ccelo descendar.—Lucr. L. 6. V. 425.

Vna Eurus Notufque ruunt , creberque ProcellisAfricus. Also
Omnia Venrorum concurrere  Prælia vidi* Virgil.
(б) Franklin’s Account of Whirlwinds and Waterspouts, m

his Miscellaneous Tracts . Lowthorp' s Abridgement of Phil,
Trans. Vol. 2. Page 103. Varenius Geogr. Gen. C. 21. Pag.
165. A clear Account of the Effects of a depr ess ion is to
he met with in " the History of Jamaica, in 3 vols, vol,
Page 800, on Trade and Land Winds' '
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coldejl  Climates ; (a ) most probably takes Place,
in a less Degree , in temperate ones.

Therefore , on a Change of Weather , the upper
Atmosphere descends:  whether its Effects are Cold,
as in Winter ; Warmth , as in Spring ; Wind ex
Wet ; at the proper Sectons of the Year.

233 . The Balloon , with which Dicker Junior
ascended at Bristol , April 19, 1784 , on a windy
Day , proved the Truth of the Conjecture : for
tho ’ the Aironaut threw out most of his Ballast;
yet after each Ascent and Recovery , he was
repeatedly darted downwards EVEN with the
Ground (£).

234 . A similar Event happened to Crofbie , in
his Passage over the Sea from Dublin to England;
for , tho ’ he too discharged his Ballast , the Wind
kept him down  and even with the Water.

The Weather at that Time seems to have been
an Exvbpict?, Procella , Percussion , Squall , or
Tornado , i. e. a Storm of depression,  and
DISPERSION.

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

Bacon also observes that all boisterous
Winds,

(*2) Mons. Maupertius has found, that the extreme Cold it
Tornea , in the northern Regions beyond the Artie Circle,
came directly from above: fee " La Figure de la Terre,"
Page 59. II femble que le vent souffle—de tous Cotes a li
Fois : ct il lance la Ncige  avec une telle Impetuosite, qu’en
un Moment tous les Chemins font perdus. “ It seems that the
Wind blows from all Points of the Compass at cnce,” Sec,

(b)  The Doctrine of fmokey Chimnies distinctly treated of
under the Article smoke , in the Encyclopædia Britannic!,
may receive some Improvement, from Circumstanceswhich
ascertain the sudden Descent, Elevation, and quick Depression
of Columns  or rather ‘Torrents  of Air, viz. by widening the
Tubes , and covering their Tops,
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Winds, asProcella,Typho , and Turbo , have the
jvident Direction of a Precipice, or Projection
kwnwards,  more than other Winds : they seem
to tush down like a Torrent of Cascade : and ard
then reverberated or beat back from the Earth,
in all Directions.

Stubble, Corn , or Hay in the Meadows are
raised, and spread around in the Form of an ex¬
tended canopy , (invertedCane , elliptic Solids  and
hyperbolic Curve.)  See " Bacon’s Historia Vento-
rum, Pag ;. 43 , ad Articulum 10 . (a)

236. If then it be allowed to reason from
that Analogy which took Place in most of the
Cases already mentioned j the gentler  Depfeffiofi
of Balloons over Water in milder  Weather , may
be owing to a Cause somewhat similar, tho' hot
Ib evidently an immediate Object of the Senses,
viz. an ailual tho ' invisible Descent of Air upon th#
Water.

237. Blanchard in his Passage over the Sea
from Dover to Bologne in France , When near
the Middle of the Channel , suffered an unex¬
pected Depression, and at the same Time was
nearly becalmed.

A calm also took Place on the Irish Sea:
which must have prevented Crofbie from land¬
ing,—without Wings,  or some propulsive  Ma¬
chinery, connected with the Balloon.

B b 238. Lunardi
(a)  It is thought more candid,  and will to many  be mor tsa»

tnfaftoryi  to make occasional References to different Authors
Wlio.have treated distinctly on a Subject, and leave the
Reader to draw hî own Conclusions by applying to their
freji Words - than , either to insert abundant Quotations ; or
iwvt  their Thoughts into the ‘Texture  of the Work : which
flust encreafe its Bulk, without producing any Thing either
Mw or instructive.
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238. Lunardi rose from Liverpool when the
Wind blew boifteroujly: yet was becalmed  twenty
Minutes over the broad  Turn of the Mersey near
luce , when above the Level of the Wind : and,
descending into the same Stream of Wind , was
hurried along towards Beeston- Castle in Cheshire,
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CHAPTER XXXXIV.
Depressing Section 2 "!Q.r I \ H E Existence of depreflinr
Columns of I . c .. r ,,
Air known to JL Columns of Air was well
tlie Egyptians.known to a People more ancient than either Ro.

mans or Greeks.
240. The sultry Climate of Egypt , whose

Situation is that of an extensive Meadow watered
by a broad  River, and enclosed by Mountains to
the East and West ; consequently not subject to
general horizontal Currents of Air, except along
the Line of its Meridian,— is the Country,  wherein
Columns of cool Air descending on the Water,
woud be soon observed.

And they, in Fact , were almost the only Peo¬
ple who applied the Observation to common
Life : having, according to Herodotus, as well
as later Writers , built lofty Structures open aj
the top . By which Means the cool Air rush¬
ing downwards greatly refreshed the Inhabitants.

The ancient Pantheon , at present called All
Saints Church , now standing at Rome ; built in
the lowest Situation of a Street named the Piazza
di Navona is on this Construction : and the Hint
probably taken from an Egyptian Model.

241. In all inland Countries , whose Lakes
?rs
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are frequently surrounded by Mountains , as Bala-
Pool in North -Wales ; those of Westmoreland
and Cumberland ; the Late of Geneva in Swif-
serland the Air rushes forcibly on the Sur¬
face of the Water in descending Torrents : this
the Writer has frequently observed, (a)

(In other Languages, the Words applicable to
Wind on a Lake, or the Ocean, signify Descent h
as, Kola?oiii'M, and E-EnxHjuai' also the Northerly
or descending  Wind corresponded to the
while the Southerly or ascending  Wind answered
to the k -rroyn. )

All this, which may be allowed to take Place
in bad  Weather , may perhaps be excepted to, in
J&k, and still more so, in the finest  Weather.

As the slightest Change is first observable on
the Surface of Water , whether on Lakes or the
Ocean, the Descent of Air  in the finest Weather
is familiar to Mariners by the Appellation of
light airs , playing in Eddies : and particu¬
larly in the variable  Latitudes ; i. e. between 32
and4.2 : to these the Writer can also witness:
as well as on small and large inland Lakes, by
partial Dimplings and Ruffings 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
Direction, as may be seen from the Motion of
Clouds and Trees.

Bb 2 To
(?) Once , particularly, in the Month of January , at Lau-

"Nne: Farenheit’s Thermometer ae 7 only : -the Country
covered with Snow ; and a North Wind beating violintlt.
m the Lake, which continued liquid without Ice : owing,
perhaps, in Part,  to subterranean Heat, and Exhalations,



M
OBJiECTIQN TO THE THEORY REMOVED. A

To which it may be answered, that if Clouds
-re pot beside the Question ; as it is not asserted
that a single Column of Air presses from so great
a Height to the Earth } (tho’ it be the Cafe in
Squalls }) yet it is extremely difficult to deter¬
mine whether Clouds move in a Direction exactly
parallel to the Plane of the Horizon : and it is
much more probable that they are.in a perpetual
Change , encr easing  or melting; rising or falling,
according to the Pressure  and specific Gravity ol
the Medium  in which they stoat ; its Tendency
to Moisture or Drinefs , Cold or Heat ; also the
different Combinations and Decompositions,
with Respect to which, the Atmosphere is in
perpetual Variation.

The Motion of Trees , if carefully attended
to , seldom shew Effects of a regular horizontal
Current.

And since the more powerful  the Wind ; the
more evident and accurate may be the Observa¬
tion j it will be found, that the firjl  general Ef¬
fect is an oblique Depression, succeeded by a Re¬
covery or instant Exaltation : then a momentary
Pause, or actual Retreat of the Wind ; and ina
few Seconds, a Return of the depressing Torrent.

But the .strongest, and, at the fame Time , an
irrefragable Proof, is by Appeal  to Men of Senna
in the Navy, or so slestful Pilots, who are con¬
versant with Winds and. \Vaves ; who have
weathered Storms off Cape Hatteras in Latitude
36 ; (where probably the Wind is perpetual;)
or have made an East-India Voyage :—whether,if a Gale blew in an horizontal Direction only;
the Ocean coud produce such an Inequality of

.1 n Surface:
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AGENTLE DEPRESSION IN FAIR WEATHER. IS9

Surface: or whether when the Sea runs MovN-
TAINS high ; the tremendous Surges must not
arise from the violent  Action of Winds repeated
at Intervals, sometimes descending  perpendicular¬
ly; but oftener in forcible elastic Torrents of
oblique depression , and instant Refilition?

CHAPTER XXXXV.

Section 243.YNtimations of depressing Columns a gentle De-
_L in moderate Weather , arc the Pr.tssion of

- - , A \r o\ tv mouS
fuggijh  Clouds , which often make their fir/l Ap- Places in fair
pearance, and remain longest, nay almost con- Wcatlla-
tinually, over  and along  great Rivers, and Chains
of Mountains , both during a Calm, or from
whatever Point the Wind blows.

And hence the greater Quantity , Violence,
and Continuance of Wind and Rain , which
hvet descend  (a ) : also of the greater  Purity of the
Air during  such Descent.

244. As, therefore, it is plain that atmospheric
Air descends frequently, both in bad and fine
Weather; if a Cause can be assigned so general,
as to make it probable, that such depression
does almost eontipqally take Place ;—tho’ at
present the Effect is only evident to the Senses,
by actual Experiment in the Passage of Balloons
throu’ such Columns ;—it will be sufficient to put

Balloonists
(a) The Depressionand Reverberation of the Wind neajr

Rivers, and its Descent from Mountains, a Point to he ds -
<“JseJ,  may furnish a Hint and Reason, why Rain falls more
in one Place, than in another not far .distant : and why in
the fame Place it falls in different Quantities, at different
Heights, irregularly.



ABSORPTION OF WATER BY AIR.

Balloonists on their Guard against the Effects Of
such Deprejston.

245. In order to investigate the Theory of
Depression; it may not be unacceptable, parti¬
cularly to those who have not had Leisure to
peruse the Experiments on Air , by Dr . Priestleyi
or the Collection on the same Subject by Ca-
vallo ;—just to extract a few short 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 floguisticated Air to ascend.” (a)

246. 2. Felice Fontana says, " Common Air
receives an Encrease of Bulk and Elasticity  from
being shaken in Water .” (b)

246. 3. Air absorbs Water , and Water ab¬
sorbs Air : (c) and the Absorption of Air by
Water is promoted by Agitation : it also absorbs
twice as much defiogtiisticatcd  Air , as common
Air : (d)  the whole Bulk of the Air absorbed
being equal to one-twelfth of the Bulk of the
Water : yet the Bulk of the Water seems but
little  encreased: the Air being contained within
the Interstices of the Water.

247. The following is a pretty and an easy Ex¬
periment, to st»ew how the absorption of wa¬
ter by air takes Place , under the immediate
Inspection of the Observer.

Admitting the Sun’s Light into a Room, throe,'
one Window only ; pour a Pint of boiling  Water
into a large Bason : hold the Bason, which will
not be half full, next the Light , in such a Man-

• , ner,
(s) Cavallo's Treatise on Air, Page 446,-——(£) 441,—■"

(r) 441.- («/) 442.
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ner, that the Sun may shine on the Water and
Bason; yet the Eyes be shaded by the Top of •
the Window Frame.

Incline the Side of the Bason towards the Light,
so that the Water may rise even with the Top.

The Eye being placed just above the upper Side
of the Bason, farthest from the Light ; look on
the Water.

You may then observe 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’ transient, continue  to
be seen  in Succession; as Vapours rife above the
Surface of the Water . Their firji  Ascent is
plainly discoverable: remaining above its Surface,
in the Form of small Dujl,  gently agitated, not
fyarately  but as a whole.  Nor do they seem to
rise into Steam, till assisted by the Action, and
Contact of dry Air, which like dry  Spunges, licks
iff  and absorbs the small Dust already accumu¬
lated by the Force of the Heat from below, and
then becomes visible under the Appearance of
Steam, flying off in distinct hollow Vesicles.

The more Jlill  the Air of the Room, the more
llowly will the Spunges of Air come in Contact
with the Body of small Dust .—Besides the small
Dust already-mentioned; the Heat will detach
solid Globules of Water ; which will remain
floating on the Surface of the Body of Water :
rill the dry Air descends and transports them with
it ; the Air at the fame Instant dissolving the
solid Globules into hollow Vesicles.

But the most extraordinary Phenomenon, and
which cannot be mistaken, is, that as soon as a

Spunge
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Spunge of Air has dipped into the Surface of
Water , and received its Lading ; the Vesicles con¬
tinue to accumulate, till another fresh Spunge !
descends in a similar Form, which may be
traced upon the Surface of the Water , and seen
in its' Shadow, or rather in Beams of Light at the ,
Bottom of the Bason, at the Instant it has flown
■off with its Burden : for that Part of the Surface .
of tfw Water transmits new Rays of Light , on
Removal of the Vapour carried away by the
Dip and Play of Air.

24.8, The Removal of the Vapour , likewise i
exhibits a curious Appearance on the Surface of
the Water : which seems as if divided into irre- .
gular Parcels detached from each other ; like
the reticular Daplings visible on the under Side os ]
Clouds elevated to the- highest Stratum of the
Atmosphere, and there evaporating or dissolving. 1

249. So powerful is the Attraction between ,
Air and Water ; that , while the Steam is rising j
above and round the Sides of the Bason; Wm  >
ofsrejh Air, by Intervals, press the exterior Parts
of the Steam inwards,  in order to get at the Sur- ,
face by descending into the Bason. ,

This Operation is best discovered, when the j
Bason is held •even. And the whole Process may j
be observed more distinctly, if the Bason is raised ^
and fixed on a Frame, near the Height of the Eye
of the Observer, standing upright : who will then
be able to trace minutely the exact Form of the
Steam, and Insinuation of the Waves of Air in- (
to the Center of each Curl , or rising Curvature:
an Appearance, similar to which, may be seen in ,
IVater  flowing from a small Orifice in a close 1

Vessel;
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Vessel; the fresh Air forcibly entering in an op¬
posite Direction ; forming a visible Cavity and
Curvature in the Center of the Stream. See Hal-
ley’s Experiments on Evaporation in the open
Air, and in a close Room, in Lowthorp’s Abridge¬
ment of the Phil . Trans . Vol . 2, P. 108.

Having once remarked the foregoing Process
at Leisure; the same may be seen over any open
Vessel of Water just warm enough to emit visible
Steam: but the Air shoud be as JHll  and calm  as
possible: the Steam never rising from all Parts of
the Surface at once ; but a depressing Spunge of
Air always descends to the Surface, the Instant
rLamina of Vapour has been detached.

Such is the regular and invariable Process of
Evaporation.

The fame Process may be distinctly traced over
the Surface of a Piece of Water or River, the
Air being perfectly calm, in a gentle Frost, at
Sunrise, particularly in Autumn , while the Wa¬
ter retains a Warmth superior to that of the Air.

250. Hence it follows that as much light(a)  and
inarm  Air as is raised with the Steam by Evapora¬
tion from the Surface of any Water ; fe much,
havy,  and cool  Air is instantaneously , con¬
stantly, and forcibly depressed upon its Sur¬
face, in order to supply the Vacancy, restore the
Equilibrium, and continue the Evaporation, {h)

C c 251. Now,
(а) It Is light  in Consequence of Its TParmtb,  when com¬

pared with the pooler condensed Air  above it-.(б) In the fame Manner that Curls and Streams of Air
descended into the Bason over the rising Steam, and interrupted
die Regularity of its  Elevation ; in the larger  Towns*
during Winter (the heather being moderateJ the I' retTuie of Air
on all Sides, from without, produces a constant Breeze to¬wards
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251 . Now , besides the mutual Affinity that
Water has to almost all Kinds of Air , and to
Floguiston ; added to its Power of Absorption;
and as the sea , particulatly in Summer, alfa
rivers and damp meadows are generally took
than the Lands and Countries bordering on them;
Currents of damp cool  Air press forwards to supply
the Defect or Vacancy caused by Heat , Rarefaction
and Elevation of dry warm  Air, which is necessa¬
rily , and almost constantly rising into the At¬
mosphere, from heated Lands , Plains , and gentle
Eminences long Jhone  on by the Sun.

252 . Consequently the pure, cool , defloguisti*
cated Atmosphere, is almost continually descend¬
ing from above z sometimes imperceptibly , often

forcibly,
wards the Center of the Town ; as may be discovered, not
only by the Smoke in its Deviation from the Perpendicular,
as it issues from the Chimneys5 but by all who are inclined
to make the Trial 5 for, on leaving the Town , they willowsthe Breeze.

In calm Weather, during Summer, the contrary Event
happens : but more particularly in hot  Climates . For the
Counts y being hotter than the Town j a D 'eprejstpn of theAtmosphere takes Place, and scatters the Smoke on all Side?round the Town.

The Cities in Italy, and other hot Climates, on ‘Account
of the Buildings, and desirable  Narrowness of the Streets,
form one contiguous Shelter, Arbor,  or grand Parasol', Potwhich Reason, the Nobility leave the Country, and reside in
the Towns during Summer : there finding a Coolness and
Refreshment unknown on the scorching  Plains;

A Reception  and Dispersion  of Air takes Place 5 as will fn-
sently be mentioned,

The fame ocular Proof and Process in the Evaporation of
Steam, accounts at once, for a curious Phenomenon coo«
ftantly observable on all Waters ; viz , a narrow smooth irre¬
gular Surface os considerable Length, neatly in the Dire&ion of dr
IVind, yet unajsiefted by it:  all which is probably nothing more
than rising_Volumes of elastic invisible  Steam ; resisting  the tvn
nearelt dejeendhg Waves oi airj  and preventing them from
approaching the Surface  of Water, over which the Steam 15
compressed; and there  producing a temporary  c a t m»
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forcibly, on the Surface os the Sea, the Channels
of Rivers, Meadows , and all wet Land . Which
Depression acts, in Proportion to its Strength,
on the Balloon ; and always with a sensible Ef¬
fect: for, being in Equilibrio with the Air at
all stationary Heights ; the least  Depression of the
Atmosphere makes the Balloon descend, consi¬
derably.

253 . This Reasoning is, in many Cafes, ap¬
plicable to the Air, and consequently the Wea¬
ther and Cold of Mountains.

Nor can it otherways be accounted for, why
the Snow is perpetual, and the Cold so intense,
on Mountains under the Equinoctial , and be¬
tween the Tropics : but which admits an easy
Solution on the above Hypothesis, (a)

C c 2 CHAPTER
(a)  Phil , Trans , for 1777, Page 470, Thibet in Lat . 31,

ce/rfwith Snow and Frost,
See Ullda’s Voyage to South-America, Book 6, Chapter 75

where he describes the snowy Mountains, under the Equator,
As the Weather, near the Equinoctial, is more regular,

its Changes closely following those of the Moon ; and also
the Winds and Hurricanes more violent j the Truth of the
foregoing Theory will receive the strongest Confirmation by
tracing the Effects of depressing torrents of air , in
the Island of Jamaica , extracted from the Author alreadymentioned.

" The cool Vapour rufbtt  from the Mountains towards the
hot dry Air, which hovers over the Savannahs or Vallies,

The Rain falls heaviest in the Mountains, Vol. 3, Page600.
The Land-Wind  after Rain, proceeds from that Quarter

whence the Rain has fallen heaviest  j and seems to rujh  fromabove.
In $pain and North-America, the Wind rujbei down.  Page601.
When the Land  is most heated, the Sea-Breeze blows almost

all Night . Page 602.
The Barometer subsides from 1 Inch to 1\at  the full Moon,

er just after  it.
Wind blows from the Mountains all round the Island : and

still
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CHAPTER XXXXVI.

Section 254.rT*'' HE Subject of depressikg
I  torrents requires an ac¬

curate

still a Sea-Breeze over. the Mountains : to the Low-Lands,
none, 604.

(In Jamaica likewise the Wind hlqws yff the Island every
•way  at once,' so that no Ship can any where come in by
Night , or go out but early in the Morning, before the Sea.
■Breeze sets in. See Abr, Phil , Tr . Vol. 3, P, 548.)

Mountain Air rujhes down in a continual Current to every Pars
tf the Coast, the Stream descending inceJJUntly thfSu' the Night: wbik
heavy cold jfxr descends to the Jlfottntaiv fopSy  604.

With a Weft  Wind below there is an Fast Scud above,  605*
Mountains cloudy , too Lands  sokny , 606.
In all the River-Courjes of famaica, there isa sensible Current

es Air, Rain never comes•without some Wind: and the Shvwtn
almoft invariably fottou the very Afeanders of the larger Riven,
,Lo8. . ;*

Rain always cools r the Thermometer falling, after»
■Shower, from 6 to 8 Degrees, 6io.

(And Iron rusts leqst in rainy Weather : [the Air being
then priest, ] descending from the upper  Regions . Abr,
Ph . Ty. V, 3 P. 546.r

It is said also that " in Jamaica t,he Clouds gather, and
foape  according to the Mountains : so that old Seamen  will
.tell you each Island  towards Evening, by the Shape  of tlie
.CJoud over  ft .*’ .

The Sea-Breeze, being counterpoised by Descent  of the
.elherial Airy  produces a calm .’'

The fame Author likewise fays, that " the Clouds begin to
gather- about ? or.3 o’clock i,n the Afternoon at the Maun*
tainsy and do not embody first in the Air, and after fettle there,

-but settle  first and embody there : the rest of the Sky being
clear till Sun-set.- So that they do not pass near  the Earth in
a Body'y and only stop  where they meet with Parts of the*Earth
elevated above the  but precipitate from a very great
Heighty  and in Particles of an exceeding rarified Nature j jo&s
not to obscure the Air or Sky at all\  that great Variety of beau¬
tiful Colours in the Canopy of Heaven being raised to -
much greater Distance [ he means Height] in Jamaica than
it is here.” Abr. Ph. Tr . V. 3, P. 557.

(Prognostics of Weather, at certain Periods of the Moon,
ar? mentioned by Captain Langford, Lowthorp’s Abr. Phil.
Trans, Vol, 2, Page 105.)
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curate Investigation : as it will serve to point
out the proper Time of Day or Night , when
an Aironaut ought so to calculate his Voyage,
as to arrive over the Middle of the Channel, or
Arm of the Sea, at some particular Hour : in
order to wait for a Sea Breeze which may avast
him to the other Side.

A Point not difficult to be ascertained.
Also, this Idea of depression , if properly

considered and digested; may prove a sufficient
Foundation on which to establisha new Theory
of the Weather, so ill determined at present, from
its aggregate Weight  or Elasticity  only, as indicated
by the Barometer.

255. If a Conjecture may be formed on a Sub*
jest, material in itself, yet of which so little is
actually known ; woud not the proper Time  of
undertakinga Voyage over the Channel be such,
that the Aironaut shoud find himself three Parts
of the Way across , by nine o’Clock  in the Morn¬
ing?

256. In warmer  Climates , where the Seasons
are more regular ; the Land-Breeze  blows to Sea
from Midnight till X . in the Morning : at
which Time , the Sea-Breeze  blows to Land ;
continues till V. or VI . in the Evening ; and is
succeeded by a calm , which lasts till Midnight.

Whence it follows, that during the Time of
the Sea-Breeze, there is a constant Tendency
towards a gulph of air , along the Middle of
the Channel : the Equilibrium of which is as
constantly supplied by a Deprejston  of the upper
and in general cooler Strata of Air ; and there¬
forea dangerous  Time for the Paflage of Balloons.

. On



i § 8 DEPRESSING TORRENTS OF AIR.

On the contrary, during the Night , and
till ten in the Morning , there is an Jccumuk.
tion  of Air , along the Middle of the Channel:  which
consequently is a proper Time to ensure asafi
Passage; by the Assistance of wings , or some
Propulsive Machinery.

of ihehori. 257. TheDesiciency or Vacuity being supplied
zomaiiy calm from the etherial Regions ; it might be taker.
depressing1'*1 f° r granted , that such Ether must be considerdlj
Current . lighter than the adjacent common Air on aij

equal Level, and therefore proportionally  danger¬
ous for the Passage of Balloons.

But if it be considered that such Air, acting?sa
wedge , or more probably in the Form of an by*
perbolic Solid, (a)  to fill up the Vacuity , descends
with Rapidity from a colder  Atmpfphere impreg¬
nated with aqueous Vapours invisible from below;
and that both the Air and Vapour have recipro¬
cal Affinities and Attrqctions , electric and me¬
chanical , with the Body of Water beneath them;
and are often rendered still cooler by its constant
Agitation and Evaporation'; also, that the Supply
being immediate and cotempqrary, with the
double tide of air flowing from the mM
over the opposite  Shores there possibly may he
little or no Difference between the aggregate or
barometric  Gravity of such  Columns , and those
which are formed by the Sea-Breeze on either
Side of them ; therefore the Descent of Bal¬

loons
(a)  The Depreffion of a horrent-of  Air ?n the Form of

hypeibolic Solid, controBing  as it descends  to the Earth, in
Proportion as its Density  enchases j may furnish a Hint to¬
wards the Solution of a Difficulty how to account for tilt
Augmentation of vesiculous-Vapours into large solid Drops,
frequent during Summers  bowers'.
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loons is owing, among other Causes, to an almost
perpendicularactual Depression of the superin¬
cumbent Atmosphere (a ).

Following up the Idea of a Sea-Breeze, blow¬
ing, at a Medium, for 20 Miles over Land ; al¬
ike' the Stratum of the lower current of
Air, or Sea Breeze, may not exceed half a
mile in depth , measuring from the Ground
upwards; nearly equal to 26 Inches of the Ba¬
rometer above,  the Thermometer also above  be¬
ing at 55, i. e. Temperate:—yet this Observation
may prove of essential Service, while the upper
Current of Air , i . e . the general Wind blows
towards the Sea , ( which will be found to take
Place more frequently  than is, at present, 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 sudden Descent, fortunately found
Safety in the sea -breeze.

Which Breeze was sought for, and made Use
of by the Author , when in the Balloon, near
Frodsham, in Cheshire.

For, as the Sea-Breeze is pretty general, Airo-
nauts shoud not be too apprehensive: as they
have it in their Power, by proper Management,
to drop into the Breeze—for either shore:
if they are provided with a Machinery to waft
themselves across the intermediate depressing  or
Cumulating medioceanal column of air :

which

(a)  Moris , Saussure ’s valuable " Esiais fur L’Hygrometrie,”
wow new Light on the Doctrine of Rarefaction and Con-
sensation not unfavourable to the Hypothesis here advanced,

260,
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which Space, between the two Shores, is, as
before hinted, frequently becalmed.

258. Further : as the above Theory of a me-
dicceanal  Depression seems to receive additional
Confirmation from each  Balloon Experiment;
Lunardi descending  on the 5th of October last,
when near the Middle of the Bay of Edinburgh
or Frith of Forth ;—it may be found prudent, to
keep the Balloon continually rising, till the Airo-
naut is one-third  of the Passage over.

258. 2. For if the general Wind in the upper
Current be not strong ; the Aironaut may expect
to be becalmed, with Respect to the horizontal
Direction of the Current , the Instant he finds,
by the Rife of the Barometer, that the Balloon
descends-, i . e. when it is acted upon by the de¬
pressing Column : in which Cafe, the higher  he
has soared, the safer ; as he will have more Room
and greater Latitude  for Exertion by Means of
the Machinery : which Machinery will be greatly
aided  by the Force of the descending Column or
Gravity ; and will act on a similar Principle with
the Ferry-Boats over the River Po in Italy;
which are a Sort of horizontal Pendulum. Pot
the Aironauts will continue to descend, at the
fame Time that their IVings  furnish the Means
of a progressive Motion.

Therefore , before the Time that the Balloon
has reached the Surface of the Water ; thevwill
have crossed the depressing Column ; and find
themselves wafted gently  by the new  Sea -Breeze
setting in towards the opposite Shore.

259. If the Aironaut rises up  to Sea with aWind
blowing from the Land on each of the opposite

Sides
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Sides of the Channel, and arrives above the Mid¬
dle of the Channel , while the fame Wind re¬
main? ; it is probable that the Ballooitwill con¬
tinue to rife higher as he proceeds towards the
Middle*' where  the medioceanal accumula¬
tion has for some Hours taken PFace ; and
therefore he need not be under ( any Appre¬
hension of falling : but , as before, it being 'pro¬
bable he will also be becalmed; the Necessity of
propulsive.Machinery is equally urgent, in order
to pass the Center of the Accumulation: after
which, the Balloon will ride Home to the oppo¬
site Shore in the new Sea-Breeze, by that  Time,
just beginning to set in.

260.With the Assistanoe,of propulsive Machine¬
ry, it is imagined the Air6,naut may be enabled in
a few Minutes to force throb’ the calm' mediocea¬
nal Accumulation, or Depression: after whichj
he will have little Occasion to make Use of ,i.tT/-

261. Sunrise is, probably, th,e safest Time of
all, to ascend.towards the Sea, with ay Air-tighs^
Balloon; arriving with the ,Assistance, of ..the
Wings, throu’ the calm  medioceanal Accumula¬
tion: and there waiting till the new Sea-Breeze
sits in to the opposite  Shore.
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theirSolution
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:.c "H A R T E R .tXXXXVII.
dHj ::bi !.T/oj  sbswKo -

Section ' 259 . TT may be observedhere , that the
^ X two " Difficulties proposed by

Saurttife* are, in a^great Measure, .jejjhpvedy in
admitting ,tlie bo &nhe2of inediocph l̂ pepteflieh,
and iConsequent alternate Accumulation.

In a distinct Chapters treating of the’Variation
of the Barometer, jwhich he alibiys'has 'Need of
farther. Explanation ; he asks (Page ^ oS) what
Reasons can be 'affignedt why the ^Eajl  Winds,
which .are cold.and dryT. make the. Barometer des-

England -̂ ahrf̂ Hollaii dV yet,"1 the Wtft
Winus, , which are .jnoi/f and ''temperate,  make it0.he. : : ,S3 Ofti 15070 ■ 1 ' 1

' P̂HVEtirt W 'ifsdS'^ tiŵ blow chidfly'in Spring. !
N &wljfis umvettHllĵ 'Wfeest-, that the Sea, is1

loflriet heated By the'Sun than the'.Eand : and
oft'Account ofVtfte'hia'rine Ac‘id‘‘exh‘a{red„ sa ), is
alstt̂ le^ costs
t - J ' Ta 'JDDA iiducm ^ that'Seaso'pt,‘ln |the same'

1? . * ,V4 won o-stj iii . gtiiih srtodi hsisi

.otolsi V.'.' 5\ p orl'
In,

sa)  Ice , when exposed to marine acid Air, Is dissolved by
it , as fast as if it touched a red hot Iron . See Cavallo’s
Treatise on Air, Page 727. Also Priestley’s Experiments and
Observations, Vol. 1, Page 148.

01 hieT̂A;TER remains iraksparent or colourless,
tlio*saturated- wrth maiine aci<PAic, and by a very gentle
Degree of Heat, the Oafs may be again expelled from it, as
it is expelled from Spirit of Salt.”

This Observation is applicable to the Transparency of Va¬
pours, in the Air, tho*mixed with the marine Acid exhaled
from the Sea : for when the acid or Sea Air is mixed with
Alkaline or Land Air, they instantly combine; lose their Elasti¬
city, and form a nvbite  visible Substance or Cloud.  Cavalio,
Page 728. Priestley’s Exp, and Obf. Vol, 2, Page 293.
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In Spring, therefore, the great Atlantic or
Western Ocean, being less  cold than England,
Holland, and Eastwards ; the Air pendent over
the most extensive Tract of dry and cool Land  in
the World , rushes Westwards to supply the
Equilibrium of warm light  Air rising upwards,
and causing a temporary medioceanal Accumu¬
lation: which (altho’ the specific Gravity of the
cold Air is greater) must produce an actual De¬
ficiency in the aggregate Weight of the Atmos¬
phere over England and Holland ; consequently
the Barometer falls.

Again ; the West Winds which blow at other
Seasons; if, in Winter ; are not frequent, ex¬
cept about Noon after frosty Nights which have
equalized the Air for the Transmission of vigorous
Sunshine: and siioud be looked upon as (what
they are really observed to be) low  partial Sea- 1
Breezes, or eddy Currents, insinuating them¬
selves near the Surface, and setting Eastwards
frequently against the upper and more general
Winds; and therefore produce a temporary Ac¬
cumulation.

If, in Summer ; the Supply of cool Air to
the heated Land, being made not only from the
Northern Ocean, and lofty MediterraneanMoun¬
tains-, but also from the Atlantic Breezes-, the lat¬
ter, tho’ moijl and temperate,  must also tend to¬
wards an Accumulation of the Atmosphere over
England and Holland : and therefore the Baro¬
meter rises.

Dd 2 CHAPTER
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CHAPTER  XXXXVIII.

Section 260 . J ^ EFORE the Subject of medi-
Facts and
Observations
tending to
confirm the Depression of Air , is wholly quitted ; It may
Doctrine of ^ w jj t0  men tJ on  and compare a few Facts and
Accumulation , >,
and Dex res- Observations , which Will elucidate the Doctrine;

and in their Turn , receive Light from it.
261 . If , in the Middle of a hot sunny  Day,

Vapours lighter than the Air, were to rife from
the Ocean , (which they will continue to do, in
hollow Vesicles or Bladders, till the Expansion
breaks the Bubble , at which Time the Water
woud fall to the Earth, if not drank up by the
Attraction of dry  Spunges of Air ;) there woud
be a constant Wind blowing from Land to Sea, to
fill up the Chasm : but at such Time , the Land
is more heated than the Sea : therefore hot Ait
and Vapour arise from both ; and the Breeze,
on the contrary, blows from Sea to Land ; con¬
sequently if the Vacuities were not continud)
supplied from the etherial Regions , and from the
Ocean , all Animals woud actually die, for Want

* of Air , as in a hot close  Room.
Such Supply is therefore constantly made, by

Depression of the Atmosphere, and Absorption
of the Water.

262 . What happens on a great Scale, above
the Ocean , as before  hinted ; probably, happens
on a smaller, over Channels or Arms of the Sea:
and on a still smaller ; over and along Rivers,

, Brooks , wet Meadows , and damp Grounds.
263. I"
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263. In the variable Latitudes on the Atlantic
Ocean; cool frejh  Air is supplied from above, by
descending Vortices of 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 used, and more useful, in a Mediterra¬
nean Sea, surrounded by high Lands , from which
the Wind suddenly descends in Squalls ; than in
the open Atlantic , where the Wind is more equal.

264. 2. Perhaps there cannot be a better Account
of the depressing Torrent of Air, than rhat which
Bacon has given, in describing the Motion of
Wind on the Sails of Ships, in a Squall.

“All Wind acting on the Sails of a Vessel, tends
to depress or link it . Wherefore in Jlrong Gales,
they first haul down the Yards , and take in the
Topsails: afterwards all the Sails : cut away the
Masts: throw the Lading overboard, the Guns,
&c. to lighten the Vessel, and keep her above
Water.” (b)

CHAPTER XXXXIX.

Section 265."1 T 7"ITH Respect to Mountains : Torrentt  ^VV on reading what Travellers Air on Etna,
have written, particularly Ulloa ; (c) they seem o.ni 7tnerip.
to answer the Intention of supplying cool Air to
the surrounding Plains, or Continents ; by De¬

pression
(<t)  On the Descent of Air in Tbunder-Gujis,  see“ Chalmer’s

Account of the Weather in South-Carolina, Vol. 1, Paxe i,
to 39 .”

(b) “ Historia Ventorum, Pag, 54, Art. 34.”
(0  Book V , Chapter 2«1,
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preffion and Condensation : and also, if on Iflands; f
to the Sea itself , r

266 . Brydone, in his Tour throu’ Sicily and *1
Malta , in 1773 ; (a)  giving an Account of his ^
Ascent to the Top , of Etna , fays, that at the ^
E'oot of the Crater, the Snow was frozen hard ®
and solid : (b)  and that the Crater was so hot ; it ^
was impossible to descend into it. 1

Further : “ that the Smoke rolled down ^
from the Sides, like a Torrent : till of equal Grz- ^
vity with the Air , when it shot off horizontally; s
forming a long Track , according to the Direc- ^
tion of the Wind:  which there rose to a violent
Degree : so that it was with Difficulty he coud r'
fettle the Barometer for an Observation .” 1

He also adds “ that Clouds  began to galls  ^
round the Mountain ; but were dispelled  by tht "
Wind .” °

Now from the foregoing Theory is it not pro 11
babie to suppose, that a Torrent of Air raped  con- b
tinually down from the etherial Regions , not a
©nlv to supply the Fire of the Crater ; but also
the Vacuity caused by the perpetual Elevation of '1
Vapours and heated Air from below : the Tor- c
rent likewise depressing  into the Track with itself, H
the Volumes of Smoke which were seen to roll h
directly down the Sides of the Mountain : that d
this descending Torrent of Air , in its Progress,
dispelled the Clouds forming round the Sides of
the Mountain , by the Ascent of warm Vapours
condensing, as they rose, on their Approach to the Ji
cold Mountain : the Smoke shooting horizontal//, 01

front >-

(a ) Vol,  1 . PageTSif.
(b)  Page 105.
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from thaCî Ici-ght only), at which an horiz.ontal'Cur~.i
mt of Air  began to ;take Place ? For it can hard--'
ly be imagined that the Air at the; Top of tEctna, •
found to he “ elecfrical,”̂ and which must ’hare
been replete with a Mixture of Floguiston , tn -o
flammable Air , Gaffes, , and other acrid Fluidsd
highly*acdfiedji heatpd , dRy , (and consequently .,
lighters :al the Injlant .of rising out .of the .glowing:
Canldranpt became -iso condensed as/to faUriikeb
Water, Without partaking of the Motion .'bfoaf-
violmt  Wind , supposed .to blow in an! horizontal
Direction. s dt o . vTjwlnfi v ' ’ -IdT

rb.y.t 'Glas , in his Account 'of Tenor iffey ta \ ~
reports, that the Clouds are generally half -ÆSrMgliJ
asthe' Pctik, above thi Sea- i . & atcJosdinUdo
huh noar1 the Height of a-Mite and Half 15.‘seiWftiC
whifch'Glb 'ufisy the !]So'rth ' E-ajhrly .f-Pliids  gensw'
tAtLyrp/ev-aiPb and * at the fame -Tinstzjl>
dm,  we -sind-U-kafresh 'iPeJiexf  Gr-k LE-:' wliiobfiiq
believp to be the Case in every Part of the Wo?lAi
An the  1-RAiSR Wlki'N '-hlbGtz.̂ t- o.'! :■naritaisH

Irt-Page ■253 } he fays,'- fhat ' in afeendvn’g-'kboce' i
the' Level 'of the Clouds , he found the A if-'sharpy!
cold1 and pietefng -1 arid -'the ' Wiftd ' Bliw*strohg*
fromS.outh ’W 4st‘, and-West 'South West -:- se>that'
the Wind biew ; towards the Mountain -from three
different Points at least-, Hz . the Trade Wind , 5

. utoirnm 310nd :b ,riii £^ .omJ
'•a*' • ;j, . .7  do yichc '. stir wioi'i -8r>r.

(A History of the Cunarjnlslesy PagpMjWaH Jnuidfi .’b }E
\b) A-s ike-to peri orC)o,uclsj,durinĝshe  BaUpw*‘Excursion,/

Mnot m'uch ejtcffed' tfie Hefgiittof iooo *YSr^ '^ jppcrtlhe 'rfteft4'
tte.Cioudtfat 3a;^ qgai -Hilght &tov « tlJ« 9^*,uiflaiTfreniriffbf '»

half the Height of the Mountain,

iof'ki/!sn-0
..oil nwrih
j*. ».!r
0j aidiioiiq

,znoo {Utf
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Conclusion
drawn front
the above, ap¬
plicable to
Balloons.

from North East below the Clouds ; just above
them, from South West : and still higher, a fresh
Gale , from West.

“ The Air on the Top of the Pike was thin,
cold, piercing ; and of a dry parching Nature,
like the South Easterly Winds which I have felt
in the great Desert of Africa, or the Levanters
in the Mediterranean : or even not unlike those
dry easterly Winds which are frequent in the
Northern Parts of Europe, , in clear Weather,
in the Months of March or April,-” Page 257.

This dry Wind answers to the Eknefiai (be¬
fore mentioned) i. zyWind descending from the
clouds. ,i.

Glas further observes (Page 250) that the
Clouds, in fine Weather , descend gradually to¬
wards Everting, and rest on the. Woods till
Morning : when they re-afcend, and remain sus¬
pended above them, till the succeeding.Even¬
ing. '

Here then a nocturnal Depression of the Atmos¬
phere is obvious. But this Appearance will not
prove that the Air does not descend below the
Level of the Clouds : for, tho’ the Qlouds descend
with the Air ; Vapour-Air, of which they are
composed, becomes transparent  both by Dissolu¬
tion, in a warmer Stratum, and Proximity to
the Earth , as before mentioned.

268. From the Variety of Winds experienced
at different Heights, not only on Teneriffe,  but in
different places ; it is plain, that if Balloons
can, be made durable and Air-tight ; they may
be wafted, between the ,Trbpics by an East of

• > . uri
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West Current at Pleasure : and also throu’out
the Globe ; the Occasion being made, in some
Respect, subservient to the Time (<*}.

CHAPTER L.

CORROBORATING PROOFS OF A DEPRESSION.

Sect. 268. Art . i / | 'HE Author is well in-
I formed , that , during an

Engagement at Sea ;—in ten  Minutes after the
Action has commenced ;—tho’ it blew a Gate  be¬
fore; (that is, tho’ it blew violently; ) the Agi¬
tation of the Air , arising from the Explosion of
the.great Gtins, and small Arms, woud counteract
the Wind , and produce a dead Calm,

268. 2. Quere : does not the new elastic  Air,
produced from the Nitre , (b)  give an instanta¬
neous Compression and Dilatation to the incum¬
bent  atmospheric Air, round the Place of Action,
while the lighter floguijlicated Air  pastes throu’ it,
raising, and affecting to its highest Limit , the whole
Atmosphere. And does not the Effect osa sudden
Calm, suppose the Wind to descendfrom above  with
a Kind of saltatory  Motion , instantly coun¬
teracted by the new elastic  Air ?—For if the
Wind be supposed to blow sideways or hori-

E e zontally,

(<0 See " Royal Astronomer, by R. Heath, Page 321, on
Trad: Winds and Monsaonsd'

(4) One Pound of Nitre only, producing by mere Heat,
6 cubic Feet of Air. “ Cavallo, Page 332, and 811, Ex¬
periments onGun -Powder.”
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zontally , to any considerable Height above  the Wa¬
ter , woud not the fresli lateral  Air glide away,
and prevent the Continuance of the Calm?

269.  When a Squall happens , or only
Rain falls ; Air will rujh  from all Sides, anil
from above,  to supply the Vacancy of the fallen
Cloud and Vapour.

The Air immediately above  must fall : the la¬
teral Air gravitating towards other Places,
Hence Cold,  and a bright Slcy after Rain.

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

For the preceding diurnal Accumulation over
the Sea, may circulate  during the Night , ata
great Altitude , to restore the Equilibrium anil
Loss of cold  Land Air sent by a low or Ground-
Wind to Sea, during the Day-Time : particu¬
larly , as the Accumulation  over the Sea, during
Winter , is almost continual.

271. The Wind  would more frequently be
perceived to descend  and rebound upwards, (Trials
of which might be made by holding an Um¬
brella, extended at right Angles with its Axis, up¬
right in the Hand ;) if the fame Opportunity offer¬
ed, of opposing 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 opposed horizontal¬
ly to the Wind : but the Head only, which is
covered, is opposed to the perpendicular Pressure.

272 . As every Circumstance in the Order
of Nature is so admirably contrived that each
apparent Inconvenience rectifies itself -, in

Winds
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Winds continuing to blow from a cold Point;
the Construction of the Atmosphere is such, that
the warm light  Air from the opposite Points will
necessarily rife up and flow over the cold Stratum,
and by their Tendency to an Equilibrium , will
produce an Air less coldt before the fame  Wind is
exhausted.

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

274. On the other Hand, as the Apogay
Winds are naturally light and warm, it is im¬
probable  that they fhoud be frequently  covered with
Waves of cold heavy Air, rolling over them from
Eknefiai Points.

It may therefore be reasonably concluded, that
the Eknefiai Winds , when approaching or op¬
posed to the Apogay, fhoud be considered as
Ground Winds, (i. e. Winds blowing next the
Surface of the Earth , tho’ they be supposed at
the fame Time to descend) which receive
the Apogay above them : and that the Apogay
being warm light and moist , (which last will
have the same Effect, as if they were more elastic; )
(0) being also more turbulent , and endued with
greater Velocity, press back the Eknefiai from
the Surface of the Earth , and upwards ; and at the
fame Time flow above them.

E e 2 By

(a) " See Recherclies furies Modifications de TAtmosphere.
No, 715, " pi, . Trans . Part 2, for 1777 . Col , Roy ’s Experi¬
ments, Sect . ad , pigc 689 , 744 . 753 , 764.
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By which means the Eknesiai partake of their
Qualities ;—become less cold,  less heavyy and less
dry  ( a) .

CHAPTER

(a)  The different Phenomena of the Aurora Borealis  mi/
be owing to the Ascent and Motion of the Apogay, in the
middle  Region, over the Stratum of Eknesiai or Grounds-Winds,

The Effects of Tides in the Air yet tom̂entioned , must not,
however, be wholly excluded.

The Aurora Borealis is leen in Spring, Autumn,  and Winter,
sometimes culminating,  sometimes moving in Streams  and IVava
in the superior  Regions of the Atmosphere : when culmina¬
ting ; as if rising out of Clouds in the North.

This Appearance may be owing to warm moist Air per.
petually generating between the Tropics, and rolling over
the cold dry  Stratum of Eknesiai Winds, which cut off its
Communication with the Earth : till accumulating over the
Poles, it enlighten? the Atmosphere, converting a six Monih'i
JNigbt  into Day ; and returns to the Surface silently : or in
Lightning , whenever it is communicated to the Earth , throa’
Vapour descending  hy its own specific Gravity j or along with
depressing  Torrents of Air , known to be accompanied by fre¬
quent FLASHES.

When the Vapour is condensed  in its Descent, by pafling
throu ’ a Stratum of the Eknesiai Winds ; it becomes
charged  with the electric Matter , surrounding  and adhering  to
it ; and deposits the Overplus in Lightning, on its Approach
to other  Clouds, or to the Earth.

It is visible in the Form of a Vapour, when the Vapour to
which it adheres, becomes overcharged with electric Matter,
by Descent into a cos/ Eknesiai Stratum below : there formin:
a luminous and transparent Atmosphere : the Particles of
Light and Vapour being repelled to great Distances from each
other at so rare  a Height.

It culminates above the Vapour, because less heavy than
the circumambient Air : and may be subject to the Attractionof other Planets.

The Aurora Borealis is also seen to issue in Streams
Waves of Light, with inexpressible Velocity, on its Return
to the South, in a lower Stratum , as it passes thrcu'  Interstices,
between the Vesicles of warm Vapour, raised and dispersed
by the turbulent Apogay Winds, in the middle Region,

During Summer, the middle Region becomes blended with
the lower, throu ’ Defect of Cold : and the electric Matter is
supposed to be communicated to the Earth, silently, and con¬
tinually i but by Lightning, when a sower and colder At-

mofphcK
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CHAPTER LI.

Section 275. TF then this Reasoning be al-
lowed ; aerial Travellers

will not be subject, when, at a considerable
Height, even in Winter , to great Degrees of
Cold, supposing 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,
fncreasing with their Ascent, even in Summer,
tho’ warm  below ; supposing the Eknefiai or
Northerly Winds to have continued but for a
Day before the Ascent : they may possibly, indeed
by soaring higher, rise into the regular Stratum of
the warm Apogay floating above them.

276. From what has been said, there seemsa
Degree of Probability, that the Air for a Number
of Miles, above warm cultivated Plains  fhoud
differ materially in its Temperature , from Air
above Mountains , or even on a Level  with their
Summits.

That the former Air, in moderate Weather,
Ihoud continue warm and rarefied: while the lat¬
ter is cool and condensed.

For the same Reason the Air over the Sea, on
the Hours of Accumulation ; i. e. during the
Night, in Summer, and frequently in Winter,

fhoud

Biosphere condenses and overcharges the Vapour, and cuts
off the Communication.

It cannot be seen but in escaping from Vesicle to Vesicle :
nor, during Summer, after Sunset, en Account of the
Twilight.
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fhoud be found warm  and rarefied:  especially
during a Continuance of the Apogay Winds.

277. It is likewise probable that the Atmos¬
phere will be found respirable at much
greater Heights, than is at present imagined:
during the Continuance of the Eknefiai Winds;
and also, on Account of the defloguisticated  Air,
(a)  which is drier  and less elafiic  in Proportion to
its Rarity . (b)

278. The Height of 10 Miles seems not too
great to limit human Respiration, fhoud any At¬
tempt be made, to soar with a Balloon in a mild
Atmosphere; and particularly between the Tro¬
pics. (r).

Balloon;
(<3) Air is not unfit for Respiration , by having lost its via!

Principle , but because it has imbibed Floguiston, which cannot
easily  be separated from it, but by Agitation in Water, Ca.
vallo, on Air, Pages 479, 670.

(b)  For if Moisture be one Cause, which keeps the Parti,
clcs of Air at greater Distances from each other 5 (his Cause
decreases at great  Altitudes.

If  also the Elasticity  decreases in Proportion, not only to the
Height , but the Driness ; its Particles must, on both Ac*
counts , approach each other, at great Altitudes : tho’, from
the Altitude only ; they woud separate according to the Rule,
viz , that the Rarity of the Air is proportionable to the Re.
laxation of the Force compressingit.

So that at the Height of 8 or 10 Miles, a Quantity of Air
taken from the Surface of the Earth, woud occupy 6 Times
its former Space : supposing the Air both below and above
to be of the [ame Kind,  as well as of the same mean  Tempera*
ture of 55, on the Thermometer , See “ Martin ’s Philoso*
pineal Grammar , Page 178."

(c)  Chalmer describing a Whirlwind , which is a Storm  oi
collection and Ascent  of hot Air , & c . by Rarefaction,
fays, " as the Wind ceased, presently after the Whirlwind
passed, the branches and Leaves of various Sorts of Trees,
which had been carried into the Air , continued to fall lor
half an hour ; and , in their Descent , appeared like Flocks
of Birds of different Sizes.”

This Circumstance proves that Columns of hot Air must
have been raised in a Body, in Succession, to so considerable
a Height , that Branches  of Trees carried up by them, took
half an Hour  in falling.
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But an Objection woud be found in the Size
of a Balloon sufficiently capacious to contain
nearly6 Times the Bulk to which the Oafs woud
necessarily expand itself, at the Height of io
Miles.

279. It seems most likely that the primary Cause
that will affect the Ascent of Balloons is the
Difficulty of encreasing the Dimension of the
Balloon: the Second, is from the excessive Cold ;
if the Wind blows from any Points of the North.

Supposing the Construction of the Atmos¬
phere to be as represented by different Authors,
(which, by the Way , is scarcely credible) ten
Miles will perhaps be the utmost attainable
Height.

280. There is a Circumstance relative to the
Motion of the Air, which has not been sufficiently
attended to : and bears some Analogy with that
ofa Thorough Air.

This Circumstance may not improperly be
called the Reception  and Dispersion of Air.

In cold Climates, it is an Object of Dread :
in warm ones, a most desirable Piece of Luxury.

A gentle Undulation of the 'Air is perceived in
Peru, and other hot Climates, by Persons sitting
in Arbours  sheltered from the Sun.

The surrounding Air is instantly contrasted  by
Condensation,  during the Absence of the Sun’s
Rays, and therefore occupies a les Space:fresh Air
hreceived,  and as instantly dispersed  by Expansion
towards those Parts, which are the warmest, i. e.
where there is least Resistance : so that a gentle

Breeze

First Cause of
Limitation , in
the Ascent of
Balloons.
Second Cause
of Limitation
in the Ascent
of Balloons*
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Breeze is constantly kept up, probably  by a De.
preslion from above («).

281 . Analagous to this , are those Winds
which generally rise early  and die away at Sunset:
the nocturnal Condensation of the Air being suf.
stcient for the reception : as Air suffers some
Compression without Tumult.

To demonstrate the Changes owing also tore.
mote and invisible Causes least suspected ; Boyle
somewhere speaks of an Instrument he made,
which was so nicely contrived , that he coud tell,
while sitting in his own Apartment , whenever any
detached Cloud passed beneath the Sun’s Dilk.
The Principle on which it acted seems to have
been that of a Reception and Dispersion of Air
that took Place within tbe shadow proceeding
from the Cloud.

282 . An oblique Argument supporting the Doc¬
trine of Depression, asserted to take Place , in fair
Weather , is that Wind  drys up the Moisture from
the Ground more than the Sun : and that March
which is the windiest, is also the most dryings  the'
not  the hottest  Month.

Bacon , in his Enquiry into Motions and Un¬
dulations of the Air, uses a Metaphor , which
tho’ somewhat facetious , is strictly philosophical.
(b) " For when winds lead the dance , it wM
be agreeable to know the figure .” (c)

And
(«) It may be from this Principle , that in the East , Liquid

are kept cool by being hung in the Shade , in the of in  Air , sus¬
pended in -1vet Cloths .- tit ere being a continual Breeze aid
Succession of cool dry Sfunges (as it were ) of Air , in Con¬
tact with the ivsttcd  Cloths , whose Moisture will thus st
more quickly evaporated.

(4) Historia Ventorutn , Pag . 48 , Art . zt,
fe) “ Cum enim (Vent !) Choreas ducant , Ordinem Salli-

lishis nosse iticundum fuerit . Art . 18.” /
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And it is probable , that they really press the
Earth with a saltatory progressive undulating
Motion, descending  in elastic Steps of sudden
Compression; and rising  with quick alternate
ones, of Dilatation and Expansion.

Dicker ’s Balloon gave Proof of this.
283. Lastly : the chill of Air  which always

takes Place over water , and most  Grounds,
even in the finest weather , strongly favours
the Reception  and Dispersion  of it,  to the surround¬
ing and more heated Lands :(which can only be sup¬
plied, as before mentioned , by Torrents of fresh
Air gradually descending  from the etherial or mid¬
dle Region of the Atmosphere ; ) and seems to
produce the same Effect , viz . a constant Breeze,
with that of the Arbor , Shade , or Shelter from the
Sun:  also with that of the Shadow  from the
Cloud passing under his Disk , which affected a
complete Thermometer and Hygrometer.

284. On a Change of Weather from Frost to
Thaw, the Colour of the upper Air first alters
froma clear and deep,  to a dull andsaint  Blue , or to
a muddy Haze , not distinguishable into Clouds,
but visible above them ; a vivid Brightness still
remaining, for many Hours , to about 500 Yards
above the Surface of the Earth.

Or , soft warm  Showers fall gently , without
Wind, or any apparent Change in its Direction.

All which seem to favour the Accumulation
and Descent of warm Air , by Waves of the
Apcgay rolling over the Eknefiai Winds.

Ff CHAPTER
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CHAPTER LII.

Section 285. A S thesafejl Hour  of the Day has
jHL  been already pointed out, for the

Ascent of those Aironauts, who propose to crossa
Channel, or Arm of the Sea, in a Balloon Air¬
tight  or nearly so : it may not be useless to throw
out a few Hints on the properest Days in each
Month, for the Ascent of Balloons.

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 Mois¬
ture produce the more frequent and diurnal
Winds : but the Conjunctions and Operationsof the Moon and Planets contribute to the Pro¬
duction of Storms and other Inequalities of the
Atmosphere : more especially the Moon:  at theNew and Full . These Attractions first affect
the superior Parts  of the Atmosphere, (a)

287. " We are sure in the calmest Weather, to
have some 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 best in those, if equal in other
Respects.

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

288 Varieties
(a) On the Action of the Sun and Moon over Animal Bo*«lies, by Dr, Mead, Mifcell. Cur. Vol. i . P. 372, 373.(A) For these Observations fee Gassendus's Natural Phi¬losophy. De Chales’s Navigator, And Altro-Meteoro-Legi» >per J . Goad,
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288. Varieties of Tide produced by the
united or divided Forces of the Sun and Moon,
eccasion similar Changes in the Atmosphere near¬
ly at the same Time.

For Instance, at the Time of the New Moon
or Conjunction, i. e. when the Earth , Moon,
and Sun, are nearly  in a Line ; the Moon being
between them : also at the Time of the Full
Moon; i. e. when the Moon, Earth , and Sun
are nearly  in a Line ; and the Earth between
them, which is called the Opposition. (a)

In the first Case, the Moon and Sun attract the
Atmosphere of the Earth conjointly, or with
united Force : in the second Case ; the Earth
king between them, they act in Opposition to
each other, still nearly in the same Line.

At these Times , the spring Tides  are at the
tyif/l  i. e. once every Fortnight ; and in the two
interval Weeks are the neap or lowejl  Tides ;
fora like Reason.

Because, in the latter Case, a Line suppossd to
k drawn from the Moon to the Earth , and ano¬
ther from the Earth to the Sun, woud form
nearlya right Angle : or in other Words ; be¬
cause the Moon and Sun woud attract the Earth
at right Angles to each other, or in a lateral Di¬
rection:—the Moon woud draw one Way and
the Sun another :—their Forces woud be divided.

Now it is a Fact , that the Ocean is raised
considerably twice every twenty-five Hours, by
the Attraction of the Moon, when she comes to

F f 2 the

M See Maclaurin's Newton, Page 376,
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the Meridian. So that the Surface of the Sea,
instead of putting on the Form of a Sphere,
or Globe , will be changed into an oval  Figure,
whose longest Diameter being produced, woad
pass throu’ the Moon.

In like Manner a similar Elevation must take
Place, as often as the Sun is in the Meridian;
either above or below the. Horizon.

Moreover, this Elevation is greatest  on the New
and Full Moon, because the Moon and Sun Jo
then conspire in their Attractions : and least  io
the Quarters : as they will then draw different
Ways ; the Difference of  their Actions only pro¬
ducing an Effect.

Lastly, the Intumescence will be of a miiii
Degree, at the Times between the Quarters, anJ
New and Full Moon.

289. As in the Ocean, so  in the Air above it;
a Tide of Air must roll along the Atmosphere,
throu’ the whole Extent of it ; and rife upward
twice in about 24. Hours.

And since the Height of the Atmosphere ii
computed by Halley at 45 Miles, and the Depth
of the Ocean at an Average, but half a Mile*
the Air will more easily and quickly obey tdt
Attraction of the Moon and Sun, than the Tilt
of the Ocean : and, as it revolves in a Sphere
which is about 100 Times larger than that 0!
the Ocean, the Agitation and the Velocity of its
Tide , will be something greater, in Proportion
to its Elasticity, and inferior Density to tb
Water of the Ocean , saJ

290 . Th
(a)  Air at a Medium is 800 Times rarer  than Water d

that if 8co Time * the Quantity of Air naturafy con'tains
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290. The Weight  of the Air must now be
considered.

The Weight of the Atmosphere in England
does not exceed 31F- Inches of Mercury in the
Barometer: nor does the least Weight fall short
of 2%i : the greatest Difference in the Weights
may be taken at 2 Inches : dividing 30 (nearly
equal to the whole Weight ) by 2,  the Answer
is 15. So that the under Parts of the Atmosphere
being pressed upon by about a fifteenth Part less
Weight at one Time , than at another ; the spe¬
cific Gravity  of the Air will sometimes be a fifteenth
Part lighter.

But the Height of the Atmosphere being esti¬
mated at 45 Miles, which is equipoised by about
30 Inches ; when equipoised by a fifteenth Part
less Weight ; (that is, dividing 45 Miles by 15 ;
which amounts to the same as if a fifteenth.
Part of the whole Height was taken away;
the Answer is 3 Miles ;) shews that the Atmos¬
phere is 3 Miles higher at one Time than
at another, over certain Places ; indicated by
the Barometer at those Places.

Such an Accumulation of Air, arising only
from Pressure or specific Gravity in one Part of
the Atmosphere, and not in another ; by its
Tendency to an Equilibrium ; and when to this
Tendency is added its elastic  Force ;—must be
productive of winds , descending Torrents,  Inun¬
dations of Air, or Storms, near the Surface of
the Earth : and nearly such a Difference in the

Barometer

tained in a Vessel whose Dimensions are those of a cubic
Foot, were pressed into it by a Syringe or Cir.itr.Jtr ; the Air
woud differ nothing from Water in Density,
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Barometer has been known to happen in a fewHours.
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 raise the Spring
Tides 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 raises Water 10
Feet and a half, will raise Air, whose Density
is 800 Times less, to almost one third of that to
which the whole Pressure of the Atmosphere can
raise Fluids : (b)  Now it has been before seen,
that the Pressure of the Atmosphere raised the
Air 45 Miles : so that the Air is raised by the
united Actions of the Moon and Sun, at the
New and Full Moon, to one-third Part of 45;
i . e. to 15 Miles. And for the fame Reason, the
Air is raised at the Moon’s Quarters to 10 Miles:
(c)  the Difference between which is 5 Miles.

There is consequently a real Tide of Air  five
Miles higher at each New and Full Moon, than
at her Quarters : which Tide rolls with incredi¬

ble

(a)  See Wilson on Climate, Chap. 15. Pages 46, 54.- -( h) 55*
(c)  By reducing 10 Feet 6 Inches, and 6 Feet 7 Inches,Into Incites, and dividing by common Divisors, as 3 and 2;it is found that 10 Feet 6 Inches, will be to 6 Feet 7 Inches,as 3 to 2 sicaily: that is, as 15 Miles to 10 Miles,
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ble Velocity along the Verge or highest Limit of
the Atmosphere; and is generally productive ofWind below.

292. The Elasticity of the Air must likewise
be brought into the Account, as contributing
greatly to its Motion : the Spring of Air always
increasing as the Pressure encreafes.

Considerable Changes must therefore ensue in
the inferior Parts of the Atmosphere.

For as the Effect of the Moon’s Attraction is
to diminish the Weight of the Atmosphere (tho*
its Quantity be increased) by elevating the Co¬
lumn of Air in the Line of her Meridian ; the
Rarefaction of the Air is therefore encreafed, first
tt the Top  of the Atmosphere ; afterwards it gra¬
dually descends to the Bottom, or Surface of the
Earth: so that the incumbent Weight being
diminished, the Air beneath will be greatly
expanded.

At whatever Height therefore any Quantity of
Vapour  or superior Cloud rejled, while the Moon \
was in her Quarter ; it woud gradually descend  at
the Approach of the next New or Full : at which
Times it woud remain suspended at a Height,
where an Expansion took Place equivalent to the
former Expansion, at .the Moon’s Quarter : and,
if the Height during the Moon’s Quarter was only
equal to that of common Clouds ; such Vapour
woud, at the New and Full Moon, descend  in
Mist, Rain , Snow, or Wind.

293. Little Reliance is to be placed, in these
Northern Climates , on the aggregate Weight (or
tlasic Power)  of the Air, indicated by the Height
•f the Barometer, near the Times of the New

and
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Proper Days
for Ascent.

and Full Moons : tho’, in general, it will descend
about those Times.

These Things being so ; it woud be im¬
provident to undertake an aerial Excursion , either
three Days before, or three Days after the Day,
either of the New, or Full Moon : the Ascent
fhoud be forborne every other Week ; at least till
the Art is a little more advanced.

The two remaining alternate Weeks in each
Month , viz . when the Moon is in the Quarters,
and the Tide of Air flowing throu’ the Atmos¬
phere, is checked, counterbalanced, and equa¬
lized, by the lateral Attractions of the Moon
and Sun, acting at right Angles, i. e. on dif¬
ferent Parts of the Air, pendent on the Earth’s
Surface;—more settled and regular Weather may
be naturally expected ; and particularly freer
from the Extremes of IVind  and Cold.

Moreover, as the Almanack, and Ephemeris(«!
may be always consulted; the Day fixed on shod
not be marked  with Conjunctions of the Planets,
(£) The Inequality of their united Attractions
greatly deranges the Equilibrium of the upper
Parts of the Atmosphere ; producing sudden
Squalls and Gusts of Wind ; which, tho’ of
short Continuance , perhaps a few Hours, are
inauspicious to the successful Inflation and Ascent
of a Balloon, during the Infancy of the Science,
(See Section 211.)

CHAPTER
(a)  White ’s Ephemeris, Page 38, for the Speculum Pbc-

nomenorum, or Miiror of the Heavens,
(b)  See the Book which gives an Account of Walker’*

Eidouranion.
The intelligent  Reader will easily distinguish the Effects, at¬

tributed to the Planets, viz. their mutual Attractions. owir>K
to natural Causes only 5—from the futile Ravings cf judicial
Astrology.
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CHAPTER LI 1I.

OS THE MEANS OF SUSTAINING A BALLOON ABOVE
THE SURFACE OF THE WATER , BY A TEMPO¬
RARY LOSS OF BALLAST : AND OF RECOVERING
THE BALLAST,

/

Sect. 294. Art . 1. HE two Inconveniencies
arising from a Discharge

of Ballast, while the Balloon is under the Pres¬
ort  of a medioceanal Column of Air, are,

x. First, lest the Balloon fhoud rife too high;
for by opening the Valve in order to descend;
Gass escapes: which is an actual Loss:  and the
Balloon is rendered incapable of supporting its
Burden at the fame Height, as before.

2- The present Impossibility of resuming the
Ballast, in order to descend,  or cheek the Elevation,
on approaching either Shore, or at any other
Time.

294. 2. These Inconveniencies are to be re¬
medied by the following Methods.

If Sand  be the Ballast fixed on ; put as much
of it into a Bladder by Means of a Tin Funnel,
as, when les  than half blown,  it will contain, with¬
out sinking below the Surface of fresh Water.

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

Also to each Bladder with Balias,  tye another
Bladder without Ballast,  half blown.

Tye
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Tye fast each Set of Bladders, so prepared,
with a leathern  Thong ; the Ends of which may
be lest  a few Inches to spare.

The Grapple may remain in the Car.
294. 3. When the Balloon begins  to descend

over Water ; lower out the Cable, by Degrees,
Tye a Pair of Bladders, one of which contains

Ballast, very tight, round the End of the Cable,
Then a second Pair , at such a Distance that the

intermediate Part of the Cable, will float.
Repeat this Process, till the proper Effect is

obtained ; or the whole Ballast is discharged.
294. 4. The Car and Balloon may be bauld

or wound down  to the Surface of the Water : and
the Ballast resumed, as the Balloon approaches
the Shore.

294. 5. If it be found necessary, the Ballast
may be dijeharged  by cutting the thongs , gra¬
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 Foresighty be made to serve the
Purpose of the Aironaut , in towing the Ballast
which floats on its Surface : and thus checking,
or gently drawing the Balloon after it.

294. 7. In such Cafes, the Aironaut woud
do well in applying his propulsive  Machinery.

A GENERAL OBSERVATION.

294. 8. To prevent the car of the Ballot
from being drawn out of the Perpendicular,»
Circumstance not infrequent ; it is necessary to
have some Contrivance, by which the Cable shall
tun throu ’ a moveable Pulley, on a Swivel, it
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the Center above the Car ; and that the Aironaut
(hall be able instantly, by a Screw* or otherways,
to fasten the Pulley and Cable so right , that the
Stress shall remain on the Center above the Car,
however forcibly  the Cable may be stretched;

CHAPTER LIIII.

ANOTHER . METHOD OF SUSTAINING A BALLOON

OVER WATER , WITHOUT LOSS OF GASS , OR OF

BALLAST.

Section 295. ET the Ballast consist of  that
Kind of Rope (wound on a

Reel) that is either by Nature or Art , specifically
lighter than fresh Water : as a hollow cylindrical
Rope of Silk, in which Corks are thrust : the
Silk to be dipped into elastic Varnish, to prevent
the Absorption of Water into the Pores : ora
common Rope well varnished ; or covered over
with a cylindric Case of varnished Silk, might
answer the same Intention , if Corks or Bladders
were tyed at proper Distances : in which Cafe,
the Rope might, at the first Ascent of the Bal¬
loon, hang from the Center above the Car, at
its full Extent , suppose a Mile or a Mile and
half in Length , without the Encumbrance of a
Reel.

If Bladders are used ; those that hang near the
Car shoud not be more than half blown.

By the above Expedient ; as soon as the Bal¬
loon began to decline, from Evaporation of

Oafs,
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Gass , or Depression of the Atmosphere, and the
lowest Part of the Rope touched the Water ; the
Balloon woud continue to levitate , in Proportion
to the Quantity of Rope sustained on the Surface
of the Water.

The Aironaut woud move less swift  indeed,
but more conveniently ; as he woud not be obliged
to rife above  the Wind : but be able to lower, and
raise  himself at Pleasure : firsl , by pulling upa
Part of the Rope into the Car ; and having there
made it fast  ;

' Secondly, by cutting away, as he saw Occasion,
the loose End, and Folds of the Rope so drawn
into the Car with him.

C PI A P T F. R LV.

ON THE NECESSITY OF ASCERTAINING THE PBO-

' PER MODES OF DIRECTION , BY DIFFERENT AKD

FREQUENT EXPERIMENTS.

On Itie Necef-̂ e(̂ 10n 296 .ET ^ HE Necessity of making fre-
(ity of fre - JL quent Experiments , in order
rimentf^n8' t0  P rove  how far the Balloon is capable of Di-
differenr section , by different Combinations of the mecha-
iection ° * D' " n ' C3l Powers , is so apparent ; that no Balloon

flioud rife a second Time , without the Applica¬
tion of Machinery to that End.

Each Candidate for Fame, as Proprietor of a
Balloon for public Exhibition,  ought to vie in his
Pretensions to a Superiority of Manouvres.

Their



PRECAUTIONS TO SECURE A LANDING.

Their respective Performances woud appear in
the public Papers ; and Decisions be made to the
Advantage of the Art.

For it is probable, that by such Comparison
chiefly;—the comparison of experimental Blunders
and Mlflakes,  and not by an Union of Theory
and Practice, cemented by liberal Patronage,
the Balloon can arrive to any Degree of Perfec¬
tion, in a Country , which is the Scene of per¬
petual Contention: where the Sum of Life seems
devoted but to party ; and where the precious
Time of the great is funk in Luxury , and
their exalted  Talents lost in the Labyrinth of
Politics.

297. ToJlrive against the Stream  is proverbially Precautions
impossible: and it woud be literally so, to attempt Landing,
by any Kind of Machinery to force the large
Surface of a Balloon, with any Degree of Velo¬
city, against a Stream of air . (Section 201.)

Ships, which have the Aid of an Element
800 Times denser  than the air , are obliged to
wait in Port)  till the Wind is favourable. But
n’either is this considered as an Argument against
maritime Navigationr nor does the PerfeSlion  of
the Balloon require its Ascent in a Storm : tho’
the Preference due to the Balloon, on such Occa¬
sion, woud be decisive in its P'avour : as the lat¬
ter woud presently surmount the Wind , and lie to,
in the calm Air above  it.

Sect. 298. Art . 1. By Wings , or some pro¬
pulsive Machinery , acting forcibly in a Direc¬
tion required, arid with Ease to the Operator-,
two useful Manouvres may be attempted , and
will frequently he found successful.

298. Art . 2.



2Z0 TO SECURE A LANDING IN WINDY WEATHER.

First Manoa-
•vre: to se¬
cure the Land.
ipg in windy
Weather.

Preparatory
Apparatus:
and Signal-
Ript.

298. Art . 2. First , To retarp the Course
of the Balloon during its Descent ; in sucha
Manner, as to prevent the Wind from damaging
the Machine, or snapping the Cable; and thus to
land with Safety, and at the smallest Di/lance be-
YOND the Place assigned.

298. 3. A silken, or other light  Rope is to be
provided : and to run throu’ a snatch Block  fas-
tened to a rudder , or to the car , as in Cros-
bie’s Balloon (aj.

Which Rope alone  woud lessen immediate and
unforeseen Danger, by using the Balloon as a
Sail, if it actually alighted on the Water.

298. Art . 4. The lame Rope being a Milt, or
a Mile and Hals in  Length , the [Inhale, ox  a Part
of it, might be sussered to run off the Wheel,
and, falling on the Surface below, in misly  Wea¬
ther, woud serve as a Signal to determine whether
the Aironaut was over Land, or Water.

Also by winding up his Wheel , he might, if
the Weather was moderate, bring himself down
to the Grapple , which might be so contrived as
to run down  the Rope, and remain at the Bottom,
by Means of a Knot , or other Check.

He might also loose  his Grapple, and rise  again:
or when down ; pull the Valve-Cord, and land.

298. 5. With a second short Cable, snatch
Block and Grapple, he woud be able to moor  the
Balloon, from which, he might, by procuring
the Country People to load the Car with fresh
Ballast equal in Weight to himself ;—get out,
and even leave the Balloon in their Care.

The

(*) See London Chronicle, 26th July, 1785.
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The Precaution of knowing whether he was
overa fresh Water -Lake, (for he might hear the
Sea) might be useful in misty and low cloudy
Weather by Day, or during the Night ; without
expending Gass in the exploratory  Descent.

298. 6. To facilitate the landing, the Signal-
Rope  may be used to the greatest Advantage, par¬
ticularly in windy Weather ; by lowering out  a
Part, or the Whole, whether a Mile , or Mile
and half, so that the Grapple may take Effect on
the Ground, at the Distance of its Length by
Estimation, Jhort  of the Place where the Balloon
is intended to land.

As soon as the Grapple holds; it is in the Op¬
tion of the Aironaut, to tye .Parcels of his Bal¬
last loosely  round the Cable, to run downwards
along with it.

(For which Purpose, Iron-Rings with Spring-
Swivels,  which open  by Pressure  of the Fingers,
and shut  of themselves, might answer better than
the leathern Thongs, as the former might be put,
in an Instant, round the Cable, and woud run
down quicker. ')

These Parcels of Ballast are to be sent down,
in Succession, till the Balloon has acquired such
Degrees of false levity , as will be sufficient
to counteract that Tendency which the Wind
will have to depress  the Car of the Balloon forci¬
bly on the Surface, so long as it is connected
with the Grapple on the Ground.

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

Line,

/
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Line , in Proportion to the encreasing Power of
the Wind.

And here the Necessity of having the Cable
fastened to a Center above the Car , in order to
retain its Perpendicularity, is most evident.

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

298. 8. Secondly : When the different Cur*
rents of Air, have been tried by Descent and
Ascent of the Pioneer-Balloon sa) , and found
to be all  unfavourable ; the Aironaut is to rife
still higher, into a Calm, pursue his Course hori¬
zontally in the blue serene , by propulsive
Machinery : estimating the Velocity, by the evi¬
dent Rest/iance  of the half 'Mile white Flag des¬
cribed in Section 12, 13. and 12, 15. hanging
at a proper Distance below,  and of that which
hangs loosely at the Side of the Car, to shewa
Change in the Direction of the Wind , (then
made by a Resistance of the Air) : or he may

judge
(a)  To find the Direction of an upper Current , without

the inconvenience of rising above tire Level which the Airo-naut has fixed on.
'I bis the Abbe Bertholon has hinted at, by Means of asmaller Balloon.
The Dimensions of which, must however be so large; that,

allowing for the Evaporation of Gafs, it will just  rife wit I*
tire Weight of a Quantity of Cord, a Mile and half, for In¬
stance, in Length : and have suQieienr Room left within, W
admit of the Expansion of Gafs without Rupture.

The Rioneer-Ballvon may be taken up, empty,  and filled
with Gafs necessarily escaping from the mcjuth  of the great
Balloon, when stationary : and may be sent up with a Cord,
sallcned to the Center above the Car of the great Balloon,  to
reconnoitre the superior  Currents : or it may be only filled t/t
fart ') and made to descend,  and discover the lower  Currents.

Sce " Des Avantages de Ballons, Rage 72."
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judge of the Velocity and Direction , by the
Flight  of a Feather,  repeatedly let loose at certain
Intervals of Time.

I

CHAPTER LVI.

KIW MODE OF ASCENT , TO DETERMINE THE IN¬
STANT THE BALLOON IS ARRIVED AT ANY GIVEN

HEIGHT : TO MEASURE THE HEIGHTS : AND TO

ESTIMATE THE DENSITIES OF THE AIR AT THE

GIVEN HEIGHTS.

HSO , A METHOD OF ASCENDING TO A FIXED BA¬

ROMETRIC HEIGHT : THERE TO REMAIN SUS-

FENDED IN EQUILIBRIO.

Section 299.XJREVIOUS to the Ascent, pro-
a vide a Cord, which shall have

sufficient Strength to support twice its own
Weight, when so great a Quantity of it is
ailed  together , as, if extended, woud measure
Salsa Mile or a Mile.

Weigh the whole Coil,  or any Number of
Yards, so as to obtain the whole Weight.

Mark the whole Length of the Cord, with
different coloured  Worsted , or otherways, at the
Distance of every eight Yards : as a sounding
Line.

Note the Marks in a Pocket-Book.
These Things being done ; give the Balloon,

by inflation , a Power of Levity at least  equal
to the known Weight of the Cord : which may
be easily obtained by throwing into the Car, al¬
ready ballasled  and prepared, a Weight equal to

H h the
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the Aironaut , together with that of the Cofd,
The Cord must also, previous to the Aseenl,

be rolled upon a Reel, (made fast in the Ground)
whose Diameter shoud be two Feett each Tush
of the Wheel may be called a Yard. .00£

A Barometer with an attached Thermometer
fixed in the same Frame, also a second or de¬
tached Thermometer placed at the Distance of%
Yard from the Frame, shoud remain upon the
Ground during the Inflation. iBlboeit

The same Apparatus of Barometer with if.
' tached and detached Thermometer , shoud be'sus.

pended in the Car. Aloin
'2 The Instant the Balloon ascends, an Obscrvtr
below ' is to note in a Book the Point  at which

.. r the Quicksilver stands in each of the THRU
•sirstnat Tubes of the lower Apparatus, also the Time of

Ascent : the Aironaut the same. O nwoii
-3 The Rope is, previous to the Ascent, t»K
tyed to a Center above the Car : and as soois®
the Balloon has elevated the Car ioo Yards j 'tfe

' Observations, as before", are to be set down be¬
low, and by the Aironaut : and repeated asofe
Height of each ioo Yards : a Drum to bdat;
during the Time each Observation Hr/sw is ntftty
down ; and the Balloon not suffered to rise,Ttill
the Drum has ceased. By such repeated Notite,
and Silence-, the Aironaut will know the exoll
Height,  at which the Balloon is checked in its
Elevation : and the exact Time  during which its
Elevation is impeded.

This Process is to continue, till )the Ropes,h
raised to its full Length . ^ 15014

At which Instant a double-barrsl Gunf®
be
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be fired: the exact Time noted below:  and the
Time of hearing the Sound noted above.
(luThese Notes are to be compared at the Airo-
aaut’s arrival on Earth.

300. For such nice  Experiments the Aironaut
(houd ascend half an Hour before sunrise , or
Sunset: and the Day chosen by the foregoing
Holes.
iri/Fhe Air must be quite calm : but it is not
necessary that it shoud be free from Clouds or
Mist.
.InWhen the Rope is at its full Extent , the Ope¬
rator below  is to shorten it, by winding down the
Balloon* 100 Yards : the Signals below,  being re¬
peated, till the Balloon is arrived within 100 Yards
vf the Ground.

- 301. While one Observer below  is writing Densities
down the Observation to be made the Instant the at different

Balloon has risen exactly ioo Yards ; another He 'Sh[s-
Operator is to weigh , by Hand, with Spring
Stfel-Yards , the Force of Levity already ac¬
quired, which is to be noted down by a third
Bystander, q
, j/This Process is to be repeated at every too
Yards, or
’iijThe Levity , it is true, will encreafe as the
Balloon rises, (probably in a geometric Progress
lion;) [a)  yet the Cord, by rising with the Bal¬
loon, will greatly check it : if, however , it prove
vii rbiri< Hh 2 insufficient

(a)  As  the Heights  of the Atmosphere encreafe In an arith¬
metical Progressions the Densities are said to encreafe in a
geometrical Progression : which is a mathematical and pedan¬
tic Mode of Expression.
’ Fer arithmetical Progression here  means no more than the

Height
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insufficient for that Purpose, and, lest the Cord ;
slioud be in Danger of breaking ; at the second i
hundred Yards, or, at whatever Height the Lw i
vity is found to have encreased to Pounds; but !
is less than 20 ; a Gun is to be fired as a fafa i
Signal to the Aironaut , who is to scatter away ,
a Bag of Sand-Ballast, (to be put up in Bags ot
10 Pounds each ;) whenever he hears the Dis¬
charge of a Gun.

If the Cord, Rope, or Balancer,  be sufficiently
strong ; there will be no Necessity for the Air-
onaut to throw out Ballast occasionally; noftfor
the Observations in the former Part of this Sec¬
tion : the Densities  will likewise be more easily
determined, by the Weights; which shew the
Encrease  of Levity and Expansion of the Balloon,
at each ef the given  Heights : Allowance being
made for the Weight of the Balance Rope, raise!
by the Balloon.

Method of as- 302 . The Aironaut , may , at any Height,
fixedAar'œe mar^ê hy looking at the Barometer, when,at,H
trie Height: Inches For Example, or as soon as he finds his
main suspend ® a^ oon  sufficiently expanded , pull up the .Rope
ed in Eijuiii-  over a Pulley j or, wind it upon a Reef,ostw
irk‘ ,311

Height of i,i , 3,4 , 5,6 , &c. Sec.  Yards , Fathoms , ROoJŝ tany other equal Interval . *
If then at the Height of one Yard, the Balloon has

quired (suppose) the Levity ot 1 Pound ; then, if this Levity
increases in geometrical Progression; (as twice i Is 2,)  itwill,
at the Height of 2 Yards, have encreased to 2 Pounds:
as twice 2 is 45) it will, at the Height of 3 Yards, have en*
creased to 4 Pounds : and, as (as twice 4 is 8 ; ) ifwfll , a*
the Height of 4 Yards, have encreased to 8 Pounds ;,and̂ (*s
twice 8 is 163) it will, at the Height of 5 Yards, haVeen*
creased to 16 : and, (as twice 16 is 32 ;) the Levity will, st
the Height of 6 Yards , have encreased to 32 Pounds ; and to
on, doubling  the preceding Number 3 at the Height of e^Clt
Yard, Fathom, Rood, Mile, fee, Sec,
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Feet Diameter , within the Cat ; and continue
to do scr; till he finds that the Barometer begins
torr/&pwhichTis a Sign that the Balloon descends,
bjr the additional Weight  of the Balancer just
droughts into the Car : on which, by precon¬
certed Agreement, he may throw out a white
Flag, prepared to hang a Yard below the Car.

On Sight of the Flag, the Person at the Reel
kloiv  is to cut the Rope : which Rope, or a Part
of it, is to be drhwn into the Car . rd

The JBalloon will rife no higher ; but remain
in Equilibria  in the Air , at that Height . me

e.  d>
IiVj . -i n . . /ij
il .

,noo!l c H A P T E R EVII. -
griinr'
'oh- balloons , their defects and farther

IMPROVEMENTS. I[i
Ik Jo hartiuM

Section 303/ | ' HESE Defects are best known 5 ;1
;id abnrt >il from the History : a Detail of • -i
which is given to the World in an entertaining, •’Y11’P* 1*
elegant, and scientific Manner , by a celebrated .̂ 2 ba
Writer on other Subjects, Mans Faujas de Saint
Fend,  in two Volumes, igmo . for the two last
Years, illustrated with Engravings by the best
Masters.

And he promises a Continuation , or annual
Register of Experiments and Improvements.

The Title of the Book is, " Description dis
Experiences de la Machine aerostatique, &c. &c.”

304. Mr . Cavallo has favoured the Britifhi,Na¬
tion with a cursory tho* clear Account of the

* rsame

I
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same, in his “ History of Aerostation:”
tinuation of which it were to be wished he wo«j
likewise publish annually. D-)jB )XJ01ft 5j

305. It might contribute greatly -to thg Ibj.
provement of the Art ; if Mr . Faujas woud gi«
Engravings on a large Scale, of the different
Machinery , already used or invented to directs#
Balloon, with their Proportions ^ particularly
the moulinet  of Blanchard:  as well ;as that
lately tried by Messrs. Au ban and Vallet ; whole
Machinery is still more dijiinguijhed  and effec¬
tual.  ohr liA
-q3 ° 6. The Titles and Sizes of all useful Boofe
written on the Subject, also the Places whets
they are to be had, might likewise be inserted,-it
the End of each annual  Volume. - *■>jnwmvon]

307. yThe principal Defects of the British Bal¬
loons are, in • Jo noiRyiq

I . The Construction . .r .3 loollsst
,r 2. Production of Oafs . ir£> lo but

3. Mode of Direction , and . ,, ostnol
4. Security of landing. J barflinimib
First, Defects of the Construction are both-in

the Form, and Composition. - V asioS
The Form ought to be that of a RiGHTsst)

Cylinder,  j b)  by which the Capacity  is doubled
without encreasing the Resistance: endingabow
and below, each in a Hemisphere. A cylindri¬
cal Trunk , 2 Feet in Diameter , being added t#
convey the Oafs into  the Balloon ; and suffer it

. silt
(a ) Whijitn' s Tacquet ’s Euclid. Book XI . Definitionof a

right  Cylinder, Art . z, Page 166.
(b)  Archimedes’s Theorems. Proposition 33, 34 5 at tht

End of Whistoni  Euclid, Page 42,
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K»escape, when too much expanded in the etherial
Regions. •

It Ihoud also be furnished with a Valve, at the
Bottom, of equal Diameter with the Trunk:
keeping itself Air-tight ; and opening outwards by
t given  Resistance, (as that of ten Pounds Troy,)
from the inside Oafs.
si There must be an upper Valve as usual : oc¬
casionally to promote aswift  Descent.

308. The Form will likewise continue to be
defective, till an interior Balloon for common
Air is adopted, according to the Plan laid down
frysthe ingenious Mons. Meunier, lately ap¬
pointed by the French Academy of Sciences at
Paris, one of the Commissioners for the Im¬
provement of Airostation.

The Use of which interior Balloon by Com¬
pression of the surrounding Gass in the external
Balloon, prevents, it is said, the Loss of Ballast
and of Gafs : two very considerable Advantages.

For the actual Sum total of Gafs not being
diminished; the Balloon will continue longer in
the' Air, before an Escape of Gafs, throu’ the
Pores of the Silk, makes it descend.
!t>There will, on the same Account , be less Oc¬
casion to take in meer  Ballast, for the Purpose of
throwing it overboard, to prevent the Descent.

Therefore an equal Weight of Articles necef-
fary to remain in the Car, may be substituted in
Place of the Ballast.

309. Art . 1. And, since it is next to impossible,
the Atmosphere fhoud continue for 24 Hours to¬
gether, of the same Density, Weight, and Temper¬
ature; or , in short, without Motion ;—the Air-

onaut
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onaut will have a Power of seeking, at different
Heights, for that Current oi Air, or Wind,
which suits him best : or, in a very few Minutes,
to rife .above all Currrents ; become stationary,
and lie to  in the serene , waiting for a Wind:
which, as before mentioned, he may readily find,
by lowering out a Mile of Twine , and his white
Flag : attending to it, with a small perspective
Glass, or Magnifier.

309. 2. Another most material  Advantage is
to be able, in a high Wind, to chuse the Spot on
which he propoles to alight : or wait for a fa¬
vourable Opportunity to descend.

To ascertain 310 . To compute the Height and Distance of
of'the'tfaiioon 1̂16 balloon , by Means of a white  Flag , or other
by a Quadrant, visible  Object , suspended from the Car , at a cer¬

tain Distance below it.
Let the Observer take the Altitude of the Cai

with a Quadrant : and also the Altitude of the
Object or Flag.

Then by a Cafe in plain Trigonometry ; if
the Altitude of the Car be by the Quadrant

C cnô HAC , the Altitude of the
ect 55°=*HAO , and the

Length of the Line veered out
be 200 Yards , or otherwise 23

Then the Complement of
HAO = AOH = 35° ; and the Complement of the
Angle HAC = ACH = 3i ° ; and the Supplement
of OAC -j-ACO = AOC = i45 °.

Then , CAO 4o : CO 200 : : AOC 1450 -
AC ; and Radius : AC : : CAH 590 : CH 1409

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

Next, Radius : AC : : ACH 310 : AH 846
Yards, which is the horizontal Distance of the
Place on the Earth from the Observer, over which
the Balloon was then suspended.

This Method finds the Height truer than the
Barometer, and with fewer Circumstances of
Confusion.

And if the Balloon Art coud be perfected, so
as to make them stationary at any Height ; this
Circumstance woud afford excellent Opportuni¬
ties of proving the Heights by the Barometer :
besides which, the Distance also has been ob¬
tained: a Point not before attempted, (a)

CHAPTER  LVIII.

OF THE AIR - BOTTLE BALLOON.

Section 311. I L L the Particulars of
I  Meunier ’s Invention are

made public, [h\  an additional Air-tight  Balloon,
or Air Bottle, at least 15 Feet in Diameter, of a
globular  Form , appended below the Car, and fur-
nished with a Condenser, to be worked by pulling
upwards,  or , as the Bellows of an Organ , by the
alternate Motion of the Feet of the Aironaut,
standing upright in the Car, may be used instead
of the interior Balloon ; to keep the great Balloon

I i at
(a)  Inserted in the Chester Chronicle , Sept . 30, 1785.
(£) The Writer not having yet been able to procure it from

the London Booksellers,
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at a given  Height : and consequently prevent the
Aironaut prom rising too high: to atchieve which
Purpose, during the first Ascent; a Rope or Ba-
lancer may be used, a Mile and half long, fasten*
ed to the Car, and rising with the Balloon, (to
check  its Power of Ascent,)  till an Equilibrium is
produced : at which Instant, on Sight of the rM
Flag from the Car , the Balance-Rope is to be
cut , by the Operator below. (Section 302.)

If the Aironaut perceives by the Rife of the
Barometer,  that the Balloon descends; he may
throw out a little  Ballast, (perhaps a Pound or
two ), and then wind up his Balancer, or suffer it
to remain at any Length , at his Option.

312. By keeping the Balloon at a given Height
only; no Oafs is expended in preventing the ne-.
cessary Tendency of Balloons to a perpetual Ele¬
vation : also, during the self Descent of the Bal¬
loon ; by opening the Air-Bottle, the Aironaut
will supercede"the Necessity of throwing out Bal¬
last, for a Re-ascent.

313. The Air-Bottle-Balloon Ihoud be cover¬
ed by a strong light  Net , of a Dimension rather
less than the Bottle, which will hinder it from
bursting : the Resistence of the condensed  Air
within , being then chiefly on the Net , and but
little on the Bottle. 1oj ■

The Net may be made of Silk and Cotton
Thread ; lest the Meslies, by the Pressure of the
Knots , Ihoud eat into the Bottle.

CHAPTER
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CHAPTER LIX.

SUPERIORITY OF THE AIR - BOTTLE TO AN INTE¬
RIOR BALLOON.

Section 314. HE Air-Bottle can be attended
with no Sort of Danger . For,

if it burst ; the only Effect is to raise the Bal¬
loon: which is made to descend, at Pleasure, by
opening either the lower  or upper Valve.

Whereas an interior Balloon condensed with
common Air, presses against the surrounding ex¬
terior Oafs : and the Oafs, against the inside
of the great Balloon, when the latter is in an
Elevated and rarefied Atmosphere ; which Atmos¬
phere, in Proportion to its Height, makes less
Resistance to the Outside  of the great Balloon : and
thereby encreases 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 Fish ; a concomitant Advantage is
derivable.

For the common Balloon and Air-Bottle,
which may be called a double balloon , will,
in their present imperfect  State , be able to remain
s Day, or perhaps a Couple of Days in the Air :
there being no Loss of Gass : unless by Evapora¬
tion, throu’ the Pores of the Silk.

And this Advantage of a double Balloon  may be
effected with little expence (except that of a
complete Net ) to the different Proprietors, who

I i 2 may
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may make alternate Voyages, with the Balloons
thus  united : one being inflated with Gass ; the
other occasionally with three or more Atmospheres
of common Air condensed.

C H A P T E R LX.

*  HINTS FOR THE DIRECTION OF THE BALLOON

Sect. 315. Art . 1.T N the London Chronicle,
JL from the 20th to the 221!of

August, 1785, is a Letter from Bury, contain¬
ing an Account of Mr . Boole's Balloon, with
the following Circumstance, viz . “ It was found
necessary, before the Balloon was liberated, to cut
away the Wings , intended to act as Sails, which
had been constructed by an ingenious Piedmon-
tefe, patronized by lord orford , and which it
was supposed, woud have contributed to faciliteti
the Direction of the  Balloon , but were found gnA-
ly to retard the Celerity  of its Motion .”

Now if any Credit can be given to Newspapet
Accounts , (that of the Beccles Balloon being an
entire Fable, ) it is to be lamented that the Wings
were cut away for the Reason assigned: as it
seems the only one that coud properly be offered
for applying them.

315. 2. Balloons already rife like a Rocket,
and press forward almost with the Celerity of the
Wind : it is therefore evident, that these Celeri¬

ties
1

\
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ties must be greatly retarded,  in order to facilitate
the Direction : and consequently that the Wings
bid fair to have answered the Intention of their
ingenious Projector . And why precipitately cut
them away, before the Balloon was left to the
Pleasure of the Winds ? since no regular or safe
Manouvres ought to have been attempted, till
that Time.

There appears to have been much the fame
Reason for rejecting the Piedmontefe Wings,
that there was for condemning the use of a Para-
shute, to which a Dog being appended was killed
in the Descent : because the Parashute was not
let loose at a sufficient Height , nor was it pro¬
perly distended.

315. 3. It seems, 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 encreasing the Surface of the
resisting Body, or Wings , the Balloon may be re¬
tarded to a certain Point . But the Resistence
encreasing woud raise the resisting (a) Body above
its Power of Action, and therefore, in Fact,
lessen it ; by which Means the Balloon woud
continue to be propelled in the Direction of the
Wind, with a Force equal to that Diminution.

Suppose, for Instance, that , instead of the half
Mile Flag , which evidently checked the pro¬
gressive Motion of the Balloon (Section 70) a
larger square Surface, of varnished Silk, or a trian¬
gular Latteen Sail (like the Aflspw  of Le Roi (/>))

was
(a)  See Chambers’s Dictionary under the Article resis-

(i)  See his “ Navires des Anciens.”



HINTS FOR THE DIRECTION OF BALLOONS.

was substituted, and kept stretched, by a hollow
Cane , or Yard . (c)

315 . 4. Also , that by Means of a Fan or small
Oar , acting as a Rudder, to be folded and taken
back into the Car at Pleasure, the Balloon was
compelled to move with a given Side foremost; '
that the Sail was let down below the Car, by 1
strong silken Cords fastened to each Angle ; and >
lastly , that leaden Weights , ( each weighing an 1
Ounce Averdupoise when widely perforated, and 1
put throu’ the Ends of each Cord before it is
fastened to the Car), be let down to each Angle;
occasionally encreasing the Weights (or Sail) in 1
Proportion to the Wind ; which relative Weights 1
(or Sail ) will best be determined by repeated Ex¬
periments ; will not such an Apparatus or Ane-
mometer- Sail , acting as a Vis Inertiæ nearly at
right Angles against the Force of the Wind, 1
check the Balloon ; till the encreasing Resistence
raising the Sail upwards towards the Horizon di¬
minishes its Power of Action ? With this Sail
therefore , which requires little Attention ; and
with the Assistance of Wings moved by Levers,
pressed alternately downwards as the Bellows of
an Organ , by the Feet of the A iron aut and mere
Weight of his Body , standing upright near the
Center of the Car ; the Balloon may probably be,
in some Respect , subject to Direction , and move
obliquely against the Wind , or with Force in a
Calm.

The Balloon and Anemotneter - Sail, like the
Earth

(c)  See " Gordon’s Principles of Naval Architecture.”
Also the Balzaes and Guaraes, in Ulloa’s Voyage to AiTtf*

rica, Book 4, Chapter 9, Vol. i , Page 1S3.
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Earth and Moon will turn on their common
Center of Gravity.

315. 5. It is possible to erect a light hollow Mast
throu’ the Car, and throu’ the Balloon, by
Means of a cylindrical Tube of varnished
Silk, extending from Top to Bottom, in order
to sustain the Balloon in an upright Situation,
and make it keep Face with the Car , when the
latter is propelled by the Wings . The Mast
flioud be covered with soft Cotton , to lessen the
Roughness of the Friction . It may also contain
within it, another slenderer hollow Mast, after
the Manner of a Cane Filh -Rod ; either to be
lowered out, and placed horizontally across or
below the Car, to serve as a Guard for the Bot¬
tom of the Anemometer-Sail ; or to be let down
to any Depth occasionally: and other Sails con¬
nected, by the usual wooden Rings , and kept
tight by Cords running throu ’ Blocks fastened
to any Part of the equatorial Hoop, as used at first,
by the gallant Admiral of the Air blanch ard , and
afterwards too precipitately rejected; since, in
Cafe of a Rupture of Gafs throu’ the upper
Hemisphere of the Balloon ; the equatorial Hoop
preserves the Parastmte complete : and for Want
of which Hoop, young Arnold had certainly lost
his Life, if the Water of the Thames had not
broke his Fall.

During the Descent of the Balloon, the Sails
are to be taken in, and the lower Mast projected
into its Socket.

315* 6. Different Trials may be repeatedly
made: the Effects of which, whether evidently
useful or apparently otherwise,  being carefully re¬

corded
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On the Man¬
ner in which
tiie Wind,
Anemometer,
and propul¬
sive Machine¬
ry will proba¬
bly operate
©n the Bal¬
loon.

corded and regularly published in Detail,  may
afford Data for the Prosecution of further Disco¬
veries, and lay the Foundation for a rational
Superstructure of airojlatic Navigation.

Sect. 316. Art . 1. By adding Weights , and
encreasing the Surface of Anemometer-Sails; the
Vis Inertias will become so powerful in the Di¬
rection of the resisting Medium of the Air ; that
the Wind in the opposite Direction will force
the Balloon out of its Vertical , and incline it to
the Plorizon. The Car will be a Fulcrum Axis
or Center of Motion : on an imaginary Point
of which, as on a Pivot, the Balloon and Sails
will turn opposite Ways , balancing each other
in every Situation.

316. 2. The Balloon must therefore be brought
back into the Vertical by a counter Exertion of
the Wings : to which the Vis Inertiæ must al¬
ways be made to bear a just Proportion.

The Declination of the Balloon is the only
Inconvenience foreseen to result from an Ane¬
mometer too large, or too heavily laden : and it
is instantly remedied by stacking the Sail.

One Thing still remains to be mentioned.
317. Balloons durably  Air - tight, and termi¬

nating in a Hemisphere  above , (Section 307);
ought to have their Dimensions such, that
there fhoud be no Occasion for more  than
their upper Hemisphere to be inflated. Under
which Form, they may with Ease and Safety
be pitched as Tents on the Ground ; by Cords
fastened at equal Distances to the equatorial
Hoop ; and on Occasion by the Aironaut himself,
while in the Car : who may be provided with

Iron
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Iron Ring Stakes barbed, and fastened or ready
to be fastened to each Balloon-Cord : and, as
soon as the Balloon is moored by the Anchor,
Grapple, and snatch Block, (Section? ^ , 3) with
a light Axe drive down the Stakes round the Gar,
and regulate them when he alights from it, on
the Ground.

CHAPTER LXI.

HINT FOR A VANE - SA1L TO PREVENT THE BAL-
4

LOON FROM TURNING ROUND , WHILE THE WIND
CONTINUES STEADY.

Section 3i8 .rT "*0 the Block-Pulley in the Hint for a1 equatorial Hoop, hoistaSail,
whose Shape is as follows.

From the equatorial Hoop, let fall a Perpen¬
dicular: and from the lowest circular Point in
the Circumferenceof the Balloon, draw a Tan¬
gent, or horizontal Line , till it meet the former:
these 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 sought.

The Sail may be kept steady by a hollow Cane
or Bowsprit thrust out from the Car, and made
fast with the usual Tackling.

319. Hint for anUmbrella -Pendulum orValve-
Swing, to project the Balloon in a Calm in the
ethereal Regions, above the Station of Clouds;

K k where



250 IMPROVEMENTS SUGGESTED.

Hint for A
P'al've Swing
to project the
Balloon in a
calm and ele¬
vated Atmos¬
phere,

where the Resilience from the Air is much less
than at the Surface of the Earth.

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

At the Distance of five Feet from the upper
End of the Pole, a light hollow cylindric Tube
of Iron , one Foot long, as a Bolt, Ihoud be put
throu’ it, at right Angles : so as to play smoothly
in two Iron Bends, fixed in the Car ; one Bend
so 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 fastened, with a spring 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 six, and
covered with varnished Silk, are to be hooked,
one on each of the opposite Sides of the Pole,
from its lower End upwards ; the Frames to be
moveable in such a Manner, that on pressing the
Pole one Way on the Axis or Bolt , the Frames
shall lie close ; but on recovering the Pressure,
the Frames shall expand and open, so as to form
an obtuse Angle with each other, or to lie almost
in the fame Plane, when the Recovery is made
briskly, and with a Degree of Strength.

A Handle of Wood, the same Size with the
Bolt, may be fastened throu’ the Substance of
the Pole near its upper End.

The Operator is to stand in the Car, and work
the Pole backwards and forwards, which will

give
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give a progressive Motion to the Balloon in a
Calm.

This Method may possibly prove more effectual
than the Umbrella-Wheels , on an horizontal
Axis, of Mons. Carra (a) ; as the Umbrella-
Pendulum is easily unrigged, removed, and
brought into the Car, in Cafe of a Whirlwind ;
by Means of a circular  Rope fastened 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 Outside again into the Car.

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

CHAPTER LXII.

8IFECTS , IN THE COMPOSITION FOR BALLOON *,
REMEDIED.

ALSO ON THE COCHUC -VARNISH.

Section 320.T3 ALLOONS are defective in the
I J  Composition for the Varnijh  j

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

K k 2 321. It
(a)  Monf. Carra proposed to ascend with two Balloons,

One, a seventh Part less than the other, is to be connected by
a Rope, throu*a Pulley fixed in the equatorial Hoop of the
great Balloon, to a Reel in the Center of the Car 1 in descend¬
ing, the Reel is to be unwound : the great Balloon and Cat
will therefore descend, while the small Balloon remains in
the Air. The Scheme is certainly practicable. See the Cue
in the London Magazine for June, 1784,
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321 . It was sometime ago reported at Paris,
that Mr. Dutourny de Villiere had undertaken G
to construct a Balloon so truly impermeable, that C
he woud warrant the Duration of it, for several
Weeks  in the Air . ra2 S

And it is since  known that this Desideratum
of the Art has been effected, in the Composition I
for the celebrated Balloon of Messrs. Auban and
Vallet , first made subject to Direction . 31

322 . Mr . Berniard, a French Chymist, has I
made curious tho’ unsuccessful Experiments , in
order to melt the cochuc or elastic Bottle ; as B
may be seen in the 17th Volume of the “ Journal
de Physique .” G

Mr . Faujas and others made similar Trials . n
323 . The Writer , unacquainted with what P

had then  been done in this Matter, coud not help 11
remarking the striking Properties of the Cochuc *
in its present Form, to answer every Intention
of the best Varnish, is its Price was lower ;— B
viz . compaSf, pliant, unadbefive,  and unalterable by b
Weather;— if it coud be dissolved, and afterwards 0
made to recover its present unadhesive Form:
an Art in which the East and West -Indians are a
still our Masers. c

He has, however, after expensive Trials and s
Combinations , been able to reduce it into a lint- (
pid Liquor.  ,

As it may prove a useful Ingredient for Air-  <
tight  Varnisti ; the Secret he now disoovers to the <
World : and it is merely this . 1

324 . “ Take any Quantity of the Cochuc, 1
as two Ounces Averdupois : cut it into small 1
Bits , with a Pair of Scissars,

Put
1
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Put a strong Tron-Ladle (such as Plumbers or
Glaziers melt their Lead  in) over a common Pit-
Coal or other Fire.

The Fire must be gentle, glowing, and without
Smoke.

When the Ladle is hot, much below a red
Heat; put a single Bit into the Ladle.

If black  Smoke issues, it will presently flame,
and disappear : or it will evaporate without
Flame: the Ladle is then  too hot.

When the Ladle is less hot, put in a second
Bit, which will prqduce a white Smoke.

This white Smoke  will continue during the
Operation, and evaporate the Cochuc : therefore
no Time is to be lost : but little Bits are to be
put in, a few at a Time , till the whole are
melted. It fhoud be continually and gently stirred
with an Iron or Brass Spoon.

The Instant the Smoke changes from white  to
black , take off the Ladle ; or the whole will
break out into a violent Flame, and be spoiled
or lost,

(Care must be taken that no Water  be added:
afew Drops only of which, woud—on Account
of its superior specific Gravity, for the Cochuc
swims in Water—make it boil .over furiously,
With great Noise.)

At this Period of the Process ; two Pounds,
or one Quart of the best drying -oil , (or even
of raw  Linseed-Oil , which, together with a few
Drops of Neat’s-Foot -Oil , must have stood a
Month, or not so long, on a Lump of Quick-
Lime, to make it more or less drying )—being
poured off the Lime-Lees ; is to be put into the

melted
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melted Cochuc, and stirred till hot : and the
whole poured into a glazed Vessel, throu’ a coarse
Gauze , or fine Sieve.

When settled and clear, which will be in a
few Minutes ; it is fit for Use, either hot or cold.

The Silk shoud be stretched all Ways hori¬
zontally , by Pins or Tenter -Hooks, on Frames;
which Frames, the greater they are in Length,
the better : and the Varnish poured on cold , in
but  Weather ; and hot , in cold  Weather.

It is perhaps  best, always to lay it on, whencold.
The Art of laying it on properly, consists in

making no intestine Motion in the Varnish,
which woud create minute Bubbles. Therefore
Brushes of every Kind are improper.

Each Bubble breaks in drying, and forms a
small Hole, throu’ which the Air  will transpire.

CHAPTER  LXIII.

ON VARNISHES , CONTINUED.

Section 325.rpo those, who are unacquainted
X with the Principles of Che¬

mistry, or the Books which teach it ; and yet are
desirous to make Experiments, which may throw
fresh Light on this curious and useful Art , when
applied to Varnishes for Umbrellas or Balloons;
the following detached Notes are recommended:
which were communicated to the Author by
different  Artists ; each eminent  in his Profession.

326. To
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326. To make copal Varnisti.
Procure some bluish Flemish alcaline Ashes,

(au Ounce suppose) : pound them very fine, and
lay them before the Fire, till they become hot
and dry.

Put them, while hot and dry, into Oil of Tur-
pentine, (a Pint or Pound for Instance) : or, into
the same Quantity of Spirits of Wine.

For by Means of the Alcaly, (a)  all the Wa¬
ter invisibly contained in the Oil or Spirits will
be absorbed, and leave the Oil or Spirits, alco¬
hol , that is , quite pure , and highly rectified :
which Process is called akaltzing  the Turpentine,
ot;Spirits.

Put the Turpentine or Spirits so alcalized,
into a Copper Vessel, with half an Ounce of
TELLOWcopal finely  pounded and sifted.

Stir it, and the Copal will soon melt.
N. B. If you alcalize the Spirit of Turpen¬

tine, when the Copal is dissolving, add a little
Spirit of Wine : and if you alcalize the Spirit
of Wine , when the Copal is dissolving, add a
little Spirit of Turpentine.

The sediment of the Varnish will dry on
the Silk, in a few Hours.

The thicker the Varnish, the sooner it dries.
327. Article i . To make an excellent thin t 0 make thmVarnish. Vami/h.
To one Quart of cold raw  Linseed-Oil poured

off from the Lees made by a Lump of unjlacked
Lime on which the Oil has stood, ten or eight
Days, at the least, in order to communicate a
drying Quality : (or on brown Umber  burnt and

pounded,
( • ) See " Lewis’s Commerce of the Arts."
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pounded, which will have the like Effect :)—add
half an Ounce of Litharge.

Boil them for half an Hour.
Then add half an Ounce of the Copal Varnish.
327. 2. While the Ingredients are on the Fire,

in a Copper Vessel; put in one Ounce of Chio
Turpentine , or common Rezin : and a few Drops
of neat ’s-foot -oil : and stir the whole witha
Knife , or any clean Thing,

v When cold,  it is ready for Use.
327. 3. The Neat ’s-Foot-Oil prevents the

Varnish from being sticky, or adhesive: and
may be put into the Linseed-Oil , at the fame
Time with the Lime, or burnt Umber.

327. 4. To make the above Varnish transpa¬
rent,  or white; use Mastic and Copal : to make
it brown,  use Seed or Shell-Lac, and browner fill ,
use pounded burnt  Umber.

327. 5. Rezin,  or Chio Turpentine  may be added,
till the Varnish has obtained the desired Thickness,

327. 6. It must likewise be observed, that
Litharge  rots the Silk : therefore Trials must be
made without the Use of Litharge.

327. 7. The longer  the raw Linseed-Oil re¬
mains on the unslacked Lime, or Umber, the
sooner  will the Oil dry, after it is used.

If some Months ; so much the better. Such
Varnish will set,  i . e. will not run , but keep its
Place on the Silk, in four Hours.

The Silk may then be turned, and varnished
on the other Side.

328. ON GUM MASTIC, SANDARAC, SEED-
X. AC, SHELL - LAC , AND COPAL.

328. i . Gum Mastic  dissolves, without pomd-
ing,



THE SUBJECT OF VARNISHES CONCLUDED. 257

kg,  by adding a few Drops of Oil of Vitriol:
so do Gum Sandarac, and Gum Copal,  when
finely pounded and sifted.

328. 2. Gum Sandarac, and Gum Majllc  are
great Driers of themselves: and may be substi¬
tuted for Litharge.

328. 3. The Mastic dissolved in the Oil of
Vitriol, gives asweet  Smell to the Varnish.

328. 4. Sandarac will soon grow dujk  in the
Fire: it melts into a transparent Liquor.

328. 5. Sandarac, Seed-Lac, and Shell-Lac,
must be finely pounded and sifted, before they are
used.

329. The Author having examined different
Kinds of varnished Silks, in different Places,
does, from their Excellence, recommend those
made by Fawkner,  Umbrella -Maker, Alport-
Street, Manchester : a Person wholly unknown
to him, but from the Merit of the Work : which
consists not only in the Varnish itself ; 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; soft
and unadhefiue; durable, and unalterable  by that
Excess of Heat and Cold, to which the Balloon
is, at the fame Time , subject ; viz. internally,  to
the hot depredating and caustic Fumes, rising
with the Gals : and externally,  to the Sun, Wet,
irojl,  and Drought.

LI CHAPTER



( 2Z8 )
CHAPTER LXIV.

HINTS ON IMPROVEMENT OF THE MACHINERY,

Section 330. T N order to make Improve-
X ments of the Balloon still

more rapid and general j the Society for the
Encouragement of Arts , who have given no S
particular Encouragement, in Imitation of that
at Lyons , to the much-wifhed- for Art of direct- f
ing the Balloon ;—might offer a Premium for d
different Inventions of a propulsive Machinery, the e
Models of which are to be made at the Expence ii
of the Society, within a certain limited Sum: tl
and, without condemning what cannot be known ti
unless by repeated Trials, —give Encouragement t
for such Trials : the Models to remain with the 2
Society for public Exhibition . I

331. Also, Figures and Explanations of such si
Machinery as have been tried, viz. the Fly or ti
Moulinet of Blanchard ; and of those which have S
not succeeded for Want of Trial ; might be sent g
by the Inventors, in order to perpetuate the In- f
vention, either to the Society of Arts ; or to the n
Editors of creditable Magazines, who woud be tl
glad of such ingenious Acquisitions, as it woud he f
a Means of procuring Purchasers, and circulate t
the Knowledge of this gigantic  Infant Science. v

Improvement woud then go on apace, and in v
a Chain : each Labourer forging and finishing I
his respective Link . 1

Whereas at present every one is obliged to find f
his own Materials, sink the Foundation , raise
and finish the Building. And hence so little f
Work is done, worthy the Inspection of a skilful v
Architect.

CHAPTER
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CHAPTER LXV.

ON THE UTILITY OF BALLOONS :

AN INTRODUCTORY CHAPTER.

Sect. 332. Art . i . TT seemsa favourite Question,
X among those who takeaPlea¬

sure in objecting to every Thing they neither
do nor will understand, to ask, " Of what Use
can these Balloons be made?" and without wait¬
ing for an Answer, to say—“ they pick the Pock¬
ets of the Public , risque the Lives of the Incau¬
tious, encourage Mobbing and Sharpers, and
terrify all the World .” These trite Reasonings
are all very true, but little to the Purpose : the
Effects above described being merely those arising
from Novelty . If, says one in an inferior Sta¬
tion; " they coud convert Balloons into common
Stage Waggons ; Goods might be carried with the
greater Expedition or, “ into Stage Coaches,”
fays another : or, " into Mail Coaches” fays Pal¬
mer; “ it woud be certainly very clever, as I have
the Patent —"  or into comfortable Carriages to
step in out ofthe window , ata Moment’sN otice;
that woud be something,” cries a Nobleman : " it
woud save  one a Couple of Sets of Horses, and
woud eat Nothing : one might ride one’s own
Balloon Matches, from one’s Window to New¬
market, and from Newmarket to town ; dress
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.

LI 2 332. 2. For
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332. 2. For once let the feeble Voice of a
French Philosopher be heard, the Abbee Bertho-
lon : who may perhaps assert that all this is
not impossible.

A Series of Experiments only can determine:
and let the following Remarks serve as an In¬
troduction to his Opinions.

332. 3. It is certain that the Progress already
made in the Improvement of Balloons, since their
Invention only three Years ago, is far superior to
the Acquirements in every other Art.

The Antients knew, that excited Amber at¬
tracted Straws, and certain other light Substances:
but medical Electricity , and a Preservative from
Lightening , were notwithstanding reserved for the
Moderns.

They likewise attended to some striking Effects
of the natural Loadstone : but were totally un¬
acquainted with the artificial Magnet , and the
amazing Powers conferrable by it in the Dis¬
orders of the Imagination : nor did they know
the Polarity of its Needle, or Application of it
in the Compass.

They had not combined Nitre and Sulphur
with Charcoal : much less had they changed the
Mode of War into Science, by establishing
Founderies for Cannon, and the Study of Tactics.
Yet some Nations with a Knowledge of the Mo¬
derns, as the Chinese, have not improved, even
in the Construction of their Vessels, according
to the European Manner ; continuing still in
practical Ignorance.

Nor have other Indians improved in Propor¬
tion
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tion to the Opportunities of Instruction in se¬
veral Arts.

Those of America, for Example, who con¬
tinue to hunt , fish, and scalp : neglecting the
Plough, and other Arts ot Property and Peace.

332. 4. And thus it has been with the British
Nation on the Subject of Airostation.

Cavendish, Priestley, and others, had produced
inflammable Air , weighed, and found it lighter
than common Air : and all that had seen a bright
Fire might conclude, if they reasoned 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 poised; Charles
and Roberts woud probably not have thought of
applying the Oafs of Cavendish : and Mankind
woud not yet  have soared into the etherial Re¬
gions.

332. 5. In this, the French are still before the
English, and will continue so to be, without a
laudable and unlooked-for Emulation in the lat¬
ter. That the former admire Liberty, Montes¬
quieu’s “ Spirit of Laws” may determine; but they
are not addicted  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 Pleasure consists in a na¬
tional Ambition to excel.

They have Leisure, and are sober.
Half that Time which Men of Fortune in

France dedicate to Taste, Invention , and Refine¬
ment 3
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ment ; Britons spend among the Beasts and
Birds : the other half, at the Bottle, and in politi¬
cal Cabals.

Present Profit  is almost the sole Motive for Ex¬
cellence in Great -Britain : and Experiments(a)
not made with that View, are seldom repeated;
are overlooked and forgotten.

CHAPTER LXVI.

ON THE UTILITY OF BALLOONS.

Section 333.F | ' HE Balloon opens a new and1 unlimited Field for Philoso¬
phical Discoveries.

334. The many curious and interesting Con¬
jectures which Mons. de Luc (before the Inven¬
tion of Balloons) throws out, in the Course of 4
large Volumes, on the Subject and Qualities of
the Atmosphere; may now be determined by ac¬
tual Trial.

335. The Abbee Bertholon wrote in 1784!
and has particularly mentioned the following
Points , as capable of ample Investigation, and
Discussion.
Sect. 336. Art . I . The Temperature os the Air at dif¬

ferent Heights.
Which will determine whether the Atmos¬

phere be practically Navigable, at all Times and
Places.

306. 2. Tot

(a)  See Priestley’s numerous Experiments : and that Li¬
brary of curitus Investigation,  the PhilosophicalTransactions,
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336. 2. The dijsolvent Power of the Air by Means
of an Atmometer for Evaporation.

Probably the Height may be determined, to
which Clouds commonly : ascend in order to find
the proper horizontal Level, in which Balloons
can move with the greatest Ease, Safety, and Ex¬
pedition.

336. 3. Variations of the Barometer.
This will ascertain the exact Height , without

Mensuration.
336. 4. The DENSITIES at different Heights.
A principal Object in de Luc ’s abstruse and

scientific Researches ; not only useful but ne¬
cessary to determine the Laws of Refraction ;
without which, Astronomy, and consequently
Navigation,  must remain defective.
336. 5. The different Effects of Tastes, and Odors,

at different Heights: Experiments on Plants and
Animals: also of  sound ,(a)
These may produce new and salutary Ef¬

fects on the human Body : and determine how
far a Change from hot, putrid, and impure,
to cool pure Air , impregnated with the invigor¬
ating aerial Acid, may contribute , without the
Aid of Drugs , to the Recovery of the Sick, and
Invalid: or promote Longevity.
336. 6. The Direction and Velocity of the Wind.
The different Currents and their different

Heights, the Limitation of each Stratum of
Wind, together with their different Tempera¬

tures

(a)  And Magnitude  of distant Objects.
Bacon fays that Objects are more visible  in an East Wind,

and Sounds more audible  in a West Wind } being heard at a
luster  Distance . " Historia Ventorum , P. 37, Art . 31."



a$4 DU THE UTILITY OF BALLOONS .’

tures at the fame Time , will point out the pro¬
per Paths for the Balloon to move in, at all
Times , and possibly  without the Necessity of ac¬
curate Direction : the Mode of Ascent and Des¬
cent being already  known , and proper Instruc¬
tions given for a secure Landing,

336. 7. Eledlricity of the Air, METEORS,
This may lead to the Birth Place of Lighten¬

ing, and Methods how to avoid its Effects in the
Air . Tho ’ it be already known, that little Dan¬
ger is to be apprehended, on Account of the
mutual Repellency between the electric Fluid,
inflammable Oafs, and oiled Silk.

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

336 . 8. Geography may becomea new Science.
336. 9. Use os the Balloon for Signals in the calm

Air, above Molejlation• above Winds Jlill blowing
below: to discover the Positions of an Army, or Navy.(a)

336. 10. To throw principal Men intoa Town:
and convey others out of it.

336. 11. With the Montgolfier Balloon, to
try Experiments on Light , and Fire : to trans¬
port great Weights : raise them out of the Wa¬
ter : draw up Piles, raise Trees , Vessels, &c.

336. 12. The Parashute to securea Man from
too precipitate a Fall , is to be 5 Yards in Dia¬
meter, when extended : the Man,—weighing 140
Pounds, and the Parashute weighing 10 Pounds,
with a Surface of 150 square Feet,—woud, in that

Cafe,

(a)  See LeRoi ’s Uses of the airofUtic Glebe at Sra,  in bis
“ Naviies des Anciens , l-’age 225 .”
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Case, feel no greater Shock than if he had fallen
from the Height of six Feet.
336. l 3. The Compass and its Variations: also the

different Branches in JJlronomy.His Hints on the Dire £tion of the Machine are
ingenious.

337 . 1. Wheels furnished with Wings.
337 . 2. Imitations of the Form and Motions

of Fish. (a)
337 . 3. Vessels to condense Air, as the Bladdersof Fish.
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 fof Balloons to be raised

by Steam.
337 . 8. Mons . Gouan ’s Invention to go threehundred miles a day in a calm.
338 . The general Use to which Balloons seem

capable of being applied, with the Assistance of
propulsive Machinery , in the Calm which exists

M m above
(a)  The natural Figure  of the D-'ivJcn-GULe-FiJb,  a colouredPrint of which is given in u Martyn ’s new and elegant Dic¬tionary of natural Historywhere  it is described as follows!" The Form of tire Body is usually oblong : but when theCreature is alarmed, it possesses the Power of injlating  itsBelly to a globular Shape of great Size j”—seems to lurniiha Hint fof the proper Figure of a Balloon, when the Art ismore improved.
The Balloon, as far as it is meant to resemble the upperPart of the Fiih, is to be made stiff, with Pasteboard ortapier-machi  varnished ; for, being strong, and in a per ma¬nent Form, it is more capable of continuing Air-tight ; thelower Parts btingJsaccid,  wili be inflated, as tire Balloon rises,and deflated durrng the Descent,
Rowers, and propulsive Machinery, are to be fixed withintire Fiih, in Place of tire Fins : and Goods of greaterWeight placed in a covered Car below : the Air-Bottle-Bal-loon being fixed between both.



266 GENERAL UTILITY OF BALLOONS.

above the Level of a contrary Wind ; is that
of a common Vehicle, not subject to the Incon¬
venience of Roads and Inns , between distant
Places and Countries , for Passengers, properly
accommodated in a Boat-fhaped covered Car,
furnished with Provisions, and occasional Si¬
berian Cloathing : the Car to be surrounded
with , and resting on Bladders, one fourth blown,
and having each a few Drops of Water within,
to keep them moist and elastic ;— to prevent an
accidental  Shock in alighting on Land j and from
sinking, if on Water.

Such a Conveyance (the Balloon being once
made Air-tight, and furnished with an Air-Bottk
to ascend and descend without Loss  of Gass) is
ready at all Seasons and Times : both Night and
Day : for, as the Aironauts will enjoy continual
Sunshine without a Cloud, from his Rising to
his Setting : so, during the Night , the Light of
the stars , always intercepted in their Passage
to the Earth by Clouds or thick Vapours, will
be greatly augmented, when above both : besides
the probable Increase of Light refected  from the
upper Fields of white Clouds shone on continu¬
ally by the different Planets and Constellations:
all which will afford an Illumination equal, if
not greater, than that of a cloudless frosty Night,
when the Ground is covered with Snow.

And such Light will be sufficient to read or
write by : also 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¬
pass for Direction. If

(u) And by Kunckel' i or Ca/ifon’s Phosphorus. See" Prrsst-
ley’» History of ljcht.  Pages 585, 370.”
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If Aironauts propose to ascend by Night , and
in the Moon’s Quarters ; observing likewise the
Precautions already given ; it may be proper also
to consult and take with them the Fphemeris, in
order to know the Time when the Moon rises,
and also when {he is at the highest, i. e. in the
South, or has remained about half her Time above'
the Horizon.

The plainest Points, on which not only the
Success of an Excursion, but the Lives of
Aironauts may depend, are too frequently neg¬
lected, as unimportant and trivial.

CHAPTER LXVII,;

THE PROCESS OF INFLATION.

Sect. 339. Art . 1. rriHREE cylindric wooden processes
I Vessels were funk more int!soon on

the Day of
than half their Depth into the Ground : two of Ascent, viz.
them, each, 5 Feet Diameter, and 5 Feet high : ™
the third, 8Feet in Diameter, and 8 Feet high. ,785.

An oblong Hole, 4 Inches by 3, was made in
each Vessel: and each Hole was furnilhed with
a solid wooden Plug (made tapering) 6 Inches in
Length : throu’ these the Vitriol was poured.

Besides which, there was an oblong Opening
in each Vessel, large enough to admit a Work¬
man, to distribute the Iron equally over the Bot¬
tom, and to pour in Buckets of Water : which

Mm 2 Openings
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Openings were well stopped, as soon as the Iron
and Water werp poured in.

As the vitriolic Acid is corrosive,  burning the
Skin or Cloaths ; the following Precautions were
taken.

An occasional moveable Tub was provided, 3
Feet high, and 3 wide : in the Center of whose
Bottom was an oblong Aperture, equal to that in
each of the Vefl'eis : a corresponding Tin Tube,
6 Inches long, and narrowing to the Bottom, was
nailed by its Border on the Inside of the occa¬
sional Tub ; so as to go easily into any of the
oblong Holes.

A Bottle of Vitriol being brought in its Basket
by two Men, and made to rest on the Top of one of
the fermenting Vessels; a third Assistant held the
occasional Tub in his Hands, with the Plug-Staff
fastened in the Aperture of the Tin Tube ; and
the Instant a fourth Person opened the Hole in
the fermenting Vessel; the Assistant placed the
Tin Tube in the Hole, keeping the Plug tight,
to prevent the Escape of Gals.

The Bottle of Vitriol was then immediately
poured into the occasional Tub : and the Bottle
being removed, the Plug-Stass was taken out,
and the Vitriol suffered to run into the fermenting
Vessel : the Assistant watching for the Instant
when the Vitriol was run out, in order to force
in  the Plug-Staff again, and prevent the Escape
of Gass : after which, the Tub was rinced with
a few Quarts of Water , let also into the Vessel.

The same Tub was then removed : the oblong
Hoi? in the fermenting Vessel instantly covered;
and, by driving down the solid wooden Plug,

continued
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continued Air-tight; by Means of moist Clay, and
a little Water , kept purposely on the Tops of
each Vessel, to discover by the Bubbles, whether
Gass escaped.

In these Vessels, early on the Morning of the ro Hundred
Inflation, were distributed 20 Hundred Weight , jJon-Turn.
at i2olb . Averdupoise to the Hundred, consisting ings.
of cast Iron -Filings , and of a Mixture of Cannon-
Borings.

The Borings were bright and fresh when
thrown into the Water : and any Bits of Wood
that swam, were skimmed off.

Rusty  Iron emits Gass, that is heavier than
common Air, and therefore is improper.

At the fame Time , 16 Bottles of concentrated 16 Bottles of
vitriolic Acid, or as it is improperly called Oil Vltr‘o1,
of Vitriol , were brought in their Packages near
the Place, to be ready for Use : each Bottle at
an Average containing 112 Pounds Averdupoise,
of Vitriol : each full Bottle and Package together
weighing from 136 to 148 Pounds.

339. 2. To the Iron in each Vessel, was then 4 Pints of
poureda Quantity of Water , which was mea- Wattrtoar j - i n . ^ , . Pound Aver-
mredm the Proportion of about 4 to 1 : 1. e. 4 dupoise of
Pints  of Water to one Pound, of the vitriolic Acid‘
Acid.

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

In a Line with the two smaller Vessels, and
between them, was fixed another wooden Vessel
or Cistern, filled with Water.

(N . B. Fresh Water ought to have flowed Improvements
continually into it, and to have run over the Top
of the Cistern : for the fame Quantity being once

saturated,
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saturated, can no longer absorb the alcaline and
fixed Air to be separated from the Gass before the
latter enters the Balloon. )

In the Cistern was fixed a Stage, consisting of
4 long Feet, (reaching to the Bottom of the
Cistern, ) nailed at their upper Ends to the Inside
of an inverted Tub or Funnel , so placed over
the Center of the Cistern, that 3 Inches of the
lower Part of the Rim of the F unnel were under
the Surface of the Cistern-Water : the Funnel
Was eylindric,  3 Feet across, 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 Conductor , 2 Feet high : and at a cer¬
tain  Angle , as most convenient, was soldereda
eylindric Arm, of equal Diameter, and 1 Foot
long ; having a Lip , Ring or Rim, on its out¬
ward circular Edge.

Round this Rim was fasteneda varnished Li¬
nen Tube , of equal Diameter with the Cylinder.

At a small Distance, about a Yard from the
Cistern, stooda slender Stillage, 3 Feet high ; on
which was supported a detached Tin -Cylinder or
Connecter, 1 Foot long and 1 FootDiameter , made
with a Rim at each End : in the Center of whose
lower Side was soldered, at right Angles, ano¬
ther Tin -Cylinder or Evacuatory, 6 Inches long
and 6 wide : its Use is to let out any Water , that
the Heat of the Mixture might cause to boil and
rife up out of the fermenting Vessels: and thus
be evacuated, without entering the Balloon : or,
is condensed in the Balloon, might run out by
the same Orifice.

340. The



IMPROVEMENTS SUGGESTED. 271.

The opposite End of the varnished Linen
Tube was fastened round one End of the de¬
tached Cylinder on the 8tillage : and round the
other, was tyed the Neck or Bottom-Opening
of the Balloon.

Each of the 2 smaller fermenting Vessels was
furnished with acylindric Tin -Tube ; each Tube
4 Inches and a half Diameter, nailed on the
Outside of a circular Opening in the Top or
Head of each Vessel; communicating by addi¬
tional rectangular Bends under the Funnel and
Water in the Cistern : the great fermenting
Vessel had 2 Tubes , each 4 Feet and a half Di¬
ameter; communicating with the Funnel.

340. The Process woud have been more improvemenM
complete, if the fermenting Vessels had been funk suSS«st«l.
till their Tops were even with the Ground : and
plaistered round their Outsides with soft moist
Clay, six Inches thick, to keep them Air- tight.

Also, if the common Conductor had been only
I Foot high : its horizontal or rectangular Arm
only 6 Inches long : the Linen Trunk but 3
Feet, joining the Connecter 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
least in Diameter.

CHAPTER
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Inflation be¬
gan about X.
in the Morn¬
ing,

CHAPTER LXVIII.

Section 341.r T '*H E Process of inflating the
I Balloon began about X. in

the Morning , by pouring 4 Bottles of Vitriol,
immediately one after the other, into the occa¬
sional Tub , properly placed over one of the
smaller fermenting Vessels: the Tub being in¬
stantly rinced with a few Quarts of Water,
which was suffered to fall into the same Vessel.

The oblong Hole was left purposely open for
a Minute , till the strong Smell of the Gass was
perceived above the Orifice : i. e. till the Gafe
had pressed out all the common Air that remained
floating over the Surface of the Mixture in the
fermenting Vessel: which Smell being plabtlj
perceived,  the solid  Plug was immediately drivfit
down.

And presently the Gase was known to press
forward with an elastic Force throu ’ the Tin
Conductor , by the Motion it communicatedto
the Surface of the Water in the Cistern : thence
upwards throu’ the common Conductor : at its
Departure from both of which throu’ the Linen
Trunk , and Neck into the Balloon, the Gass
makes a guggling obtuse Sound by quick Inter¬
vals according to the Quantity of Gass protruded.

And as the Intervals encreafed, a Judgment was
formed, that the Operation began to be less vi¬
gorous : and consequently that it became neces¬
sary, either to renew it by an Addition of more
Vitriol and Water in the fame Vessel, or to set
the other small Vessel 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 first Vessel.

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

And at one o’Clock, the Balloon, without any
farther Trouble was beautifully inflated.

No Iron Rods were used to stir up the Borings
or Filings at the Bottom of the Vessels: the Vi¬
triol being found so heavy as to penetrate them
as fast as the Iron , contiguous to the Vitriol , had
parted with its Oafs.

At each of the two former Inflations, a similar
Accident happened which may be imputed to the
lame Cause.

343.During the first Inflation, the solid oblong
wooden Plug fell into one of the fermenting
Vessels: the hot Vapour, forcibly issuing from
the Orifice, was condensed in the Form of a white
Smoke; which being mistaken by the Company,
aCry was immediately heard of Fire, Fire : on
which the Workmen retreated. Mr . Lunardi in¬
cautiously thrust his Arm into the Orifice to ex¬
tract the Plug : at the fame Time being much
burnt, and failing in the Attempt ; the Oafs con¬
tinued to escape, till a new Plug was prepared.

344. During the second Inflation , one of the
Plugs being driven too forcibly ; it was with Dif¬
ficulty extricated, by the Strokes of a Hammer
against the Sides of it, which tended at the
fame Time to displace the Boards forming the
Top or Head of the Vessel : and, a little
afterwards, occasioned it to burst, unexpect-

N n cdly
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cdly inwards , (a)  rendering the Vessel useless
for the Purpose of Inflation.

Observation.  Therefore instead of the solid ob* &
long wooden Plug , a circular Hole, 4 Inches
Diameter fhoud be drilled in each Veffel : and a c
correfponding solid wooden Plug 8 Inches long, I
5 Diameter at the upper Part , and tapering to neat *
3 at the Bottom, fhoud be prepared by the Turner. t

In the upper Part of the Solid fhoud be turned I
an inside Screw, to which an outside Screw of v
the circular Plug-Staff, made of Oak , Ash, or «
other heavy Wood , 4 Feet long, and 4 Inches g
Diameter, fhoud be adapted : the Worm of the
Screw to be 5 Inches long. v

A wooden Peg of Ash, about a Quarter of an t
Inch Diameter , may be put throu ’ a Hole near t
the Top of the Staff, as a Handle. a

A Lever of such a Length and Weight will J
probably answer every Intention , as no sudden
Blows will be required to fajien or extract it. ^

The occasional Tub , Tube , Plug , and Staff, t
fhoud be fashioned after this Model. a
345 The Price of the Iron and Vitriol for Inflation,
Jtooolb. of Iron Filings or Borings (b)  delivered c

on the Spot, at 6s. a Hundred, - ^ ,600  t
16 Bottles of Vitriol , as an Average (

38s. a Bottle - - - - 30 80 ^
Concomitant Expences, - - - - 3 12 0 !

£.  Total 40 0 0 ‘
Observation 1

(a)  This was owing to the cool Air rushing in to supply 1
the Tendency to a Vacuum by the Expansion of hot Steam, '
with the extricated Gass.

The Accident proves that no Danger is to be dreaded from
expansion of the Gass.

(b)  From Berjbam -Forge near Wrexham,  where there &
always a sufficient Quantity,
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Observation  i . A great Saving might be made
by conducting the Process in a different Manner.

The Author making two Journies to Man¬
chester, purposely to observe the Process by
Mr. Sadler; found that his Balloon was inflated in
two Hours each Time ; by Means only of the
two smaller identical  fermenting Vessels which
Mr. Lunardi afterwards purchased : but the Le¬
vity procured by the former, tho’ he also expend¬
ed 16 Bottles, was by no Means so great as that
gained with the Assistance of the great Vessel.

It has likewise been remarked by the Author,
who has made several Experiments to this End,
that the Vessels always continued in Fermen¬
tation and Ebullition , with a quick Pulsation, for
at least 24, and commonly during 48 Hours,
after the Inflation was completed.

And , that not more than the Depth of
half an Inch of.  Filings had been calcined  during
the Operation : the rest being perfectly bright,
and untouched by the Acid.

Observation. 2. If therefore one Inch in Depth
ef Fdings , be spread over the Bottom of each of
the smaller  Vessels only ; the proper Quantity
of Water poured in ; and not more  than two
Bottles of Acid used at once, in each Vessel; also,
as soon as the Fermentation begins to decline ;
other two Bottles, and a proportionable Supply
of Water be added; if suffered to work double,
triple, or quadruple the Time ;—the Inflation
will be as great, if not greater, for Instance, in
six Hours with eight Bottles, and two small
Tubs,  as it woud in three Hours, with 16 Bot¬
tles, in the fame Vessels.

N n 2 The
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The small condudiing Tin . Tubes ought in¬
stead of four and a half, to be nine Inches Dia¬
meter : by which Mean there will be no violent
Pressure of G <Js to endanger the Bursting of the
Vessels: particularly if the Oafs is not suffered
to descend; .but, on the contrary, according to
Instructions already given, either to rife, or
move, in an horizontal Direction , past the Eva-
cuatory, into the Balloon.

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

The Necessity of a Current of fresh Water,
throu ’ a Pipe of at least half Inch Bore, the lar¬
ger the better, to supply the overflowing Cistern,
cannot be too much instfted  on : as the Levity of
the Oafs almost wholly depends upon so trivial
a Circumstance, as that of having a plentiful
Supply of coldsrejh  and soft  Water.

347. Observation  3. Supposing the Balloon air¬
tight , near half the Expence is thus saved in
the Inflation.

Besides the greater Probability of calm
Weather for the Inflation, if completed before
X . in the Morning , more Time is given to
remedy Accidents , and rectify Mistakes : the
Warmth of the Air likewise encreases.

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 safe back till IV . in the After¬
noon, or even later.

CHAPTER



( 277 )

CHAPTER LXIX.

MENSURATION OF HEIGHTS.

Section 348."J3  U L E S for calculating the
Xv Height of Mountains, when

applied to those elevated Stations in the Atmos¬
phere attainable  only by Means of the Balloon,
will henceforward become more useful, and be
more frequently practised: as the Lives of
Aironauts may  depend on a Knowledge of their
Height  above the Earth ; which, not being deter-
minableby Sight,  in all Weathers,  or at all Times,
must be referred to the Barometer  and Thermo¬
meters, they carry up with them.

De Luc , Horfeley, Maskelyne, Shuckburgh,
and Roy , have each written ably on the Sub¬
ject, in the Transactions:  tho ’ few have either
Leisure or Inclination to follow them.

Sir George Shuckburgh has made successful
Attempts to smooth the Way , by Examples and
Tables, yet is still too concise for actual Learners,
and the Generality of those who will have Spirit
enough to go before the Calculators in exploring
the Atmosphere; but cannot dedicate sufficient
Leisure to overtake them in their Studies.

Each may therefore assist the other.
349. Whoever is at the Trouble of comparing

the Observations made- by Shuckburgh, with
the Directions here given, will find that the lat¬
ter contains the Essentials  of the former, with this
material Difference, that the Investigation moves

here

Rules for cal*
cuiatlng
Heights by
Means of tha
Barometer
and Thermo*
meters.
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here by Steps, which are all pointed out to the
Learner ; and not by Strides.

Each Step is self evident : and, by carrying
Conviction to the Mind , is just what the Mind
itself woud make use of, in the Attainment of
any distant  Truth.

To do every Justice to Sir George, the Merit
of whose Performance wants no Eulogium ; his
three Precepts are copied ; tho’ rather as a Me¬
morandum for those who understand the Me¬
thods ; than as plain Directions for such as are
yet to learn them.

It will be found likewise, that the first, second,
and third Tables are greatly enlarged : being
calculated for those extreme  Temperatures , and
Heights , which the Balloon only  can attempt to
reach : and the third Table , for greater Dispatch
in computing the Expansion of the Air.

The Foundation and Construction of each Ta¬
ble, is also methodically traced and elucidated.

CHAPTER LXX.

METHODS TO ASCERTAIN THE TRUE HEIGHT.

Section 35 0,"|\ VjsETHODS to be pursued on
TVXtaking and comparing Heights,

in order to ascertain the true Height of any Sta¬
tion in the Atmosphere, by the Barometer and
Thermometers.

For this Purpose it is necessary, ist, to pro¬
vide
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videa Barometer, (whose Bulb or Cistern is large
enough to contain all the Quicksilver in the
Tube ; )—into the Frame of which, a Thermo¬
meter, on Farenheit’s Scale, is to be fixed or at¬
tached

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

2d. A second or detached Thermometer  is also to
be provided. [a)

This is to be hung in the Shade at the Dis¬
tance of a Yard (or two) from the other :—to
(hew the Temperature os the Air at the
same Time and Blace : and may be called the Air
Thermometer.

A proper Person, on the Ground , having a
good Watch , with Pen Ink and Paper at Hand,
is to attend the Instruments below  every ten Mi¬
nutes, (or at any other preconcerted  Intervals of
Time, ) putting down,

Ist. The Time of each Observation.
ad. The Point at which the Quicksilver stands

in the Barometer.
3d. The Degree of Temperature of the attached

Thermometer.
4th , and lastly, the Degree of Temperature of

the detached  or^ '/--Thermometer.
This Employment is to be carefully attended

to ; during the Time , that similar  Observations,
by preconcerted  Agreement, are making, with three
other similar  Instruments , on the Top of the
Mountain, or any elevated Station in the Atmo¬

sphere,
(a) The detached  Thermometer might be protected from

tile Sun,  by being swung a few Inches belenv the Car of the
Balloon by means of an Ofen'mg  made purposely throu’ theCenter of the Car,
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The Instru.
ments to be
compared on

sphere, by Means of the Balloon; and to be written
with a red Lead  Pencil , in a Patent Asses Skin
Pocket Book.

Each single Observation, made with one Set
of Instruments below,  is to be compared with

Return from each single corresponding Observation , made with
the Mountain , ° c , °
or upper Sta- other bet above*
tion. And two Observations are said to correspond,

when both are made nearly  at the same  Time , the
one below,  and the other above.

351. Take Shuckburgh’s first Example, (Ph.
Tr . for 1777, 2d Part , Page 577. ) viz.

" Let the Point at which the Quicksilver stands
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 Air45 ° : at the same
Time , that at the Top of the Mountain , or
other elevated Station in the Atmosphere, the
Barometer stands at 25 Inches 19 Tenths , the
attached Thermometer at 46^, and the Air Ther¬
mometer at 390 and \ : required the upper Height
in English Feet.”

Rules for the 352 . The Work is divided into three Stages.
Work : and The End proposed in this first Stage is to
Practice of the brin g: the colder Barometer , to the fame Expansion
first Example. b r J

or Temperature  with the other.
353. ist . Step. First, write down the Obser¬

vation made on the Ground , or at the Bottom of
the Mountain , thus:

Below . Barometer , 29 Inches 4 Tenths,
attached Thermometer , 50 Degrees. Air Ther¬
mometer, 450.

354. 2d. Step. Secondly, write down the Ob¬
servation
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servation made at the Top of the Mountain , or
upper Station in the Atmosphere, thus:

Above . Barometer , 25 Inches , . ryT ' enths.
attached Thermometer , 46°. Air Thermome¬
ter, 29

355. 3d Step. Subtract the colder attached  Ther¬
mometer, from the other attached Thermometer,
thus: 46 colder from 50 warmer, and there re¬
mains40 warmer , viz. the Number of Degrees of
Temperature to which the colder  Barometer mull
be expanded, before it becomes equal in Tempera¬
ture to the warmer  Barometer : each Barometer
being always supposed equal  in Temperature with
its attached  Thermometer.

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

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

This is to be done by referring to the first:
Table, for the Application of which there are se¬
parate Instructions : fee the Explanation of the
first Table , (a)

O o CHAPTER

(a ) Foundation of the firs Table,
(Fh. Tr , for 1777, Part 2d, Page 567.)—It was found by

Experiment that the Decimal — — .000262
was the Expansion on 30 Inches of Quicksilver, with
each Degree of Temperature from freezing to boil¬
ing Water *. also, the Decimal — — ,000042
was the Expansion on 30 Inches of the Glass Tube
(containing the Quicksilver), ivitb  each Degree of ■
lemperature : therefore by Addition, — .-020304
or by taking only 4 Decimals* — — ,0003
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CHAPTER lxxi
USE AND PRACTICE OF THE FIRST TABLE , IX

THE FIRST EXAMPLE.
The USE.

Section 357.* 1 ' O find the Expansion of Quick*
X silver, and of the barometric

Tube in which it is contained : or, in other
Words , to find the Point to which the Quick¬
silver will rife in the Tube , (in Parts of an Inch)
with a given additional Temperature , on Faren-lieit’s Scale.

The Question in the first Example is, (Ph. Tr,
for 1777, Page 578 ; )

To find the Expansion that arises, with  the
Addition of 4 Degrees of Heat, on  the colder  Ba¬
rometer resting at Inches 25 . 19 Tenths , in or¬
der to give it an Expansion equal to that of ano¬
ther Barometer, 4 Degrees warmer than the for¬
mer : the Temperature of each  Barometer, being
indicated by its respective attached  Thermometer.

N. B. During the Application of the first Table, the Inves¬
tigation moves forward two Steps only, viz. the 4th and 5th,

The  4 th Step, applied in the jirjl Example,
358. The Order  to be observed in finding the

Expansion
Is  the Expansion on 30 Inches of Quicksilver, and the Glass
Tube containing it, with  each Degree of Temperature.

ConjlruBion of the first Table.
Thus any vertical Number, Ihewing the Expansion, may

be readily formed, by doubling, first,  the Number immediately
under each Inch for the Expansion below it : and afterwards,
by adding the Number immediately under each Inch, to theExpansion last found.

Note : The vertical Columns, below each Inch of Quick¬
silver Ihew the Expansion on that Inch, with  corresponding

. Degrees
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Expansion of the Quicksilver, with 4 Degrees
on Inches 25 .19 Tenths of the Barometer.

ist. Find the Expansion* With 40 on 25 In¬
ches only.

Then in order to obtain with 40 on . 19, begin
2d. With 40 on x Inch above 25 Inches, i. e.

on the 26th Inch.
3d. With 40 on . 1, i. e. one Tenth of an

Inch above 25 Inches : and lastly,
4th . With 40 on .19, Tenths above 25 Inches*

The PRACTICE.
359. ist .. In the firjl  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 Answer .0101 («)' viz . the Ex¬
pansion, or Rise of the Quicksilver standing at 25
Inches, and receiving an additional Heat of 40 :
the Answer .0101 being the Expression for the
ten thousand one hundredth Part of an Inch , (viz.
in Height, by Expansion.)

360. Add this Number , .0101, Part of an Inch,
or Rife by Expansion, to the Barometer resting at

I Inches 25, .19 Tenths , Units under Units , &q.thus: .0101.
361. rd . Now , in order to obtain the Expansion

with  4 Degrees, on . 19 Tenths i. e. the nine hun¬
dred and tenth Part of an Inch of Quicksilver in
the Tube (above 25 Inches, ) it must be considered,
where it ought to be found in the first Table.

Oo 2 Tenths
Degrees of Temperature indicated by the Thermometer in

Column to the left Hand. Example : to find the Ex¬
pansion on 30 Inches of Quicksilver with  i Degree of Tem¬
perature: the Answer in the Table is .003 ;. i . e. such Ex¬
pansion raises the Quicksilver the 3000th Part of an Inch.

[a)  There is seldom Occasion to take more than the three
first Decimals out of the Table, the Remainder being of little
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Tenths of 1 Inch , above 25 Inches, it must
be observed, are at some intermediate Point be¬
tween 25 and 26 Inches ; that is, above 25, yet
not so high as 26, or more than 25, yet less
than 26.

Therefore , to find the Expansion with  4 De¬
grees, on  1 Inch above 25, i. e. on the 26th Inch;
look in the Table , first, with  4 Degrees on 25
'Inches : then with  4 Degrees on 26 Inches . The
respective Numbers are .0101 and .0105.

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

, , r  s .OIOI on 2s Inches,Expansion ■! i T ur 1 .0105 on 20 Inches,

The Remainder .0004 is the Expansion with 40
on i Inch , above 25, !. e. on the 26th Inch.

362. 3d. To find the Expansion, with 40 on .1
.above 25 Inches ; add a Cypher and decimal
Point to the former Answer, which then becomes
.00004, viz. the Expansion, with 40 on one
Tenth , above 25 Inches.

363.  4th . Lastly, to obtain the Expansion with
40, on.19 , above 25 Inches , fay : If one Tenth
of an Inch, above 25 Inches, gives this Expansion
viz . 00004, what Expansion will nineteen Tenths
above 25, give ? answer . 19 Tenths morej ' thus:
If .1 : .00004 : : . 19?

.19

00036
0004

.00076 ; then, in order to have
(Sec Page 288)
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THE FIRST TABLE :
SHEWING THE EXPANSION WITH HEAT

ON INCHES OF the BAROMETER.

$8$

10 II 1 12 I 13 | 14 I *5 1 16 I
1
2

3
4
5
6
7
8
9

10
11
12;
'3
14
■5
16
>7
18
-9
20
21
22

23
24
25
26
27
28
49
Zo
3'
32
33
34
35
36
37
38
39

I40

00091
00182
00273
00364
00455
00546
.00637
.00728
00819
00910
01001
01092
01183
01274
oi 365
01456
.01547
.01638
01729
01820
.0191
02002
.02093

.00102

00204
00306
00408
00510

.00612

00714
.00816

.00918
•01020
•01 1 2

OI224
OI326

•OI428
OI530

■01632
OI734

.01836
OI938
02040
02142
02244
02346

02 I 84 -02448
02275
02366
02457
02548
.02639
0273O
.02821
029I 2
.03003
'3 -94

03 -85
.03276
. .3367
•:>3458
'3549

-03640

856 !.03136
.02958 .̂03248

02550
02652
02754

00224
.00336
.00448
.00560
.00672
.00784
.00896
.01008
.01120
.0123s
•° i 344
.01456
.01568
.01680
.01792
01904

.02016

.0212

.02240

.02352

.02464

.02576

.02688

.02800

.02912
03024

.00122 .001 32
.00264
00396

.00528

.00660
OO792
OO924
.OIO56

.03060
03162

.03360
,03472

03264 .03584
03365 .̂03696
03468 .03808
°357 °!-'>39 2C

.03672 .04032
•03774I.-04 I44
.03S76 .04256
.03978 .04368
.040801.04480

00244
00366
00488
00610
00732
.00854
,00976
.01098
.01220
.01342
.01464
.01586
.01708
.01830
.01952
.02074
.02196
.02318
.02440
.02562
.02684
.02806
.02928
.03050
03172

.03294
03416

•°3538
,03660
.03782
03904
04026
.04148
.04270
.04392
-04514
.04630
.04758
.04880

00142
.00284
.00426
00568

.00710

.00852

.00994
01136

.01188 .01278

.01320

.01452

.01584
01716

.01848
01980

.02112

.02244
02376

.02508

.02640

.02772

.02904
03036
03168
03300
03432

.03564
03696
.03828
.03960
04092
04224

.04356

.04488

.04620

.0475 2

.04884

.05016

.05148

.05280

.014 .20

.01562
01704
.01846
.01988

00152
00304
,00456
00608
00760
,00912
01064
01216
01368
01520

.0213c

.02272

.02414

.02556

.02698

.0284c

.0298

.03124

.03266

.03408

.03550

.0369

.03834

.03976

.04118

.04260

.04402

.04544

.04686

.04828

.04970

.05112
-° 5 2 54
-0539b
.05538
.0568c

.00162
00324
.00486
.00648
.00810
.00972
.01134
.01296
.01458
.01620

01976
02128
02280
02432

.02584

.02736
02888
03040
.03192
°3344
03496

.03648

° 395 2
.04103
04256
04408

016721 -01782
01824 .̂01944

02106
.02268
02430

.025921
02754
02916
.03078
.03240
.05402
.03564
037261

.058S8!
.03800 04050

04212
-°4374;
■04536:
.04698

.04560 .̂04860

.04712 .05022

.04864I .05184
05016

.05168

.05320

.05472
05624

.05776

.05928

.06080

.05346

.05508

.05670

.05832

.05993

.06156

.06318

.06480



286 THE FIRST TABLE CONTINUED;
shewing the expansion with HEAT

ON INCHES OP THE BAROMETER.
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THE FIRST TAEL 'E CONCLUDED i 28 ‘f
SHEWING THE EXPANSION WITH HEAT

ON INCHES OF THE BAROMETER.
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IN THE FIRST EXAMPLE.

as many decimal Places in the Product as are
contained both in the Multiplicand and Multi¬
plier, add a Cypher and Point to the left, and the
Product becomes .OCOOO76
viz. the Expansion with 40 on ig . above 25
Inches.

The $th Step, applied in the first Example.
364. Add this, to the former Expansion, thus:

Inches 25.19 Tenths
with 4° on .25 .viol Expansion
with 4° on . 19 .0000076 Expansion

The Answer is 25.2I001076, viz . the Point at
which the Quicksilver woud stand, in the coldest
Barometer, when equally expanded, i. e. of the same
Temperature with the warmer. Reject all but
the first Decimal as too minute : this is seen by
a Line drawn between the first and second De¬
cimal.

Practice will shew how far to proceed, without
computing the decimal Parts of an Inch , to more
than 4 Places ; but it is always more exact,
to follow minutely the above Rules.

CHAPTER LXXII.

Section 365.YTAVING therefore understood
11  theFoundation, Construction,

and Use of the first Table ; in the present Case,
having also added the decimal Parts of an Inch
j ust found, for the Expansion,—to the Inches and

T enths,



END OF THE FIRST STAGE. 289

Tenths , expressing the colder Barometer ; which
will then have the same Expansion,  or Tempei'aturc
with the warmer, thus ;
Inches.
25.19 colder  Barometer:

.0101 Expansion on  the same, in Parts of an
Inch with 40 of Temperature , (re¬
jecting all but the first Decimal as too

-- minute,)
25.2)001 added ; this Sum will express the

Point at which the Quicksilver in the colder Ba¬
rometer woud stand, when equally expanded, i. e.
in the same Temperature , with the warmer.

366. 6th Step. Place both Barometers, now of
equal  Temperature with the warmer, together,
first, the upper  Barometer ; and under it the lower,
thus : Inches 25. 2Tenths.

29. 4
END OF THE FIRST STAGE.

367. The Ends proposed in the second Stage  of
the Work , (the colder Barometer being now
brought to the same Expansion or Temperature
with the warmer,) are two : First, to find, (by
the Application of the second Table ) the Heights,
in Feet and Tenths , in the Atmosphere, corres¬
ponding to the Points at which the Quicksilver
stands in both Barometers, which have now the
same Temperature , viz. that of the warmer equal
to 50° : on a Supposition that they were both
exposed to the Temperature of 310.24, on Faren-
heit’s Scale, which is about the Standard orfreez-

P p ing
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ing Point , for which sole Purpose the 26 Table
is calculated.

N. B. The Second Stage  includes two Step, 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 310.24 , the corresponding
Heights in the Atmosphere.

This is to be done by referring to the 26 Table,
for the Application of which there are separate
Instructions : See the Explanation of the second
Table , (a)

CHAPTER
(a) The Foundation of the second Table,

This Table is calculated from Briggs’s Logarithms r each
Number , in the second Column, being nothing more than
the Logarithm—corresponding to the Point , ( in the frjl
Column, ) at which the Quicksilver (lands in the barometric
Tube, —subtracted from the Logarithm of 32 Inches multi*
plied by 6.

Construction of the second Table•
This Table consists of three vertical  Columns only : tho*

here tripled, for the greater Convenience of Inspection.
The first or left Hand Column (hews, in Inches and

Tenths (from ten Inches) the Gradations of the Quicksilver
in the barometric Tube , beginning as low as one Inch above
the Surface in the Cistern, and proceeding throu* all the in¬
termediate Points, to the unusual Extent of 32 Inches : (a) sup¬

posing
(<r) The Barometer, (to which the Scale of sleights is applied, in

the 2d Column of the rd Table) is supposed to be sunk •within the
Surface of the Earth , till the Quicksilver t ests at  32 Inches, as ap•
pears from the lajl Article in the Table, vi:a . 32 Inches, 0,00 Feet,
32 Inches is therefore the Foundation of the Table, and corresponds,
according to Shuckburgby to 1647 Feet, under the Surface of the
Sea, at low Water ) ,

This Depth then being  the imaginary Level pointed out by tit
Qjiickstlver, at the  unulual Extent of  32 Inches } each  interior
Inch and Tenthof Quicksilver will correspond to a superior Eleva¬
tion of the Instrument, in Feet and Tenths above that Levels ar,d
will include tbe Mensuration of the  deepest Mines,

For tbe  mean Pressure of tbe Barometer, at low Water,
from
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CHAPTER LXXIII.

USE AND PRACTICE OF THE SECOND TABLE IN
THE FIRST EXAMPLE.

The USE.

Section 369/ I ' O find the Heights, in Feet
JL and Tenths , in the Atmo¬

sphere, corresponding to the Points at which
P p 2 the

posing likewise that the Tube is elevated in the Atmosphere,
so that the contained Quicksilver, when exposed to the Tem¬
perature of 3iQ. 24 of Farenheit, rests at each Point in the
Table.

The second vertical Column gives the different Heights in
Feet and Tenths , to which the barometric Tube must be
raised above its bevel at 32 Inches, in order that the contained
Quicksilver, if exposed to the Temperature of 31^.24 of Fa¬
renheit, may stand at each Point indicated in the first Column,

The third vertical Column, gives, likewise in Feet and
Tenths, the difference between each two adjoining:
Heights in the second Column, corresponding to a single
Tenth (of Quicksilver) : which single Tenth is the Difference
between each two adjoining Tenths of an Inch in the first
Column.

For Examples Suppose the Quicksilver in the barometric
Tube, in the first Column, stands at

inches - j6 .i answering to 19570,41 Height In Feet
And again at 16.2 answering to 19398.4 > in the Atmo-

..  j sphere,
Difference of .1 in Feet : remaining --- 172.0
which sixteen Inches two Tenths , is a single Tenth mpre
than sixteen Inches one Tenth , and will therefore answer to
iless  Height in the Atmosphere by that single Tenth ; con.
sidcring that the lower the Quicksilver falls in the Tube, the
higher must the Barometer itself be raised in the Atmosphere,
in order that the Quicksilver may rest at the lower Points of
the Tube . if therefore a less Height in the Atmosphere be
required which shall answer to one Tenth more than j6
Inches two Tenths ; subtract the Height answering to 16.2
from the Height answering to 16.1, i. e. subtract the less
Height from the greater,  and the Remainder gives that less
Height in the third Column, answering to the Height of one
Tenth more than 16 Inches 2 Tenths , of the Barometer.
from 132 Observations in Italy and England, is 30.04 Inches:
the Temperature of the barometer being at  550, lemperate,

that of the Air at  62°.
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the Quicksilver stands in both Barometers,
which have now  the same Temperature, viz.
that of the warmer  Barometer, on a Supposition
that they were both exposed to the Standard-
Temperature of 31^.24, on Farenheit’s Scale.

The PRACTICE.
The "jth Step applied in the firjl Example.

370. Look at the first Column, in the
second  Table , for

25.2, and the Answer is 6225.0 in the second
Column ; and for

29.4., and the Answer is 2208.2. The Answers
are the Heights, in Feet and Tenths , in the At¬
mosphere, at which the Quicksilver stands in both
Barometers, with the Temperature of 31".24:
corresponding to their respective Points, for which

sole  Purpose this Table is calculated.
371. 8th Step. Having placed the Barome¬

ters and their corresponding Heights in the
Atmosphere, shewn by the second Table , at
one View : subtract the lesser from the whole
Height, and there will remain the greater
Height , viz. the Height corresponding to the
Barometer in the elevated Station, above the
Height corresponding to the Barometer, on the
Ground , (both being at the Temperature of
310.24) thus : Feet.

Inches 25.2 correspond to 6225.0
Inches 29.4 correspond to 2208.2 ; subtract:

and the Remainder is 4016.8 viz . a
Number in Feet and Tenths corresponding to
the Height of the upper above the lower Baro¬
meter, both being in the Temperature of 310.34.

(See Page 295.) 372. Now
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THE SECOND TABLE.

The ist Column shews the Quicksilver in the barometric Tube Banding
at each Inch from I to to , and at each Tenth from ioto 32 Inches.

The id Column shews the Height of the barometric Tube , above the
imaginary Level at  32 Incbes}—loitb  the Temperature of 3r *2-4 i "in
Feet and Tenths , answering to Inches anti Tenths of the Barometer
in the first Column.

The 3d Column shews the Height in Feet and Tenths , answering to
a Tenth of an Inch on the Barometer , being the difference  be¬
tween each two adjoining Heights in the ad Column.

inch. Feet.

1
2

3
4
5
6
7
8
9

10 .0
1
2
3

90309 .0
72247 . 2
61681 . 8

54185 .4
48370 .8
43619 .9
39603 . 1
36123 .6
33054 4
30309 .0
30049 .4
29793 .0
29538.7
29286 .9

5 29237 .6
6 28790 .6

28545 .9
828303 . c

28063 . 3
27825 .4
27589 .6
27355 -9

3 27-24.3
4 26894 .7

26667 . 1
6 26441 . 5

26217 . 8
25996 . 1
25776 . 1
21558 . 1

Differ-

18061 . 8

10565 .4
7496 .4
5814 .6
4750 .9
4016 .8
3479-5
3069 .2
2745-4

259 .6
256 . 4
254-3
251.8
249 3
247 -0
244-7
242 .4
240 . 2
237-9
235 . 8
233-7
231 -6
229 6
227 .6
225 .6
223 .7
221 .7
220 .0
218 .0

2. 1 20341 -8
-2 25127 .4
'3 249-4-7 2II
.424703 .7
•5

Feet. Dilf
216.
2-4 4
212 . 7

•6 24286.7
•7 24080 . 7
•8 23876 .4
■9 23673 .6

-3 -023472 .4
. 1 23272 .7
.2 23074 .5
.322877 .9
.4 22682 .7
.5 22489 .0
.6 22296 6
.7 22105 .6
.8 21916 . 2
.9 21728 . 1

14 .021541 . 3
.1 21355.8
.2 21171 .7
.3 20988 . 8
.4 20807 . 2
.5 20626 .9

20447 .9.6

-9
15 .0

.8
201 . 2

199 . 7
198 . 2
196 . 6
195 . 2
- 93 -7
192 .4
191 . 0
189 .4
188 . 1
186 . 8

185 . 5
184 . 1
1829
181 .6
180 . 3
179 .0
178 .0

20093 . 2 J^ 6 -7
i99*7-8;1̂ :J
' 9743 -5 1 ^ 3

.7 20269 .9

209 . 3

zo6.
04

Inch.

16

-7

3 192

9
18 o

Feet.
I

19570 .4]
I 939 S 4

27 .5
4 I90577

I 8889 I
18721 5
18555 0
18389 .6
18225 5

o18061 8
1 178994

17738 . 1
3 > 7577-7

17418 4
17260 o
17102 5
16946 -0
16790 4
16635 8
16482 1
16329 .2
16177 3

3 16026 2
15876 .o;

5726 7
15578 2:
-54306
I 3283 .8'
- 5 - 37 8
‘ 499 2

Dilf.
73 -
72 .0
70 9
69 8
68 6
67 .6
66 .5
65 .4
64 1
63 7
62 4
6 - 3
60 4
59 3
58 4
575
56 .5
55.6
54 6
53 7
52 9
5- 9
5-
50 .2
49 3
48 5
47 6
46 .8
46 o
45 .2
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the second table continued.

>s I
2

.3
•4

.6

.8
9

19 c
1
2

2!

Feet.

4848.3
4704 7
456 1-5
44 ' 9 9
4278 7
4138 2
3998.5
3*59 5
37 21 3
35*3 8
3447 0
33' ° 9
3175 6
3°4 1
2906 9
2773 6
2641 c
2509 1
2Z77 8
22472
21 I7 .2
1987 9
IS59 2
' 73 - I
1603.8
'477 c
1350 8
I 225  2
1 J 00 -2

0975 8
0852 1
0728 8
0606 2
0484 2
0362 .7
0241.8
0121 .4
OOOI.6
9882 4
9763 L

Dirt '.

44  -
43  £

42 .c
41.2
40 5
39 7
39 °
38 2
37 5
36 8
36 1
35 3
34 5
34 2
33 3
32 6
31 9
3> 3
3° .6
30 o
29 3
28 7
28 o
27 4
26 8
26 2
25 6
25 o
24.4
23 7
z3 3
22.6
22 oi
21.5
20 9
20 4
19 8
19 2
,8 8

knell.

22 . 1
2

. ji18 . 11
^ 45-5 , , 7.7I
9527-8 1i7 . i I

.39410 .7
9294 ' ;; 6.o'
9178.

23 °
. I
. 2

3 8267.
4 8156.

24.0
.1
.2
•3
•4

25.0
1
2

•4

9
I26.0

Feet . | Diff . J In - ii. Feel.

26.1 5310
.2 5210 9

•4

A ;::;.

S5:i;:s
S379 7 II2 .,

6 111.6]
T .' J 0  II 1 . 1
5 8044.9, 10 6!

7934 3 , 10 .2
78-4 ' ,09 .7
‘V 4 4 109.3

9 76° 5-' ,08 8
74Q0. ‘
,388 .0
7280,1
7 ' 72-6  107 ol

■!o65'6 .06 .6
5 6959.° '

, c 102 . 2
3612 ' . 8 [0 ; _g:
4 6oi 9 -O i02 ,4

8 56
13.0
11.8
11.0

54' ° -4

116 6]

108.3!
107-9!
107.5'

s' J '' C 106. I
a 52'9 ' ° 5 7
6747-2 ,o ; .z
6cr o I04 9!
6432-6 Q' 29.0125(55.1
63?8-6 10 t. 6! •'l 2475 -46223 ^ 3

101.6'
101.2I
too 8
100.6

28

Diff
6 " 8

99-7
•35 '"
.4 5012
-5 49 -4
.6 4816
.74718
.8 4620.
.94523 .9

27.04427 .;
.1 4330.8
.2 4234 9
•34139 2
.44044 o
.5 3949 -c
.63854 .5
.7 3760.2
.8 3666.3
9 3572 7

3479-5
3386. '
3294 -o
3201.8
3109.9
3018.3
2927.0
2836.1

699

.8 2745 4
,9265

|247  5 -4
212386.0

.3J2296.9

.4.2208.2

.5 :2119 -7

.6 2031
'943  6
1856.0

68 .7

-7
.8
■9

30 o 1681 7

98.8
98.6
98 1
97 8
97 4
97.0
96.7
96.4
95 9
95
,95
95 -c
94-5
94-3
93-9
93  6
93 2

m
92 6
92 2
91 9
91.6
91-3
909
9° 7
903
90.0
89.7
894
89.1
88 7
88 5
88 2

5 8/ 9
87.6
87.3
87 .c



BY A BAROMETER AND THERMOMETERS

THE SECOND TABLE CONCLUDED.

Inch. |
30

Feet.

1.1595.0
2 1508.6
3 1422.4
4 1236.6
; 1251.0
6.1105.7
7U080 7

Diff.
86.7
86.4
86.2 if
85.8
85.6
8S■31
85.0!

h . Feet . j Diff. Inch Feet. Diff.

.8996 .0 ^ 7 31.5 4IO.4
82.8
82.6

•99 “- 5 8J .>
.6 327 8 82 4

•o 827 3 8] g743-4 J
•2,659-7 8 334
•3 576-3|8, ,

•?
.8
9

32.0

245 4
163.4
81 6
00.0

82 .0
8i 3
81 .6

.4493 .21 3

372 . Now  apply the third Table , or Table for
Tenths , isnecessary; including two more Steps,
viz. the 9th and 10th : which , being useless, in
the first Example , are, for the present, omitted.

373 . An Explanation of the third Table , or
Table for Tenths , is, however, for the Sake
of Order, here  subjoined, (a) (See Page 298 . )

(2 ) Foundation of the Table for Tenths,
The Height , in Fees,  corresponding to the Expansion on the

Tenth of an Inch of Quicksilver with the Temperature of
31° .24 (as in the 3d Column of the rd Table ) aie reduced bythis Table into a ten Times less Number of Feet ; and the
Tenth of an Inch (of Quicksilver ) is also again divided into
tea more Parts : in order to (hew,  in a ten Times less Num¬
ber of Jucb  Feet , the Expansion corresponding to any of those
Parts into which the Tenth  of an Inch (of Quicksilver ) hasbeen divided.

ConftruEHon and Use of the Table for Tenths.
1. The Figures in the lett vertical Column sltew the Height

in Feet, (from Si to 130 ) corresponding to a single Tenth of
an Inch of Quicksilver , viz , to the higher of two adjoining
Tenths , as in the 3d Column of the zd Table.

2 . The Figures , along the upper horizontal Line , fliew tits
Number of Parts into which the Tenth of an Inch has been
divided.

3 . The Figures , at the Point of Meeting , express , in a ten
Times less Number , of the Feet  in the left vertical Column,
the Expansion corresponding to any of those Parts , into
winch the Tenth of an Inch (of Quicksilver ) has been divided.

Thus : 90 is a Number of Feet  called 9 Tenths of 100 : but
the Tenths  are Feet,  and not Tenths of a Foot.
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THE THIRD TABLE , OR TABLE FOR TENTHS :

Serving to compleat the 26 Table , on Expansion of the
Barometer , with the Temperature of 31^,24,

1, The upper horizontal Figures shew the Number of Parts
into which the Tenth of an Inch has been divided,

- 2 . The Figures in the left vertical Column express the Height
in feet , (above the imaginary Level , at 32 Inches of the
Barometer, ) or Expansion corresponding to a single Tench of
an Inch of Quicksilver,

3, The feet in the Place of Meeting are called tenth *:
thus , 50 Feet are 9 Tenths of 100 Feet,

Feet. Parts into which the Tenth of an Inch ii divided.
I 2 3 4 5 6 7 8 910 ' 10 10 -10 TG i G IO 10

8, 8 l6 24 3Z 40 49 57 65 73
82 8 16 25 33 41 49 57 66 74
83 8 *7 25 33 4 ' 5° 58 66 75
84 8 17 25 34 42 5° 59 67 76
83 8 l 7 25 34 42 51 59 68 76
86 9 >7 26 34 43 52 60 69 77
87 9 -7 26 35 43 52 6l 70 7«
88 9 18 26 35 44 53 62 70 79
89 9 ,8 27 36 44 53 62 7- 80
90 9 18 27 3b 45 54 63 72 Si
9 1 9 18 27 3b 45 55 64 73 82
92 9 18 28 37 46 55 64 74 83
93 9 -9 28 37 46 5b 65 74 84
94 9 -9 28 38 47 56 66 75 85
95 9 -9 28 38 47 57 66 76 8?
96 IO >9 29 38 48 58 67 77 86

• 97 10 -9 29 39 48 5« 68 78 87
98 IO 20 29 39 49 59 69 78 88
99 10 20 3° 40 49 59 69 79 89

IOO 10 20 30 40 5° 60 70 80 9°
lOl IO 20 3° 40 s °. 6l 71 81 91
102 IO 20 3 ' 41 51 6l 7 1 82 92
»° 3 IO 2 I 3 ' 4- S 1 62 72 82 93
IO4 10 2I 31 4Z 52 62 73 83 94
i ° 5 10 21 31 42 52 6z 73 84 94
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THE TABLE FOR TENTHS CONCLUDED.
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Feet. Farts into <wbicb the ‘Tenth of an Inch is divided.
I 2 3 4 5 6 7 8 9

To 10 1 O 1 O TD XO To 1S

106 I I 21 32 42 53 64 74 85 95
107 1 I 21 32 43 53 64 75 86 96
108 I 1 22 32 43 54 65 76 86 97
109 I I 22 33 44 54 t>5 76 87 98
no 1 I 22 33 44 55 66 77 83 99
IU I I 22 33 44 55 67 78 89 ICO
112 I 1 22 34 45 5b 67 78 90 IOI
uz I I z3 34 45 5b 68 79 9° 102
114 I I 23 34 46 57 68 80 9 1 103
"5 2 I 23 34 46 57 69 80 92 103
Il6 12 23 35 46 5« 70 81 93 IO4
117 12 23 35 47 58 70 82 94 io 5
118 >2 24 35 47 59 7 i 83 94 106

119 12 24 3d 48 59 7i 83 95 107
IZO 12 24 36 48 60 72 84 96 108
UI 12 24 3b 48 60 73 85 97 109
122 I 2 24 37 49 6l 73 85 98 110
123 12 -5 37 49 6l 74 86 98 111
124 12 2 S 37 5° 62 74 87 99 I 12
125 12 25 37 5° 62 75 87 IOO 112
126 l 3 25 38 5° 63 7t> 88 IOI M3
127 l 3 23 38 51 63 76 89 102 "4
128 l 3 26 38 5- 64 77 9° 102 113
I 2 Q^ l 3 26 39 52 64 77 90 103 1l6
I30 13 26 39 52 65 78 9 ' IO4 >•7

END OF THE SECOND STAGE,

Q.q 374- The
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374. The Ends proposed in the third and last
Stage of the Work , are, first, to add the general
Temperatures of the Air, or detached Air-Ther-
mometers, at each Place of Observation about
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 310. 24 ;) in or¬
der to prove whether the Moiety (or Quantity
of Heat assigned to each Barometer by the general
Temperature of the Air ) exceeded, fell short of  or
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¬
solves itself into three Cases.

375. i st. If the Moiety or mean Temperature of
of the Air is greater than the Standard Temper¬
ature, viz. that to which the Barometers are now
brought ; find the Expansion of Air correspond¬
ing to such Excess  of Temperature by the fourth
Table , which Height by Expansion, being added
to the Height already found in the 2d Table,
shews the true Height, viz . of the upper Baro¬
meter.

N. E. The 3d and last Stage includes two Steps only, viz.
i ith and nth.

376. nth Step. The detached Air-Thermo-
meter was — — 39-t Degrees.

The detached Air-Thermometer
below was — — . —> 45

ist . Add



BY THE PRACTICE OF THE FIRST EXAMPLE. *93,
ist. Add them, for the whole

Heat. — — — 2)844 Degrees.
2d. For mean Temperature of  the

Air-Thermometers , or a Moiety  of
the Heat, divide by 2. — 42^

3d. Deduct the Standard-Tem-
perature of — — — 314
from cither Moiety, and the Re-
mainder — — — n

is the u Degrees of Heat, more than the Standard
[a)  for each Barometer.

For 42°^, and 42°^, equal to 84"^, was the
whole Height of the Air at both Places of Ob¬
servation 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 45^.

377. 12th Step. Find the Height correspond¬
ing to the Expansion of Air, with Excess of Heat
or Temperature above the Standard-Temperature
of the Barometers : and add it (as in the first Ex¬
ample) to the Height of the upper Barometer,
corresponding to the Standard-Temperature al¬
ready found in the second  Table , and the Sum is
the true  Height of the upper Barometer.

This is to be done by referring to the 4th
Table , shewing Expansion of Air with Heat ; for
the Application of which there are separate Instruc¬
tions : seethe Explanation of the4th Table , (b)

Q,q 2 378. The
(2) The Standard Temperature was 31^.24, which not be¬

ing exactly 1 Quarter, another Decimal is added, (for Ease ist
Computation, ) by which 31.24 becomes 31.25, i. e. by di¬
viding one Degree of Heat into 100 Parts , and taking 25 of
those?Parts , or dividing the 100 by 25, the Answer Is 4, i. e. £
of the whole 100: or (zi )£.

(b ) The Foundation of the fourth Tbble*
(Ph . Tr . for 1777, Part 26, Pages 564, and 566,)—Fromthe
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378. The Expansion of Air, in the first Ex¬
ample, is found by the 4th Table to be Feet

107.3
the Mean  of a Series of Experiments with a Manometer, or
Instrument to measure the Rarity  and Density of the Atmo¬sphere, depending on the Action of Heat  and Cold, it wasfound, that when the Portion of a Tube  containing Air (at the
Temperature of freezing by Farenheit, and Pressure of 30sInches (a)  by a common Barometer) was divided into 1000Parts j the Volume of Air  within it , enervated nearly  in acertain Proportion, as each Degree of Temperature encreafed;viz., at a Mean, 2.43, or simply (by rejecting the zd Decimalas too minute) 2.4 * that is, a 1000 Parts of Air became byExpansion with one Degree of the Thermometer , equal to1002.43 ; i. e. the Portion of Air occupying 1000 Parts , did,with the Addition of one Degree of Heat, occupy 1002,43Parts : that is (by rejecting the 2d Decimal 3 as. too minute)occupied two Parts and 4 Tenths more than the thousand,

Conjiru&hn of the fourth Table,Supposing therefore that the Portion of the Tube contain¬ing Air, was one Foot in Length or Height, divided also into2 thousand Parts ; one Degree of Heat vvoud encreafe or ex¬pand it two Parts and four Tenths more than the thousandParts into which the Foot was divided,
caution.

The fourth Table properly conjijh of only nine horizontal Columnsif thousands, in Breadth: which Columns are extended in Length
to one hundred Linescorresponding to 100 Degrees of Heat,The Table is  here divided in order that it may conform to theSize of the Pages: by which Means the Formation of each'verticalNumber by the following Rule, (which renders the Table  self-evi¬dent ) might without this Caution, have been attended with someDifficulty,

The vertical Columns below  the Figures expressing eachthousand, shew the Expansion of Air on each respectivethousand, with  the corresponding Degrees of Temperatureindicated by the Thermometer in the vertical Column to theleft Hand,
Example the first : to find the Expansion of Air on onethousand Feet, with  one Degree of Temperature j the An¬swer in rhe Table is 2.4, or 2.43 : i. e. 2 Feet and 4 Tenthsof a Foot, rejecting the 2d Decimal as too minute.
Example the second: to find the Expansion en 8 thousand

Feet, with  99 Degrees of Heat : the Answer is 1924.56 : andso of the Beit.
Thus any  of the vertical Numbers  stiewing the Expansion,

may
(4) These Experiments were made with the Manometer when the

Atmosphere was half an Inch heavier than in the Experiments
to prove the Expansion of Quicksilver, the Barometer  then sandingat  30 Inches only,
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107.3 Tenths higher  than the 4016 .8, viz . the
Remainder from the 26 Table (Section 371 ) ;
which Numbers added give 4124 . 1 Feet : viz.
the true Height of the upper Station required.

CHAPTER

may be readily farmed,  by doubling, first,  the Number imme¬
diately under each thousand in the horizontal Line, for the
nine first thousands, (of which the Breadth of the Table

j properly consists, exclusive of the thermometric Column)
for the Expansion below it : and, afterwards,  for each Ex¬
pansion immediately below the fo mer, by adding, to the
Expansion last  found , the Number immediately under its
respective thousand.

First Example s to find the vertical Number for the Ex¬
pansion under the first thousand, viz. 1000, with  r Degrees
of Heat r tire Number under 1000 is 2 43 : double this : and
the Answer is 4 .86.

1 Second Example : suppose the Expansion last  found be that
on one thousand Feet with  24 Degrees of Heat 5 viz. 58.32:
and the Expansion on the fame thousand, with  one Degree of
Heat more, viz, on 25 Degrees, be required ; add the Ex¬
pansion on one thousand Feet, with  24 Degrees, viz. 58.32
to the Expansion on the fame 1000, with  1 Degree, viz, 2 .43

and the Answer Is, by Addition, - - - - - - 60 .75
Third Example : supposing the Expansion last  found to be

the Expansion on 9000 Feet with  99 Degrees of Heat, which
in the Table is 2165.1.

It is required to find the Expansion on the same 9000 Feet,
with 100 Degrees of Heat ; add to the Expansion last found,
viz. 2165.13, ’he Expansion on the same 9000 Feet,
viz , 21.87 with one Degree of Heat, and

2187 .00 is the Answer by Addition.
Any vertical Number shewing the Expansion may  likewise be

found, first, by multiplying the first Figure, or Number, of the
given thousand Feet ( in the horizontal Line,) into the Answer or
Expansion on the  first thousand Feet, with one Degree of Heat: for
Example;
To find the Expansion on 9000 Feet with one Degree of Hear,

The Expansion on tooo Feet, with I Degree as Heat (from
whence, all the other Expanstons are derived) being  2.43 ; multiply
that Number by 9, the first Figure of the  given thousand Feet, and
the Answer or Expanston with 1 Degree of Heat, it  21 .87: hence
all the Answers or Expanstons, immediately under the horizontal
Line of thousands, are  formed.

Then idly, any other vertical Number or Expanston may beformed
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‘chapter lxxiiii.

USE AND PRACTICE OF THE FOURTH TABLE , IN
THE FIRST EXAMPLE.

The use.

Section  379 - shew in Feet, and Tenths,
X what is the Expansion of Air

on each thousand Feet, from 1000 to 9000 Feet,
with  each Degree of Temperature from x to 100
Degrees, on Farenheit’s Scale.

The PRACTICE.
The 12th Step applied in the firjl Example.

380. For the Expansion 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 (first) on  40QQ Feet, along
the upper Line : the Place of Meeting gives
the Expansion of the Air, with  xi Degrees an
4000 Feet : viz. 106.92. (a)

Next ; look with  11 Degrees, and (as there is
a Cypher only in the Place of Hundreds) on  10,

(viz.

formed by multiplying the Expansion immediately under the given
thousand Feet in the horizontal Line, into the gi ven Number of De¬
grees : for Example ;

To find the Expansion on 9000 Feet , with 50 Degrees.
The Expansion nvltb one Degree on 9000 , is 21. 87 : therefore the

Expansion •with 50° , ii 50 “Times more, viz. 1093 . 50, and so of
the Refi,

These different Methods serve to prove the Answers , and to eluci¬
date the Table.

(a) There is seldom Occasion to take more than the first
Decimal out of the Table*
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(viz. of the 16 Feet) call the io , a icoo ; the
Place of Meeting, or Answer is 26.73:

Thirdly ; with  11 , on  6 , (viz. of the 16,)
calling it 6000 ; the Answer is 160.38 :

Fourthly ; with  11, on  8 , (viz. the 8, ) and
the Answer is 213.84.

381. Having added the respective Expansions
together, thus
with  ii ° , on  4016 .8

with  ix'
on

4000 — 106.92
10 = 26.73
6 = 160.38
.8= 213.84

Feet. Tenths.
106.92

.2673

.16038
.021384

Expansion 107.369064;
(See Page 306. )



DEGREESofthjeTHERMOMETER,FROMito50,onparenhejt’sscale*

30+ THE FOURTH TABLE,
SHEWING THE EXPANSION WITH HEAT , EROM1 TO IOO DE.

GREES, ON EACH THOUSAND FEET IN THE atmosphere,
FROM JOOO TO 9000 FEET.

1000 zooo 3000 4000 5000 6000 7000 8000 9000

2.43 4.86 7.29
4.86 9.72 14.58
7.29 14.58 21.87
9.7; 19.44 29.16

12.15 24.30 36.45
14.58 29.16 43.74
17.01 34.02 51*03
19.44 38,88 58.32
21.87 43.74 65.61
24.30 48.6c 72.90
26.73 53 46 80.19
29.16 58.32 87.48
31.59 63.18 94.77
34.02 68,04 102.06
36.45 72.90 IC9.35
38.88 77.76 116.64
41.31 82.62 123.93
43*74 87.4? 131.22
46.17 92.34 138.51
48.60 97.ro 145 80
51.03 102.06 153.09
53.46 106.92 160.38
55.89 II 1.78 167.67
58.32 116.64 174.96
60.75 121,5c 182.25
63.18 126.36 189.54
65.61 131.22 196.83
68.04 136.08 204.12
70.47 140.94 211.41
72 9c 145.80 218.70
75-33 150-66 225.99 ,
77.76 155.52 233.28 3
80.19 160.38240.57
82.62 165.24 247.86
85.05170 .1c 255.15
87.48 174.96 262.44
89.9 1 179 .82 269.73
92.34 184.68 277.02
94.77 189.54 284.31
97.2c 194.4c 291.60
99.63 199,26 298,89

102.06 204.12 306.18
104.49 208.98 313.47

44 106.92 213.84 320.76
+5 109.35 218.7 328.05
46 II 1.7
47 114.21

116.64

9 72 12.15
19.44 24.3c
29.16 36.45
38.88 48.6c
48.6c 60.75
5S.32 72.90
68,04 85.05
77.76 97.20
87.48109 .35
97.20 121 50

9 106.92 133.65
~ 116.64 145.80

126.36157.95
136.08 I70. IO

155.52194 40
165 24206.55
174.96 218.7°
184.68 230.85
194.40 243.00
204.12

"3 .56 >35*34
228.42 342.63
233.28U49.9
238 >I 4357 .21

121. 50 243.00!364.50 486.001607 50

45.80 182.25 218.70

255.15 306.18

379.08 473-8;
388.80 486.00

, 398.52498.15
8 408.24 510.3c

417.96 522.45
427 68 534.60
437.40 546.75
447 •12 558 .9°
456.84 571.05
466.56 583,2c

17.01
34.02
51-03

-4.58

43-74
58.32
72.90
87.4.x 102.06

102.06 119.07
116.64 136.08
131.22 153.09
145.8c 170.10
60.38 187. 11
>74.96 204.12
189.54 221. 13
204. 12 238. 14

13.84 267.30
223.56279.45
233.28 291.60
243 00 303.75
252.72 315.90
262,44 328.05
272. 16 340,20
281.88 352.35
291.60 364.5c
301.32 376.65
311.04 388.80
320,76 400.95
330.48413 . IC
340.20425.25
349.92437.40
359.64 449.55
369.36

255. 15
233.28 272. 16 311.04
247.86 289. 17 330.48
262.44 306.18
277.02 323. 19
291.60 340.20

357.21

364.50

461.70 554.04 646.38

476.28 595-357 >4-42

19.44
38.88
58.32

68.04 77.76
85.05 97.20

116.64
36.08

-55-52
174.96
194.40

233.28
252.72
272.16
291,60

320.76 374.22
335.34 39*-23
349.92 408.24

349.92
369.36
388.80
408.24
427.68
447.12
466.56

425.25 486.00
505.44
524.88
544*32

379.08 442.26
393.66459.27
408.24 476.28
422.82 493.29 563.76
437.40 510. 30 583.2c
451.98 527 31 '
466.56 544.32
481. 14 561.33
495 -72 578 .34
510. 30 595.35
524.88 612.36
539.46 629.37

j68 .62 663.39
583.20 680.40
597.78697 .41
6I2 .36 714.42
626.9473i .43
641.52 748.44
656 . IC 765 .45
67O.68 782.46
685 .26 799 .47 913 .681

933. !2
952.56

699.84 816.48
833-49
830. 5

21.87
43-74
65.61
87.48

109.35
131.22
153.09
174.96
I06.83
2l8,7Q

213.84 240.57
262.44
284.31
306.18
328.05
349.92
371-79
393.66
4 *5-53
437.40
459-27
481.14
503.01
524.88
546.7;
568.62
590.49
6l2 .36
634.23
656.IO
677.97
699.84
721.71
743-5®
765-45
787.32
809.19
83I .O6
852.93
874.80
596.67
9*®-54
940.41
962.28
984.15

602.64
622.08
64I .52
66O.96
68O.4O
699.84
719.28
738.72
758.16
777.6c
797.04
816.48
835.92
855.36
874.8C „ . „
894 . 24 1006 .02

1027 „
IO49.76
107I.63
roo2-<~



THE FOURTH TABLE CONCLUDED. 3°S
IHIWISG THE EXPANSION WITH HEAT , FROM I TO IOO DEGREES,

on each THOUSAND FEET in the atmosphere , from ioooTO 9000  FEET,

1000 . 000 3000 4000 5000 6000 7000 8000 9000

5>
5-
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
6S
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3Q6 MENSURATION OF HEIGHTS,

382. The decimal Points in the Answer
must be changed, thus:

1. For the Place of Tlsousands  in the Question,
(viz . 4000, ) the Answer must remain, viz.
106.92, as in the Table , which is calculated for
the Place of Thousands.

2. For the Place of Hundreds, in the Question,
(viz . which in the present Case wasa Cypher ;) if
there had been a Figure or Figures in the Place
of hundreds ; then the decimal Point in the An¬
swer must have been removed over one  Figure or
Place to the left.

3. For the Place of Tens,  in the Question,
(viz . 10 Feet, ) the decimal Point in the Answer,
must be removed over two  Figures , or Places, to
the left.

4. For the Place of Units,  in the Question,
(viz . 6) the decimal Point in the Answer, must
be removed over three  Figures , or Places, to the
left.

5. For the Place of a Decimal,  in the Question,
(viz . .8) the decimal Point , in the Answer, must
be removed over four  Figures , or Places to the
left, by addinga Cypher : and for the Place of each
further Decimal in the Question ;—one  Place
more in the Answer, by the further occasional
Addition of a Cypher, thus : on
Feet 4000, the Ans. 106.92 is still 106.92

10 26.73 becomes .2673
6 160.38 . 16038
.8 213.84 .021384

107.369064
383. Which Sum, by rejecting all but the first

Decimal,



BY THE PRACTICE OF THE FIRST EXAMPLE.

Decimal, in the Answer , is Feet 107 .3 Tenths
equal to the Expansion of Air , with  n ° of Heat,
in  4016 .8 Feet , the Height of the upper Barome¬
ter, with the Temperature of 31 .̂ 24 , according
to the 26 Table.

END OF THE LAST STAGE.

384 . The rule underneath, consisting of 3 RfflE cop;ed<
Precepts only,  is laid down by Sir George Shuck-
burgh, in the Transactions for 1777 , Page 574,
in order to ascertain the Height of Mountains,
&c. (See Section 349 ). (a)

Rr 2 385 . Re-
. (<0 “ R U L E.

" Precept the \st . With the Difference of the two Thermometers
that give the Heat of the Barometer ( and which for Distinction fake,
are called the attached Thermometers) enter Table / , with the De¬
grees of Heat in the Column on the left Hand , and with the Height
cf the Barometer in Inches, in the horizontal Line at the Top ; in
thecemmon Point of Meeting of tbt two Lines will befound the Cor-
recJion for the Expanfon of the Q̂uicksilver by Heat , expressed in
decimal Parts of an English Inch ; which added to the coldest
Barcmetert or subtracted from the botteji, will give the Height of the
two Barometers,such as would have obtained, bad both Instruments
beenexposed to the same Temperature.

" Precept the id . IVitb these corrected Heights of the Barometers
tntcr Table II , and take out respectively the Numbers corresponding
to the nearest Tenth of an Inch ; and if the Barometers, corrected as
in the first Precept, are found to stand at an even Tenth, without
enyfurther Fraction , the Difference of these two tabular Numbers
(found by subtracting the less from the greater ) will give the ap¬
proximate Height in English Feet. But if , as will commonly hap¬
pen, the correct Height of the Barometers should not be at an even
Tenth, write out the Difference for one entire Tenth, found in the
Columnadjoining, intitled  Differences } and with this Number en¬
ter Table III , of proportional Parts in the first vertical Column to
the left Hand , or in the  II th Column\ and , with the next Decimal\
following the Tenths of an Inch in the Height of the Barometer ( viz*
the hundredths) enter the horizontal Line at the Top, the Point of
meeting will give a certain Number of Feet, which write down by

i do the fame by the next decimal Figure in the Height of the
Barcfffter



308

ist . Step,In
Section 353,

ad . Step, in
Section 354,

3d, §tep, in
Section 35; .

4ll Slip,  in
SeEIion 356.

RECAPITULATION OF THE WORK,

385 . Recapitulation for each Step of the
Work , in the first Example ; referring to theSections.

Below . Barometer, Inches 29, -4 Tenths.
Attached Thermometer , 50 Degrees , Air-

Thermometer 45 0.
Above . Barometer, Inches 25, -19 Tenths,
Attached Thermometer 46 ° , Air Thermome¬

ter, 29 ° | .
From 50 ° subtract

46

and there remains 4 Degrees of Tempera¬
ture to be added to the colder Barometer.

By Means of the first Table , find the Ex¬
pansion of the older  Barometer , with Degrees of
Heat, viz . 4"on Inches 25 , . 19, gradually,  thus:

with

Barometer ( •viz . the thousandths of an Inch,) •with this Difference,
Jinking off the lajl Cypher to the right Hand for a Fraction ; odd
together the two Numbers thus found in the J able of proportional
Parts , and their Sum subduct from the tabular Numbers, jus found
in Table // ; the Differencesof the tabular Numbers, Jo diminished,
•will give the approximate Height in English Feet.

" Precept the  3d, Add together the Degrees of the two detached
or Air Thermometers, and divide. their Sum by 2 , the Quotient ivill
be an intermediate Heat , and mujl be taken for the mean Temperatureof the vertical Column of Air intercepted between the two Places of
Observation : if this temperature should be 31 ° ^ on the Thermome¬
ter , then will the approximate Height before found be the true
Height >but if not, take its Difference from  31 °£, and with this Diff

ference seek the Correctionin Table IV, for the Expansion of Air,with the Number of Degrees in the vertical Column on the left Hand,
and the approximate Height to the nearejl thousand Feet in the hori¬
zontal Line at the Top  z for the hundred Feet firike off one Cypher
to the right Hand \for the Tensfirike off two ; for the Units three;
the Sum of these several Numbers added to the approximate Height,
if theTemperature be greater than  3 ?°^,subtracted if less, will give
the correct Height in English Feet, An Example or two will
this quite plain, ' *



IN THE FIRST . EXAMPLE. S°9
with 40 on 25. — .0101
with 40 on . 19 = .0000076

5tb Step, in
Section 364*

25.21
Upper Barometer, Inches 25, .2 Tenths . , , „T rr „ 6th Step, mLower Barometer, - - 29, .4 Section 366.

End of the first Stage.
By Means of the 2<J Table , find the cor- yth Step, in

responding Heights in the H.ir, at 310. 24. Seiiun 366.25, .2 Answer 6225.0
20 , . 4 - - 2208 .0 2th Step, m'

Section 371.

The Remainder is 4016.8 Height in Feet, Sec.
The 3d Table , or Table for Heights in the At- yh and totbmosphere corresponding to the Tenth of an Inch awSteps,™ScBtett

the Barometer, including the 9th and 10th Steps, 373
is useless in this first Example.

End of the Second Stage.
Detached Air-Thermometer, above, 292
Ditto. below,  450 llt h Step, in

_ _ Section 376.
Whole Heat - - - - - - 2 )84^
Half Heat or mean Temperature 43^
Deduct Standard - - - - - 312.

i
Moiety above Standard 110

By Means of the 4th Table , find the Expan- ztthStep,mlion of Air, with 11° on - - 4106.8 Feet Seahn 377.
viz. 107.3

which added to the fame Height
gives - - - - - - 4124 .1 for the

true Height , in English Feet, of the Mountain,er upper Station,  sought.
End of the last Stage.

CHAPTER



C3*0 )

CHAPTER LXXV.

J st. Step.

ad. Step.

jd . Step.

PRACTICE OF THE SECOND EXAMPLE :

With a dijlindl View of the Work. (Ph. Pr . far
1777' P°S‘ SIP)

Section 386. HE Point at which the Quick¬
silver stood in the Tube of the

Barometer on the Mountain , or in the Car of
the Balloon, being Inches 24.178 Tenths ; its
attached  Thermometer , Degrees 57.2 Tenths,
and its Air-Thermometer 56° ; while the Baro¬
meter on the Ground stood at Inches 28, .1318
Tenths ; its attached  Thermometer , Degrees 61,
•8 Tenths , and its Air-Thermometer 63° , .95
what is the Height of the upper  Station ?

387. 1st. Step. Set down the Observation
on the Ground , thus :

Below , Barometer, Inches 28, . 1318 Tenths,
Attached  Thermometer, Degrees 61, .8 Tenths.
^jV-Thermometer , 63 ', .9.
388. 2d. Step. Set down the Observation, on

the Mountain , or in the Car, thus :
Above , Barometer , Inches 24 , . 178 Tenths.
Attached  Thermometer, Degrees 57, -2 Tenths.
389. 3d. Step. From the warmer attachedT'het-

mometer, subtract the colder, thus :
61°, .8
57' -2

390. 4th. Step. Give the colder  Barometer the

ist . Step.

ad. Step.

jd . Step.

same



BY THE PRACTICE OF THE FIRST EXAMPLE. 3"
same Expansion , viz . 4°, .6 with the warmer, by
the firjl  Table.

CHAPTER  LXXVI.

PRACTICE OF THE FIRST TABLE IN THE SECOND

EXAMPLE,

4 th Step applied in the id Example.
Section 10 1. :o be observed in 4th Sup as._ ulied.

finding the Expansion with
40.6, i . e. with 4 Degrees , .6 Tenths of Heat,
on 24 .178 , i . e. 24 inches , . 178 Tenths of the
coldest Barometer.

Find the Expansion required, thus:
Case the  1 st.
1st. Part. With  40 on  24 Inches.
2(1. Part. With  4 0 on .178 Tenths of an Inch

above 24 Inches.
Case the id.
ist . Part. With .6 Tenths of a Degree , on  24

Inches.
2d. Part. With .6 Tenths of a Degree , on .178

Tenths above 24 Inches.
SPECIFICALLY , thus :

I st. Part of Cafe the ijl.  To find the Ex¬
pansion,

With  4 0 on  24 Inches.
2d. Part of Cafe the ijl.
With  4 0, on .178 Tenths of an Inch above 24

Inches ; begin thus:
With



312 BY THE PRACTICE OF THE SECOND EXAMPLE.

With  4 0, on  24 Inches : then,
With  4 », on  25 : then,
With  4 0, on  1 Inch above 24 , i . e . on  the 25th

Inch : then,
With  4 0, on .1 Tenth above 24 : then,
With  4 0, on .178 Tenths above 24.
1st Part of Case the 2d.  To find the Expan«

fion,
With .6 above 40 on  24 ; begin thus :
With  4 0 on  24 Inches : then,
With 50, on  24 : then,
With i°  above 4 0, on  24 , i . e . the 5th 0 : then,
With ,l Tenth above 4 ®, on  24 : then
With .6 Tenths above 4 0, on  24.
2d Part of Case the  2 d.  To find the Expan¬

sion,
With .6 Tenths above 40 of Heat on .178

Tenths above 24 Inches : to be done thus ;
'The expansion with  4 0, on .178 Tenths above

24 Inches, being once found; divide it by4 : and
the Quotient is the Expansion with  i ° above  4 " ,
on .178 Tenths of an Inch above  24 Inches.

Then for the Expansion -with . 1 Tenth above  4 0,
on .178 Tenths above  24 Inches ; add a Cypher and
decimal Point to the left of the fame Quotient.  4,

Then for the Expansion with .6 ; multiply that Sum
into .6 , and add a Cypher and decimal Point.

The Jnjwer is the part of an Inch , to which .6
Tenths of a Degree above  40 of Heat , on .178 Tenths
of an Inch above  24 Inches , raises the Barometer.

It is true , the part is so minute as to be rejected:
yet the Alode of Proceeding , in order to invejligate the
Expansion with Precis on, is proper to be retained.

392. practice  of the first Part of Cafe the ifl.
ior the Expansion with 4", on 24 Inches;

look



PRACTICE OF THE SECOND EXAMPLE. 3l 3
look, in the first Table , (Sect. 363) and in the left
vertical Column, with  4 Degrees of the Ther¬
mometer; and along the upper horizontal Line,
on 24 Inches of Quicksilver in the Tube of the
Barometer: the Point of Meeting gives the
Expansion.0097 (a ) -, which , preparatory to Ad¬
dition, is to be placed under the 24, . 178 thus,

.0097
practice of the 2d Part of Case the first.

393. In order to obtain the Expansion, with if?
of Heat on .178 Tenths of an Inch above 24
Inches of the Barometer ; let it be considered
where it ought to be found in the Table : for,
Tenths of 1 Inch above 24 Inches , are at some
intermediate Point between 24 and 25 ; that is,
above 24, yet not so high as 25 : or more than
24, yet less than 25.

Look therefore in the Table , with  4 Degrees
of Heat, on  24 Inches ; then with  40 on  25 In¬
ches: and the respective Numbers are .0097 and
.0101 .

And by taking the Expansion with  4 0 on  24
Inches, from 40 on 25 ; the Remainder will be
the Expansion with 4° on 1 Inch above 24 In¬
ches, viz. on the 25th Inch , thus :

TVith  40 on 25 — .0101
24 — .0097

from;
subtract:

.0004 : This there¬
fore is the Expansion with  4 0, on  1 Inch above
24 Inches.

Then with  4", on .1 Tenth of an Inch above
24 Inches.

S s .The
(a)  There is no Occasion to take more than four De¬

cimals out of the Table.



PRACTICE OF THE SECOND EXAMPLE.

The Answer is the fame as the former, viz.
.0004 , with the Addition of a Cypher and decimal
Point to the left , thus ; .0004 becomes .00004,
viz . the Expansion with  4 0, on.  1 Tenth of an
Inch above 24 Inches.

Then for the Expansion with  4 0, on .178
Tenths , fay,

If the Expansion with  4 0, on .1 Tenth above
24 Inches gives .00004 Part of an Inch , what
will the Expansion with  4 0, on .178 give ?

Thus ; . 1 : , .00004 : - .178 ?
Multiply the two last Terms , thus : ,

.00004
.178

00032
00028

00004

0000712 : and, as in Multipli¬
cation of Decimals , the Product must have as
many decimal Places, as are in the Factors;
a Cypher must be added to the left Hand, thus:
.00000712 : but having divided that Product by
the first Term . 1, viz . a Decimal , the Answer
is a Cypher less ; viz . .0000712.

This Answer is the Expansion with 40, on
.178 Tenths of an Inch above 24 Inches : pre¬
pare it for Addition, as the former, 24 . 178 12/

.0097 -eds}

.0000712 ,mil
practice  of the first Part of Case the id. :il

394 . For the Expansion of .6 Tenths of
of a Degree of Heat, (more than the 4 Degrees)
on 24 Inches of the coldest  Barometer ; it fhoud

be



PRACTICE OF THE SECOND EXAMPLE.

be considered where such Tenths can he in the
Table. . .

Now .6 Tenths of i Degree, (more than the
4°) are at some Intermediate Point of the Ther¬
mometer between i and 2 Degrees : above r ;
yet not so high as 2 : or more than 1 ; yet less
than 2.

Therefore .6 Tenths of 1 Degree above 4
Degrees, are somewhere between the 4th and 5th
Degree;: above 4 ; yet not so high as 5 : or more
than 4 ; yet less than 5.

Look in the Table (Section 363) ; first with  4
Degrees of Heat, on  24 Inches, and then with  5
Degrees of Heat on  24 Inches ; and the respec¬
tive Numbers are .0097 and .0121: and by taking
the Expansion with  4 Degrees on  24 Inches, from
the Expansion with  5 Degrees on  the same 24
Inches ; the Remainder will be the Expansion
with 1 Degree above 40 on  24 Inches : viz.

with  J 5° = -0121 1 on  24 Inches, as in whole
1 I  40 = .0097 \ Numbers.

Remainder, .0024
This therefore is the Expansion 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¬
sion, a certain additional Height, or Part of an
Inch , viz . .0024, on  24 Inches of the Barome¬
ter ; what Height will 6 Degrees give ? Answer
6 Times more.

S s 2 Multiply



PRACTICE OF THE SECOND EXAMPLE.

Multiply the ad and 3d Terms , and divide hy
the first, thus;

I : .0024. : : 6 ?
6

.0144 is the Expansion, 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?
Answer, .00144.

Prepare this Height  for Addition to the Num¬
bers already found.

practice of the ad Part of Case the  2 d.
395. To find the Expansion of .6 above4° on

.178 above 24 Inches.
The Expansion with  4 0 on .178 is already

found to be .0000712 : divide it by 4, and the
Answer is .0000178, viz. the Expansion with  i°
en .178 above 24 Inches :

And, for the Expansion with .1Tenth ; the
Answer, with the Addition of a Cypher and de¬
cimal Point to the left, becomes .00000178.

Lastly, for the Expansion with .6, fay.
If . 1 : .00000178 : : .6?

Multiply the 2d and 3d Terms , and divide by
first ; .00000178

.6

.000001068.
The Answer is a Decimal less, 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.

Tenths of an Inch above 24 Inches , raises the
Barometer: which, after all, is so inconsiderable,
that it may be fairly rejected.

Yet the Rules by which these Deductions are
made, may be useful in other Cases.

Prepare for Addition, as before.
The Decimals, in the Answers, may be omit¬

ted, when they exceed four Places.
396. 5th Step. To proceed with the second 5th Step.

Example.
Place the different Expansions now found,

above each other, Units , Tens , &c. under U-
nits, Tens , &c. preparatory to Addition, thus:

For the Expansion with  40, .6 on 24, . 178 :
I st. with 4", on  24, .0097
2d. with .6 on  24, .OOI44
3d. with  40, on .178 .00007x2
4th. with .6 on .178 .0000x068

The Expansions with 40, .6 added—
To the Sum add the Height of

.01122x88

the colder  Barometer - - 24. 178

24.1892I
The Answer is Height of the colder  Barometer,

now equal in [Temperature to the warmer: (re¬
jecting all but the four first Decimals.)

397. 6th Step. Place the Barometers now  of gn, step#
the same Temperature , i. e. equal  to the warmer,
in one View, thus :

1st. the upper  Barometer, 24.1892
2d. the lower  Barometer, 28.1328

di-The  7 th Step applied in the second Example.
398. Find the Height, in Feet, in the 2d Co¬

lumn



3i8 PRACTICE OF THE SECOND EXAMPLE.

8t!i Step,

lumn of the 26 Table , corresponding to Inches
and Tdnths of the upper  barometric Tube , in
the ist . Column of the fame Table , thus : (Sect.
371-)

The Barometer standing at 24.1892 ; it must
be considered where, in the 2d Column of the
2d Table , a Height corresponding to such  Inches
and Tenths can lie : and the Answer is, some¬
where above  24 Inches . I Tenth , but not so high
as 24 Inches .2 Tenths : 24 Inches . 1892 Tenths,
being more  than 24 Inches . 1 Tenth , but les
than 24 Inches .2 Tenths.

First then, look in the ist Column for Inches
24, . 1 Tenth ; and the corresponding Height in
Feet is 7388,0 : but the Height for 24, .2, in
the 2d .Column, beneath the former Number , is
only  7280 .1.

399. 8th Step. Subtract the latter from the
former and the Remainder is 107.9, the same as
in the 3d Column : viz. the Height, in Feet and
Tenths , corresponding to one Tenth only,
namely, the ad Tenth above Inches 24, .1Tenth:
with the Temperature of 31.24 of Farenheit,
for which sole Fur pose the 2d Table is calculated.

A new Question {hen  arises , viz. what are
the Heights in Feet and Tenths , corresponding
to the remaining Tenths or Decimals of an Inch
above Inches 24J .I Tenth,

viz . .08
.009
.O002? which is to be resolved,

by Application of the 3d Table , or Table for
Tenths,  which see, (Section 373.)

APPLICA-
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400. 9th Step applied in the id.. Example.
First 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 the Answer gradually,  thus :

1st. With 107, and 8, (as a whole Number,)
answering to .08 : which, in the Place of Meet¬
ing, gives 86 Feet.

5id. With 107, and 9, (as a whole Number,)
answering to .009 : which, in the Place of Meet¬
ing, gives 7.

3d. With 107, and 2, (as a whole Number,)
answering to 0002 : which, in the Place of

| Meeting, gives 21.
' Place them in View, and add, and bring them

back again into Decimals, thus :
With 107 and 8, answering to .08 giving 86. Feet

- - and 9, - - to .009 - - 9.7
- - and 2, - - to .0002 - .2l

95-91*
(Next : with the 9, if required; which was

before rejected:) but there being no .9 Tenths
in the left Vertical , call it 90, and allow for it
in each Answer by moving the decimal Point
two Places to the left, thus : with
96, and 8, answering to .08 giving 72 = .72 ..

and 9, - - - to .009 - 81 — .08r
and 2, - - - to .0002 - 18 — .0018

i jbovlol'
10I olds'

b *. '
To ,8[oo|28

Add the former Sum 95.g|
Total — 96.7)

Which

9th Step,

1
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Which 95.9 is the Height  in Feet and Tenths
corresponding 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 so many Tenths of an Inch of Quicksilver in
the Tube of the Barometer, must give in Feet,
a less  Height of the Barometer elevated above the
imaginary  Level indicated at 32 Inches,

iorb. Sup.  401 . 10th. Step. Subtract the Height  in Feet,cor¬
responding to the Expansion  on .0892 Tenths of
an Inch , (less  than Inches 24.2 Tenths , of

. the upper  barometric Tube, ) from the Height,  in
Feet , corresponding to /he Expansion on  Inches 24.1
Tenth of the fame barometric Tube , continuing
at the Standard Heat, (a)  viz . 7388.0

95-9

The Remainder 7292.1 gives the
real, viz . the less  Height of the upper  Barometer,
at 24.1892 with the Standard Temperature.

Repeat the fameProcefs,viz . the gth. and toth.
Steps, for the lower  Barometer, thus :

For the lower Barometer in the 2d. Example.
First , Find the Height, in Feet,  of the lower

Barometer, standing at Inches 28. 1318 Tenths,
in the 2d. Column of the 2d. Table , corres¬
ponding to Inches and Tenths of the Quick¬
silver in the barometric Tube , in the first Co¬
lumn of the fame Table , thus :

The lower Barometer standing at 28. 1318 ; it
must be considered, where in the 2d. Column of
the 2<d. Table , a Height corresponding to such
Inches and Tenths can lye : and the Answer is,
somewhere above 28 Inches , . 1 Tenth , but not

so
{a)  See Section 368, Note(a).
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so high as 28 Inches .2 Tenths : 28.1318 Tenths
being more than 28 Inches .1 Tenth , yet less
than 28 Inches .2 Tenths.

First, then, look, in the first Column for 28.1,
and the corresponding Height, in Feet, is 3386.6:
but the Height for 28.2, is only - - 3294.0:
subtracting the less from the greater;
the Remainder is - - - - - - 92 .6,
the fame as in the 3d. Column, viz . the Height,
in Feet and Tenths , corresponding to one Tenth
only  above 28. 1.

Having therefore found that Feet 92.6 Tenths,
are the Height , corresponding to one Tenth
only above Inches 28. 1 Tenth , of the lower Ba¬
rometer, with the Temperature of freezing ; for
which sole  Purpose, the 2d Table is calculated
a new Question arises, viz. what are the Heights,
in Feet and Tenths , corresponding to the re¬
maining Decimals above 28.1, viz.

-vZ
.00r
.0008 5 to be resolved by Applica¬

tion of the third Table , or Table for Tenths,
which fee, (in Section 373.)

Look in the 3d. Table , with 92, (omitting the
.6 as too minute) and with
3 answering to .03, which gives 28 —Feet 28.
1 - - - to .001, - - - 9 --- — .9
8 - - - to .0008, - - - 74 = - - .74

29.6(4
Which 29.6 is tht Height  in Feet and Tenths

corresponding to .0318 Tenths above Inches 28.1
Tenth : and Inches 28.1Tenth gaveFeet 3386.6

T t Tenths
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Tenths in Height : therefore an additional Height
of so many Tenths or Decimals of an Inch of
Quicksilver in the Tube of the Barometer, must
give in Feet, a lejs  Height of the lower  Barometer,
elevated above the imaginary  Level indicated by the
Quicksilver resting in the Tube at 32 Inches.(a)

402. Therefore subtract the Height, in
Feet , corresponding to the Expansion on .0318
Tenths of an Inch (les  than Inches 28.2 Tenths
of the lower  barometric Tube, ) from the Height,
in Feet, corresponding to the Expansion on  28 .1
Tenth of the same Barometer, viz.

3386.6
29.6

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 freezing  by the second Table.

403. Then , by taking the Number of Feet and
Tenths above  the imaginary Level, (indicated by
the Quicksilver, in both Tubes , resting at 32 In¬
ches) answering to the Expansion on  Inches and
Tenths of the lower  Tube , from the Number
of Feet, &c. by the former Process, answering
to that of the upper  Tube ; viz.

upper  7292 . r
lower  3357.0

and the remaining Feet 3935. 1 Tenth is the
Height,  by which the Station  of the upper  Baro¬
meter exceeds the Station  of the lower; both be¬

ing
fa)  Section 368, Note (a)  on Note (a ) .
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ing at the Temperature of 3i ° ,24 on Farenheit ’i
Scale. See Section 371.

END OF THE SECOND STAGE.

Section 464. Ilth Step.
(See the Practice in the ist Example, Sect. 376.)
.if/r-Thermom . above was 56°.
^V-Thermom . below was 63. 9

Whole Heat 119. 9(0 adding aCy-
Half Heat 59. 95 (pher)
Standard-Heat 31. 24

which deduct ; and there —
remains each Moiety, 28. 71
above the Standard-Heat.
405. 12th Step. (See the Practice in the first

Example, Section 377.J
By the fourth Table , find the Expansion of

Air, with  28 .71, ’(more than the Standard-Tem-
perature) on  Feet 3935, .1 Tenth , gradually,
thus:

406. First, with  28° an  Feet 3000= 204.1(a)
900 as 9000= 612.3

30 3000= 204.1
5 5000= 340.1

.1 1000= 68.0
Note : ist . The decimal Point in the Answer

corresponding to the Place of Thousands, in the
Question, is to remain, as taken from the Table
calculated for thousand Feet, thus : 204.1.

T t 2 2d. For

nth Step.

1ttb. Sits,
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2(3. For Hundreds  in the Question, remove the
decimal Point one Place  in the Answer, thus:
612.3 becomes 61.23:

3<3. For Tens, two  Places, thus : 204.1 becomes
2.041:

4th . For Units, three  Places , thus : 340.1 be¬
comes .3401 :

5th . And for each Decimal,  a Place more, by
adding Cyphers to the left, if wanted, thus:
68 .0 becomes .00680.

407. Place the plain and decimated Answers, in
one View, and add the latter together, thus :

204.1 = the fame 204.1
612.3 = becomes 61.23
204.1 — - - - 2.041
34o.x --- - - - .3401
68.0 — - - - .00680

vi ^7 » ™05.f A-ir ” ,a l ^ 71. 79
408 . Second, with .71 ° on  Feet 3000— 517.5

900 as 9000= 1552.7
30 3000= 517.5
5 5000— 862.6

.1 1000= 172.5
In order to decimate these Answers, it must

be observed that the Expansion was not with  71
Degrees, but with .71 Tenths  of a Degree of
Heat ; therefore the decimal Point corresponding
to 3000 Feet in the Question, must in the Answer
be removed two  Places to the left, thus : 517.5

becomes

(a)  Taking one Decimal sn!y out of the Table.
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becomes5.175 : for the 100, three Places : for
x.5527 the 10,four  Places: and so
•°5I 75  on.
.008626
.0001725

6.7)882485
The Expansion with .71 being found, viz.

Feet 6.7 Tenths ; add it to the Expansion on
28 Feet already found, viz.

267.7

274.4 Answer. .
Which Height  in Feet and Tenths , corres¬

ponding to the Expansion  of Air with 280.71
Tenths of a Degree of Heat more than the
Standard 310.24, being added to the Height  in
Feet and Tenths , corresponding to the Expansion
on Inches  of the Quicksilver in the upper  Baro¬
meter, with the Standard-Heat, already found,
yiz. 3YZ5-r
gives the real Height  of the Moun~  274 .4
tain,  or upper Station, sought. 4209.5

END OF THE THIRD STAGE.

325

The second Example  briefly slated : referring to the
Sefiions.

409. Below : Barometer 28. 1318.
Attached Thermometer 6i ° .8; Air ditto 63^.9.
Above : Barom. 24.178.
Attached Thermometer 57° .2 ; Air ditto 56°.
Degrees of Heat, viz. 4 .6 to be added to

the
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Section, 391,

Section, 399.

Section, 400,

Section 401*

RECAPITULATION OF THE SECOND EXAMPLE,

theeolder  Barometer at Inches 24.178 Tenths , by
the first Table , viz. .0112
Parts of an Inch of the Quick¬

silver in the Barometer,
raised 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  rests, being
of equal  Heat with the lower.

End of the first Stage.
By the 2d. Table , find the Height,  in Feet and

Tenths , corresponding to the said point when
at the Standard - Heat ; gradually, thus : the
Height  corresponding to Feet 24.1 is 7388.0:
then with the Difference 107.9, (rejecting the .9)

Find the Height by the 3d. Table correspond¬
ing to .08 86.0 1

.009 9.7 >= Feet 95.9 Tenths.
.0002 .2  J

Which Height subtract from 7388.0
95 -9

And there remains, in Feet , 7292.1
The Height corresponding to Inches 24.1892

Tenths of the upper  Barometer, with the Standard
Temperature of 31.24 ; for which sole Purpose
the 2d. Table is calculated.

Repeat the last Process with the lower  Baro¬
meter, resting at 28.1318, gradually, thus :

By the 2d. Table , find the Height  correspond¬
ing to 28.1, which is 3386.61 ; then with the
Difference 92.6 (rejecting the .6) find the cor¬
responding Height, by the 3d. Table for the re¬
maining Tenths or Decimals of an Inch, above
28.1, viz.

.03



recapitulation of the second example. 327
.03 28.01
.001 *9 f = Feet 29.6 Tenths.
.0008 .7 J

Which Height  subtract from 3386.6 Section 401.
29.6

And there remains, 3357.0 viz.
the Height  in Feet corresponding to Inches 28
.1318 Tenths of the lower Barometer, with the
Standard Temperature of 31.24, sur which sole
Purpose the 2d. Table is calculated.

Subtract the in Feet, corresponding to Section 403.
Inches of Quicksilver in the upper Barometer,
viz. 7292.1 from ditto in lower  Barometer,
viz. 3357.0 and there remains the Height  in Feet

- - of the upper Barometer at the Stan-
viz. 3935. 1 dard-Temperature of 31.24.

End os the second Stage.

On which N umber of Feet, viz. 3935. 1, by the Section, 40^
4th Table , find the Heights  with 28° .71 of Heat:

IFith  280. <w Feet 3935. 1= 267-7 and
IVitb .71 on  the same = 6.7

Sum 274.4 : which
Height, more than the Standard¬
ised , being added  to - - 3935. 1
the Height, with the Standard, --
gives the true Height, viz, 4209.5.

End os the third Stage.

CHAPTER
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CHAPTER LXXVII

PRACTICE OF THE THIRD EXAMPLE,

REFERRING TO THE SECTIONS , (a)

Section 410. T>EL 01V:  Barom . Inches 30,
.0168:

Attached Therm . 6o°.6j Air-ditto, 6o° .2:
Above:  Barom . - - Inches 29, .5218 :
Attached Therm . 560.6 ; Air-ditto, 570.
Subtract the colder——— from the warmer,

and there remains 40 of Heat to be added to
the colder  Barometer ; to give it an equal  Tempe¬
rature : which is to be done by the tjl Table, thus;

Siciim  3jS. To  find the Expansion with  4 0 of Heat, on
the colder  Barometer ; (which, as before, is the
upper  Barometer) standing at Inches 29, .5218
Tenths.

First, with  40 on- 29 Inches—.on7 :
id t with  40 on .5218 Tenths above  29 Inches;
In order to obtain which, begin

with  4 0 on  29 — .0117
then with  40 on  30 = .0121

Subtract for the Expansion with ——
4° on  1 Inch above 29, and there
remains - - - - - - .0004.

Then
(<j ) The question : In tlie upper Gallery of the Dome

of St. Peter’s Church at Rome, and 50 Feet below the Top
of the Cross, the Barometer, from a Mean of several Obser¬
vations, stood 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, stood at 30.0168, the attached Ther¬
mometer at 6o° .6, and the Air-Thermometer at 60".2. : what
was the Height of the Euilding above the Level of the
River?
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Then for the Expansion with  4° on .1 Tenth Section 36*.of an Inch above 29 Inches ; add a Cypher and

decimal Point , viz. .00004 :
Then for the Expansion on .5128, multiply section 363.the two last Terms , and divide - -

the Product by the first Term
.1 : the Answer is - - - .0002(0872
Add the Expansion with  40 en

29 Inches , just found, - .0117
to the Inches of the colder

Barometer, - - viz . 29.5218

Answer ; Inches 29.5337 Tenths of
the colder  Barometer, are now  expanded equally
with the warmer : (rejecting the Decimals as in
Section 395.)

Place the Barometers, thus:
Upper  Barometer, 29-5337
Lower  Barometer, 30.0168

End of the first Stage.

411. By the id Table, and in the 2d Column, Section 371.
find the Height  of each Barometer, with  the
Standard-Heat,  in Feet and Tenths , correspond¬
ing to the Inches and nearest Tenth above
and below  the Point required ; and

First of the upper, at 29.5337 :
The Inches and nearest Tenth  is above

Feet.
29.5, corresp. to 2119.7 ') Difference

and below 29.6, cor. to 2031.5 I between .5and.6—- s above 29 Inches.
88J.2 3

412. By the yl Table, with  the Difference 88 Section 373,
U u Feet,
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Feet , find the Expansion on  the remaining Deci¬
mals, above 24.5, viz . on .0337, thus :

on 03 — 26 decimated 26.
003 = 26 - - - 2.6
0007 — 62 » - - .62

Feet 29.22

From the Height  corresponding to 29.5
viz . Feet 2119.7 Tenths,
subtract the 29-22, i. e. Height cor. to .0338
and there - --
remains 2090.4(8, the Height  cor. to 29.5338
with Expansion of the Standard-Heat.

413. Repeat the 4 last Steps for the lower  Ba¬
rometer, at 30.0168.

Ist. The Inches and nearejl  Tenth is alow
30. corresp. to Feet 1681.7 1 Difference of

and below  30.1 cor, - 1595.0 {••1 above 30-J Inches.
861-7

2d. Then with 86 Feet, find the Expansion on
the remaining Decimals, above 30,

viz. .0168, thus : on 01 == 9 - 9.
006 = 52 - 5.2
0008—69 - *69

Feet 14.89

414. (3d.) From the Height  corresponding to
30 Inches , viz . Feet 1681.7 Tenths,
lubtract the Height 14.89 corresp. to .0168,

and there remains 1666.8| 1, the Height corresp.
to 30.0168, with Expansion  of the Standard-
Heat.

4. 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 second Stage.

415. Detached Therm , above  57 0 Section 374.
Detached ditto, below  60 .2

Whole  Heat - - 117.2
Half  Heat - - .58.6(0 adding a
Standard  Heat - - 31.24 [Cypher)

which being deducted, leaves 27^.36, viz . De¬
grees of Heat more than the Standard, for each
Barometer.

416. By the 4th Table , find the Expansion of Section 380.
Air, with 270.36, on Feet 423.67 Tenths.

Firjl,  with 27°, on  423 .67, thus : Section 406,
viz. on  400 as 4000 = 262.4decimated 26.24

20 as 2000 = 131.2 - - - 1.312
3 as 3000= 196.8 - - - .1968

.6 as 6000 = 393.6 - - - .03936
.07 as 7000 = 459.2 - - - .004592

Expansion—27.692752
Second, with .36 on  the same, thus : Section 407.
on 400 as 4000 = 349.9 decimated .3499

20 as 2000= 174.9 - - - .01749
3 as 3000= 262.4 - - - .002624

.6 as 6000 = 524.8 - - - .0005248
.07 as 7000= 612.3 - - - .00006123

Expansion= .37050003
Add the former 27.692752
Height in Feet 28.06325203
U u 2 418. Which
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417. Which Height for Expansion of Air,
with more than  the Standard Heat, being added
(a)  to the Height, for Expansion of the Barome¬
ter, with  the Standard-Heat, gives the true Height
of the upper Barometer, at the given Heat.

For Expansion  of Air  above Standard Heat,
Height in Feet 28.0

For Expansion  of Barometer,
with Standard : Height in Feet 423.6

418. TrueHeight of the upper  Barometer 451.6
Lower  Barometer 1Foot above the Water 1.0
Height of the Top of the Cross above the

Gallery - - - - - - - -  50 .0

Height of the Top of the Cross above the
Tyber - - - - - - - - 502 .6

Height of the fame, measured the same
Day geometrically, was - - Feet 502.9

End of the las Stage.
CHAPTER

(a)  See Section 37; . 2dly. If the Moiety, Half-
Heat, or mean Temperature of the Air, is equal  to
the Standard-Temperature , to which the two Baro¬
meters are brought , by the rd Table ; the fourth
Table , for Expanfon of Air, is needless : the Height
already found, in the rd Table , being the true  Height
of the upper Station.

zdly . If the Moiety, Half-Heat,  or mean Tempe¬
rature of the Air , is less than  the Standard-Tempe-
rature of 31^.24 ; subtract the mean Temperature
from 31.24 ; and with the Remainder find the Ex¬
pansion, as usual, by the 4th Table : subtract the
Sum, (which is a corresponding Height in Feet and
Tenths ) from the Height in Feet and Tenths of the
upper  Barometer, at the Standard-! emperature, in the rd
Table : and the Remainder will be the true  Height of
the Mountain  or upper Station.  Section 384, Note a.
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CHAPTER LXXVIII

PRACTICE OF THE FOURTH EXAMPLE , (a)
FOR MEASURING SMALL HEIGHTS.

Section 419. \  Ttached Therm , below, 710.0 BythisExam-
JT\ . Attached Therm, above, 70 .c P|e. /»--//

. Heights are

Subtract , and there remains - - ,5 sured.™” *
Tenths of a Degree of Heat to be added to the
colder Barometer (which in the present Case is
the upper, but might possibly have been other¬
wise) by the ist Table.

Firjl , with o°.5 on 29 Inches. To obtain
which, begin

with i ° .o on 29 Inches — .002 :
with o° . i above i °, on 29 = .0002 : then
with o°.5 above 1°, on 29 = .001.

Prepare it for Addition to tht colder Barometer,
colder Barometer - - - 29.985
Expansion with .5 above i », on 29 .001

29.986
Secondly, with .5 Tenths above i °, on .985

Tenths above 29 Inches . To obtain which,
(having already found the Height from Expan¬
sion with .5 above i°, on 29 Inches, to be .001 ;)
since the Expansion on .985 Tenths above 29
Inches, is somewhere above 29, yet below 30

Inches;
( a)  The question : Near the Convent of St . Clare, in

a Street called La Strada dei Speccbi, at Home , the lower  Baro¬
meter stood at 30 .082 , its attached Thermometer 71 Degrees,
and detached ditto at 68 Degrees : on the Tarpeian Rock , or
West End of the famous Hill called The Capitol , the upper
Barometer was at 29 .985 , its attached Thermometer 70 ^. 5,
and detached ditto 76 ° s what was the Height of the Emi¬nence ?
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Inches ; find the Expansion with .5 above i °, on
30 Inches , thus:

first, with  i °, - - - on  30 — .003
2d. with  o°. i above i °, on  30 == .0003
3d. with  o°.5 above i °, on  30 — .0015

Subtract the Expansion with .5 Tenths above
i ° , on  29 Inches , from the Expansion with .5
Tenths above i ° , on  30 Inches :

viz . on 30 — .0015
on 29 — .001

The Answer is - - .0005, the Height
from Expansion, with .5 Tenths above i °, on  1
Inch above 29, i. e. on the 30th Inch : Then,
if 1 Inch above 29 gives .0005 ; .1 gives .00005:

and 985

multiplied 00025
as whole 00040
Numbeis , 00045

give - .0004I925
add the former Number 29.986

and, for the three remaining Deci¬
mals, may  be substituted x De¬
cimal in the fourth Place - 1

colder Barometer of equal Heat
with the warmer - - -
420. IVhen the Quicksilver in each Barometer indi¬

cates the fame Number of Inches,  differing but  one or
two Tenths at the most; (which will frequently be
the Cafe, in levelling fat Countries, or measuring
small Heights;—instead of the usual Method, ( to find
the Height of each Barometer  separately, with the

Standard-
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Standard-Heat, by the  26 Column of the id Table, '
as in Section  411 ;)—it will be more convenient,

1st. To fubtrafi the lower Bar meter from the
upper. Then,

2dly. By the  3d Column of the fame Table,
find the difference , (viz . of  one or  two Tenths
at the mojl)  below the Inches and  nearest Tenth of
the  lower Barometer.

And  lastly, with that DIFFERENCE, find by the
3d Table , the Height at the Standard-Heat, cor¬
responding to the remaining Decimals  above the  upper
Barometer.
421. ( jst.) From the lower Barom. viz. 30.082

Subtract the upper - 29.9865
Remaining Decimals above  the upper .0955
id.  Find , by the ad Table , the Height cor¬

responding to the Inches , and nearejl  Tenth above
and below  the Point at which the Quicksilver rests
in the lower Barometer.

The Inches and nearejl  Tenth is
above  30 Inches, correspond, to Feet 1681.7

and below  30 .1, coresponding to - - 1595.0

867
which is the difference of .1 below  30 . 1.

Lajlly.  Find , by the 3d Table , with  the dif¬
ference , viz . 86 Feet , en the remaining Deci¬
mals, for the Height, in Feet, corresponding tothe Standard-Heat.

viz. ' .09 - - 77 - — 77. Feet.
.005 - 43 - = 4-3
.0005 - 43 - = -43

Answer, Height in Feet 81.73
corresponding to .0955 above Inches 29.9865

Tenths
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Tenths of an Inch , of Quicksilver in the upper
Barometer thus brought to the Standard-Heat.

422. Prepare for Expansion of Air from Excess
above Standard-Heat, on the same Number of
Feet:

Detached Thermom . above  76° .
Detached Thermom . below  68 .0

Whole Heat - - 144.0
Half Heat - - - 72.0(0 adding a
Standard-Heat - 31-24 [Cypher)

which deduct, and there re- -
mains - - - - - - 40 .76 : with

which, by the 4th Table , find the Expansion of
Air on Feet 81.73 :

Flrjl , with  40 °, on  81 .73, t*lus  -
on  80 . as 8000 - 777.6 — 7.776

i . as toco - 97.2 — .0972
.7 as 7000 - 680.4 = .06804
.03 as 3000 - 291.6 — .002916

7-944I5 6
Second, with .76 on  81 .73, thus :

on  80 . as 8000 - 1477.4 — .14774
1. as 1000 - 184.6 — .001846
.7 as 7000 - 1292.7 = .0012927
.03 as 3000 - 554-0 — .0000554

Expansion . 1509341
add the former Expansion - - 7.944156

Sum of the Expansions, vtL. Height 7 g
in Feet - - - - - - j ' 95 9
from Excess of Heat above Stan¬
dard, with  40 .̂76 on  81 .73,

addei*
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added to the Height at theStan - 1 8
dard-Heat, in Feet - - - j *73

gives, in Feet and Tenths , the true - 1
Height of the Tarpeian Rock 89.8I2.

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.

Section 423. H E Question is stated front
Section 36 : and the Mode of

Operation taken from the Recapitulation  of the
second Example, Section 409;

Observation before the Ascent:
Below : Barometer 29.8 ; attached Thermo¬

meter O; detached Thermometer 65°;
Above : Barometer 23^= 23 TVo or 23.25 {a );

attached Thermom . 0 ; detached Thermom. 65°.
There being no attached Thermometers ; the

first  Table is useless: the Barometer below is
therefore supposed to be of the same 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 os the first Stage.

424. Find the Height (at the Standard-Heat)
corresponding to the Inches and nearejl  Tenth
above and below 23.25 : i. e. above 23.2, and
below 23.3 : by the 2d Table.

X x Now
(a) Sadler's Pradical Arithmetic)  Page 293*
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Now 23.2 corresponds to 8379.7 - an<̂ the
Difference of . 1 above, i. e. to 23.3, is in Feet
= H2 | . i : by the 3d Column of the fame Table.

With this Difference, consult the 3d Table :
i. e. with xi 2, (omitting the .1 as too minute)
on the remaining Decimals above 23.2, viz . on
05, as on 5, or -j—; and the Answer is 56 Feet:
which Number being subtracted from 8379.7,
the Remainder 8323.7, is the Height in Feet of
the Barometer in the Car, at the Standard-Heat.

Repeat the last Process for the Barometer on
the Ground.

Now 29.8, by the 2d Table , corresponds to
1856.0 ; and there being no Parts or Decimals
more minute than a Tenth , viz . .8, there is no
Occasion for the 3d Table.

Subtract the Barometer in the Car , from the
same when on the Ground ; and, by the 2dTable,
upper Barom. 23.25, corresp. 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, with the
Standard-Heat.

End of the second Stage.

425. Detached Therm , above, at 65°
DetachedTherm .when below, at 65

Whole Heat - - - 130
Half Heat - - - - 65.(00 adding
Standard-Heat - - 31.24 [Cy-

- [phers)
which deduct, and there remains 33.76 Degrees
more than the Standard-Heat, for each Barometer. ' !

Then for the Expansion of Air, with such
Heat more than the Standard, consult the 4th j

Table , i
j

1



height of the balloon measured. 33%
Table : viz. with  33° .76 on  Inches 6467.7, the
Height of the Barometer in the Car with the
Standard-Heat, thus:

426. First, with  330, an  6467 .7
an  6000 as 6000= 481.1, decimated 481.1

400 as 4000= 320.7 - - - 32.07
60 as 6000= 481.1 - - - 4.811

7 as 7000= 561.3 - - - - .56x3
,07 as 7000= 561.3 - - - - .05613

Expanfion= 518.59843
427. Second, with .76 on  6467 .7 :

en,  as before, 6000= 1108. decim. n .08
4000= 738.7 - - .7387
6000 = 1108. - - .1108
7000= 1292.7 - - .012927
7000= 1292.7 - - .00x2927

Expansion= i 1.9437197
Add the former 518.59843

Total Expanfion= 530.51542197
viz. Height by Expansion  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 - - - - - - - - 6998 .2,

Feet in a Yard 3)
Yards in a Mile 1760)2332.2 Feet.

1760 (1 Mile*

Yards in a Quarter of a Mile 440) 572(1Qr,
440

Xx 2
32 Yards.

The
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The Height of the Balloon i Mile, i Quarter,
32 Yards , and 2 Feet.

End of the last Stage,
and os the Mensuration of Heights.

N . B. A ihermometric  sliding Rule, for the Ex¬
pansion of Quicksilver, and of Air, may possibly,
from the foregoing Tables , be so contrived and
adapted to the Barometer, as to tell the Height
by Inspection, while in the Car of the Balloon,

CHAPTER  LXXX.

HINTS , ON THE CHEAPEST METHOD OF INFLA¬
TING BALLOONS , WITH DESCRIPTIONS OF DIE,
FERENT MODELS FOR A GASS - STEAM - ENGINE.

Section 429 .r  I >HE Expense  attending the In-X station of Balloons isasolid
Objection to their frequent Use.

A Check is thereby given to every Improve¬
ment that might otherwise be expected froma Re¬
petition of Experiments.

It is, in short, the chief Difficulty under which
the aironautic art at present labours.

This Difficulty, however, if once overcome,
(and of which there is little Doubt ) will pro¬
bably bring those extraordinary Machines, into
general Estimation.

What now  costs fifty Pounds, may then  be
done for five : abating the Expence of the pre¬
paratory Engine.

Monf . Lavoisier, by the Application of Steam
to Iron Filings enclosed in a Copper Retort , has

generated
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generated inflammable Air, or light Gass (a): and
Dr . Priestley, by converting a Gun -Barrel into a
Steam-Engine, has produced 3 Gass 13 Times
lighter than common Air ; (h)  whereas by the
present expensive Method, with Metal and Acid,
the Gass for Inflation is seldom more than six
Times lighter.

What has hitherto been atchieved on a small
Scale, is here meant to be extended.

As no Particulars are made public, or at
least, have yet come to the Author ’s Know-
ledge, relative to the Construction of such a
Gass-Steam-Engine, as may, with Safety and
Effect, be applied to the Inflation of Balloons;
the following Descriptions of different Models
may deserve some Notice may possibly excite
the Attention of the Ingenious ; and put them on
contriving easier  Means to obtain thesame  End,

I.
433. Let there be an Iron Hot-hearth,  oneYard

square, and two Inches thick . Let it be set  on a
common Brick Stove, built as near the Ground
as possible, (or even below it) in the open Air.
Its Chimney to consist of malleable Iron , flat
at the Top , and strong enough to support a
Tea -Kettle or Boiler to produce Steam : and
extending at least one Yard from the End of the
Hearth horizontally, before it turns up. It may
fife three or four Yards high, slanting farther
from the Hearth : the Form a hollow Cylinder :
yvitha Turn -Cap at the Top , two Feet long,

set
(a)  The Writer has not hitherto been so fortunate as to

meet with the original Memoir, containing the Particulars of
this curious Experiment by Monf, Lavoisier.(b) Dr. Priestley’s Experiments and Observations relating
to Air and Water, Ph. Tr , for 1785, Vol, 75, Part i, Page
? 79 *



ON THE CHEAPEST METHOD OF INFLATION,

set on at right Angles ; for the Management of
the Smoke.

Supposing then the Fire-Place to face the
West ; the Chimney may project Eastward. The
North Side is to be appropriated to the Iron-
Borings or Turnings ; and on the South Side is
to be deposited the Dross or Calx.

A Muffle or Mould of malleable Iron is to be
screwed and luted over the hot Hearth . The
four Sides of the Muffle next the Hearth are to
have horizontal Lips or Rims projecting half an
Inch : and Screws are to be driven, throu’
Holes (killed at proper Distances, into the Hearth.
The Sides are to rife upright a Couple of Inches:
closing, 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 Gass-Steam-Engine.

It is proposed to strew 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
varnished Linen , into a Tub of cold Water kept
continually  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, must be bright ; wholly free
from Chips, Bits of Wood , and all heteroge¬
neous Particles : but particularly RUST , and
GREASE : less  than a cubic Inch of the latter,
woud spoil a Ton of the brightest, and otherwise
the best prepared Materials. (Section 339.)

A
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A Day or two only,  before a Balloon is in¬
flated ; the proper Quantity of bright Iron shoud
be heated red hot in Charcoal,  and suffered co
go cold.

For Want of this simple Preparation of the
Iron , the Oafs has proved defective in Point of
levity : altho ’ the Balloon appeared fully in¬flated.

This Misfortune happened at Birmingham,
and other Places.

432. The Desideratum  is , quickly  to apply, and
remove  the Borings, keeping the Machine nearly
Air-tight . For , it is now  well known, that the
Oafs will explode,  if one-third Part of common
Air be introduced : or, if less; it may unite  with
the Gass,  and detract from its  Levity.

433. The following Particulars  may likewise be
considered as an Improvement.

II.
1. To lay a Plate of Iron , Brass, or Copper,

over the Hearth ; which, if made of cajl  Iron,
will be apt to crack, in Contact with the Steam ;
and will also unite with and concrete the Iron
Turnings or Gun - Borings into a solid Mass,
that woud be separated with Difficulty.

2. To make the Dross-Pit in the Fqrm of a -
hollow Wedge, narrow at the Top : screwing
and luting it to the South Side of the Hearth. It
shoud hold the Dross arising from a Ton of
Borings ; which will be sufficient for the Infla¬
tion of a Balloon, to carry one Person.

3. On the North Side is to be erected a Plat¬
form of Brick, a Yard square, floored  with a
Plate of Iron : the inside Surface to be even with
the Bottom of the Hearth.

4 . The
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4. The Ton of Borings is to be placed on the
Floor,  and covered with another Muffle, secured
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 Brass or Copper Rake is to remain within
the two Muffles: to press forward the Borings,
spread them over the Hearth ; stir them fre¬
quently ;—by turning the Instrument , scrape
them into the Drofs-Pit 3 and apply fresh from
the Deposit.

6. To perform these manual Operations
within the Machine kept Air-tight 3 it will be
necessary, at the exterior End of the Muffle, ts
fallen a strong leathern Cafe, made very wide
and pliant, and two Yards long : into which the
End of the Rake-Handle is to be inserted*

III.
434. The Mode of Operation.

The Borings being spread on the Hearth, and
red  hot ; the Steam Pipe is to be opened, and in-

Jlantlj  shut. The Oafs being suddenly  extricated ;
the Pipe is to be opened, and shut again as be¬
fore : the Borings pushed into the Drofs-Pit,
and a fresh Supply spread. This Process to
bs renewed, till the Inflation is completed.

If it be thought necessary to prevent the
Steam from communicating with the whole
Depot of Borings, and so evolve too much
Gas's ; a little Brass 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,
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tically, woud by the Pressure of the Gass, stop
up the Open : and yet, if made strong, not  pre¬
vent the Operations of the Rake, at proper
Times.

IIII.
435. The Machine woud be less complex, with

one large Muffle, somewhat longerNorthand South
than the Hearth ; furnished with leathern Case
and Rake. Put in the Borings at one End : keep
the Steam-Pipe always open ; with a Hand  at
the Rake ; pushing away the Dross, and pressing
forwards fresh Borings.

V.
436. Further : it has since occurred, that a

Machine in the Form of a gun -barrei , extended
in all its Dimensions, will probably answer every
Intention.

And of this Kind are the hollow cylindrical
Tubes , of different  Lengths , and about a Foot in
Diameter, (a) which are cajl, for the Conveyance
of Steam, from the Boiler of a Steam-Engine.

Such a one, (previously lined with a Cylinder
of Copper, or malleable Iron , to prevent the
Adhesion of the Borings, when reduced to a

I Calx by the Admission of Steam ;) might be
j placed horizontally overa Stove, (with or without

a Chimney ) and surrounded with red  hot Coals,
The Ton of Borings might be deposited at

one End of the Tube ; and, by Means of the
j Air-tight flexible leathern Cafe, be pressed with

a Rake, gradually  into the Fire , and beyond  it
■! when calcined.

Care must be taken to make the apparatus
I nearly Air-tight.

Y y The
(a) The Diameter may be enlarged.

!i
I
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The Steam Ihoud pass into the Tube , from
below!  and the Gass be conducted towards the
Balloon throu’ another Iron Cylinder, nearly
equal in Diameter and at right Angles with the
first; lying also in an horizontal Direction ; a-
long the Ground.

The Tubes might be forged  or ca/?, so as to
form but one rectangular Piece.

The further End of the second Tube Ihoud
communicate with a third,  made of Tin , and bent
downwards about a Foot ; thence at right An¬
gles, for six Inches : then to rife up, also at
right Angles, the Length of six Inches more.

The Tin Tube is to descend into a Cistern of
cold Water , made to flow over continually , by a
fresh Supply ; and into which, a few Lumps of
Quicklime Ihoud be thrown.

The Gass, which will press upwards throu’
the Water , is to be received into an inverted
Funnel , and thence (as in Section 339, Art . 2.)
conveyed to the Balloon.

VI.
437. The following Alterations woud super¬

sede the Use of the Rake, and leathtrn  Cases : the
latter of which, by any accidental Crack or Flaw
in the Leather, might admit a sufficient Quanti¬
ty of common Air to produce an Explosion.

The cylindric Form of the Copper, or
malleable Iron (to be used 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 small Holes.

This Muffle is to be nearly  filled with a Ton
of Iron Borings : (the Ends tp be made up, to
prevent the Borings from falling out into the

Tube ;)
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Tube ;) the Muffle itself is to be supported by a
Cradle (a ) of  the same Form, made of strong
Copper Wire , (£) like the open Iron-Wire-Fzn-
ders: and the whole is to be thrust into the
Tube.

The Length of the Muffle depends on the
Quantity of. Borings that are intended to be used.

The Ends of the Tube fhoud not be made so
strong as the Tube itself : that , if an Explosion
happens, they may  give way first, and prevent a
Rupture of the Tube : not that any Danger is
to be apprehended, that such an Event will take
Place, so long as the Steam-Pipe is attended to,
by a proper Person : the above Caution being
only given, to prevent a Possibility of  Rupture.

Each End fhoud be cast, or forged with a hol¬
low Handle ; and fhoud screw into the Tube.

The Length of the Tube fhoud be such, that
the Person who attends the Steam-Pipe, fhoud
feel no Inconvenience from the Heat of the Fire.

Nine Feet woud therefore be a proper Length :
the conducting Tube the same.

Within six Inches from each End of the Tube
which holds the Borings, a Hole, half an Inch
in Diameter fhoud be drilled across the Middle
of the Tube , in an horizontal Direction.

Into these, an Iron Axis is to be fitted, (so as to
take out occasionally)  and pass tbrou’ the T ube: each
End of the Axis is to project outwards a Couple
of Inches, and to be made square, for the Socket
of a strong Iron Winch or Handle.

Y y 2 Each
(a)  By Means of the Cradle, both are  more easily moved :

the Muffle is prevented from adhering to the Tube j and Steam
is admitted to the Borings,

(/,) Copper sustaining a ro/Heat , better than Ironj the
latter of which, calcines  with Steam, or, in cooling.
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Each Axis to be furnished with a strong Chain,
of equal Length with the Tube ; one End of
which Chain is to be riveted, or otherwise fixed,
to the Middle of the Axis ; and the other, to be
fastened occasionally  to one Extremity of the Cradle
and Muffle : the second Axis and Chain in like
Manner , to the other Extremity.

The Muffle is to be placed in the Cradle:
both are then to be thrust into the Tube , and
fastened to the Chain at the farther Axis : in
which Position 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
screwed 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
opposite Axis ; so that one Person may attend
both the Steam-Pipe, and Axis. The Steam to
be conveyed throu’ a small Orifice made in the
Bottom of the Tube , between the fame Axis and
the Fire.

439. As soon as the Materials, above the Center
of the Fire , are supposed to be red  hot, the Steam-
Pipe is to be opened for a Moment and SHUT
AGAIN . The extricated Oafs will be instantly
heard , rushing throu ’ the Vessel of cold  Water;
and as instantly seen to swell the varnished Linen-
Trunk as it passes into the Balloon.

The Steam-Pipe is to be regulated by these
infallible Signals : and the Process continued,
till that Quantity of Borings, that was in the

Center
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Center of the Fire , and consequently red  hot,
is supposed 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 ; Recourse must be had
to the second Axis.

44.0. If great Expedition is required, two or
three Conductors from the same Tube may be
used : and, at the Distance of six or seven Feet
from the Fire, Tin-ConduSlors  may be added ; ta¬
king Care that they are madet applied, and con¬
tinued Air-tight.

THE END.
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