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PREFACE

HE art of travelling through the air,

lately difcovered, and rapidly im-
proved, . has introduced fome new words,
‘expreflive-of the various obje@s which be-
long to it. The meaning of thofe words is
eafily underftood and remembered, fince
they are principally derived from the Latin,
aer, the air ; thus the aeroffat, or the aero-
flatic machine, is the general appellation of
the flying inftruments ; the geronaut is the

- perfon who travels through the air with an

aeroftatic machine; and the art itfelf, with
whatever belongs to the knowledge of it, is
called the fubject of aerofiation.—The flying
machines are likewife called air~balloons.

The prefent work contains the Hiftory
and Practice of this new fubje@. In the
hiftorical part, the Author has omitted moft

A 2 ' of



iv PRETF A CE.

of thofe experiments, obfervations, and pro-
je&s, which feemed to be either trifting or
evidently abfurd; and, on the contrary, he
has endeavoured to record every particular
that deferved to be rememberéd, or that
. appeared likely to open the way for farther
difcoveries. In the pracical part, he has
not confined himfelf within the limits of
any particular theory; fince the prefent
ftate of knowledge, relative to the {ubject,
has not yet eftablithed all the neceffary par-
ticulars; he has therefore comprehended
this part of the work under fuch general
principles, as will be ufeful in cafe of any
fubfequent improvement, -

The problems for practice have been
rendered as general as poffible; but they
are left without any demonftration ; fince
that would have been ufelefs to the mathe-
~matical reader, and unintelligible to any
other, except there had been prefixed a long
feries of preliminary propofitions, which the -
nature of the work could not admit of.—
It is for the fame reafon, that mathema-

B 1 A tical



PREFACE. ’ v

tical phrafes, and fymbolical calculations,
have been avoided, and more familiar ex-
preflions have been fubftituted wherever it
has been praticable.

The meafures mentioned throughout the
work are Englifh, and the degrees of the
‘thermometer are accotding to Farenheit’s
fcale, except when the contrary is exprefled.

Accuracy and perfpicuity have been the

Author’s principal objets in the compila-
tion of his work ; but, notwithftanding his
endeavours, it is more than probable that
fome inaccuracies, and other deficiencies,
may be found in it; on which account, he
would deem himfelf much obliged to any
perfon, who would inform him of any ne-
ceffary corre@ion, or interefting particulas
that has been omitted, in order to render the
work more perfet, in cafe of another edi-
tion.

CON-
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PART L

HISTORY OF AEROSTATION,

CHAPTER L

Hiffory of .Aerq/?atz'or‘z, from the earlieft trae
dition till the year 1783.

T HE tales of antiquity, the poetical
produtions, the religious tenets,

and even the hiftories, of moft nations,
thew that to acquire the art of flying, or
of imitating the birds, has been the earneft
defire, and has exercifed the genius, of
mankind in every age. The winged horfes
‘of the Sun, Juno’s peacocks, Medea’s
dragons, the flying oracles, and innughe-
B rable



‘2 HisToRrY of AEROSTATION.

rable others, are inftances of this obferva-
tion ; but authentic hiftory furnifhes very
fcanty materials concerning any real fuc-
cefs having ever attended t/he attempts of
this fort.

With fome it is a queftion, whether '
thofe allegorical paffages are merely the
produce of the imagination, ever fond of
raifing itfelf into the pure and unincum-
bered regions above the furface of the
earth; or whether they indicate the real
exiftence of the art of flying amongft men
in ages preceding hiftory, but afterwards
loft. And indeed, whilft we were unac-
quainted with any means, by which aman -

" might elevate himfelf into the atmofphere,

and the conftant failure of often-repeated
experiments had rendered proverbial the
vanity of the attempt, we might have
eafily been induced to believe the firft
part of the queftion; but now, that men
in almoft every nation of Europe, by
having aGually raifed themfelves into the
air, and having navigated through it with
fafety and pleafure, have thewn the pof-

fibility,
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- fibility, and eafinefs of the art, we might,
perhaps with more juftice, fufpet the
fecond part of the queftion to be true.
However, an art entirely forgotten, has
the fame effect as an art never difcovered:
therefore thefe obfervations may only ferve
'~ to excite the inveftigation of antiquarians;
but as they do not, fo they are by no
means intended to detra@ from the merit
of our contemporaries, who, by the dif-
covefy and rapid advancement of this art
alone, have, in every fenfe of the phrafe,
‘really raifed themfelves above the level of
their predeceflors, and will leave to pof-
terity a lafting, and perhaps ufeful, me-
morial of the genius of the prefent age.

Before we begin with the narration of
what is' recorded " relating to the art of
flying, it will be ufeful to mention, that
the attainment of this object has been at-
tempted by two different means; namely,
firft, by giving motion to artificial wings,
either by mechanical combination, or by
the immediate ftrength of a man, in imita-
~ tion of the birds ; and fecondly, by attach-
B2 i ing
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ing the human body to fomething, which,
being lighter than air, might raife itfelf
and the annexed weight into the regions
of that element. The latter only of thefe
methods has been verified by actual ex-
periments ; and the principal of what has
been done and is known about it, will
be related in this work. As to the for-
mer, there is great fufpicion, that it will
be never brought to any perfe&ion ; fince
the ftrength of a man feems inadequate
to produce the required effet, and the
weight of machines will always be too
great in' proportion to their effets. Bo-
telli, a Neapolitan mathematician of the
_ laft century, examined this fubjet with
great nicety, and, by a comparifon of the
mufcles, which in a bird are employed
for flying, to the mufcles of the breaft and
arms of a man, . finds the latter to be quite
- infufficient to produce, by means of any
wings; the motion againft the air, which
is neceffary to raife a man into the at-
mofphere *. This learned author, as well

¥ Borelli on the motion of animéls, Chap, xxii.
' as
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as Leibnitz, formally denied the poffibi-
Tity of a man’s flying, by any of the means
at that time known.

The flight of Abaris round the earth,
as related by Diodorus of Sicily; the
oracle of the famous temple of Hierapolis,
which raifed himfelf into the air¥*; the
fate of Icarus; and many other ancient
ftories of the like fort, being, according
to the judgment of intelligent perfons,
cither entirely fabulous, or only alluding
to fomething quite different from real
flying, do not deferve any particular nar-
‘ration, or confutation.

The earlieft account of any thing re-
fating to flying, which has the appearence
‘of authenticity, is that of Archytas’s
pigeon. This famous geometrician of
- “Taranto was of the Pythagorean fchool,
and flourithed in the fourth century before

* Aliud quoque dicam, quod me prefente fecit.
Sacerdotes illum in humeros fublatum ferebant: ille
werd, iis inferils in terra reli&is, folus in aére fereba-
tur. Lucian. deSyria Dea. '

B3" : the
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the Chriftian zra.” Aulus Gellius re-
lates, that Archytas conftructed a wooden
pigeon, which could fly by means of me-

. chanical powers, and by an enclofed fpi-

rit. His words, tranflated, are the fol-
lowing :—*¢ It is affirmed by many of
¢ the beft Grecian writers, and by the
¢¢ learned philofopher Favorinus, that
¢¢ Archytas had conftruted a wooden
¢ pigeon, which could fly by mechanical
€< means. To wit, it was thus fufpended
¢¢ by balancing, and was animated by an
¢ occult and enclofed aura of fpirit*.’

It is remarkable, that immediately after
thefe words, Aulus Gellius tranfcribes the
paffage of Favorinus, wherein no men-
tion is made of the enclofed fpirit. < Ar-
¢¢ chytas,” fays the paflage, ¢ philofopher -
¢ of Taranto, conftru¢ted a wooden pi- -
«¢ geon, which could fly ; but if it fell, it

¢¢ could not lift itfelf up any more.”

Much has been faid and done, efpecially

* Aulus Gellius, Noctes Atticz, Lib. x, cap. xii.
-in .
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in the laft century, in order to imitate
this flying artificial bird, as the reader
may gather from the works of father Lau-
rette Laure, Schott, Cardan, Scaliger,
Fabri, and. Lana: though his curiofity
will be ill rewarded for his trouble ;‘ thofe
attempts to imitate and to explain Archy-
tas’s pigeon, being moftly errors of too
grofs a nature even for the laft century.

Since the invention of aeroffatic ma-
chines, feveral perfons have fufpected, that
by the enclofed fpirst, in Gellius's paflage,
might poflibly be underftood snflammable
or rarefied air, by means of which Ar-
‘chytas’s pigeon was rendered lighter than
common air; the mechanical artifice
ferving only to let it proceed forward.
But various circumftances, when duly
confidered, feem to render this conjeGture
quite improbable. The bird being made
of wood, it muft have been of an im-
“menfe magnitude, before the excefs of
weight between the enclofed inflammable
air, and an equal bulk of common air,
could equal the weight of the materials

- B g4 _employed.

i
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employed. . No mention is made of a fire, .
which, in cafe of rarefied air, was abfo-
lutely neceffary; nor of any preparation
having been ufed previous to the bird’s
flying, which, if “inflammable air was
made ufe of, muft have been too great
to efcape notice. Befides, if the fly-

~ ing of this artificia] bird was executed

by fuch means, the fimplicity of the prin-

ciple, when once difcovered, could have ..

hardly Paﬁ'ed' fo eafily into oblivion,

As this machine is faid to have repre-
fented a pigeon, and not the leaft mention
is made of its being of any extraordinary
fize, it is probablc, that by the enclo ﬁd'
Jpirit, or aura, nothing more was meant,
than a fort of animation, which that ma-

chine appeared to have been pofleffed of © -

in confequence of its extraordinary me-
chanifm; it being very natural to attribute
a kind of life to any thing, which moves
of itfelf, without the intervention of any
other apparent agent, for a certain time;
and aura, Jpirit, or breath, having been
‘commonly employed to exprefs life.

‘ ‘ In
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In Rome, under the reign of Nero, it is
faid, that a man, by means of artificial
" -wings, elevated himfelf high into the at-
mofphere ; but that he loft his life in the
enterprife. Another very uncircumftan<
tial account of a man, who was feen fly-
ing at Rome, is related by Antonius
Beyerlink. In feveral authors we -meet
with vague accounts of finging and flying
artificial birds+4. But whilft oppreffion,
and ignorance kept Europe in flavery and
fuperftition, it is no wonder that ac-
counts, generally abfurd, and always doubt-
ful, of flying machines, flying veflels,
flying faints, and flying witches, were
very common; and the religious hiftorians,
as well as other writers, make frequent
mention of them, |

* Roger Bacon, who lived in the r3th
century, and contributed much' towards
the revival of learning, wrote feveral
works with freedom of thought, but often
with obfcurity. This great man, defcrib-

+ See Caffiodorus, Michael Glycas, and Con. Ma-
aﬂ.eo . .
ing,



‘yo HisToRry ¢f AEROSTATION.

ing, or rather defcanting on the power of
art and nature, fays, ‘¢ There may be
“¢ made, fome flying inftruments, fo that
“a man ﬁttmg in the middle of the inftru-
« ment, and turning fome mechanifm,
‘¢ may put in motion fome artificial wings,
¢ which may beat the air, like a bird fly~
¢ ing,” And in the next page he fays,
¢ There is certainly a flying inftrument,
“ not that I ever knew .a man that had
¢¢ feen it, but I am particularly acquainted
¢ with the ingenious perfon who con~
“ trived it*.”

_Thqfe paffages have induced feveral per-
fons. to confider Roger Bacon as the in-
ventor of flying machines; but, I hope,
my reader will not want a formal refuta-
tion of this opinion. Since Bacon, there
have not been wanting patrons of the art
of flying. Some differtations have been
written exprefsly on the fubje& ; projects
of teaching children to fly gradually from
their infancy, have been propofed, and -~
various fchemes of artificial wings have

® De Mirabili Poteftate Artis et Naturz.
. ‘ been
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_been aGually tried, which, though fome-

times attended with the appearance of
partial fuccefs, on account of the wind,
or the largenefs of the wings, which pre-
vented a precipitate fall; yet they gene-
rally ended with the death, or at leaft
with the fracture of the limbs, of the ex-
perimenters. '

It is related by feveral authors ¥, each of
whom muft have copied the fable from
his predeceffor, that the famous John
Muller, commonly called Regiomontanus,
at Norimberg made an artificial eagle,
which flew to meet the Emperor Charles
the fifth, and accompanied him back to

~the town: What fhews the abfurdity of
this ftory, is, that Regiomontanus died in
the year 1436; whereas Charles the fifth
was born in'the year 1500. It is likewife
affirmed, that the fame author conftructed
an iron fly, which, when let out of his
hand, flew to feveral places about the
room, and afterwards returned to his hand:

* Sixtus bifhop of Ra(':ifbon, F. Kircher, Pori'a,
Schott, Gaffendus,. Lana, bithop Wilkins, and
others, : '

but



12 HisToRY of AEROSTATION,

but the immenfe difficulty of executing
fo great a mechanifm in fo narrow a com-
pafs, and the fly being made of iron, feem
. to fhew that probably this was only a
magnetic trick. '

Cuperus, in his treatife on the excellence
of man, fays, that the great painter Leo-
nardo da Vinci attained the art of flying;
but this fa@ is by no means authentic.

John Wilkins, Lord Bifhop of Chefter,
who died in the year 1672, in his Difco-
very of the New World, and in the 14th
propofition, fays, ¢ It is a pretty notion
¢« to this purpofe, mentioned by Albertus
«¢ de Saxonia, and out of him by Francis
““ Mendoca; that the air is in fome part of
“¢ it navigable; and that upon this ftatick

. ¢ principle, any brafs or iron veflel (fup-
¢ pofe a kettle) whofe fubftance is much
¢ heavier than that of the water; yet be-'
¢ ing filled with the lighter air, it will
¢« fwim upon it, and not fink. So fup-
<¢ pofe a cup, or wooden veflel, upon the

¢¢ outward borders of this elementary-air,
| ¢ the
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¢ the capacity of it being filled with fire,
«¢ or rather =thereal air, it muft necef-
«¢ farily, upon the fame ground, remain
« {wimming there, and of itfelf can no
¢ more fall, than an empty fhip cap
« fink.”

But in his Dedalus, or:treatife on me-
chanical motions, he treats exprefsly of
the art of flying; and it feems proper ta
tranfcribe in this place fome of his moft
remarkable paffages, in order to remove
the falfe notions of feveral perfons, who
imagine that bithop Wilkins knew the art
of flying. In the 6th chapter of the
above-mentioned treatife, he fays, ¢ Sca-
¢« Jiger conceives the framing of fuch vo-
‘¢ litant agutomata to be very eafy. Vo-
“ Jantis columbe machinulam, cujus autorem
“ Archytam tradunt, vel facillim® profiters
““ qudeo. Thofe ancient motions were
¢ thought to be contrived by the force
¢ of fome included air: So Gellius, Ita
¢ erat fiilicet libramentis fufpenfum, et aurd
“ fpiriths inclufd atque occulté confitum,

. . , « e
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“ &c. Asif there had been fome lamp,
¢ or other fire, within it, which might

¢¢ produce fuch a forcible rarefaGtion as
¢¢ fhould give a motion to the whole
<< frame.

¢« But this may be better performed by
¢¢ the ftrength of fome fuch fpring as is
¢¢ commonly ufed in watches. This fpring
¢¢ may be applied unto one wheel, which
¢¢ fhall give an equal motion to both the
¢ wings; thefe wings having untp each of
¢ them another {maller {pring, by which"
¢¢. they may be contratted and lifted up:
¢ {o that being forcibly deprefled by the
¢¢ ftrength of the great and ftronger {pring,
¢« and lifted up again by the other two;
¢« according to this fuppofition, it is eafy
¢¢ to conceive how the motion of flight
- ¢ may be performed and continued.”

In his 7th chapter he enumerates four
different ways whereby flying in the air
hath been or may be attempted; namely:
1. by fpirits or angels; 2. by the help

of
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of fowls; 3. by wings faftened immedi-

©ately to the body; and 4. by a ﬂying

chariot.

I need not fay a word about the firft of
thofe methods. As for the fecond, the
high degree of improbability will “eafily
occur to any thinking perfon. Relating
to the others, fomething has been -already
mentioned, and more.will be faid in the

- courfe of this work. Bifhop Wilkins thus

exprefles himfelf about them:- ¢ It is the
““ more obvious and common opinion,
¢ that this may be effe¢ted by wings

¢« faftened immediately to the body, this

¢ coming neareft to the imitation of na-
¢ ture, which fhould be obferved in fuch

<¢ attempts as thefe. This is that way,

«« which Fredericus Hermannus, in his

-« littledifcourfe de arte volandi, doth only

¢ mention and infift upon; and if we may
¢ truft credible ftory, it hath been fre-
¢ quently attempted, not without fome
“ fuccefs. 'Tis related of a certain Englith
“ monk, called Elmerus, about the Con-
“ feflot’s-time, that hedid by fuch wings
) 10 _ s fly
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- ¢ fly from a tower above a furlong; and
“ fo another from St. Mark's fteeple in
¢ Venice; another at Norimberg ; and Buf-
‘¢ bequius {peaks of a Turk in Conflantino-
¢¢ ple, who attempted fomething this way.
¢ Mr. Burton, mentioning this quotation,
¢¢ doth believe that fome new-fangled wit
¢¢ (’tis his cynical phrafe) will fome time
¢ or other find out this art. Though
¢¢ the truth is, moft of thefe artifts did un-
¢¢ fortunately mifcarry, by falling down,
¢ and breaking their arms or legs, yet
¢ that may be imputed to their want of
¢¢ experience, and too much fear, which
¢ muft needs poflefs men in fuch dange-
¢¢ rousand ftrange attempts. Thofe things
s¢ that feem very difficult and fearful at
¢¢ the firft, may grow very facil after fre-
¢ quent trial and exercife : and therefore
¢ he that would effe® any thing in this
s¢ kind, muft be brought up to the con-
¢ ftant practice of it from his youth; try~
o ing firft only to ufe his wings, in run«
¢ ning on the ground, as an oftrich or
¢ tame goofe will do, touching the earth:

¢« with his toes; and fo by degrees learn
“ to
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¢ 40 rife higher, till he fhall attain unto
¢ {kill and confidence. I have heard it
¢ from credible teftimony, that one of
‘¢ our own nation hath proceeded fo far in
“ this experiment; that he was able, by
¢ the help of wings, in fuch a run-
¢ ning- pace, to ftep conftantly ten yards
¢ at a time.’

" And he concludes the chapter with the
~ following words: ¢ But now, becaufe
¢ the arms extended are but-weak, and
“¢ eafily wearied, therefore the motions by
“.them are like to be but fhort and flow,
‘¢ anfwerable, it may be, to the flight of
¢ fuch domeftic fowl as are moft conver=
- ¢ fant on the ground, which of them-
« felves we fee are quickly weary; and
¢ therefore much more would the arm of
‘ aman, as being not naturally deﬁgned ’
¢ to fuch a motion.
~ < It were therefore worth the enquiry,
‘¢ to confider whether this might not be
~ * ‘more probably effected by the labour of
- ¢ the feet, which are naturally more
| C ¢ ftrong
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“ ftrong and -imdcfabigablé: in which con~
trivance, the wings fhould come down

from the fhoulders -on each fide, as in
the other, but the motion of them

, s thould be from the legs, being thruft
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¢ ther, ,fo’ as each leg fhould move both
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wings; by which means a man fhould
(as it were) walk or climb up into the
air; and then the hands and arms might
be at leifure to help and dire&t the mo-
tion, or for any other fervice propor-
tionable to their ftrength. Which con-

je@ure is not without good probability,

and fome fpecial advantages above the
other. .

«¢ But the fourth and laft way feems unto
me altogether as probable, and much
more ufeful than anyof the reft. And that

‘is by a flying chariot, which may be fo

contrived as to carry a man within it;
and though the ftrength of a fpring might
perhaps be -ferviceable for the motion

of this engine, yet it were better to have

it affifted by the labour of fome intelli-

¢ gent
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¢ gent mover, as the heavenly orbs are
* fuppofed to be turned. And therefore, if
'¢ it were made big enough to carry fundry
** perfons together, then each of them in
¢ their feveral turns might fucceffively
¢ labour in the caufing of this motion;
*¢ which thereb)" would be much more
¢« conftant and lafting, than it could other-
¢ wife be, if it did wholly depend on the
¢ ftrength of the fame perfon. This con-
¢ trivance being as much to be preferred
¢ before any of the other, as fwimming in
s¢ a fhip ’before fwimming in water.”

The frequent mention of this author’s
fuppofed knowlédge of the art of flying,
and the difficulty of finding copies of his
book, has made me tranfcribe fo much of
it, as, I think, is more than fufficient to
fhew, that Wilkins’s vague difcousfe not
only contains nothing precife about flying,
but feems incapable even to furnith any
hints ufeful to a rational {chemer.

~ One John Baptift Dante, towards the
- middle of the laft century, is faid to have
Cz framed
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framed certain wings, by means of which
he flew feveral times, but at laft had the
misfortune of breaking one of his thighs in
an attempt of that fort*. In the Fournal
des Savans of the 12th September. 1678,
mention is made of one Befnier, who con-
ftructed four wings, which he attached to
his body, ahd by moving them with his own
ﬁ'rength' alone, he could defcend from an
eminence very gently and obliquely on the
ground ; fo that by this means one might
pafs over a river, or fuch like fpace, when

\ he has the opportunity of a contiguous
eminence .

Amongft the projettors of flying ma-
chines, of the laft century, the only perfon
~who grounded his fcheme upon folid prin-
ciples, is the Jefvit Francis Lanal; and
though the conftru&ion of his flying ma-
chine was never, and perhaps will never,

® See Bourgeois’s Recherches fur I’Art de Voler.

4 See alfo the Phil. Tranfa&ions, No. 1. p. 15.

1 See the fixth chapter of his Prodrome, o faggie
di alcune invenzioni nuove premeffo all’ arte maefira.
Brefcia, 1670,

be
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be executed, on account of feveral practical
impediments, and_becaufe the late difcove~
ries afford methods incomparably fuperior
to it ; yet his reafoning and his thoughts
are deferving of notice. The writers of
that age, who treated on the art of flying, -
propofed fchemes either entirely hypotheti-
cal, or without any defcription and calcu-
lation of particulars. Thus we find it
direted to fill a great many egg-fhells with
dew ; for, as the fun rarefies, and confe-
quently elevates the dew ; fo the egg-fhells,
when expofed to .that luminary, would
~ rife, together with fome other weight that
* might be attached to them, in confequence
of the dew, which they contained, being
rarefied. We find it likewife afferted, that
if a veflel were placed upon the limit of cur
atmofphere, and were filled - with fire or
ethereal air, it would fwim like a veflel
upon ‘water, which is filled with air *; for
then it was believed by fome, that the ele=
mentary fire was placed over the atmofphere,
which was thought to have a well-defined

* This is analogous to what is mentioned by Biﬂlop-
Wilkins in the above-tranfcribed paffages.
C3 limit ;



22 HisToRY ¢f AEROSTATION,
limit; fo that the ﬁtm'ofphci‘c of fire was
imagined to ftand over the aerial atmoiphere,
in the fame manner as the aerial atmofphere
ftands over the water of the fea*. But the
judicious Lana, confidering the real weight
- of the atmofphere, juftly infers, that a glo-
bular veflel (and indeed a veflel of any other
f@irm) exhaufted of air, would weigh lefs
than when filled with that fluid, He alfo
confidered, and it is mathematically true,
that the capacity of fpherical veflels in-
creafes much fafter than their furface;
fo that if there are two fpherical veffels,
“the diametér of one of which is half the
diameter of the other; then the capacity .
of the latter is equal to eight times the
capacity of the former, whereas the furface
of the latter is only equal to four times the
furface of the former: and if we take a
fphere, the diameter of which is three
times that of another fphere; then its ca-
pacity will be twenty-feven, and its fur-
face will be nine times, that of the other.
% Albert de Saxe, F. Mendoca, Schott, and F.
Gallien, in his work, entitled L’ Art de Naviger dans

Ies dirsy Amufement phifique & geometriquey &e. pub-

Jithed at Avignon in the year 1755,
From
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From this demonftrated principle, F. Las
na deduces, that it is poffible to make a
fpherical veflel of any given matter, and
thicknefs, and of fuch a fize, as, when
emptied ‘of air, it will be lighter than an
equal bulk of atmofpherical air, and will
afcend, together with any additional weight,
into that element. . After ftating thefe de-
monftrated principles, F. Lana makes the
calculations neceflary to determine the
fize of four globular veflels of copper,

which, when emptied of air, might take |

up into the atmofphere a veflel with paffen-
-gers, &c. to which they are faftened by
ropes.—I need not tranicribe thofe calcula-
tions in this place; fince the truth of the
theory, and, at the fame time, the difficulty
attending the execution of 'fu‘ch a icheme,
will eafily occur to any ingenious perfon.

A letter, dated Lifbon, the 1oth of Febru-

“ary, 1784, which was lately publithed in -

France, contains the copy of an addrefs
prefented to the king of Portugal, in the
year 1709, by a friar called Bartholomew
Laurence.de Gyfman; in which the peti-

' Cs4 tioner
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tioner reprefents his having invented a fly-
ing machine, capable of carrying paffengers,
and of navigating through the air very
fwiftly ;- and he requefts the privilege of
being the fole poflfeflor of fuch machine,
prohibiting any other perfon to conftruct a
machine of the like nature, under fome
penalty, &c. In confequence of which pe-

" ftition, the king was pleafed to grant the

following order ;

“¢¢ Agreeably to the advice of my council,
“ I order the pain of death againft the
¢ tranfgreflor. In order to encourage the
¢ fuppliant to apply himfelf with zeal
¢ towards improving the new machine,
¢ which is capable of producing the effe@s
¢ mentioned by him, I grant unto him
¢ the firft vacant place in my college of
¢¢ Barcelos or Santarem, and the firft pro-
¢¢ feflorthip of mathematics in my Uni-
s verfity of Coimbra, with the annual
¢ penfion of 600,000 reis, during his life,

¢ Lifbon, the 17th of April, 1709.

The defcription and drawing of this in-
: tended
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tended machine is of fo ftrange and ro-
mantic a nature, that it will be hardly
neceffary to add, that it was never after-
‘wards feen or heard of. The drawing
reprefents a veflel fomewhat in the fhape
of a bird; and the defcription fays that
it contained feveral tubes, through which
the wind was to pafs, in order to fwell
a kind of fails, and thus was to elevate
the machine; which effe&, when the
wind was wanting, was to be produced by
bellows concealed within the body of the
machine.—To a fort of canopy fpread over
the veflel, feveral pieces of amber were at-
tached, which were intended to pull up-
wards the lower part of the machine.
Two magnets were alfo enclofed in two
{pheres.—But it is ufelefs to dwell any
longer on fuch childifh. abfurdities.

Mr. D. Bourgeois, in his Recherches fur
PArt de Voler, aflerts, that in the above-
mentioned account, De Gufinan is'wrongly
annexed to Bartbolmew Laurence, they
being two diftin& perfons; to wit, Bar-
tholomew Laurence, the perfon who pre-
fented the petition, &c, and De Gufinan,

' ’ another
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ancther perfon; of whom he relates the
following remarkable ftory :—It is faid, that
in the year 1736, De Gufman made a
wicker bafket, of about feven or eight feet
in diameter, and cavered with paper, which
" bafket elevated itfelf as high as the tower
of Lifben, which is about 200 feet high.
. 'The fame author adds, that he received
this account from a very creditable perfon,
who had been prefent at the experiment ;
but that, for better confirmation of it, he
wrote to a diftinguithed merchant of Lif-
bon ; who anfwered him, that the fat was
true, and that many perfons. ftill remem-
bered it, though they attributed it to witch-
craft. - |

It is remarkable, that a Portuguefe book,
entitled Phyfical Recreations, publithed by
Jofeph Francis d’ Almeida, in the year
1751, contains a dialogue on the art of
flyings and yet it takes no notice of cither
of the two above-mentioned accounts of
“Laurence and De Gufmnan.

The accounts of feverai other ftories ftill
7 : . more
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more abfurd, and of flrange projets never
verified, might have been inferted in this
chapter; but thofg already related may fuf-
fice to fhew the reader, that, before the pre«
fent age, nothing ufeful nor certain had
been done relative to the art of flying ;.and
that thofe attempts, of which pretty au-
thentic records are extant, ferved only to
fhew, that to fly by mechanical means
was next to impoffible ; befides which no
other method was known with certain=
ty, or even with any reafonable probabi-
lity.

The art of navigating through the air
has been at laft difcovered, and it has fuce
ceeded on two principles; to wit, on the
fpecific gravity of inflammable air, which
is much lighter than common atmofpheric
_ air of the fame temperature; and on the fpe-
cific gravity of heated air, which is lighter

than air of the {fame fort when colder. It

feems therefore neceffary to begin the hif=
tory of this wonderful invention, with the
account of the difcovery of thefe twe prin-
ciples,

‘The
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The weight and elafticity of the air was
known to the ancient philofophers, as
may - be deduced from feveral paffages in
their works*. Borelli relates an experi-
mentof a Florentine; called Candido Buono,
which fhews that air rarefied by heat be-
comes lighter, and afcends amidft the colder
air. This eafy, and at the fame time fatif-
faGory experiment, confifts in bringing a
red-hot iron under one of the fcalesof a ba-
lance, when that inftrument hangs in equili-
brio; for as foon as the red-hot iron is
brought under one of the fcales, the air
heated and rarefied by it will afcend, and
will impel the faid fcale upwards, the op-
pofite fcale defcending as if a weight were
put into it. Thefe properties, in procefs of
time, gave origin to feveral ufeful inftru-
ments; as the{yphon, the air-gun, the baro-

® Ariftotle de Ccelo. “ In fua enim regione om-
¢ nia gravitatem habent prater ignem, aér ipfe; fig-
'¢¢ num autem eft, utrem inflatum plus ponderis, quam
¢ vacuum habere.” See alfo - Stobzus’s Eclog.
Phyf. Plutarch. de Placitis, lib. i. cap..12. Galen’s
Hift. Philof. de Refpiratione, Heron’s, the Alexan-
drine, Spiritalia, Ctefibius. Philo the Byzantmc.
Seneca’s Quzft. Nat. lib, v, and vi.

S 5 mctel' F)
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‘meter, &c. Butfincetheinvention of the air-
pump, which was made towards the middle

of the laft century, the air’s weight and ex-

‘panfibility, either by means of fire or by a
removal of the preflure, have been thewn

in an endlefs variety of ways, firft by the in-

defatigable Mr. Boyle, and afterwards, with

more accuracy, by many other obfervers,

who were furnifhed with better inftruments.

Ithas been afcertained—11t, Thata quantity

of air contra@s itfelf in exact proportion to

the preflure it fuftains ; fo that by doubling

the preflure, a quantity of air will be con-

traGted into half the fpace it occupied be-

fore ; by trebling the preflure, it will be

contracted into one third part of that fpace;

and, on the contrary, if half the preflure,

which confines a quantity of air into a cer-

tain fpace, is removed, that air will expand

itfelf into a fpace, which is double the for-

“mer; and {o on.—2dly, That heat expands,
and cold contradts, the air; though not near

fo much as can be effected by adding or re-

moving the preflure ; the heat of quite red-

hot iron expanding a quantity of air into a

{pace, which is barely four times the fpace
it

. e e LB TRE T e e e s A e
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it occupies naturally in a temperate degree
of heat. One degree of heat, according to

‘the fcale of Farenheit’s thermometer, feems

1o expand the air about one five hundredth
part.—And, 3dly, That in a mean tempera-
ture and gravity of the atmofphere, near the
furface of the earth, the weight of air, tom-
pared to the weight of water, is as 1 to 8403
fo that a cubic. inch of air in that ftate
weighs about %% parts of a grain.

As for the inflammable air, its exiftence
was known many years ago, efpecially to
miners, who had frequently experienced
the fatal effe@s of its combuftion in fubter-
raneous places; but Mr. Henry Cavendith
was the firft perfon, who ‘afcertained with
exaltnefs the weight, as well as other pro-
perties, of it; an account of which obfer-
vations is publifhed in the 56th vol. of the
Philofophical Tranfattions, for the year
1766. Thislearned philofopher obferved,
that inflammable air is, atleaft, feven times
Jighter than common air *,

' Soon

* ¢ If common ais™ fays he, ¢ is 8co times lighter
¢ than water, then inflammable air is 5490 times

-¢¢ lighter than water, and feven times lighter than

¢ commopn
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Soon after this difcovery of Mr. Caven-
dith, it occurred to the ingenious Dr. Jofeph
Black, of Edinburgh, that a veflel might be
made, which, when filled with inflammable
air, might afcend into the atmofphere, in
confequence of its being altogether lighter
than an equal bulk of common air. This
idea of the Doctor’s has been mentioned to
me by two or three different perfons ; but
lately the Door himfelf wrote a candid
account of it to Dr. James Lind, Phyfician
at Windfor: and here follows part of the let-
ter, which I have permiffion to publith.

¢ Edinburgh, the 13th Nov. 1784.”
¢ Dear Sir, |
¢« The perfon who firft difcovered with
¢ exactnefs the fpecific gravity of inflamma-
¢¢ ble air, was, fo far as I know, Mr. Caven-
¢ dith: T never heard of any experiments
“ made with that intention, before his ap-

¢ common air; but if common air is 850 times light-
¢ er than water, then inflammable air is 9200 times
<¢lighter than water, and 10,8 times lighter than
¢ common air.”” Becaufe. he found that an empty
bladder weighed 41 grains more than when it con-
-tained 80 meafures of inflammable air.

¢ peared
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¢« peared in the Philofophical Tranfa&ions
¢ for the year 1766. It had been my
¢ conftant practice before, to fhew, every
¢¢ year, in what manner it burns when pure
“ or unmixed with air, and how it explodes
¢« when air is mixed with it before it is
¢ fired ; but Mr.Cavendifh made a variety of
¢ fuch mixtures by rule and meafure, and

~¢¢ defcribes in the fame paper the manner in

¢ which they feverally explode. As foon as

¢ I read the above paper; it occurred to me,

¢¢ as an obvious confequence of Mr. Caven-

. < difh’s difcovery, that if a fufficiently thin

s and light bladder were filled with inflam-
¢¢ mable air, the bladder, and air in it, would
¢¢ neceffarily form a mafs lighter than the
¢ fame bulk of atmofpheric air, and which

- ¢ would rife in it; this I mentioned to

«¢ fome of my friends, and in my leCtures,
¢ the next time I had occafion to fpeak of
¢ inflammable air, which was either in

- ¢¢ theyear 1767 or 1768 ; and, as I thought

« it would be an amufing experiment for
« the ftudents, I applied to Dr. Monro’
¢ diffector, to prepare for me the allantois

¢ of a calf. The allantois was prepared

“ but
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¢ but not until after fome time had pafled,
~ % and when I was engaged with another part
“ of my courfe, and did not choofe to inter-
“ rupt the bufinefs then going on; fo I
¢ dropped the experiment for that year,
¢t and in the fubfequent years I only men-
s tioned the thing as an obvious and felf-
¢ evident confequence of Mr. Cavendi(h’s
¢¢ difcovery s but finding generally fome
¢ difficulty in providing an allantois at the
¢¢ proper time, I never made the experiment,
¢« which I confidered as merely amufing.
¢ About two months ago I was informed,
by a gentleman in the fouth of Ireland,
t¢ that he had tried it, and that it fucceeds
« perfe@ly well.”

It appears from this letter, that Dr.
Black never aually tried the experiment;
nor do I know that any other perfonattempt-
ed it, before my experiments on this fubje&,
which were made ‘in the year 1782. Thé
poflibility of conftru&ing a veflel, which,
when filled with inflammable air, would af-
cend into the atmofphere, had occurred to
me when I firft began‘to ftudy the fubject

D - of
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of air and other permanently elaftic fluids®
- which was about eight years ago ; but early
in the year 1782 I actually attempted to
perform this experiment ; and the only fuc-
cefs I had, was tolet foap-balls, filled with-
inflammable air, afcend by themfelves ra-
pidly into the atmofphere; which was per-
haps the firft fort of inflammable-air bal-
loons ever made. I failed in feveral other
attempts of the like nature; and, at laft,

being tired with the expences and lofs of
time, I deferred to fome other time the

profecuting of thofe experiments, and con- -
.tented myfelf with giving an account .of
what I had done to the Royal Society,

which was read at a public meeting of the

Society on the zoth of June 1782. The fol-.
lowing is an exa& copy of that part of the

faid account, which relates to the prefent
.fubjeét.

An Account of Experiments.relating to the
property of common and inflammable air

pervading the pores of paper.

It has been commorily believed, that
common air would not pervade the pores
. Of

{
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of paper, fuch as is ufed for common print-
ing, or writing; and, that paper is per~
meable to water, and not to air, has been
alledged by fome perfons as an inftance
tending to prove, that fome fluids have the
property of paffing through certain fub-
ftances, and others have it not ; although
the particles of the former are of a grofer,
heavier, or more tenacious nature towards
cach other.

Admitting, according to the common
~notion, this impermeability of paper to
common air, and prefuming that it was
impervioys to other permanently elaftic
fluids alfo, I determined to make ufe of
paper for an experiment; which, though re-
peatedly attempted with other fubftances,
had never fucceeded. The experiment was,
to conftruct a veflel, or fort of bag, which,
when inflated with inflammable air, might
be lighter than an equal bulk- of common
air, and confequently might afcend, like
fmoke, into the atmofphere; it being well
known, that inflammable air is fpecifically

lightcr than common air.
D2 "~ The
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 The wexght of inflammable air, thc
mean weight of atmofpheric air, and the
weight of the fubftance of which the veflel
is to be formed, being afcertained s it is eafy
thence to determine, by calculation, the di-
menfions of a veflel, which, when filled
with inflammable air, might be lighter
than an equal bulk of atmofpheric air. In
this manner, and for the above-mentioned
purpofe, I tried bladders, the thinneft and
largeft that could be procured. Some of
them were cleaned with great care, remov-
ing from them all the fuperfluous mem-
branes, and other matter, that could be
poffibly fcrapéd off; but, notwithftanding
all thefe. precautions, the lighteft and largeft
of thefe prepared bladders being gaged,

and the requifite calculation made, it was
found, that, when filled with inflamma-
ble air, it would be, at leaft, ten grains
heavier than an equal bulk of common
air, and confequently it would defcend, in-
ftead of afcending, in that element.—Some
{wimming bladders of fithes were alfo found
too heavy for the experiment; nor could X
ever fucceed to make any durable light balls

by
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by blowing inflammable air into a thick
- folution of gums, thick varnifhes, and oil
paint. In fhort, foap-balls, inflated with
inflammable air, were the only things of
this fort, that would afcend into the at-
mofphere; but as they are very brittle,
.and ‘altogether untractable, they do not
feem applicable to any phllofophlcal pur-
pofe, -

As various of my, acquaintan;es, in at-
tempting to make fuch foap-balls with in-
flammable air, - have not fucceeded, it feems
not improper briefly to fubjoin, in this
place, the mention of thofe particulars,
which may facilitate the performance of
this diverting experiment.

The method by which I am more cer-
tain ‘to fucceed in this experiment, is—
1ft. To introduce the inflammable air into
a ‘bladder that has a glafs tube tied to its
neck. For this purpofe, a perforated cork
is adapted to a bottle, containing the ma-
terials which produce the inflammable air;
then the glafs tube of the bladder is thruft-

D 3, - ed
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- ed into the perforation of the cork; but,
previous to this operation, the common air
muft be expelled as much as poffible. Thus
the inflammable air, as it is yielded by the
materials in the bottle, enters and fwells
the bladder.—The glafs tube of the blad-
der fhould be about five or fix inches long,
its aperture fhould not exceed one tenth of
an inch in diameter ; the fubftance of the
glafs fhould be rather thick, and the extre-
mity of it muft be made very fmooth, by
means of a lamp and blow-pipe ; for if the
tube has any tharp edges, it is almoft im-
poflible to make any foap-balls with it.—
2dly. When the bladder is full of inflamma-
ble air,its neck is comprefled, juft below the
extremity of the glafs tube, in order to
prevent the efcape of the inflammable air, |
and the glafs tube is withdrawn from the
cork of the bottle. Now. the end of this
tube, being dipped into a thick folution of
foap (Windfor foap anfwers very well), the
neck of the bladder is loofened, and by
comprcﬁing the bladder, the inflammable
air is forced out of it, and it makes a foap-
~ ball, which when it becomes of about two
or
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or three inches in diameter, if difengaged
from the glafs tube, by gently fhaking it,
will afcend into .the air, and will break
againft the ceiling of the room. When
one foap-ball has been made, the neck of
 the bladder is immediately prefled, to pre-
~ vent the lofs of inflammable air; the end of
the tube is dipped again into the folution
of foap, and another ball is made. Thus
with a large ox bladder full of inflamma-
~ ble air, more than twenty foap-balls may
be made, provided the cxpcnmcnt is per=
formcd with care,

As the foap-balls are much more brittle
when made with inflammable, than when
made with common air, great attention
thould be had to avoid all the caafes, which
may occafion them to break: on which
account the experiment fhould be performed
in a room wherein the air is agitated as
little as poffible. The foap-ball muft be
made by very {mall degrees; viz. by com-
prefling and letting the inflammable air out
of the bladder very flowly. The extremity

of the glafs tube fhould at firft be kept
- D4 ~ inclined-
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~inclined downwards, and then fhould be
gradually turned .upwards, becaufe thofe
. foap-balls are at firft heavier than common
air, hence they tend downwards; but,
when they are become of a certain fize, they
become lighter than an equal bulk of at-
mofphenc air, and turn gradually upwards;
in which cafe, if the glafs tube is not
turned upwards alfo, the foap-ball foon
breaks.—Thus far of the conftruion of
foap-balls lighter than common air.

Amongft various attempts for the per-
“formance of the above-mentioned experi~
ment, I thought of trying paper ; by means
of which, it feemed that a veflel or bag
might be eafily made, which, when filled
with inﬁammaqu air, would be lighter
than common air. Accordingly, having
'procured fome fine China paper, its weight
was afcertained, and, after making the ne-
ceflary calculation, a veffel or bag ef a cy-
lindrical (hape, terminated by two fhort
. cones, was made of fuch dimenfions, as,
- when inflated with inflammable air, it muft
-have been lighter than an equal bulk of
common
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‘common air, by at leaft twenty-five grains ;
confequently, it muft have afcended, like
fmoke, into the atmofphere.

After trying this paper veflel by inflating
it with common air, the ufual mixture of
iron filings, and diluted vitriolic acid, for
the production of inflammable air, was put
into a large bottle ; and, by means of a glafs
- tube adapted to the neck of the bottle, and
likewife to the apcrtﬁre of the paper bag,
which was fufpended over the bottle, and

out of which the common air had been ex- ~ -

pelled by compreffion, the inflammable air,
as foon as.it was produced, was made to
enter the veflel: but I was furprifed to
obferve, that, notwithftanding the produc-
tion of inflammable air was very -copious,
the paper veflel was not inflated in the
leaft, and the {mell of the inflammable air
in the room was very ftrong. Sufpetting
that a hole in the paper might give exit to
the inflammable air, the whole apparatus
was attentively examined, the effervefcing
mixture was renewed, and every precau-
tion, I could think of, was taken; but,

| after
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after all, nothing elfe could be concluded,
but that the inflammable air paffed through

" the pores of paper, juft like water through
a fieve, After this obfervation, it was ne-
ceflary to examine that property with more
accuracy, and by more decifive trials; and
for this purpofe the following experiments
“were made, &c. ' '

-

CHAPTER IL

Meffrs. Monz‘goﬁer?s difcovery of the Aero= |
flatic machine, or rarcfied-air Balloon.

HE varibus accounts of Montgolfier’s

difcovery of the aeroftatic machine,
moftly written with hafte foon after its date,
are far from giving complete fatisfaction rela-
tive to the private experiments, which were
made previous to the public experiment of
the sth of June1783 ; but, as every account
records fome particular circumftance, I
have taken from each, what fcemed inte-

refting, which, joined to the verbal relation
of .
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"of perfons acquainted with the inventors,
have furnithed the materials for this ac~
~count,

- Tt is faid, that the two brothers, Stephen

and John Montgolfier, began to think on
the experiment of the aeroftatic machine
as early as the middle or latter end of the
year 1782. The natural afcenfion of the
fmoke and the clouds in the atmofphere fug-
gefted the firft idea; and to imitate thofe
bodies, or to enclofe a cloud in a bag, and
let the latter be lifted up by the buoyancy
of the former, was the firft project of thofe
celebrated gentlemen. |

Stephen Montgolfier, the eldeft of the
- two brothers, made the firft acroftatic ex-

periment at Avignon, towards the middle
of November 1782. The machine con-
fifted of a bag of fine filk, in the thape of a
parallelopipedon, the capacity of which was
equal to about 40 cubic feet. Burning pa-

Id

_ per applied to its aperture ferved to rarefy

the air, or to form the cloud; and when this
was {ufficiently expanded, the machine af«
’ ’ ' cended
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cended rapidly to the ceiling *. _ Thus the
difcovery was made; and the reader may
imagine the fatisfaction it muﬁ have given
to thei inventor.

A Ihort time after this firft attempi, Mr.
Montgolfier, being returned to Annonay, a
town in the Vivarais, about 36 miles dif-
tant from Lyons, was folicitous to repeat
the experiment in the open air. Accord-

ingly he, in company with his brother, re-

peated the experiment with the fame ma-
chine, which afcended to the height of
about 70 feet.

- Encouraged by the fuccefs of thefe two
attempts, the ingenious brothers refolved to
make the experiment more at large ; and for
thls purpofe they conftruéted a machine, the -
capacity of which was equal to abouvt 650
cubic feet. The‘_expcriment with it an{wer-
ed {o well, that the acroftat broke the ropes
which confined it, and, after afcending ra=-
pidly to the height of about 600 feet, it fell
on the adjoining ground.

- % See Le Rapport fait a I'Academie des Sciences,

December the 23d, 1783, figned by feveral members.
10 Soon
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~ Soon after this, they conftru®ed another -

machine of the like fort, but much larger ;
its diameter being 35 feet.. With this ma-
chine they attempted to make the experi-
ment on the third of April 1783 ; but were
hindered by the violence of the wind. On
the 25th of the fame month, the weather
being more favourable, they made a fecond
attempt, - which anfwered exceedingly well,
The machine had fuch force of afcenfion,
that, efcaping abruptly from its confinement
of ropes, it rofe to the height of above 1000
feet, and, being carried by the wind, it fell
at the diftance of about three quarters of a
mile from whence it had been launched,

- At laft, on the s5th of June, this fingular
experiment, with the fame machine, was re-
peated in the prefence of a refpectable afe
fembly, and a great multitude of people.
This public experiment, recorded with all

‘the accuracy it deferves, was immediately

announced to the world; accounts of it
baving been immediately fent to the court
of France, to feveral members of the Aca-
demy of Sciences, and almoft wherever lite~

© rary

.
[
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rary and entcrtammg correfpondence could
reach. v

The particular account of this exhibition
is as follows :— On Thurf{day the gth of June
1783, the States of Vivarais, being affem-
‘bled at Annonay, Meflrs. Montgolfier in=
-vited them to fee their new acroftatic expe-
riment. An immenfe bag of linen lined
with paper, and of a fhape nearly fpherical,
had its aperture, which was on its inferior
part, attached to a wooden frame of about
16 feet furface, upon which it laid flaccid
like an empty linen bag. When this ma-
chine was inflated, it meafured 117 Englith
feet in circumference. Its capacity was
equal to about 23,430 cubic feet; and it
had been calculated, ' that when filled with
the vapour proper for the experiment, it
would have lifted up about 490 -pounds
weight, befides its own weight, which, to-
gether with that of the wooden frame, was
equal to goo pounds; and this calculation
was found to be pretty true by experience.
The bag was compofed of feveral parts,

which were Jomed together by means of
buttons
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buttons and holes; and it is faid, that two
men were fufficient to prepare and to fill it;
though eight men were required to prevcnt
its afcenﬁon when full,

Meﬁ'rs Montgolfier began the operation
of filling the machine, which was done by
| burning ftraw and chopped wool under its '
aperture; and the {fpeGators were told, that
this bag would be foon fwelled into a glo-
bular form, after which it would afcend by
itfelf as high as the clouds. The expecta-
tions of the whole affembly, the incredulity
of fome, the predictions of others, and the
confufion of opinions, may be eafily imagi-
ned, efpecially by thofe who have been pre-
fent at experiments of this nature when the
certainty of the fuccefs had been well efta-
" blithed.—The machine, however, immedi-
ately began to fwell, foon acquired a glo~"
bular form, ftretched on every fide, made
efforts to mount, and at laft, the fignal be-
ing given, the ropes were fet free, -and the
aeroftat afcended with an accelerated ‘mo-
tion into the atmofphere ; {o that in. about
ten minutes txme it had reached the height
7 of

o
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of about 6000 feet.—The difcordant minds
of the fpeCators were inftantly brought to
an equal ftate of filent aftonithment, which
ended in loud and unfeigned acclamations,
due to the genius, and moftly to the fuc-
cefs, of Stephen and John Montgolfier. .

The aeroftatic machine, after having at-
tained the above-mentioned elevation, went -
in an horizontal direction to the diftance of
2668 feet, and then fell gently on the
~ground. :

The hiftory, which records the difcovery
and improvements of an art or {cience,
though not intended to defcribe the lives
of thofe, who contributed towards its ad-
vancement, fhould neverthelefs take fome
notice at leaft of the firft difcoverers: in
fa&t, we regret, that the inventors of print-
mg, of gun-powder, of the fea-compafs, &c.
are not more precifely known, or their
lives more patticularly recorded. It feems,
therefore, proper. to conclude this chapter
with a fhort account of the Montgolfiers.

- IT
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IT: is reported, that they are natives
of Annonay, and that in their youth the
former had affiduoufly ftudied the mathe-
matics, but the latter had attended to natu-
ral philofophy and chymiftry. They were
not intended for any particular way of bu-
finefs, but the death of a brother obliged
them to put themfelves at the head of a con-
fiderable paper manufaGtory at Annonay.
In the intervals allowed by their bufinefs
they applied themfelves to feveral philof-
phical purfuits; but it does not appear,
that the philofophical world had ever heard
their names before the difcovery of the ac-
roftatic machine. It would be perhaps im-
poflible, and ufelefs, to know all the par-
ticular fteps and ideas, which finally pro-
duced this difcovery ; but it feems, that the
real principle, upon which the effect of the
aeroftatic machine depended, was unknown
even for a confiderable time after its dif-
.covery. Mr. Montgolfier attributed the ef-
fect of the machine, not to the rarefaction
of the air, which is the true caufe; but to
a certain gas, fpecifically lighter than com-

. E : mon

/
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‘mon air, which was fuppofed to be deve-~

loped from burning fubftances, and which
was commonly called Mr. Montgolfier’s gas,
efpecially in the affidavit of the firft voyage,
that a human being ever made in an aero-
ftatic machine, which was figned by the
Dukes of Polignac and de Guinés, the

Counts de Polartron and de Vaudreuil, Dr.

Franklin, and Mefirs. ‘Faujas, Delifle, and
LeRoy of the Academy of Sciences. Befides,
Mr. Montgolfier’s projects to effe& this ex- .
periment, as his idea of an artificial cloud,
of the effe& of eletricity, &c. * thew that
this difcovery, though the honour of it is
undoubtedly due to the Montgolfiers, or at
leaft to the eldeft of the brothers; yet it
was made by very indire ways. - But this
obfervation is of no difcredit to the inven- -
tors, fince it has been the fate of dlmoft eve-

ry difcovery of importance, to have been
.accomphfhed either undcﬁgnedly, or by

very improper ﬁeps

* _See his ancourfe, read at the Academy of Scien-
ces and Belles Lettres of Lyons, in November 1783 .

CHAP-
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CHAPTER IIL

The Invention of the Inflammable-air Balloon.

O fooner had the news of Montgols
' fier's aeroftatic experiment reached
Paris, than the fcientific people of that
metropolis began to think of repeating fo
fingular an experiment. The certificate
tranfmitted from Annonay, by the States of
Vivarais, mentioned that Meflrs. Mont-
golfiers had filled their machine with a
fpecies of gas, which was half as heavy as
common air ; but without any farther fpe+
cification. In confequence of which, the
philofophers of Paris imagined, that a new
fort of gas had been difcovered by the
Montgolfiers, of which they were utterly
ignorant, and concluded it could not be
inflammable air, that being incomparably
lighter ; its weight being about the eighth or
tenth part of the weight of common air
“and befides, it would have been very difficult

Ezi\ te
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to produce fo great a quantity of inflam-
' mable air as muft have been wanted for
_that experiment. But if a gas half as heavy
as common air produced the effe®, they
juftly concluded, that inflammable air
would anfwer much better, and immedi~
ately refolved to try the experiment with
inflammable air. Accordingly a fubfcrip-
tion was immediately opened by Mr. Favjas .
de Saint-Fond, to defray the cxpénces at-
tending the experiment. Meflrs. Roberts -
were appointed to conftruct the machine,
and Mr. Charles, profeflor of experimental
philofophy, was appointed to fuperintend
the work, which was to be begun as foon
as a fufficient fum of money was collec-
ted.

This proje& being immediately known,’
perfons of every rank ran with eagernefs to
fign their namss ; fo that the required fum
was raifed with a quicknefs, which docs
honour to the French nation, and to the
{cientific fpirit of the prefent age.

The obftacles, which oppofed the ac-
, complithment
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complithment of this, as they do of "any
firft dttempt, were many indeed; but the
two principal difliculties were, to produce
a large quantity of inflammable air, and to
find a fubftance fufficiently light to make
the bag of, and, at the fame time, imper-
meable to the inflammable air. At laft
they conftru&ed a globular bag of a fort of

filk ftuff called Jutefiring ; which, in order -

to render it impervious to the inflammable
air, was varnifhed with a certain varnifh,
faid to confift of diffolved elaftic gum
| [’caoutcbaucj The diameter of this bag,
which, from its ball-like {hape, was called
a Ballpon, and gave the name of air-balloons
‘to thofe flying machines in general, was
twelve feet two inches ‘French, er about
thirteen feet Engh(h meafure. It had only
one. aperture, ‘like a bladder, to which a
ftop-cock was adapted. The weight of the
balloon, when empty, together with the
ftop-cock, was twenty-five pounds._

On the 23d of Auguft, 1783, the bal-
loon being completed, they attempted to
ﬁll it with inflammable air; but they met

E 3 ‘with
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with a great deal of difficulty and difap-
pointment, the particular account of which
will ferve to fhew how far this procefs has
been improved, in fo fhort a period as is
elapfed between the filling of this firfk
inflammable-air balloon and the prefent
time.

The balloon being fufpended at fome
diftance from the earth, by means of a

. rope faftened to its top, which was the

part diametrically oppofite to the ftop-cock,
at eight o’clock in the morning the opera-
tion was begun; having firft expelled, by

., compreffion, all the common air from the

balloon. ‘The mixture of iron filings and
diluted vitriolic acid, for the production of
inflammable air, was put into an odd fort of
apparatus. It was fomewhat like a cheft
of drawers, lined with fheet lead, every one
of the drawers 'comr‘nunicating— with a com~

" 'mon pipe, to which the ftop-cock of the

ballpon was adapted. Thus the inflam-
mable air, as foon as it was produced by
the materials in the drawers, paffed through
the common pipe and ftop-cock, into the

I | balloon,
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- balloon. In this manner they went on for
- fome hours, producing inflammable "air,
and wafting more of it than what actually
entered into the balloon. At laft, con-
vinced of the infufficiency of the apparatus,
thcy removed it, and, at two o’clock, fub-
ftituted, in its ftead, a fingle catk fet firait
up. In the flat end of this catk, which
~ was uppermoft, they made two holes, to
* one of which a tin tube was fixed, and with
it a tube of varnifthed leather was conneed,
to the end of which the ftop-cock of the
balloon was adapted. The other hole ferved
to introduce the iron and diluted vitriolic
acid into the cafk, which materials they
were obliged to recruit pretty often;.and
fince, for this purpofe, the hole in the °
- catk was occafionally opened, care was
taken to thut up the ftop-cock of the .
balloon at the fame time. Notwithftand-
ing the vigilance and fkill of the operators;
- this apparatus laboured under many confi-
derable inconveniencies, the principal of
which was, that the effervefcence produced -
a great-degree of heat, which being com-
municated to the ftop-cock, and to the -
' E 4 balloon,
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balloon, rcndercd the former almoft unma-
nageable, and endangered the latter, fo
that they were obliged to keep pumping
water againft it. Befides this, a great deal
of water, which came in the form of va-
pour, tooether with the mﬂammable air,
was contmually colle@ing in the balloon ;
which water was expelled at intervals by
interrupting the operation, &c. In fhort, ‘
at nine o’clock in the evening, after work-
ing -the whole day, not above one third
part of the balloon was filled; and in this
ftate the machine was left, having difconti-
nued the operation and fecured. the appa-~
ratus. '

At day-break on the following day, the
operators returned with great anxiety, and
greater expeCtations of fuccefs; but they
were exceedingly furprifed to find the bal-
loon quite full, and perfeitly diftended;
whereas, on the preceding evening, not

‘above one third of it had been left full.

The furprife however foon vanifhed, when,
on examining the apparatus, they found
that the ftop- cock had been inadvertently

9 left
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left open, in confequence of which the
common air had entered into the balloon,
and had diftended it -by mixing with the
inflammable air*. This difagreeable ac-
cident, inftead of difcouraging the under-
taking, animated the operators with new
zeal, and taught them to ufe greater pre-
caution. The operation for producing the
inflammable air was begun anew, and be«
ing-continued with affiduity, they had the
fatisfaction of obferving, that, at fix o’clock
in the evening, the balloon thewed figns of
having become altogether lighter than an
equal bulk of common air, and. at feven

¢ This phenomenon, as it appears at firft fight very
extraordinary, deferves to be explained, efpecially be-
caufe it may eafily oq’:cux': to others. 'The fpontaneous
introduétion of commen air into the balloon, is owing
to the inflammable air occupying the upper part of the
balloon, on account of being much lighter than com-
mon air; hence the upper part of the balloon being
fwelled into a fegment of a fphere, the fides of it, be~
Jow that fegment, muft naturally ftand apart, and
confequently muft admit the common air. Then
the common air mixing with the inflammable air,
forms a compound likewife lighter than common air,
which, of courfe, muft produce a fimilar effe&t, and

fo on.
o'clock
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o'clock its levity was increafed fo far as to
make a confiderable effort againft the ropes,

‘which confined it. The continuation of

the operation was then deferred to the next
day; having fecured every thing againft
accidents..

~ Early on the morning of the 25th, hav-,
ing found the balloon very fafe, the opera-
tors introduced fome frefh inflammable’ air
into it. At fix o’clock in the morning the - -
balloon’s levity was tried by detaching it

~ from the confinement of ropes, and fufpend- .
". ing known weights to it, by which means

they found that it 'would lift up twenty-one
pounds; and, as the public exhibition of the
experiment was fixed for the 27th, they
did not fill the balloon any more on that
day.‘v ‘At nine o’clock in the evening, hav-
ing examined the balloon again, they found
that it would take up only eighteen pounds
weight, fo that in the courfe of the day it
had loft about three pounds of levity, in
confequence of the efcape of fome inflam-

“mable air through the pores or necdle-

holcs ‘
-~ QOn



HisToRY of AEROSTATION. §9

On the morning of the 26th, -the balloon
was found to have loft a proportionable
quantity of levity. They then introduced
a little more inflammable air into it; and at
eight o’clock in the morning, having dif-
engaged it from its confinement, they
faftented fome fmall cords to it, and divert-
ed themfelves with letting it afcend repeat-
edly to the height of about 100 feet, and
- then drawing it down again. This partial
flight brought together an immenfe num-
ber of curious fpe@ators, fo that it was -
" thought neceflary to replace the balloon
where it had been filled, and a guard of
foldiers, bcth horfe and foot, was pro-
cured, in order to prevent the outrages of
the multitude, which at laft broke through
the prefcnbcd limits, and crouded to be-
hold the cxtraorghnary object.

~ The balloon had been filled and ftood
near the Place of Victories, from whence it
was to be condu&ed to the Camp of Mars,
. which had been appointed to be the place
of the grand exhibition. The diftance be-
tween the two places is about two miles; and

o in
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in-order to prevent, as much as poflible, a
great concourfe of people, the balloon was
tranfported before day-break, on the morn-
ing of the 27th. However, this extra-
ordinary proceffion brought together a con-
fiderable number of people; and their ca-
riofity, their furprife, and their enthufiafm,
together with the no&urnal appearance of
the extraordinary machine, amidft flam- -
, beaus and lanterns, are livelily defcribed by
Mr. Faujas de Saint-Fond, and others.
"The balloon was tranfported on a cart.

The Camp of Mars was lined with guards;
and every houfe, to its very top, and every
avenue, were crouded with anxious fpecta-
tors. In this place fome more inflammable
air was introduced into the balloon, which
ferved at the fame time to give to the pub-
lic an idea of the operation. At laft the
difcharge of a cannon gave the fignal for
the experiment, at 5 o'clock in the after-
noon, Then the balloon, being difengaged,
rofe majeftically before the eyes of many
hundred thoufand {pe&tators, and amidft a
copious fhower of rain.—~In two minutes

time
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time it rofe to the height of 3123 feet
(488 toifes *.) In this elevation the balloon
was loft in a dark cloud, and the difap-
pearance was announced by the difcharge
of another gun. In a fhort time it appeared
again for an inftant, and then was finally
loft in the clouds.

The balloon, aftér remaining in the at-
~ mofphere only three quarters of an hour,
fell in a field near Gongffe, a village about
15 miles diftant from the Camp of Mars,
where it was immediately found by fome
peafants, who treated it rather roughly, in
return for the aftonithment, which this ex-
traordinary object had given them. Its
fall was attributed to a rupture found in it;
and it was reafonably imagined, that the
expanfion of the inflammable air, when the
balloon had reached a much lefs denfe part
of the atmofphere, had burft it. When
the balloon went up, it was 35 pounds
lighter than an equal bulk of common air.

®* This height was afcertained by obfervations
made with proper mathematical inftruments.

CHAPTER
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CHAPTER 1IV.

The introduction of finall inflammable-air bal-
loons 5 and Mr. Montgolfier's experiments
before the Royal Family, and the Commif~ .
Jaries of the Academy. )

8 foon as the youngeft Montgolfier

“arrived at Paris, which was not long
after the experiment at Annonay, he was
invited by the Academy of Sciences to re-
peat his new aeroftatic experiment; and
the Academy offered to pay the neceffary,
but unlimited, expences. . In confequence
of this invitation, Mr. Montgolfier began to -
conftru¢t a new machine, of about 72 feet
in height; which being finithed, he firft
tried the experiment with it on the 12th
of September following ; keeping fecret, in '
the mean while, the method of filling it, or,
‘as he gave to underftand, the manner of
producing the gas. But in this interval of
time, and after the fuccefsful experiment
of the inflammable-air balloon, on the 27th

5 of
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of Auguft, the proje& of making balloons

was generally adopted; and thofe who with-
ed only to make the experiment on the

fmalleft fcale, foon calculated the neceffary

4 particulars, and found that the performance

~of the experiment was far from being ei-

ther difficult or expenfive. One Mr. Def-"
champs, a painter at Paris, propoled to the

Baron of Beaumanoir, to try that fort of

{kin, which gold-beaters ufe for their work.

The Baron, ftruck with the appearance of

that fubftance, had a balloon made out of

feveral pieces of it glued together, which

was little more than 19 inches in diameter.

This balloon, being very eafily filled with

inflammable air, was firft tried, and then
launched on the 11th of September, and
afcended into the atmofphere, till it went

out of fight. It is faid, that it was after-

wards found at a confiderable diftance.

Notwithftanding the eafinefs with which
this balloon was both made and filled,
_yet there were not wanting perfons, who,
after the experiment of the Baron of Beau-
* manoir, endeavoured to make balloons ftill
" {maller;
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© fmaller; and they aGually made fome of
about fix inches in diameter, which weigh-
ed between 30 and 4o grains. ‘Thefe
were filled with the utmoft facility,. and
ferved well enough to fhew the experi-
“ment in a room ; but as they were neceffa-
rily formed of fkins extremely ‘fine, and
confequently more porous than the ufual
thicker fkins, the inflammable air foon
efcaped from them, and the diminutive

balloons hardly floated above a minute or

two, )
"The larger balloons of this fort ; to wit,
of between g and 18 inches in diameter,
foon began ‘to be manufactured by thofe
who were anxious to derive a pecuniary
profit from the improvements of philofo-
phy; and, as the price of thefe balloons
did not exceed a few fhillings, almoft every
family fatisfied its curiofity relative to. the
new experiment, and in a few days time
balloons were feen very frequently flying a=
bout Paris, and foon after were fent abroad.
'Thus this curious experiment was {pread in

.the world with an unparalleled rapidity.
: Mr.
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-Mr. Montgolﬁer, whom we left con-
ftru®ing 2 large aeroftatic machine, in com-
pliance with the defire of the Academy,

“having accomplithed the work, made the

preliminary experiment with it on the r1th:
of September, and had the fatisfaction of
filling it with rarefied air in nine minutes
time. The force of afcenfion of the bal-
loon was fuch, that it attually lifted up
eight perforis who held it, fome feet from
the ground; and would undoubtedly have
raifed them much higher, had not more
force been iminediately applied to detain
it. |

- In confeqyence of this fuccefsful trial,
the Commiffaries of the Academy, viz,
Meflrs. Cadet, ’Abbé Boflut, Briffon, La-
voifier, and Defmareft, were invited to be
prefent at the experiment, which was to be
performed at ¢ight o’clock the following
morning, September the 12th. Accord-
ingly, the gentlemen of the Academy at-
tended, together with 2 numerous company
of other fpeCtators ; and every thing being
got in readinefs, the machine was inflated

F by




66 HisToRY of AEROSTATION.

by means of the combuftion of 50 pounds
weight of dry ftrdw in bundles, upon which
- about 12 pounds weight of chopped wool
was thrown at intervals, The machine foon
fwelled, endeavoured to afcerid, and immedi-
ately after {uftained itfelf in the air, together
with the charge of between 4 and goo pounds
weight. It was evident, that if the cords
had been cut, the machine would have af-
cended to a great height; but that they did
not choofe to do, becaufe the machine was
deftined for a repetition of the experiment
before the king and royal family, at Ver-
failles. The violent rain, which unfortu-
ﬁately fell at that time, and a ftrong wind,
obliged the operators to put an end to the
experiment for that day: but the gentle-
men of the Academy remained perfectly
fatisfied with the fuccefs of the experiment ;
“and without hefitation figned a certificate
of what they had feen, which ;Eontains a
fummary of the preceding account.

~ 'This machine had a very odd (hape 5 yet
it 1s faid, that when inflated, it looked ex~
. ceedingly well.  Its middle part was pri(-

- ‘ matic,
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matic, of about 25 feet height ; its top was
a pyramid, of 29 fect; and its loweft part
confifted of a truncated-cone, of near 20
feet in height; fo that the whole machine,
from the upper to the lower extremity,
meafured about 74 feet, and its diameter

'was near 43. When diftended, it looked

fphieroidical. It was made of canvafs, co-
vered with paper both within and with-
out; and it weighed 1,000 pounds.

In order to facilitate the filling of this
machine, two mafts were fet up in the
ground, on both fides of it: then a rope,

which proceeded from the top of the ma-

. chine;. paffed through two pullies, one
placed on the top of each maft, and ferved
to lift up the machine gradually as it was
filling. |

This va&-aero(’catic ‘i'nachine had been

~ conftru@ed in the place where the above-.

mentioned experiment was tricd, which is
a garden of one Mr. Revillon, proprietor
of a manufaltory of painted paper, at Paris.
This gentloman not only gave the ufe of

 F2 . - his
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~ his gatden for this experiment, but endea-
‘voured to employ all the afliftance he could

- towards the accomplithment of it, for which
he is defervedly’ commcnded by Mr. Mont-

golfier and others. '

The xgth of the fame month had been

“appointed for the performance of the ex-

periment before the king and royal family ;
which was only feven days after the laft-
mentioned experiment. But notwithftand-
ing the fhortnefs of the time, the 74 feet
machine was fo eflentially damaged, that
Mr. Montgolfier, who had determined to
'Tgi'vc. all the fatisfaltion. poﬁible, thought
it neceffary to  conftru& a new machine;
which accordingly, owing to.the extra- -
ordinary diligence of Mr. Montgolfier,
and his friends, was finithed by the 18th;
fo that in the evening of that day they
made an eflay, in prefence of the Commif-
faries of the Academy. This machine con-
fifted of cloth made of linen and cotton
thread, and was painted with water colours
both within and without. Its height was
near 60 feet, and its diameter about 43.

It
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It is remarkable, that this great machine
‘was made, painted, and decorated, in four
days and four nights only. '

On the 1gth, the king, queen, the court,
and innumerable people of every rank and
age, aflembled at Verfailles. The prepa- .
ration for filling the machine confifted of
an ample fcaffold, raifed fome feet above the
ground ; in the middle of which was a .
well or chimney, about 16 feet in diameter ;
in the lower part of which, near the ground,
the fire was made. ‘The aperture of the
acroftat was put round the chimney or well,
and the reft of it was laid down over the

" well and upon the furrounding fcaffold.

By 12 o'clock, every thing being got in rea-
dinefs, the king, with the royal family, ho-
noured Mr. Montgolfier with their prefence
on the apparatus, where every particular
was explainéd to them by Mr. Montgolfier.
About one o'clock the fire was lighted,

in confequence of which the machine began

to fwell, acquired a convex form, foon

ftretched itfelf on every fide, and in eleven

minutes time, the cords being cut, it af-
Fa cended,
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cended, together with a wicker cage, which
was faftened to it by a rope. In this cage
they had put a fheep, a cock, and a duck,

. which were the firt animals that ever af-

cended into the atmofphere with an aerofta-
tic machine. - When the machine went up,
its power of afcenfion, or levity, was 696
- pounds, allowing for the cage and animals.

- For the fake of brevity, I fhall omit men~
tioning the furprife, the fatisfaction, and the
applaufe, of the fpeators ; the frequent re-.
petition of which feems rather tirefome,
efpecially when the leaft imagination of the
reader can eafily form fome idea of the
effe®, which fo furprifing an experiment
muft produce in {o auguft an aflembly.

The machine raifed itfelf to the height
of about 1,440 feet; and being carried by
the wind, it fell gradually in the-wood-of
Vaucrefion, at the diftance of 10,200 feet
from Verfailles, after remaining in the at-
.mofphere only eight minutes. Previous to
the experiment, Mr. Montgolfier had pre-
fented to the king a lift of feveral parti-,

) . culars
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~ gulars relative to it ; amongft which there

was mentioned, that the machine would

remain in the air for about 20 minutes,
and that it would go to the diftance of
about 12,000 feet. The experiment not
coinciding with this prediction, was juftly
attributed to two ruptures, above feven feet
long, in the upper part of the machine,
which had been occafioned by a fudden guft
of wind, a fhort time before the machine
afcended ; befides which, the machine had
feveral imperfections, which were the con-
fequence of a hafty conftru&ion. It was
likewife owing to the above-mentioned.ac-
cident, that 80 pounds weight of ftraw, and
five of wool, were confumed to fill it;
whereas 5o pounds of ftraw would have
- been quite fufficient, if the. machin¢ had
been perfectly found.
Two game-keepers, who were acciden-
tally in the wood, faw the machine fall very
gently, fo that it juft bent the branches of -
the trees upon which it alighted. The long
fope to which the cage was faftened, ftrik-
ing againft the wood, was broken, and the
Fg cage
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cage came to the ground without hurting
in the leaft the animals .that were in it, fo
that the fheep was even found feeding,
The cock, indeed, had its right wing fome- -
what hurt; but this was the confequencé
of a kick it had received from the theep,
at leaft half an hour before, in prefencc of
at leaft ten thneﬁ'es

CHAPTER V.

 Aeroftatic experiments in which men firft
- wentured to afcend into the atmg/‘pberc
with an aerqﬂatzc machine.

HE preceding part of this hiftory

has thewn the rapid progrefs of the
fubje@, and has fufficiently demonftrated
by experiments, that little or no danger is
to be apprehended for a man, who afcends
with fuch a machine into the atmofphere.
The fteadinefs of the aeroftat whilft in the -
. au"
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'air, its gradual and gentle defcent, the
fafety of the animals that were fent up with
it in the laft-mentioned experiment, and
every other obfervation that could be des
‘duced from' all the experiments hitherto

made in this new field of enquiry, feem

more than fufficient to expel ‘any fear for
fuch an enterprife; but as no man had yet
ventured in it, and as moft of the attempts of
flying, or of afcending into the atmofphere,
on the moft plaufible fchemes, had from
* time immemorial deftroyed the reputation

or the lives of the adventurers, we may-

eafily imagine,*and forgive, the hefitation
that men might exprefs, of going up with
one of thofe machines: 'and hiftory will
 probably record, to the remoteft pofterity,
the name of Mr. Pilatre de Rozier, who

had the courage of firft venturing to afcend -

into the atmofphere with a machine, which,
a few years hence, the moft timid woman
will perhaps not hefitate to truft herfelf
to. -

~ Scarce ten months had elapfed fince Mr,
Montgo]ﬁer madc ‘his firft aeroftatic expe-

ﬂment’ ’
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riment, when Mr. Pilatre de Rozier pub-
licly offered himfelf to be the firft adven-
turer in the newly-invented aerial machine,
His offer was.accepted; his courage re-
mained undaunted ; and on the 1sth of
O&ober, 1783, he attually afcended into
the atmofphere, to the aftonithment of a
- gazing multitude.—The following are the
particulars of this experiment.

The accident which happened to the
aeroftatic machine at Verfailles, and its im-
perfe& conftru@ion, induced Mr. Mont-
golfier to conftruct another machine of a
larger fize, and more folid. With this in-
tent, fufficient time was allowed for the
. work to be properly done; and by the 10th
of O&ober the aeroftat was completed, in
‘a garden in the Fauxbourg St. Antoine. It
had an oval fhape, its diameter being about
48 feet, and its height about 74. The
outfide was clegantly painted and decorated
with the figns of the zodiac, with cyphers
of the king’s name, fleurs-de-lys, &c. The
aperture or lower part of the machine had
a wicker gallery about three feet broad,

' with
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with a baluftrade both within and without,
about three feet high. The inner diameter

of this gallery, and of the aperture of the -

machine, the neck of which paffed through
. it, was near 16 feet. In the middle of
‘this aperture an iron grate, or brazier, was
fupported by chains, which came down
from the fides of the machine. In this
conftru@tion, when the machine was up in
the air, with a fire lighted in the grate, it
was eafy for a perfon who {tood in the
gallery, and had fuel with him, to keep
up the fire in the mouth of the machine, by

throwing the fuel on the grate through

port-holes made in- the neck of the ma-
chine. By this means it was expeted, as
indeed it was found agreeable to experience,
that the machine might have been kept up
as long as the perfon in its gallery thought
proper, or whilft he had fuel to fupply
the fire with.—The weight of this acroftat
was upwards of 1,600 pounds.

On Wednefday, the 15th of O&ober,
_this memorable experiment was performed.
The fire being lighted, and the machine

‘ inflated,
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inflated, Mr. Pilatre de Rozier placed him-
felf in the gallery, and, after a few trials .
clofe to the ground, he defired to afcend to
a great height; the machine ‘was accord-
ingly permitted to rife, and it afcended as
high as the ropes, which were -purpofely
placed to detain it, would allow, which
was about 84 feet from the ground. There.
Mr. de Rozier kept the machine afloat
during 4 minutes and 25 feconds, by
throwing ftraw and woel into the grate to
keep up the fire: then the machine de-
fcended exceedingly gently; and fuch was.
 its tendency to afcend, that after touching
the ground, the moement Mr. de Rozier
came out of the gallery; it rebounded up
again to a confiderable height, The intrepid
- adventurer, returning from the fky, affured
his friends and the multitude, which had
gazed on him with admiration, with won-
der, and with fear, that he had not ‘expe-
; rienced the leaft inconvenience, either in
' going up, in remaining there, or in defcend-
ing: no giddinefs, no incommoding mo-
tion, no thock whatever. He received the
compliments due to his courage and adti-

7 ' Vity 3
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vity; having fhewn to the world the aca
complifhment of what had been -for ages
defired and attempted in vain,

On the 17th, Mr. Pilatre de Rozier re-
peated the experiment with nearly the fame

fuccefs as he had two days before. The

machine was elevated to about the .fame

- height, being ftill detained by ropes; but

the wind being ftrong, it did not fuftain
itelf fo well, and confequently did not
afford fo fine a fpeQacle to the concourfe
of peoplc, which at this time was much_
greater than at the preccdmg expcnment. '

On the Sunday followmg, which was the
1g9th, the weather proving favourable, Mr.
Montgolfier employed his machine to make

" the following experiments.—At ‘half after

four o’clock, the machine was filled in five
minutes time ; then Mr. Pilatre de Rozier
placed himfelf in the gallery, a counterpoife
of 100 pounds being put in the oppofite
fide of it, to preferve the balance.—The
fize of the gallery had now been diminifh-

_ed.—The machine was permitted to afcend

to
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to the height of about 210 feet, where it
remained during fix minutes, not having
any fire in the grate ; and then it defcended

_very gently.

8.00n after, every thing remaining as be-
 fore, except that now a fire was put into
the grate, the machine was permitted to
‘afcend to about 262 feet height, where it
remained ftationary during eight minutes
and a half. On pulling it down, a guft of
wind carried it over fome large trees of an
adjoining garden, where it would have been
in great. danger, had not Mr. de Rozier,
with great prefence of mind and addrefs, in-
creafed the fire by throwing fome ftraw
upon it; by which means the machine was
extricated from fo dangerous a fituation,
and rofe majeftically, amongtt the acclama-
tions of the fpeCators, to- the fituation in
which it ftood before. On’ defcendingy
Mr. de Rozier threw fome firaw upon
the fire, which made the machine afcend
once more, and thcn it defcended to the

) ground

This
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- This experiment fhewed, that the aeroftat
may be made to afcend and defcend at the
pleafure of thofe who are in it; to effe®
which, they have nothing more to do, than
to increafe or diminifh the fire in the grate s
which was an important pomt in the fubje&
of aeroftation. -

After this, the machine was raifed again
with two perfons in its gallery, Mr. Pilatre
de Rozier, and Mr. Girond de Villette ;
the latter of whom was therefore the fecond
acroftatic adventurer. The machine afcend-
ed to the height of about 330 feet, where

it remained perfectly fteady for at leaft nine

‘minutes; hovering over Paris, in fight of
" its numerous inhabitants, many of whom
could plainly ditingui(h, through telefcopes,
the aeroftatic adventurers, and efpecially
Mr. de Rozier, who was bufy in managmg
thc fire. '

Thc machine being come down, the
Marquis of Arlandes, major of infantry,
took the place of Mr. Villette, and the
acroftat was let 'up once more. This laf}

experiment
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‘experiment was attended with nearly the
fame fuccefs as the preceding: and they
all proved and confirmed, that the perfons;
who afcended with the machine, did not
fuffer the leaft inconvenience; which was
owing to the gradual and gentle defcent or
afcent-of the machine, and to its fteadinefs
or equilibrium whilt it remamed in the at-
mofphere.

If ‘we confider for a moment. the fenfis
tion which thefe firft aerial adventurers muft
" have felt in their exalted fituation, we can
hardly prevent an unufual fublime idea in
ourfelves.—Imagine a man elevated to fuch
an height, into an immenfe fpace, by means
altogether new, viewing under his feet, like
~amap; 2 vaft tra@ of country, with one of
the greateft towns exifting, the ftreets and
environs of which were crowded with fpec-
tators, attentive to him alone, and all ex-
prefling, in every poffible manner, their a-

mazement, and their anxiety. Refle¢t on-

the profpe&, the encomiums, and the con-
fequences ; then fee if your mind remains
" in a ftate of quict indifference. . ,
3 - -An
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Aninftruftive obfervation may be derived
* from thofe experiments;, which ‘is, that
" when an deroftatic machine is kept confined
by ropes, efpecially at a confiderable height
above the ground, the wind blowing on it,
muft drive it in its own horigontal direc-
“tion; fo that the cords which hold the ma«
~ chine muft make an angle with the horizon,
which is greater when the wind is ftronger,
and contrarywife ; in confequence of which
the machine muft be much fatigued ; it
being acted on by three forces, in three
-different dire@ions; namely, its power of
afcenfion; the confinement of the ropes,
which is oppofite to the firft ; and the action
of the wind, which is acrofs the other two.
Itis therefore infinitely more fafe to abandon
the machine entirely to the air, becaufe then
- it ftands perfecily balanced, and therefore
is not at all fatigued.

- In confequence of the report of the
foregoing experiments, figned by the Com-
miffaries of the Academy of Sciences, that
learned and refpe@able body ordered, 1ft.
That the faid report fhould be printed and

G - publithed ;
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publithed ; and 2dly, That the annual prize
of 600 livres, according to the eftablith~
ment of an anonymous citizen, be given to
Meflrs. Montgolfier, for the year 1783,

- I fhall conclude this chapter with an
aeroftatic experiment made at Lyons, by the
eldeft Montgolfier. .He made a paper ma-
chine, confifting of two- truncated qua«
drangular pyramids, which were joined to
each other by their bafes. Its capacity was -
equal to about 3oo cubic feet. In the in-
fide of this machine, and rather near its .
aperture, four wires held a cylinder of iron
wire, 13 inches long, and 6} inches in
diameter. A roll of 3o theets of paper,
~dipped in olive-oil, was put into the wire
cylinder, the combuftion of which kcpt the
- air ragefied within the machine.

This paper aeroftat rofe rapidly into the
atmofphere; it went firft towards the north,

- but afcending ftill higher, was feen to enter

into a carrentof air E.S.E. Continuing ftill
to afcend, and proceeding with the wind, it
went quite out of fight in 22 minutes.

5 CHAP-
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CHAPTER VL
| Account of the firft aerial voyage.

rJ\HE experiments hitherto made, ef-

pecially thofe of the 1gth of Octo-
ber, having prepared the way for a fair
aerial navigation, the attempt was fixed
for the 20th of November 1783; every
thing being prepared for it at La Muette,
~ a royal palace in the Bois de Boulogne.
* Notwithftanding that no advertifement re-
lative to the experiment had been men-
tioned in the public papers, a vaft multi-

tude affembled in the garden at La Muette, *

on the morning of the above-mentioned
day. The neceflary operations were begun ;
" but the rain and the wind, which came on
fuddenly, obliged Mr. Montgolfier to de-
_fer the performance of the experiment to
the following day; provided the weather
proved more favourable,

Accordingly, on the 21ft, the wind,

G 2 which

. - -
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which blew at intervals, and the appear-
ance of large clouds, threatened a fecond
difappointment ;* notwithftanding which,
every_ thing being got- in readinefs, the
machine was filled in a few minutes time,
and Mr. P. de R021er, together with the
'Marquls d’Arlandes, placed themfelves in
the gallery, one on one fide of it, and the
‘other on the oppofite, in order to preferve
the equilibrium. But as Mr. Montgolfier
intended to make fome prehmmary experi-
ments relative to the power of afcenﬁony
of the machine, &c. the acroﬂ:at was Kept
‘confined by ropes, in confequencc of which
‘the wind agltatcd it violently, and at laft
forced it to the ground, which ‘damaged
and tore it in feveral places; and it would
‘have been entn'ely burned had not timely
affiftance prevented it.. Notwithftanding
this difagreeable accident, by an extraordi-
‘nary exertion of the workmen, the aeroftat
was replaccd on the feaffold, and was re-
‘paired in lefs than. 'two hours*. They

* This was the fame ﬁqroﬁat, of 74 feet height,
- which is defcribed in the preceding chapter.:

then
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then filled it ‘again, put into the gallery
the neceffary fuel, and the two intended
travellers entered the gallery with courage
and eagernefs. The whole weight of the
machine, travellers and all, was between
1600 and 1700 pounds.

The aeroftat left the ground at g4 mi-
nutes paft one o’clock, paffed fafely over:
fome high trees, and afcended calmly and
majeftically into the atmofphere. The
acronauts having reached the altitude of
about 280 feet, took off their hats and
faluted the furprifed multitude. They then
rofe too high to be diftinguithed, fo that
the machine itfelf was fcarce perceivable.
When they tofe, the wind was very nearly
" north-weft, and it is faid that the machine,
in rifing, made half a turn round its own
axis. 'The wind drove them horizontally
over the river Seine, and over Paris. They
pafiled between /Hotel des Invalides and

P’Ecole Militaire, and approached Saint-Sul-

pice; but as they were rather low, the fire
was increafed in order to clear the houfes,
and in rifing higher they met with a cur»

G 3 rent



- 86 HISTORY of AEROSTATION.

rent of air, which carried them fouthward.
They pafled the Bowlevard; and at laft,
feeing that the obje&t of the experiment
was fully anfwered, the fire was no longer
fupplied with fuel, and the machine de-
fcended very gently in a field beyond the new
Boulevard, about gooo yards diftant from
the palace de /a Muette, which diftance
they ran in between 20 and 25 minutes
~time. The Marquis d’Arlandes ftepped
out of the gallery the moment it touched
the ground; but the machine collapfing
immcdiately after, Mr. de Rozier, who
frood on the fide oppofite to the wind, was
covered by the canvas, from which dange-
rous fituation however he foon extricated
himfelf, Otherwife they had fuffered no
~ inconvenience whatever,

When they came down, about two
thirds of the fuel was ftill remaining in
the gallery; fo that they might have
kept themfelves wp a much longer time,
The machine was foon folded up, and be-
ing put on a cart, was fent to the placé
where it had been originally conftructed,
in the Fauxbourg St. Antoine.

Thua
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Thus far has been colleGied from the ac-
counts given by various fpetatars, and ef-
pecially from the affidavit of the experi-
ment, which was figned by the Dukes of
Polignac and de Guines, Counts de Polaf- ’
tron and de Vaudreuil, Dr. Franklin, and
-Meflrs. Faujas de Saint-Fond, Delifle, and
Leroy, of the Academy of Sciences. But,
as the tranfa&tions of the aeronauts, during
their voyage, can only be learned from
themfelves, and as thofe circumftances
feem to be peculiarly ufeful and inftrucive,
I thall fubjoin the tranflation of part of a
letter, written by the Marquis d’Arlandes
to Mr. Faujas de Saint-Fond, on 'this
fubje&. )

¢« At this time Mr. Pilatre faid, You dv
“ nothing, and we fball not mount. Pardon
“ me, I replied.—I threw a trufs of ftraw .
 upon the fire, flirring it a little at the
“ fame time, and then quickly turned my
 face back again; but I could no longer
‘¢ fec /a Muerte. Aftonithed, I gave alook to
¢ the dire&tion of the river. - - Mr. Pilatre

s¢-then faid, Bebold, there is the river, and

G % “ gbferve
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obferve that we defcend.  Well then, my
friend, /let us increafe the fire; and we
worked away. But inftead of croffing
the river, as our dire&ion feemed to in-
dicate, which carried us over the houfe
of the Invalides, we pafled along the

ifland of Cygnes, re-entered over the

-principal bed of the river, and ad-

vanced up it as far as the gate d¢ /e
Conference. 1 faid to my intrepid com-
panion, Behold, there is the river, &c.
I ftirred the fire, and took with the fork
a trufs of ftraw, which, from being too
tight, did not take fire very eafily. I
lifted and thook it in the middle of the
flame. The next moment I felt.as if I
were lifted up from under the arms,.
and fajd to my companion, Now we
mount, &c. At the fame time I
heard a noife towards the top of the ma-
chine, as if it were going to burft; I
looked, but did not fee any thing. How-
ever, as I was looking up, 1 felt a
fthock, which was the only one I experi- -

enced. The dire&ion of the motion

was from the upper part downwards.
- B s« T faid
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I faid then, What are you doing? Are
you dancing? I don’t ftir, faid he. So
much theé better, replied I, it is then a
new current, which, I hope, will puth
us over the river. In fa&, I turned
myfelf in order to fee where we were,
and I found myfelf between /Ecole Mili-
taire and Jles Invalides, beyond which
place we had already gone about 2500
fget. Mr. Pilatre faid, at the fame time,
We are on the plain. Yes, faid I, and
we advance. Work on, faid he. I then
heard another noife in the machine,
which appeared to be the effe of a rope
breaking. This freth admonition made
me examine attentively the interior of
our habitation. I faw that the part of
the machine, ‘which was turned towards
the fouth, was full of round holes, many
of which were of a confiderable fize. [
then faid, #We muff defcend, and at the
fame time, I took the fpunge, and eafily
extinguithed the fire, which was round

fome holes that I could reach; but lean-

ing on ‘the lower part of the ‘linen, to
obferve whether it adhered firmly to
v « the
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s¢ the furrounding circle, I found that the
¢ linen was cafily feparated from it, on
¢ which I repeated, that it was neceflary to
¢¢ defcend. My companion faid, #e are
¢¢ over Parss. Never mind that, faid I,
. but look if there appears any danger for
¢¢ you on your fide—are you fafe ? He faid
* Yes. I examined my fide, and found that -
¢ there was no danger to be apprehended.
¢ Farther, I wetted with the {punge thofe
¢ cords, which were within my reach."
¢ They. all refifted, except two, which
« gave way. I then.faid, We may pafs -
¢ over Paris. In doing this, we ap-
¢ proached the tops'of the houfes very
¢ fenfibly; we increafed the fire, and
« rofe with the greateft cafe. I looked
¢ below me, and perfectly difcovered the
€ Mifion Etranger. It feemed as if we
.« were going towards Saint-Sulpice, which
¢¢ I could perceive through the aperture of
. ¢ our machine. On rifing, a current of
¢ air made us leave this direGtion, and
s¢ carried us towards the fouth. I faw on
* my left a fort of foreft, which I took to
“ bc the Luxembourg; we pafied over the
o ¢ Boulevard,
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s¢ Boulevard, and I then faid, Let us now de-
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fcend. The fire was nearly extinguithed ;
but the intrepid Mr. Pilatre, who never
lofes his prefence of mind, and who went
forward, imagining that we were going
againfl the mills that are between the

little Gentslly and the Bonvelard, admo-

nifhed me. I threw a bundle of ftraw
on the fire, and fhaking it in order to
inflame it more. eafily, we rofe, and a
new current carried us a little towards
our left. MTr. Rozier faid again, Take
care of the mills: but as I was looking
through the aperture of the machine,
I could obferve more accurately that we
could not meet with them, and faid,
We are arrived. 'The moment after, I
obferved that we went over a piece of
water, which I took for the river, but

after landing, I recolle@ed that it was

the piece of water, &c. The mo-
ment we touched the ground, I raifed
myfelf up in the gallery, and perceived

¢ the upper part of the machine to prefs

¢ very gently on my head, I pufhed it
¢ back, and Jumped out of the gallcry, and

‘C on
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- ¢ on turning myfelf towards the machine,
« expected to find it diﬁéndéd, but was
-« furprifed to find it perfeétly emptied,
¢ and quite flattened.” &c.

'CHAPTER VIL

Account of the firft aergfiatic experiment
" made in England.

T is fomewhat remarkable, that more

A than five months had elapfed, fince
Mr. Montgolfier made his firft public aero-
ftatic experiment at Annonay, the news of
which, as well as of his fubfequent expe-
riments, was rapidly and univerfally {pread,
and yet no experiment of the kind had
been made out of France, at leaft, none
is authentically recorded. In this ifland,
where the imprévements of arts and fciences
find their nurfery, and many their birth, no
o acroftatic
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 deroftatic machine was feen before the
month of November 1783. It was, per-
haps, owing to a perfuafion, that this new
field of experiment was. in the hands of
perfons fully capable to improve it in
France; and confequently, that it would '
be ufelefs to lofe time, trouble, and ex=
pence, about experiments, which others
‘were actually making elfewhere. At leaft,
the curiofity of the learned might have
been fatisfied with an experiment in {fmall ;
but it often happens in a nation, that a fort
of ftupor prevents even the moft neceflary
and eafy exertions,.in particular cafes, . for
which omiffion, a fhort time after, no, per=
fon can aflign any plaufible reafon.. How-
ever, it muft be confefled, that the news of .
the firft aeroftatic experiments was far from
giving any exact account of the pra&ncal
part, or of the prmc1ples themfelves.

Let this be as it may, the matter of fa&
is, that the firft acroﬁatlc expcnment was
‘thewn in London, in the month of No-
vember, 1783. One Count Zambeccari, an
ingenious Italian, who happened to be in

. - - Londonj
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London, made 2 balloon of oil-filk, which
was 10 feet in diameter, and weighed 11
pounds. It was gilt, both in order to render
it more beautiful, and more impermeable
to the inflammable air. This balloon was
publicly thewn for feveral days in London ;
and at laft, on the 25th of the above-men-
tioned month, three quarters of it were
filled with inflammable air ; a dire@ion, for
any perfon who thould afterwards find it,
inclofed in a tin box, was faftened to it,
and, in the prefence of many thoufand
FpeQators; it was launched from the Artil-
Jery-Ground, at one o'clock m the after-
‘ noon . ,

‘ "Two hours and-a half after 3 viz. at

half paft three o’clock, this balloon was
found at Graffam, near Petworth, in Suffex,
48 miles diftant from London; fo that
it went at the rate of near 20 miles an .
hour. A rent found in it, which was
certainly the confequence of the rarefac-
tion of the inflammable air, when the bal-
loon came into a much lighter part of the
atmofphere, muft have been the occafion of

its defcent. , .
We
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We muft now return to the aeroftatic
experiments made in France; and muft

defer defcribing thofe made in England, till

the order of time renders it neceffary,

CHAPTER VIL

Account ef the ﬁrﬂ a_érzfal voyage made with

-an inflammable-air Balloon.

P HE fuccefs of the experiment with
the inflammable-air balloon, made in

the Clamp de Mars, and the other expe«
riments made after that, with Mr. Mont-
golfier’s aeroftat, naturally fuggefted the idea
of attempting a voyage in an inflammables

air balloon ; every confideration, excepting

the dearnefs of the inflammable air, feeming
to give the preference to the inflimmable.
air balloon, as a vehicle for an aerial voyage.

The

- . -t -
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The plan for fuch a voyage, and every
necefary calculation, being made, the bal-
loon was conftructed by the Roberts, two
brothers, very intelligent in mechanics,
Their proje¢t was firft announced to the
public in the Yournal de Paris, of the 19th
of November, 1783; and a fubfcription
was opened, in order to defray the expences,
which, as it was calculated, would amount
to about 10,000 livres.. .

~ Asfoon as the balloon was finithed, it
was inflated with common air; and was
publicly thewn in one of the great cham-
bers of the Thuilleries, till the 26th, on
which day it was fufpended to a rope ftretche

. ed between two trees, beforc the Thuil-

lcnes. .

. This balloon was made of gores of filk,
covered with a varnifh, {aid to be a folution
of elaftic gum (‘caoutchouc). Its form was
fpherical, meafuring 27 feet and an half
in .diameter. A net went over the up-
per. hemifphere, and was faftened to a
hoop that went round the middle of the

balloon,



HisToRrY ¢f*AEROSTATION. 97

balloon, and was therefore called its equator.
To this equaioi‘ was fufpended, by means of
ropes, a fort of car, or rather a boat, which
fwung a few feet below the balloon. Inor-
der to prevent the burfting of the machine,
by the expanfion .of the inflammable air, a

valve was made in it, which, by pulling a,

ftring, was opened to let out fome of the’
inflammable air. There was likewife a
long filken pipe, through which thc' balloon
was filled. The boat, made of bafket-
work, was covered with painted linen, and
was beautifully ornamented. Its length was
near § feet, its breadth 4, and its dqpth 3
and an half, It weighed 130 pounds.

The apparatus for filling it, conﬁﬁéd of

feveral cafks placed round a large tub full
of water, every one of which had a long"

tin tube, which terminated under a veflel or

funnel, that was inverted into the water of -

the tub. A tube, proceeding from 'this
funnel, communicated with the balloon,
which ftood juft over it. Iron filings and
~ diluted vitriolic acid were put into the cafks;
and the inflammable air, which was pro-
' duced from thefe materials, paffed through

H ) the _
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- the tin tubes, through the water of the tub,

through the funnel, and was laﬂ:ly lodged
in the ballcon. :

. It appears, that in filling this balloon
they worked a long time with very little
effe ; but at lait, being affifted by an able
chymift, the operation went on {incompa=
rably better.  ‘The balloon foon began to
acquire a convex form, inflated apace, and
by one o’clock, or a little after, it was ready

- to afcend.—This famous experiment was

performed on Monday, the 1ft of Decem-

“ber, 1783.—The “Thuilleries, the Pont

Royal, every houfe, and every adjacent place,
were crouded with fpeators. A numerous:
guard of foldiers preferved order, and pro-
teCted the operation. Mathematical perfons,
with proper inftruments, were conveniently
ftationed for the purpofe of calculating the.
height, rate of going, and other particulars
concerning the balloon.. Signals were given
by -the firing of a cannon, waving of pen-
dants, &c. A fmall balloon of fix feet in
diameter was launched by Mr. Montgol-
fier, which ferved to thew the direction of

the wind, and likewife to amufe the peo-

4 ~ ple.
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ple. ' The boat was then attached to the
balloon ; Mr. Charles, and one df the Ro-
berts, feated themfelves in it, with proper
inftruments, plenty of provifions, clothing,
and the ballaft, confifting of fand-bags *; and
at three quarters after one o’cléck the ma-
chine left the ground, and afcended with a
moderately accelerated courfe. The afto-
nifhed {pectators ftood filent.

[

* The balloon, men, ballaft, &c. being weighed
and calculated, it was found, that the weight of the
common air, difplaced by the inflammable gas, was
771 pounds and a half; the joint weight of the ftuff,
of which the balloon was formed, of the ' two men,
boat, ballaft, &c. was 604 pounds and an half; and
the powet of afcenfion of the balloon, or its adtual
levity, when it afcended, was 20 pounds, which being
added to the weight of the ftuff, men, boat, &c.
makes 624 pounds and an half, which therefore was
the weight fuftained by the inflammable air ; and if
we fubtra this from the weight of the common air
difplaced, i.e. 771 pounds and an half, there re-
mains 147 pounds for the real weight of the inflam-
mablg air contained in the balloon ; from whence it
follows, that the fpecific gravity of the inflammable
air, at leaft of fuch a fort as was contained in this
machine, was to the fpecific gravity of commen air
‘nearly as one to 51.

H2 When
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When the ballocn had reached the alti-
tude of about 600 yards, the two aerial
navigators ‘indicated their fafety by fre- -
quently waving two pendants, though they
themfelves could not be diftinguithed fromr
the ground. The fpe&tators were by this
time awakened from.their aftonithment;
enthufiafm took the place of filence, and
nothing but expreflions of praife and ap-
plaufe were by every mouth annexed to the °
names of Charles and Robert.

At the time they went up, the ther-
- mometer, according to Farenheit’s fcale,
ftood at g°, and the quickfilver in the ba-
rometer ftood at 30,18 inches. In the
atmofphere the machine afcended till the
quickfilver in the barometer ftood at 27
inclies, from which they deduced their
altitude to be nearly 600 yards. During
the reft of their voyage, the quickfilver in
the barometer was generally between 27,
and 27,65 inches, rifing and falling accord-
ing as part of -the ballaft was thrown out,
or fome of the inflammable air efcaped from
the balloon. The thermometer ftood. ge-
nerally between 53° and 57°
Soon
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- 'Soon after their. afcent, they remained
ﬁationary for a fhort time ; then they went
. horizontally, in the direcion of N. N, W.
‘They crofled the Seine, and paffed over fe-
veral towns and villages, to the great afto-
mfhrnent of the inhabitants, who did not
expect, and perhaps had never heard of this
new fort of experiments. This delicious
voyage lafted one hour and three quarters.
At laft they defcended in a field near Nef,
3 {fmall town, abouyt 27 miles diftant from
'Paris, it being then three quarters paft three
Oclock fo that they had gone at the rate
of about 1 5 miles per hour, without feeling
the leaft inconvenience; and the balloon
underwent no other alteration, than what

was occafioned by the dilatation and con-
~ tra@ion of the inflammable air, accordmg
to the viciffitudes of heat and cold.

- A fhort time after their defcent, they
were overtaken by the Dukes of .Chartres .
and de Fitz-James, who had rode after the
balloon, and did them’ the honour to add
their names to the certificate of their de-

fcent, which had been already drawn up and
R = O S figned
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- figned by other perfons, who had arnved
fooner.

The balloon ftill containing a confider-
able quantity of inflammable air, Mr.
Charles determined to afcend once more.
Mr. Robert then got out of the boat, which
llghtened the balloon of 130 pounds. This
~weight they intended to fupply with ballaft;’
but not finding any conveniency to take up
any carth or ftones very readily, and the
fon being near fetting, Mr. Charles, with-
out lofing more time, gave the fignal to
the peafants who held down the machine,
to let go;  And I fprung up,” fays ke,
¢ like a bird. In twenty minutes, T was
“ 1,500 toifes high; out of fight of all
¢ terreftrial objects. I had taken the ne-
¢¢ ceflary precautions againft the explofion
¢ of the globe, and prepared to make the
¢¢ obfervations which I had promifed my-
« felf. In order to obferve the barometer
¢¢ and thermometer, placed at the end of
¢ the car, without altering the centre of
¢ gravity, I knelt down in the middle,
¢ firetching forward my body and one leg,

¢ holding

-~
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holding my watch and paper in my left
hand, and my pen and the ftring of the
valve in my right, waiting for the event.
The globe, which, at my fetting out, was
rather flaccid, fwelled infenfibly. The
air efcaped in great quantities at the
filken tube. I drew the valve from time
to time, to give it two vents; and T
continued to afcend, fill lofing air,
which iffued out hiffing, and became
vifible, like a warm vapour in a cold at-
mofphere. The reafon of this phenc-
menon is obvious. On earth, the ther-
mometer was 7 degrees above the freezing
point ¥; after ten minutes afcent, it was
five degrees below 4.  The inflammable

‘air had net had time to recover the equi-

librium of its temperature. Its elaftic
equilibrivm being quicker than that of
the heat, there muft cfcape a greater
quantity than that, which the external -
dilatation of the air could determine by
its leaft preflure. For myfelf, though
ex«pofed to the open air, I pafled in ten

® Equal to about 47° of Farcnhext s feale.
f Equal to 21° of Farenheit’s fcale.

Hg4 ¢ minutes
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minutes from the warmth of {pring to
the cold of winter : a fharp dry cold, but.
not too much to be borne. I declare,

‘that in the firft moment I felt nothing

difagreeable in the fudden change. When
the barometer ceafed to fall, I marked
exa&tly 18 inches 10 lines ¥, the mer-
cury fuffering no fenfible ofcillation.
From this I deduc a height of 1,524
toifes 4+, or thereabouts, till I can be
more exact in my calculation. In afew
minutes more, my fingers were benumb-
ed by the cold, {"o that I could not hold '
my pen. I was now ftationary as to the
rifing and falling, and moved only in an
horizontal dire¢tion. I rofe up in the
middle of the car to contemplate the
fcene around mle. At my fetting out,
the fun. was fet on the vallies; he foon
rofe. for me alone, who was the only lu-

“minous bady in the horizon, and all the

reft of nature in fhade; he, however,
prefently difappeared, and I had the plea-’
f_u;e of fceing him fet twice in the fame

...-% Equal to 20,01 inches Enghfh.
t About. 3,100 yards. .
_ ' “ day.
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day. I beheld, for a few feconds, .the
circumambient air, and the vapours rifing
from the vallies and rivers. = The clouds
feemed to rife from the earth, and colle®
ore upon the other, ftill preferving their
ufual form, only their colour was grey,
and monotonous from-the want of light
in the atmofphere. The moon alone
enlightened them, and fthewed me, that
I was tacking about twice; and I ob-
ferved certain currents that brought me
back again, I 'had feveral fenfible devi-
ations ; .and obferved, with furprife, the
effe@s of the wind ; and faw the ftreamers
of -my banners point upwards. This
phenomenon was- not the effet of the
afcent or defcent, for I then moved ho-
rizontally. At that ipftant I conceived,
perhaps a little too haftily, the idea of
being able to fteer one’s courfe. In .the

- midft of my tranfport, I felt a-violent

pain in my right ear and jaw, which I

afcribed to the dilatation of the air in

the cellular conftruction of thofe organs,

~as much as to the cold of the external

air. I was in a waiftcoat, and bare-
¢« headed,
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headed. Iimmediately puton a woollen .
cap, yet the pain did not go off, but as
I gradually defcended. For feven or
cight minutes I had ceafed to afcend ; the
condenfation of the internal inflammable
air rather made me defcend. I now re-
colleted my promife to return in half
an hour, and, pulling the ftring of the
valve, I came down. ‘The globe was
now fo much emptied, that it appeared
only an half globe. I perceived a fine
ploughed field near the wood' of Tour du
Lay, and haftened my defcent. When
I was between 20 and 30 toifes from the
earth, I threw out haftily two or three
pounds of ballaft, and became for a mo- -
ment ftationary, till I defcended gently
in the field, above a league from the
place whence I fet out. The frequent
deviations and turnings about, make me
imagine that this voyage was near three
leagues ; and [ was gone about 33 mi-
nutes. . Such is the certainty of the com-
binations of our aeroftatic-machine, that
T might have kept in the air at leaft for
24 hours longer.” ®
: Mr.
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'Mr. de Meunier, who made feveral cal-
culations concerning this voyage, thinks
that Mr. Charles muft have afcended at
leat one thoufand feven hundred toifes,
equal to about three thoufand five hundred
yards Englifh meafure. '

It is faid, that the fmall balloon, which

was launched by Mr. Montgolfier, a little.

before Meflrs. Charles and Robert alcended,
was afterwards found at Vincennes, in a
direGion oppofite to that taken by the great
balloon 5 which fhews that there happened
to be two currents of air, perhaps at dif-
. ferent heights, -

- CHAP. -
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CHAPTER IX.

Aeroftatic experiments made in the remainder

of the year 1783.

INCE the fmall inflammable-air bal-
J loons were firft- introduced, many cu-
rious perfons.began to employ them for
philofophical purpofes, as well as for the
fatisfaction of thofe, who had never before

feen any experiment of that fort; and we

find many of thofe experiments recorded in- -
feveral pu’blication?s,, with more precifion, ’
and better authenticated, than they really -
~ deferved. By this obfervation I do not
mean to depreciate any philofophical in-
quiry, of whatfoever fort it may be, nor do
1 think, that the afcertaining of the leaft
particular, relative to the works and ope-
rations of nature, is undeferving of notice :
but the hiftory of a {cience, or zn art, muft
record only the improvements of that par-
ticular fubjet; and it would be no longer a’
fcientific hiftory, if it defcended to relate

: the

C~
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the endlefs repetition of the very fame ex-

periment, with perhaps no other change

than that of the date, and names of places,
experimenters, &c. ' ‘

Each of the experiments related in the
preceding 'pages, -advances the. fubje® a
good ftep forward, and it was therefore
neceflary to defcribe all the circumftances,
that feemed at all interefting; but as the
repetition of feveral of thefe experiments
doth not always thew any new obfervation or
improvement, I fhall, for the future, take

notice only of thofe experiments and obfer-

vations, which feem in any way tending to
improve the fubje®, and as for the reft,
they fhall be either entircly omitted or only
flightly mentioned.

* On the 11th of December a {mall bal- |

loon, made of gold-beater’s {kin, was pub-
licly launched at Turin. It was the firft
experiment of the kind exhibited in that
place, and confequently it gave great fatif-
faGtion to the fpectators. They faw it
penetrate the clouds; it appeared ftationary

' for
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for fome time; then it afcended ftill higher,
and at laft it entirely difappeared, § minutes

and 54 feconds after its firft afcent.

To employ an aeroftatic machine for
difcovering the ele¢tricity of the atmofphere,

* efpecially in calm weather, was a natural

confequence of the experiments made long

. before with ele@rical kites; and immedi-

ately after Mr. Montgolfier’s firft experi-
ment, it occurred to feveral intelligent per-
fens, that one of thofe machines,, faftened
to the extremity of a long ftring, and float-
ing in the air, would bring down the elec- .
tricity of the atmofphere, in the fame man-
ner as the ftrings of eletrical kites were
wont to do, and even better; fince the
kites cannot be raifed in calm weather,
nor will they ever go beyond a very mode-

“rate height; whereas an aeroftatic machine

could both go incomparably higher, and
would rife in calm weather. But the Abbé
Bertholon appears to have been the firft
perfon who ufed thofe machines for experi-
ments on the atmofpherical ele@ricity, at
Montpellier. He raifed feveral air-balloons,

to
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to which long and flender wires were at-
tached, the lower extremity of the wire be-
ing faftened to a glafs ftick orother infulating
fubftance ; and hereby he obtained from the
wire, ele€tric fluid fufficient to fhew the
attraction, repulfion, and even the fparks

- of ele@ricity. He ufed to arm fome of

thofe globes with metallic points, in order
to let them imbibe the elericity more

readily ; and he dires that a firing fhould

be ufed, containing a very fine wire of
gold or other metal, exally as is made ufe
of for eleGtrical kites*. It is obvioys,
that the greateft inconvenience, in this fort
of experiments, is the a&ion of the wind
againft the balloon, which will fatigue the
machine, and will drive it in a dire@ion
much inclined to the horizon.

An accident that happened in England,
about this time, deferves to be mentioned, in
order to warn other people, who may happen
to be in fuch-like dangerous circumftances.
It is faid that an inflammable-air balloon,

‘launched by.one Mr. Gell, from Hopton,
near Matlock, was found by two men in

® See the writers on Ele&tricity.
- : the
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the neighbourhood of Cheadle, in Stafford-
thire, who took that, to them ftrange,
machine into a room of a farm-houfe,
where, after fome confideration, they con-
cluded that it was fomething like a half-
blown bla,ddcr, and began to fill it quite

up, by applying a pair of bellows to an
aperture that was in it; but as fome of the
gas was ftill coming out, the approach of
a candle unfortunately fet it on fire,” in
confequence of which, the balloon exploded

~ with a report much louder than a cannon,

which ftruck four perfons down to the
floor. They foon recovered from the fall,
but were fo ftunned, as not to be fenfible
of fire, till they perceived their heads in a
blaze: their beards and eye-brows were .
burned quite off, and their faces ter-
ribly fcorched. The windows were forced
out with great violence, and the houfe was
* otherwife much damaged *. .

At this time the Academy of Lyons
offered a prize of fifty pounds to the author

. The account of this accident has been extrated
only from the daily news-papers,

of



HisToRY of AEROSTATION. 113

“of the beft effay on the following fubje&,
viz. ¢ To difcover the fafeft, leaft expen-
five, and moft effeGtual means of directing
air-balloons at pleafure.” The candidates
were to give in their differtations before the
firft of February 1784.

CHAPTER X.
deroﬁatic experiments made in fanuary 1784.

T Grenoble, a city of Dauphme, in
France, one Mr. de Barin launched
a balloon on the 13th of January, at 40
minutes after three o’clock. It afcended
'with a direction very little inclined to the
north for the firft minute ; but afterWards,
meeting with another current of air, it
went in the direétion of fouth-ea&, and
about a quarter of an hour after, it fell,
. at the diftance of near three quarters of a
mile.

| S | - Qn
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On the fame day, an aeroftatic machine,

- about 37 feet in height, and 20 in diame-

ter, was launched from the caftle de Pifan-'
¢on, near Romans, in Déuphiné. This
machine had been conftruéted by a fociety
of that town, under the dire&ion of /’.4b4¢
de Mably. It rofe with a furprifing velo-
city, and, as the wind was north, it went
towards the fouth; but when the machine
had afcended to the height of about 1300
feet, it went back towards the north; and

"in lefs than five minutes time it afcended

to the height of above 6000 feet, according
to the beft calculation the experiment could
admit of. In lefs than 10 minutes it fell,
at the diftance of near four miles from
whence it had afcended.

On the 16th of the fame month, the

Count &’ Albion launched, from his garden

at Franconville, an inﬂammab]e-air balloon,
made of filk, covered with a folution 'of
glue and gum arabic. It was of an oblong
form, being 25 feet high, and near 17 in
diameter. A wicker bafket was attached °
to it, in which three animals were en-

clofed— |
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clofed—two Guinea pigs, and a rabbit.,
When the cords, which confined the bal-

" loon, were cut off, the machine afcended .

with furprifing velocity to an enormous-
height. Five days after, it was found at the
diftance of about 18 miles; and it is remark-
able, that notwithftanding the coldnefs of
the wather, and particularly of that region
of the atmofphere, to which the machine

.afcended, the animals were found not only

alive, but perfectly well. .- .

In this fame month, the greateft aero-
ftatic machine hitherto made was launched
at Lyons, with no lefs than feven perfons
in its gallery. The particulars of which
experiment being both entertaining and in-
ftructive, it is neceflary to give a circum-

ftantial account of them.

A fubfcription being opened, in Septem-
ber of the preceding year, for the purpofe
of confiruding a farge aeroftatic machine,
capable of taking into the atmofphere a
horfe, or other large animal, &c. Mr.

Montgolfier was requefted to take the ma-
' Is . nagement
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-nagement of the bufinefs ; and accordingly,
under his direction, with the afliftance of
other intelligent perfons, a machine was
conftructed, confifting of a double envelope
of linen, enclofing three thicknefles of paper
‘between, all being ftitched together at in-
tervals. It was moreover ftrengthened with

ftrings and ribands. The form of this ma-
chine was that of a fphere extended towards
its inferior part, where it terminated in a
truncated cone, round which a gallery of
wicker work was adapted. The height of
‘the machine was about 1 31 feet, and its
diameter about 104. When it went up, its
weight, including the paffengers, gallery,
&c. was 1600 pounds.

'On the 4th of January, the pieces, which
were to form this immenfe machine, were
brought out of Lyons into one of the fub-
urbs, called Brotteaux, and the two follow-
ing days were employed to join thofe pieces
together. In the morning of the 1oth
they made the- firft eflay. The fire was
lighted, and in 20 minutes the machine
was perfectly mﬁatcd, and in this ftate

the
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the cords, which were to hold the gallery,
were begun to be fixed. On the 12th they
inflated the machine again, in order to fix
more of the ropes for the gallery; and,
in fhort, they worked inceflantly till the
19th to fix the ropes, to attempt the aerial
- voyage, and to repair the rents and other
. damages, which the machine continually
received from being often inflated, and from
- the injuries of the weather; for the rain,
the fnow, the froft, and almotft all the ele-
‘ments, feemed angry with this unfortunate
machine ; which, being conftructed of bad
materials, was little able to fuftain thofe

injuries. Neverthelefs, in various trials, it
had fhewn its furprifing power ; ‘and once,
on putting a bundle of ftraw, upon which .
{pirit of wine had been fprinkled, on the

fire, the fudden flame occafioned fuch a
rarefaction, that the machine, notwithftand-
ing the efforts of 5o perfons, who were
employed to hold it, rofe three fect from
the ground, and went to the diftance of
15 feet, |

At iaﬁ, on the 1gth, the weather was
' 13 - pretty
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pretty clear, with very little wind, the fun
thewing itfelf at -intervals. The thermo-
meter ftood at 45°. Every thing was got
ready for the experiment, and a prodigious
croud ‘of fpectators affembled about the
place; but as the machine had been wet,
and in the night it had frozen very hard, it
was neceflary to thaw the ice by degrees,
, which was effected by making feveral {imall
fires under the fcaffold ; but this naturally
took up a confiderable time; fo that the
experiment could not be begun before noon,
The fire was -now lighted, and the ma-
chine foon began to fwell, affuming the
beft form that could be wifhed; but the
fpcctators, who had been often difappoint-
ed, thewed at this time a’gréat deal of
anxiety ; their minds (eeming to fluGuate
between hope and fear. In 17 minutes the
machine was filled, and was ready to afcend;
the intended fix paflfengers took their places

~ in the gallery, and nothing was wanting but

‘the fignal of departare from Mr. Durofier.
But this gentleman, confidering the indiffe-
rent condition of the machine, that had
greatly fuffered in the preceding trials, was

9 - of
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of opinion that the experiment would cer-
tainly fail, if more than three perfons af-
cended with it: his remonftrances were of

no effe&; for none of the adventurers
would leave his place on any account what-
ever. - Upon this, the interpofition of Mr,
le Fleffelles, the intendant, was requefted ;
‘but his authority could not prevail on them
to caft lots, At laft, their obftinacy be-
ing unconquerable, the fignal of departure
was given, with relu&ance and with fear,
and the ropes were cut off. A very re-
markable inftance of enthufiafm, rather than
courage, happened at this inftant. The
machine was not raifed above a foot or
two from the ground, when a feventh per-
fon, one Mr. Fontaine, jumped into the-
- gallery, whxch occafioned a fudden de-
preflion of the machine; but by increafing
the fire in the grate, the whole afcended
majeftically, and with moderate rapidity.
On meeting with the wind, it was turned
from the eaft, inftantly, towards the weft;
but it afterwards proceded eaft-fouth-eatft,
afcending at the fame time, till it was at
leaft 1000 yards hxgh The cffe&t pro=-
| @7 _duced
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duced on the fpe@ators by this fpectacle, is -
~ defcribed as the moft extraordinary that
was ever occafioned by any prodution of
human invention. It was a mixture of
the firangeft nature. Vociferations of joy,
.fhrieks of fear, expreflions of applaufe,.the
found of martial inftruments, and the dif-
chargé of mortars, produced an effet more
eafily imagined than defcribed. Some of
the people fell on their knees, and others
elevated their fuppliant hands to the hea-
vens; fome women fainted, and many
wept : but the confident travellers, with-
out fhewing the leaft appearance of fear,
were continually. waving their hats out of
the gallery. The wind thifted again, but
it was very feeble, fo that the machine ftood
almoft ftationary for about 4 minutes,

Unfortunately, about this time, which
‘was near 15 minutes after the afcent, a rent
was made in the machine, which occafion-
ed its defcent; and when it came within-
about 600 feet of the ground, it defcended
with a very great celerity. It is faid, that
not lefs than fixty thoufand people, befides

' , : the
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the Marechauflée, ran to the fpot, with
the greateft apprehenfion for the lives of
thofe adventurous aerial travellers. They
were immediately helped out of the gal-
lery, and luckily none of them had re-
ceived ‘any hurt, except Mr. Montgolfier
‘an infignificant fcratch. The machine was
torn in feveral places, befides a vertical
rent of upwards of 5o feet in length ; which
thews very clearly how little danger is to be
apprehended from the ufe of thofe ma-
chines, efpecially when they are properly
conftructed and judicioufly managed.

The following are the names of the feven

travellers: Mr. Jofeph Montgolfier, Mr.
Pilatre de Rozier, Count de Laurencin,
Count de Dampierre, Prince Charles de
Ligne, Count de Laporte d’Anglefort, and
Mr. Fontaine,

CHAP-
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"CHAPTER XI,
Aerofiatic experiments made in February amf
March, 1784. ‘

v

HE Marquis ae Bullion, on the 3d

of February, launched a paper ma-
chine, near 1 5 feet in diameter ; which was
. kept floating by means of a flat fponge, one
foot broad, foaked ih a pint of fpirits of
wine, and placed in a tin pan. ‘This
balloon was launched at Paris, at 45 mi-
nutes paft two o'clock ; and it was found,

" at about three, in a’ vineyard near Ba/f-

ville, which is near 27 miles diftant from
Paris. : ' ’

_ On the 15th of the fame month, at three
o'clock, Mr. Gellard de Chaftelais launched
a paper aeroftat, the air of which was kept
rarefied by the combuftion of rolled paper
and a fponge foaked in oil, fpirits of wine,

- and greafe. A bafket containing a cat was
' faftened
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faftened to it. In 35 minutes, the ma-
chine afcended fo high, as to appear like
a very f{mall ftar. At 5 o'clack, it was
found upon fome trees, at the diftance of
between 45 and 48 miles from Mdcon,
from whence it had been launched; fo that
it went at the rate of about 23 miles an
hour. The cat was found dead; but no-»

. body could guefs at the caufe of its death.

The firft balloon that croffed the Englith
channel, was launched from Sandwich in
Kent, on Friday, the 22d of Februéry,
1784. It was an inflammable-air balloon,
five feet in diamecter; which was let loofe
at half paft 12 o’clock, in the prefence of

~ a great many fpectators. The balloon rofe

rapidly, and was carried over the fea by the
wind, which was weft by north ; fo that the
direGion of the balloon was eaft by fouth.
It was found, at 3 o’clock of the fame day,

" in a field near Warneton, in French Flan-

ders, nine miles fromr Lifle, by -a boy;
who carried it to Monfieur Betrayle, at

Warneton ; and, there being a ticket on the

balloon, in which it was requefted.that an
T account
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account of the time when, and place where,
the faid balloon thould be found, might be
fent to William Boys, Efquire, at Sand-
wich; fuch requeft was politely complied
with.—The ftraight diftance between Sand-
wich and Warneton is 74 miles and an
half ; {o that this balloon went at the rate of
above 30 miles an hour.

The Chevalier Paul Andreani, of Milan,
was the firft perfon in Italy, who had an
aeroftatic machine made at his own ex-
pence, for the purpofe of making an aerial
voyage ; in which attempt he actually fuc-
cceded, on the 25th of February, 1784.
The proje& was entirely his own ; but for
the practical execution of the work, he em-
ployed the brothers Auguftin and Charles-

. Gerli, perfons of a mechanical genius,

The machine was {pherical, of about 68
feet in diameter, made of linen, lined with
fine paper. In the infide, towards the

middle of the machine, there was a wooden
zone or hoop; and another hoop, of 14 feet
in diameter, was round its aperture. On

the
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the top of the machine there was a fort of
hat, or round piece of wood, ftrengthened
with an iron hoop, from which ropes pro-
ceeded, which went down along the feams
of the machine, and were laftly faftened to
the hoop of the aperture. Other fmaller
cords were faftened to the linen, and crof-
fing the larger ropes, made a fort of net-
‘work. - Some thort wooden arms, which
proceeded from the hoop of the aperture,
held the fire-place, or copper brazier, of
about 6 feet and an half in diameter. Cords
‘proceeding from the {fame hoop, held a cir-
cular bafket, which ftood under the brazier,
at a moderate diftance from it; fo that the
. perfons in it might eafily fupply the fire
with fuel, and at the fame time were not in-
commoded by the heat.

The machine being conftructed, was fe-

cretly tranfported to a feat of the Chevalier,
“called Moncucco, which is 8 miles diftant
from the town. Two ineffe@ual trials
were made; each time the machine was
perfectly inflated in 1 5 minutes ; but it did
not lift up the annexed weight from the

: : ground
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ground : however, on the 25th, at about
noon, the fite under the machine was light=
ed; it was fupplied at firft with very

“dry wood, and afterwards with a compefi
" tion of bituminous fubftances. The ma-

chine now made evident endeavours to rife 3
and, it being imagined, that giving more
freedom to the air under it, would increafe
its power, the Chevalier judicioufly ordered
thofe who held the ropes, to let the machine
rife a little; which was attended with the

“defired effe@. The machine inftantly mani-

fefted it had acquired an increafe of power ;
in confequence of which, the Chevalier, and
the two brothers Gerli, put themfelves into
the gallery, or circular bafket ; the ropes were
let loofe, and the machine, with the three
adventurers, immediately afcended, with a
flow and almoft horizontal motion, dire¢t«
ing itfelf towards the building: to avoid
which, the fire was increafed, and then the
machine afcended with rapidity to a great
height ; fo that it was feen from the city,
which was 8 miles off. At this height
they met with a current of air, which
feemed to drive the machine towards the

adjoining
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~ adjoining mountains ; but as this was not an
eligible direction, and as the fuel was almoft |

exhaufted, they thought proper to defcend ;
and accordingly, the fire being diminifhed,
the machine gradually defcended. In coming
down, the aeroftat was going directly over a

large tree; but, by a proper management of

the fire, it juft cleared the tree ; after which,

“the people, that had run to its affiftance,

laid hold of the ropes that were fwinging
down, and conduted the machine to a fafe
place, where the intrepid travellers alighted
without the leaft inconvenience. In con-
fe'quehc’e of the lofs of this weight, the ma-
chine acquired fuch power, that it required
the affiftance of many perfons to detain it.
The machine being thus capable of keeping
itfelf fwelled, they availed themfelves of its
condition, and carried it, in that inflated
ftate, over trees and other obftruions, to the
place where it had been filled, which was
not above a quarter of a mile diftant. The
machine remained in the atmofphere for a-
bout 20 minutes. Itis remarkable, that this
machine, notwithftanding the various trials
it had undergone, had not fuffered the leaft

' damage.
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damage. Its upper part efpecially, like

“that of the machine ufed in the experi«

ment at Verfailles, and that alfo at Ia
Muette, was neither {corched, nor in any
other manner affected by the fire ; which
is a circumftance deferving of notice, par~
ticularly, becaufe it has been commonly
faid, that the upper part of thofe machines
would be always burned or fcorched. (

From the calculations made relating to
the power and capacity of this machine, it
appears, that, by the acion of the greateft
fire they could make in it, the air was not
rarefied above one third; fo that the quan-
tity of air in the machine when rarefied,
was not lefs than two-thirds of that, which

- would have filled the machine, when of the

fame temperature with the external air.—
Indeed, from this as well as from other ac-
curately made experiments, it feems that

~ this is the utmoft degree of rarefation,
that can be reafonably expected to take place

in fuch machines.

On the 1gth of February, an inflamma-

ble-air balloon, of 5 feet in diameter, was
8 ‘ launched
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launched from Queen’s College, at Ox-
ford. It was of a fpherical form, made of
varnithed Petfian filk; and it feems that
this was the firft balloon feen in that town.

The next aerial voyage we are to de-
fcribe, was made by one, who, as will
appear from the fequel of this hiftory, has
performed a greater number of thefe ex-
curfions than any other perfon, previous
to February, 17853 and is the firft who
croflfed the Englith channel with an aero-
ftatic machine. This ingenious French-
man; Mr, Jean-Pierre Blanchard, had,
for feveral years before Mr. Montgolfier’s
difcovery, bufied himfelf in attempts to
fly by mechanical means; but it appears,
from a paffage in a letter of his to the edi-
tors of the Journal de Paris, that he never
fucceeded in this undertaking *: but as foon

# ¢ Je rends donc un hommage pur' & fincére 3
¢ Pimmortel Montgolfier, fans le fecours duquel
¢ j’avoue que le mécanifme de mes ailes ne m’au-
¢ roit peut-étre jamais fervi qu’a agiter un élément
¢¢ indocile qui m’auroit obftinément repoufl¢ vers la
¢ terre comme le lourd autruche, moi qui comptois
¢ difputer i Paigle le chemin des nues.”’

K as

\
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as the difcovery of the aeroftatic machine was

- made, he immediately refolved. to, ufe one of
~ thofe machines for the lifting power, and to
add the wings of his former fcheme, for di-
recting his courfe through the air.

After a great deal, of contrivance, and fome
calculation, Mr. Blanchard at laft conftru&-
ed an inflammable-air balloon, of 27 feet
in diameter, with a boat made and fufpended
nearly in. the fame manner as that of Charles
and Robert,’ only he added two wings and
a rudder (gouwernail) to his boat.. e had
likewife a fort of large umbrella fpread ho-
rizontally between the balloon and the boat,’
which, in cafe the balloon fhoyld butﬂ,
would check thc fall.

' Wlth thxs balloon, M. Blanchard made
his firt aerial voyage, on the 2d of March,
- 1784.  As the incidents of this voyage are
of a very ftrange and romantic nature, I
think that a particular account of them, will
not be unacceptable to the reader.—The
balloon, with the reft of the machinery, and
apparatus for filling it, was carried to the

| | - Champ
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Champ de Mars, the place from whence
the firft inflammable-air balloon had been
launched; and as ufual on fimilar occafions,
an immenfe number of people aflembled
about the place, The machine being filled,
M. Blanchard, and a Benedi&ine Friar,
feated themfelves in the boat; the ropes were
cut off, and they afcended, but not higher
than about 15 feet from the ground. Then,
the balloon being leaky, and the weight in
the boat rather too great, the whole fell very
rapidly ; and on touching the ground, the
boat received an unpleafant thock : in con-
fequence of which, the Friar was perfuaded
to abandon his feat, * But the intrepid Mr.
Blanchard was not at a]l intimjdated by the
accident : he immediately repaired the little
damage the apparatus had received from the
fall, and was going toafcend again by himfelf;
but juft as he was fetting off, a young gentle-
man forced his way thro’ the crowd, jumped
into the boat, and, without any right or rea-
fon, infifted upon going up with Mr. Blan-

chard. Every expoftulation or remonftrance

of Mr. Blanchard, and of many perfons of
the firfk rank who were prefent, was in-
' K2 effectual
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effectual to perfuade the young gentleman to
give up this defperate attempt. His anfwer
was, That he was provided with the king’s
Jicence ; and on being defired to thew it, he
prefented his fword, with which it is faid
he wounded Mr. Blanchard on the wrift.
At laft, the Marquis dz Conflans, at the rifk
of his life, pulled the young enthufiaft outof
the boat, and, delivering him to the guards,
ordered them to confine him. This ftrange
conteft being over, Mr. Blanchard alone,
without fear or hefitation, afcended with
his balloon - very rapidly into the atmo-
fphere ; but, notwithftanding his endea-
vours, the wings and rudder of the boat
feemed to have no effe®,’ and the wind
drove the balloon in its direction. It crofled
the river, and went over Paffy; but Mr.
Blanchard found a perfe® calm, fo that he

remained ftationary for about 14 minutes.
Then he crofled the river a fecond time ;
and in this paflage the clouds appeared un-
der his feet. He now felt the heat: of the .
fun’s rays, which was rather ftrong, and
ftood ftationary again for about 1 § minutes;

| the balloen being, at the fame time, agitated

by
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by two oppofite currents of air: on which
he threw 4 pounds of ballaft out of the
boat, and afcending higher, met w1th that
current of air in which he had gone at firft,
and which carried him very rapidly again
acrofs the river. Here he was obliged to -
throw out more ballaft, by which means the
voyage was prolonged as far as the plain of
Billoncourt, near Seve, where he defcended
at 35 minutes paft one o’clock, after having
been in the atmofphere an hour and a quar-
ter ; during which time he had experienced
heat, cold, hunger, and an exceffive -drow=
finefs, On his return to the earth, he was
.welcomed by many thoufands of people,
who had watched his progrefs all the way.

It appears, from a letter of Mr. Blanchard
to Mr. de Saint-Fond, that the wings and
rudder of his boat had very little power,
if any at all, to guide the balloon from the

dire@ion of the wind *,
' ' On ,

* The following note was communicated by Mr.

de la Lande.
. The altitude of Mr. B]anchard’s balloon, feen from
K 3 the
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" On the 13th of March, the Chevalier
Andreani, and two other perfons, afcended
a fecond time into the atmofphere, with
a rarcfied-air machine, from the fame place
where he had performed his firft experi-

the royal obfervatory, at 35 minutes paft noon, was
16° 30, according to Count de Caffini.

At 38 minutes paft noon, it changed its dire&ion.

At 42 minutes paft noon, it afcended perpendicu=
larly, and its altitude was 25°.

At one o’clock, the balloon appeared as if it was
emptying itfelf, Its altitude at this time being
4825 |

At 2 minutes paft one, the altitude was 51° 41”.

At 3 minutes paft one, the diameter of the Balloon
being fuppofed to be 27+ feet, the angle igfubt’ende’d
was 11/ 507, which makes the diftance 8,050 feet;
and its height being 52°, the elevation of the balloon
above the earth muft have been 6343 feet.

At one o’clock, Mr. Meflier, from the Hotel de
Clugny, obferved the angle fubtended by the balloon,
and found it to be 7/; from.which he deduces the
elevation of the balloon to be 7500 feet.

At 15 minutes paft one, he found the elevatien to
. be 5659 feet; but at 53 minutes paft noon it was
much higher; and probably its altitude was 9591
fect.

The balloon came down at 35 minutes paft one
o’clock, ’

ment,
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ment. The machine attained to the height
of 5200 feet, and travelled to the diftance
of 7 miles,

In aletter, dated Geneva, March the 26th,
1784, Mr. de Sauflure mentions his having
‘made fome experiments on the atmofphe-
rical ele@ricity, with an aeroftatic machine,
which was raifed by means of the com-
buftion of fpirits of wine, and was faftened
to a long ftring. ‘In a cloudy day he ob-
tained a pofitive ele@ricity, ftrong enough
to afford fparks.

It was about this time that Mr. Argand,
an ingenious gentleman of Geneva, being in*
England, had the honour of exhibiting the
aeroftatic experiment, with an inflammable-
air balloon of about 30 inches in diameter,
in the prefence of the king, queen, and royal
family, at Windfor,  °

After the month of February, balloons
of both kinds, but efpecially filled with
rarefied air, became very common in Eng- -

K 4 : - land,
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land, as well as in other parts of Europe.
In London, during the fpring, the fummer,
and the autumn, paper balloons, raifed by
means of {pirit of wine, and generally from
3 to 5 feet in diameter, were feen flying by
night as well as by day. Al ranks of pea-

_ple feem to have found pleafure in fuch

kind of experiments; and fo much had
the fubjet engaged general attention, that,
both in earneft, and in jeft, the epithet of

_balloon was annexed to articles of drefs, of

houfe-furniture, of inftruments, &c, Thus,

- one commonly heard of ba]loon hats, bal-

Joon colours, balloon coaches, and fuch-like
empty phrafes,

CHAP-
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CHAPTER XIL

Aeroftatic experiments made in the Months of
April, May, Fune, and Fuly, 1784.

O N the 2s5th of April, Meflrs. 2¢
Morveau and Bertrand, at Dijon, af-
‘cended into the atmofphere with an inflam-
mable-air balloon; which, according to their
barometrical obfervations, feems to have
been elevated to the height of about 13000
feet, where the air was confiderably cold;
the thermometer ftanding at 25 degrees,—
They remained in the atmofphere during
one hour and 25 minutes; in which time
they went to the diftance of about eighteen

"~ miles.

Mr. de Morveau had prepared a piece of
machinery, confifting principally of certain
oars, with which he intended to dire& the
- balloon through the air; but, unfortunately,
' a guft
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a guft of wind damaged this machinery juft
. when they were going to afcend ; it appear-
ed however, that by working two oars,
whichlrémained unhurt, a fenfible effe&
" was produced in refpect to the motion of
the machine. |

Mefirs. Bremond and Muret, at Marfeilles,
afcended with an aeroftatic machine, on
. Montgolfier’s principle, of 5o feet in diame-
ter, on the 8th of May. = They remained in
the atmofphere only. # minutes ; in which
time they travelled about ‘one mile and a
half, .

~ At Strafburg, on the 15th of the fame
month, a balloon was raifed with two
perfons ; but it came down immediately.

At Paris, on the 20th of May, Mr. Mont«
golfier made a private experiment with an '
aeroftatic machine of 74 feet in height,
and 72 in diameter, with which four ladies
afcended in the atmofphere. This machine
was raifed from the Fauxbourg Saint-An-
toine ; and was elevated above the higheft

2 buildings
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buildings of Paris, whefe it remained con-

fined by ropes for a confiderable time.

Thofe courageous ladies. were the Marchi-
onefs de Montalembert, the Countefs of the
fame name, the Countefs de Podenas, and
Mademoifelle de Lagarde; and they were
accompanied by the Marquis de Montalem-
bert and Mr. Artaud de Bellevue *.

Mr. Blanchard afcended a fecond time
with the fame balloon, from Rouen, on the
- 23d of May, at 20 minutes paft 7 in the
evening, and remained in the atmofphere
for about one hour; when he defcended,

at about 12 miles diftance from Rouen.

It was obferved, that in this aerial voy-
age, Mr. Blanchard’s wings or oars could
not carry him in any other direGion than
that of the wind; fo that he thewed none
of thofe manceuvres, which he had pro-
mifed to perform. The quickfilver in
the barometer, he fays, defcended as low

s 20,57 inches; but on the earth, before

. See the'Supple»ment‘to the fecond volume of M.
~de Saint-Fond’s Defeription des Experiences dersfia-
tiques.

he
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he afcended, the quxckﬁlver ﬁood at 30,16
inches. v ,

On the 29th of the fame month, Mefirs.
Maret and Bremond wentup a fecond time,
with the fame machine they had ufed be-
fore. They now afcended rather higher than
in the former attempt; but the machine
taking fire, they faved themfelves with diffi-
culty. : :

Towards the latter end of May, the fol-
lowing remarkable accident happened at
Dijon : it is related by the ingenious Mr. de .
Morveau.—A balloon, intended to be filled
with inflammable air, being completed,
was, by way of \trial, filled with common
air; and in this ftate was kept in the open
air. Now it was obferved, and indeed a
fimilar obfervation had been made before,

. that the air within the balloon was much

hotter than the circumambient air; the
thermometer in the former ftood at 120°%
whereas in the latter, and when the fun

‘thone upon it, the thermometer ftood at 84"

This thewed a confiderable degree of rare-
faction within the balloon ; and, confequent-

y
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ly, it was fufpe@ed, that by means of this
rarefacion alone, efpecially if it were to
increafe a little, the balloon might afcend.
On the 3oth, about noon, the wind, being
rather ftrong, agitated the balloon fo that
two men were employed to take care of it ;
but, notwithftanding their endeavours, the
balloon efcaped from its confinement, and
lifting up about 6 5 pounds weight of cords,
equatorial circle, &:c.. rofe feveral feet high,
and pafling over feveral houfes, went to the
diftance of about 250 ,yards, where it was
at length properly fecured.

At Aix, on the 31ft of 'May, Mr. Ram-
baud afcended with an aeroftatic machine of
a globular form, about 5o feet in diameter,
which was furnithed with a_gallery, fire-
place, &c. as ufual. - It remained in the
air during 17 minutes, in which time it
afcended to the height of about 2450 feet,
and went toethe diftance of about 2900
yards. On touching the ground, Mr. Ram-
baud defcended from the gallery ; in confe-
quence of which, the machine afcended by

: ' itfelf
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itfelf rapidly into the atmofphetc, took ﬁre,
and was prefently confumed. ‘

At Lyons, on the 4.th of June, in the
prefence of the king of Sweden, two per-

~ fops, namely Mr. Fleurant and Madame

Thible, afcended with an aeroftatic mgching
called /o Guftave, which was 7o feet in dia-

" meter. They went to the diftance of about

two miles, in 45 minutes. The greateft
altitude reached in this excutfion is efti-
mated at about 8500 feet.—This cxpcrl-

“ment will probably be long remembered,

fince it was thé firft time that a woman
made an aerial voyage.

On the 12th of the fame month, at Dj-

“jon, Mr. de Morveau and Mr. de Virly

afcended with -a balloon, at 7 minutes paft

- 7 in the morning. They remained in the

air one hour and two minutes ; after which
they defcended voluntarily, at thc diftance .

‘of 14 miles from Dijon.  *

At Nantes, on the 14th of June, a bal- -

loon filled with inflammable air, extraGed

from
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from, zigc, was raifed, with two perfons,
pamely, Ms. Coyftard de Majf, and Mr.
Mouchet., 'The diameter of this balloon was
32 feet and a half; and the boat of it, or
rather the whole machine, was named % -
Suffrein. It afcended at half an heur after
fix o’clock in the afternoon, clcvaiQec} itfelf
to a great height, and in 58 minutes went
to the diftance of 27 miles, when it fafely
defcended, near Gefes, in Anjou. This ma-
chine, as well as all the apparatus belonging
_ to it, had been defigned by Mr. L’Evegue,
Ingenieur de la Marine.

On the 16th of June, at Bourdeaux, three
perfons, namely, Meflrs. Darbelet, Defgran-
ges, and Chalfour, afcended with a rarefied-
air machine. ~ They went to the height of
about 2700 feet ; and remained in the at-
mofphere during one hour and 14 minutes ;
fhewing repeatedly, that they could afcend
and defcend at pleafure, by properly mana-
gmg the fire. At laft they defcended fafely
ina vmeyard at no great diftance from the
place of their afcenfion.

0n
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On the 23d of June, a large aeroftat, on
the principle of rarefied air, was elevated
at Verfailles, in the prefence of the royal
family, and the King of Sweden, who tra-
velled under the name of Count Haga.

. The height of this machine was g1 feetand
a half, and its diameter 79. Mr. Pilatre
de Rozier and Mr. Prouts afcended with
it. The machine was filled in 35 minutes,
and it left the ground at 45 minutes after 4
o'clock. In three quarters of an hour it
went to the diftance of 36 miles, when
it fafely defcended in a field, which, havihg
no name, was, by order of the Prince de
Conde, called Pjslatre de Rozier, in honour
of that celebrated firft aerial traveller ; who
had likewife gone with this machine, and
to whom, after this experiment, the king
was pleafed to grant a penfion of 2000
livres. "

On the 15th of July, the Duke of Char-
_tres, the two brothers Roberts, and another
perfon, afcended with an inflammable-air
balloon from the Park of St. Cloud, at 52
minutes paft 7 o'clock in the afternoon.
This
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This balloon was of an oblong form, mea-~
firing 55 feet and a half in length, and 34
in diameter. It afcended with its greateft
extenfion nearly horizontal ; and, after re-
maining in the atmofphere about 45 mis
nutes, it defcended at a little diftance from
-whence it had afcended, and at about 30 feet
diftance from the lake de /2 Garenne, in the
Park of Meudoni But the incidents that
happened in this aerial excurfion deferve
to be particularly defcribed; as nothing

like it had Happened before to any of the:

acrial travéllers: This machine contained
an interior {fmaller balloon, filled with com-
mon air; by which means; according to a
fcheme hereafter to be mentioned, the ma-
chine was to be made to afcend or defcend
‘without any lofs of inflammable air or
ballaft. The boat was furnithed with'a
helm and oars; intended to guide it, &c.

On the level of the fea the barometer
ftood at 30,25 inches, and at the place of
departure it ftood at 3o,12. Three mi-

nutes after its afcending, the balloon was loft

in the clouds, and the aerial voyagers loft
' - - L fight

Y RN P
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fight of the earth, being involved in a denfe
vapour. Here an unufual agitation of the
air, fomewhat like a whirlwind, in a mo-
ment turned the machine three times from
the right to the left. The violent fhocks,
which they fuffered, prevented their ufing
any of the means prepared for the direGion

of the balloon, and they even tore away .

the filk ftuff, of which the helm was made.
Never, faid they, a more dreadful fcene
prefented itfelf to any eye, than that in
which they were involved. An unbounded
- oceanr of fhapelefs clouds rolled one upon

another beneath, and feemed to forbid their

return to the earth, which was ftill invifi-
- ble. 'The agitation of the balloon became

greater every moment. They cut the cords,
“which held the interior balloon, which
confequently fell on the bottom of the ex-
ternal one, juft upon-the aperture of the
tube, which went down into the boat, and
ftopped it up. At this time the thermome-
ter thewed a little above 44°. A guft of wind
from below drove the balloon upwards, to |
the extremity of the vapour, where the ap-
~ pearance of the fun fhewed them theexiftence
3 of
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of nature ; but now both the heat of the fun,
and the diminithed denfity of the atmo-
fphere, occafioned fuch a dilatation of the
inflammable air, that the burfting of the
balloon was apprehended ; to avoid which,
they introduced a ftick through the tube
that proceeded from' the balloon, and en-
deavoured to remove from its aperture the
inner balloon, which clofed it ; but the di-
latation of -the inflammable air pufhed the
inner balloon fo violently againft the aper-
ture of the tube, that every endeavour
proved ineffectual. During this time, they
ftill continued to afcend, until the mercury
in the barometer ftood not higher than
24,36 inches, which thews their height
above the furface of the earth to be about
5100 feet. In thefe dreadful circumftances,

they thought it neceffary to make a hole in

the balloon, in order to give an exit to the

_ inflammable air ; and the Duke of Chartres

took himfelf one of the banners, and made
two holes in the balloon, which tore open
between feven and eight feet. They then
defcended very rapidly, feeing at firft no

object either on earth or in the heavens ; but

L2 a mo-
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a moment after they difcovered the fields, -
and were defcending ftraight into a lake,
wherein they would inevitably have fallen,
had they not quickly thrown overboard
about 6o pounds weight of ballaft, which
occafioned their coming down at about 30
feet beyond the edge of the lake. Notwith-
ftanding this rapid defcent, occafioned by
the great quantity of gas, which efcaped out
of the two rents in the balloon, none of
the four adventurers was hurt; and it is
very remarkable, that out of fix glafs bottles
full of liquor, that were fimply laid down
in the boat, only one was found broken.

"~ On the 18th of July, Mr. Blanchard
made his third aerial voyage, with the fame
inflammable-air balloon, from Rouen. He
was accompanied by ene Mr. Boby; and in
the account of the voyage he fays, that

'~ when they afcended, there were 210 pounds

of ballaft, befides their weight, in the boat.
In this voyage Mr. Blanchard had a baro-
meter and a thermometer, the former of
which, on the ground, ftood at 30,1 inches,
and the latter at 45°. The wind was north~

- I wedt.
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‘weft. They fet off, at a quarter paft five
o'clock in the afternoon, from the Barracks
of Rouen, and in feven minutes time the
barometer fell 4,76 inches, and the ther-
‘mometer 40° During the voyage, Mr.
Blanchard fays, that by agitating the wings

of his boat, he often afcended, defcended,

went fide-way, and even, in fome meafure,
againft the wind; but one of the certifi-
cates fays, that, previous to the final de-
feent, Mr. Blanchard, in order to gratify the
{pectators, defcended and re-afcended three
times at pleafure, by means of the wings.
However, this might have been occafioned
by merely rebounding on the earth, or by
letting out alternately fome ballaft, and fome
inflammable air ; which feems rather likely
to have been the cafe, fince, in the voyages
~ which Mr. Blanchard afterwards made in
England, with the fame balloon, the wings
of his boat, in fpite of his endeavours,
feemed to produce no particular effeét,

At half an hour pa&' feven, they de-

fcended fafely in the plain of Pasfanval, .

near Grandeour, which is 45 miles diftant
L - from
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from Rouen; 110 pounds weight of ballaft
ftill remaining in the boat.

One of the certificates, figned by many
perfons, teftifies, that for this experiment
* the balloon was filled by Mr, Vallet, in the
remarkable fhort time of one hour and a
“half. The laft certificate, that is annexed

to the account of this voyage, fays, that
the balloon remained full all the night;
and that on the following day, having an-
~chored it by means of ropes, which per-
mitted it to afcend only to about 8o feet,
divers ladies afcended fucceflively with it,
and they found the experiment far from .
being dangerous or difpleafing.

The balloon was at laft evacuated of its
gas; to effe which, not only the valve
was opened, but a great aperture was made
towards the inferior part of the balloon,
which was laid on its fide, and prefled;
and yet more than an hour was requir-
ed ‘to empty it; from whence may be
concluded, that if a rent of three feet
fhould be made in fuch a balloon, whilft
in the atmofphere,” the lofs of inflammable
o - air
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air would not be fufficient to occafion a.
dangerous fall.

On the 26th of July, at Bourdeaux, the
fame ‘three, perfons, who had afcended . with
an aeroftatic machine on the 16th.of June,
made a fecond aerial voyage in ‘the fame
machine. They croffed the Garonne and
Dordogne, and defcended at Airac, near
20 miles diftant from Bourdeaux.

It is faid that, in the courfe of this fum-
mer, -two perfons, viz. one in Spain, and
another near Philadelphia, in America,
were very near lofing their lives by go-
ing up with rarefied-air machines. The
former, on the sth of June, was fcorched
by the machine taking fire, and fo hurt by
the fubfequent fall, that his life was long
defpaired of. The latter, having afcended
a few feet, was wafted by the wind againft

the wall of a houfe, and fome part of the
" machinery was entangled under the eaves,
from whence he could not extricate it,
At laft the violent afcent of the machine
~ broke the ropes or chains, and the man fell
' - L 4 : from
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from the height of about 2o feet. The
machine prefently after took fire, and was -
confumed ¥,”

- T fhall conclude this chapter with part of
a letter of Mr. James Watt, to Dr. James
Lind, of Windfor, dated Birmingham, De-
cember the 26th, 1784, which relates a re-
markable experiment, made in the courfe of
the fummer, with an inflammable-air bal=
Joon,

*¢ The hiftory of Mr. Boulton’s explofive
¢¢ balloon, is as follows :==He made a bal-
¢ loon of thin paper, and varnifhed it with
¢ an oil varnith. The fize was about j
$¢ feet diameter. It was filled with a mix-
¢ ture of about one part common air, and
* two parts inflammable air from iron.
#¢ In, the neck of the balloon he tied a
¢ common {quib, or. ferpent, to which was-
¢¢ faftened a match of about two feet long,

¢ which was made very quick at the end

- ® Thofe two accounts haye been extra@ted only
from the daily news-papers,
| £ next
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% next the ferpent. When the balloon
“ was filled, the match was lighted, and
¢ the balloon was launched.

¢ The night was'very dark, and nearly
. ¢¢ calm; but the match being cut rather
¢ too long, it was about five minutes be-
s¢ fore the explofion took place, in' which
¢ time the balloon had got above two
“¢ miles from the place where it was let off.
¢ A confiderable number of people were
‘¢ affembled to fee the experiment, and as
¢ they loft fight of the match foon after
¢ the balloon was let go, they expected it
“ was gone out, and that they fhould fee
- ¢¢ or hear no more of it; but when the
¢ match kindled the ferpent, their mur-
“ murs were turned into joy, which they
‘ exprefled by a general thout; which
“ happening when the balloon exploded,
“ the noife of the explofion was very indif<
“ tinctly heard ; though the people, who
“ happened to be in the neighbourhood of -
‘ it when it exploded, faid that it made a
s¢ noife like thunder, and almoft as loud.
f¢ Indeed they took the balloon for a
' ¢ meteor,
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-« meteor, and the explofion for real thun-
¢ der.

¢ Our intention in the experiment was,
¢ to determine whether the grawling of
¢¢ thunder is owing to echoes, or to fuccef-
* ¢¢ five explofions; but by means of thatjll-
¢ timed fhout the queftiori could not be
« folved, otherwife than by the report of
¢« thofe who were near it, who faid that
¢ jt growled like thunder; but their ob-
¢¢ fervations upon it were very inaccurate,
¢¢ and rendered more fo by their being un-
« prepared for fuch a phenomenon, I was
¢ not at the place the balloon was let off
¢ from, but was at my own houfe; which
¢« is at leaft three miles from the place
¢ where the explofion happened. All I
¢¢ could obferve was, that the explofion was
“ very vivid and pot inftantaneous; it
¢ feemed to laft about one fecond, and the
- ¢¢ materials of the balloon. taking fire, ex-
< hibited a fine fire-work for a few fe-
* conds more. Thefe are all the particu-
«t. lars which I remember, or which are of
¢¢ any confequence to be known, in a mat»
¢ ter fo eafily repeated.”

CHAP-



HisToRrY ¢of AEROSTATION. I5§

CHAPTER XIIL

Aeroftatic experiments made in Augzgﬂ and
September, 1784, containing the ﬁ 7/t aerial
voyage made in England.

T Rodez, a town of Guienne, in
France, the Abbé Carnus, profefior
of Philofophy, and Mr. Louchet, profeflor
- of Belles Lettres, afcended, on the 6th of
Auguft, with an aeroftatic machine of 57
feet in diameter. This experiment appears
to have been made and defcribed with a
great deal of accuracy and judgment;
though it does not afcertain any thmg very
_rcmarkablc and new.

At 17 minutes paft eight o’clock in the
morning, the fire began to be lighted un-
der the machine, and 11 minutes after it
afcended. The wind being very weak, the
machine did not travel farther than about
‘34900 yards in 46 minutes; after which

: © time
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time the want of fuel obliged the acronauts
to defcend ; they and the machine being
quite faf¢, According to their barometri-
cal obfervations, the height they reached
was at leaft 3920 yards above the level of
the town. They faw the horizon well de-
fined, filled two bottles with the air of that
high region, and obferved that the ther-
mometer defcended not lower than the 66th
degree, which was 34 degrees lower than
‘what it ftood at on the earth before the
‘machine afcended. They had the curiofity
"to intreduce a thermometer into the ma-
chine, and found that it afeended to be-
‘tween 167 and 179 degrees. On examin-
ing the air of one of the bottles, that-had
been filled above, they found that it contain-
“ed a quarter lefs air than if it had been filled
"at about the level of the fea; this air, being
tried by the admixture of nitrous air, was
found to fuffer a greater diminution, and
confequently to be purer, than the air near
the furface of the earth. If this fupenor
“degree of purity of the air above is con-
ftantly true, as indeed it feems probable,
we may expedt to fee patients fent up with

- a balloog
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" a balloon for a certain time every day, or
week, in order to breathe a purer air in their
ewn country, inftead of being fent abroad.

On the 6th of September, at Nantes,
Meffrs. Couftard de Mafly and Delayncs
made an aerial voyage with the fame ma-
chine, which had before afcended from
that place. They went up at 35 minutes
paft 12 at noon, and defcended fafely, after
having remained in the atmofphere during
2 hours and 32 minutes.

The firft aerial voyage feen in England,
was performed in Londan, on the 15th of
September, by one Vincent Lunardi, a na-
tive of Italy. The difficulties Mr. Lunardi
met with in this enterprife—the fuccefs, ra-
ther unexpe@ed—the concurrence of many
fortunate circumftances—and the enthufi-
aftic applaufe with which he was afterwards
honoured, and perhaps poifoned—have ex-
pofed him to a variety of fcrutinies and re-

marks, which were diftated generally by

envy, often by mifinformation, but fome-
times by juftice., The general converfation
bas been long occupied by thofe topics;
‘ . ‘ and,
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and, as the prefent work has been written ‘
in the very fame place where thofe tranfac-
tions happened, it was requefted, and ex-
pected by divers of my acquaintance, that a
circumftantial account of thofe fa¢ts thould

_ beinferted in this hiftory. But, it being nei-

ther my inclination, nor the duty.of an
impartial hiftorian, to fwell the work with
the particular narration of what is altoge-
ther foreign to the fubjed, and in itfelf
trifling, I fhall content myfelf with the
account of what relates merely to the aero-
ftatic experiment, and fhall leave the en-
quiry into.other particulars, to thofc whom
it may concern.

The balloon was made of oiled filk,
painted alternately in ftripes of blue and
red. It meafured 33 feet in diameter. A
net went over about two thirds of the bal-
loon, from which 45 cords defcended to a
hoop that hung juft below the balloon, and .
to which the gallery was attached. The
balloon had no valve; and its neck, which
terminated fomething like a pear, was the
aperture, through which the inflammable

air
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air was introduced, and through which it
might be let out.

On the 14th of September the balloon
was placed in the Artillery Ground, which
was the place appointed for the exhibition
of the experiment. The operation of fill-
ing the balloon was begun in the night,
‘the inflammable air being produced from
ginc, by means of diluted vitriolic acid;
which mixture was put into two very large
cafks. This operation continued the whole
~ night, and till half an hour after one in
" the afternoon of the 15th, at which time,
about two thirds of the balloon were full
but as the time of performing the experi-
ment was elapfed, and fome difturbance
arifing from the impatience of the affembled
multitude, the balloon was removed from
over the cafks, and, after trying its lifting
power, the gallery was attached to it,
~ which had two oars, or wings, and Mr.
Lunardi, with another gentleman, one Mr.
Biggin, who was to be his fellow traveller,
got into the gallery ; but they found, that
the balloon had not nearly power fufficient

to
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to raife them: The difappointment- was
great, efpecially for Mr. Biggin, -who ap-
peared exceedingly anxious of afcending :
however, there was rio murnur nor hefita-
tion; and, as no time was to be.loft, he
calmly refigned his place, and Mr. Eunardi,
full of courage and determination, remain-
ed in the gallery, with a cat, a dog, and 2
pigeon, with which he departed at’ about
two o’clock, '

The balloon, after afcending about 20
feet; went horizontally for a few feet, and
then defcended; but the bottom of the
gallery had fcarce touched the ground, when -
Mr. Lunardi, inftantly throwing out fome
fand, afcended triumphantly, amidft the ac+
clamations of an immenfe multitude ; the
- greateft part of whom never expeted that
the experiment would have fuccéeded, ima=~
gining that the foreign accounts, of aerial -
vc;yages performed abroad, were aeria/ in
the metaphorical fenfe, in which that word
was underftood before Montgolfier’s difco«
very.

The
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The weather was very clear and tempe-
rate, and the wind fouth-eaft by eaft; fo
that the balloon went nearly north-weft by
weft, afcending to a great height. When
Mr. Lunardi was a little higher than St.
Paul’s Cathedral, he dropped a flag, which
he had been continually waving fince he
left the ground ; and a little after, he dropt
one of his oars. When the machine had
reached a great, but unafcertained, height,
it evidently met with another current of
air ; for now it went very nearly north,
whereas below the wind continued as be-
fore. At about half an hour after three,
Mr. Lunardi defcended very near the ground,
on the common of South Mimms, where he
landed the cat, which was almoft perifhed
with cold ; then rifing again, he profecuted
his voyage. In his account of the voyage,
. Mr. Lunardi fays, that he made this defcent
by the fole action of his remaining oar,
which he calls his invention, though it had
been ufed and defcribed by many other
perfons before—perhaps not exacly of the
fame fhape. But, as he fays that in re~
afcending he threw out fome ballaft, it

M feems
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feems more natural to fufpe®, that his
defcent was occafioned by the lofs of *in-
flammable air, fince, if he had defcended by
the a@ion of the oar, he would have af-
cended by ceafing that aCtion. After this,
Mr. Lunardi went as far as near Ware, in
Hertford(hire ; and, at 10 minutes paft 4
o'clock, he finally defcended in a fpacious
meadow, in the parith of Standon, where
he was helped by fome labourers ; and foon
~ after, was overtaken by feveral gentlemen,
fome of whom had followed him all the
vs}ay from London. This laft defcent alfo,
Mr. Lunardi aflures us he accomplithed by
means of the oar. ¢ I again,” fays be,
‘¢ betook myfelf to my oar, in order to de-
¢« {cend ; and, by the hard labour of fifteen
‘¢ or twenty minutes, I accomplifhed my
« defign, when my ftrength was nearly
¢« exhaufted. My principal care was to
¢ avoid a violent concuffion at landing, and -
¢ in this my good fortune was my friend.”
—His being afraid of a violent concuffion,
feems to thew, that he defcended rather in
confequence of the gravity of the balloon,
boat, &c. than by the action of the oar;
which
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which is rendered more likely, by his faying, -

that a confiderable while before, he had
thrown out the little remainder of fand, the
knives, forks, an empty bottle, and, in thort,
every thing he could conveniently part with;
fo that after this eircumftance; and till he de-
fcended; a confiderable quantity of the in-
flammable air muft naturally have efcaped
from the balloon, which was f{ufficient to
occafion its defcent.

It appears that he had no philofophical

inftrument befides a thermometer, which
he fays, in the courfe of his voyage, fell
as low as 29 degrees; in confequence of
which, the drops of water, which col+
le@ed round the balloon,' were frozen.

- Befides thofe rothantic obfervations which
ight be naturally fuggefted by the prof<'
pe&t feen from that elevated fituation, and
by the agreeable calm, which he felt after
the fatigue, the anxiety, and the accomi-

plithment of the experiment, Mr. Lu-’

nardi feems to have made no particular
M 2 philofophical
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philofophical obfervation, or fuch as may
either tend to improve the fubject of aero-.
ftation, or to throw light on apy operation
of nature. '

' We come now to the account of an aerial. -
voyage,-which is the longeft and the moft
interefting of any that was ever thade.—
“The fame balloon which conducted Mefirs.
Charles and Robert, in December laft, hav-
ing been deftined to carry a greater weight,
‘was cut through the middle, and a cylin-
drical piece was added between the two
hemifpheres; fo that the whole together
formed a kind of oblong fpheroid, 463 feet
long, and 27% in diameter. It was made
to float with its longeft part parallel to.the
horizon. A net went over it as. low as
about the middle, friom which limit cords
came down to the edge of the boat, which
was near 17 feet long. The wings or oars: '
were fhaped like an umbrella without the
- handle; to the top of which. a ftick was
faftened, which ftood parallel to the aperture
of the umbrella, Five of thofe oars were
difpofed round the boat ; and from the ac-

count
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count of the voyage, it appears, that they
were of confiderable ufe.

On the 19th of September, at Paris, the
balloon was filled, in.three hours time, by
Mr. Vallet; the two Meflrs. Roberts, and
Mr. Collin Hullin, entered into the boat,
and, with the addition of 450 pounds of
ballaft, they were perfectly balanced. At
noon they threw out 24 pounds of ballaft;
in eonfequence of which, they began to
rife very gently. At that time the mercury
in the barometer, on the level of the fea,
ftood at 29,61 inches; and the thermo-
~ meter ftood 2 little above 277 degrees. Scon
after, they threw out 8 pounds of ballaft,
in order to avoid going’ againft fome trees ;
in confequence of which, they rofe to 1400
feet. - At this elevation, perceiving fome
ftormy clouds near the horizon, they went up
and down, endeavouring to find fome current
of air, which might carry them out of the
way of the ftorm ; but from 6o feet
height, to 4200 feet, the current. of air
was quite uniform. Having loft one of the
oars, they ,fuppfoﬁ'ed another on the oppo-~

© M3 . : fite

e
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fite fide of the boat, and by working with
the remaining three, found that they acce=
lerated their courfe. ¢ We travelled,” fzys
thetr account, ¢ at the rate of 24 feet per
¢¢ fecond; and the manceuvring of the oars
¢ helped us about a third.” At 40 minutes
paft 3 o’clock, they heard a thunder clap,
and, three minutes after, they heard ano-
. ther, much louder; at this time the ther-
mometer, from 77 degrees came down to
59. This fudden cold, occafioned by the
approach of the ftormy clouds, condenfed
the inflammable air, and made the balloon
-defcend very low; hence they were obliged
-to throw out 40 pounds of ballaft.—They
-had the curiofity to’ examine the degree
-of heat within the balloon, and, introducing
a thermometer into one of the appendices,
the quickfilver rofe immediately to 104
degrees ; whereas the external thermome-
ter flood at about 63. The barometer ftood
at 23,94 inches. In this region of the at-
-mofphere they were fo becalmed, that the
machine did not go even two feet a minute;
. and, availing themfelves of that opportunity
-to try thc power of their oars, they worked
o them
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them for about 3 § minutes, and, by obferv-
ing the fhadow of the machine on the
ground, they found that they had defcribed
an elliptical track, the fmalleft diameter of
which was about 6oco feet.

The reft of this voyage being very in-
terefting, is beft defcribed in their own
words.—¢ We perceived below us fome
¢ clouds, that ran very rapidly from fouth’
¢ to north., We defcended to the level of
¢¢ thofe clouds, in order to follow that cur-
¢ rent, the direGion of which was changed
¢ fince our departure. The clofe of day-
‘¢ light being near, we determined to fol-
¢ lJow that current for 40 minutes only
« increafing our velocity by the ufe of our
¢ oars, we endeavoured to deviate from the.

Y

_* direGion of the current; but we could

“ not obtain a deviation greater than 22
¢ degrees towards the eaft. The length
“ of our route, during about one hour and
“ a quarter, was 2100 feet. Willing to
“ try whether the wind nearer the earth
“ was ftrong, we defcended to the height

- “of 300 feet, where we met an exceed-

M 4 ¢ -ingly
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« ingly rapid current. At fome diftance
¢ from Arras, we perceived a wood, over
‘¢ which we did not hefitate to pafs, though
¢ there was hardly any day-light upon the
‘¢ earth; and in 20 minutes time we came
« near Arras, on the plain of Beuvry, dif-
¢¢ tant nearly three quarters of a mile from
¢« Béthune, in Artois. As we could not
« diftinguith, amongft the fhadows, the
" ¢ body of an old mill, upon which we

" "¢« were going to’ defcend, we ayoided it by

¢ the help of our oars, and defcended
¢ amidft a numerous affembly of inhabi«
< tants,” ‘ '

 When they defcended, which was at 40
minutes paft fix o’clock, there were above
200 pounds weight of ballaft ftill remain-
ing in the boat. The way they had tra-
velled was about 50 leagues, or 150 miles.
The account of this voyage is concluded
with the following remarks :=~=¢¢ Thofe ex-
¢« periments thew, that, far from going a-
¢ gainft the wind, as is faid by fome per-
¢¢ fons to be pofiible, in a certain manner,
¢¢ and fome acronauts pretend to have ac-

¢ tually
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tually done it; we have only obtained,

. by means of two oars, a deviation of 22

degrees : it is however certain, that if
we could have ufed our four oars, we

might have deviated about 4o degrees’

from the direction of the wind; and as
our machine would have been capable of
carrying feven perfons, it would have been
eafy for five perfons to have gone, and to
have put in ation eight oars, by which
means a deviation of about 8o dcgrees

‘might have been obtained.

¢ We have already obferved, that if we
did not deviate more than 22 degrees, it
was becaufe the wind carried us at the
rate of 24 miles an hour : And it is na-
tural to judge, that if the wind had been
twice as ftrong" as it was, we fhould not
have deviated more than half what we
actually did; and, on the contrary, if
the wind had been only half as ftrong, our
deviation would have been proportion-
ably greater,”

\

CHAP-
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CHAPTER XIV.

Aerofiatic experiments made in the yemainder
of the year 1784.

T HE fecond aerial voyage made in
England, was performed by Mr.
Blanchard, and Mr. Sheldon, profeflor of
anatomy to the Royal Academy, who is
therefore the firft Englithman that afcended
‘with an aeroftatic machine. This experi-
ment was performed at Little Chelfea, about
two miles diftant from London, on thc 16th

- of O&ober.

The fame balloon and boat, with which
Mr. Blanchard had made three other voya-
ges in France, were ufed for this experi-
‘ment; the only alteration confifting in the
removal of the equatorial hoop and um-
brella, which experience had thewn to be
ufelefs. On one end of the boat there was

adwpted a ﬂy or fort of ventilator, that
could
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could be turned round by means of a handle.
This ventilator, together with the wings
and helm ufed in the former voyage, were
to ferve for manceuvring, or for direting
the machine at pleafure, which Mr. Blan-
chard had repeatedly promifed to do, as foon
-as he fhould be elevated above the ground.

The balloon was filled in about an hour
-and a half; and at noon, being fufficiently
full, the operation was difcontinued ; the
boat, after being attached to it, was loaded
“with the two travellers, with a variety of
philofophical and mufical inftruments, re-
frefhments, ballaft, and other articles. Atg
minutes paft 12 o’clock the balloon afcend-
‘ed, but after a few feet elevation, it returned
‘again to the ground; it hit likewife againft
an adjoining wall; ‘and in fhort, the boat
was loaded with too much weight. This
obliged the two gentlemen to throw out
{everal things that were of no immediate
ufe; in confequence of which, the machine
.at laft rofe with great velocity, almoft per-
pendicularly, and took a courfe nearly fouth-
" weft, The weather being hazy, it went

' | ' foon
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foon out of fight; but as long as it re-
mained in view, it appeared to go in one

invariable dire&ion. The balloon, unable - _

to fuftain long the weight.of two perfons,
began to defcend, after having been up
about half an hour. As the barometer was
out of order, in confequence of an acci-
dental blow, Mr. Blanchard ufed an in-
genious, and at the fame time eafy method
of obferving whether the balloon was af-
cending or defcending. It was merely to
put a riband out of the boat, which being
“impelled upwards by the air, fhewed that
they were defcending. Small downy fea-
thers might anfwer this purpofe ftill better.
. »=The throwing down a bottle prolonged
their defcent; but at laft the machine a-
lighted in a meadow near the village of Sun-
bury, in Middlefex, which is about 14 miles
diftant from London; it being then 5o
minutes paft 12 o’clock. There Mr. Shel-
don came out of the boat ; and Mr. Blan~
chard, after taking a quantity of ballaft,
nearly equivalent to the weight -of Mr,
Sheldon, which employed near 30 minutes,
reafcended alone, and continued the voyage.

In
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In this fecond afcenfion, Mr. Blanchard’s
account fays, that he was carried at firft by
a north-eaft current, and foon after, meeting

with another current; he was carried eaft .

fouth-eaft of Sunbury ; but finding the bal-
loon too much diftended, he opened the
valve-at the top of it, and defcended again
into the north-eaft current, it' being then
juft 26 minutes paft one. Four minutes
after, he entered into a thick fog, in which
he remained § minutes. This fog occafi-

oned the balloon to contra& confiderably.

At 38 minutes paft one, the heat of the fun

became exceflive, in confequence of which

the globe was again diftended. In the
courfe of thi§ voyage, Mr. Blanchard fays,
that he went fo high as to experience great
difficulty in breathing; he likewife relates
a curious circumftance, which is, that a

pigeon, which had been taken in the boat,

being affrighted by the burfting of a bladder
full of air, flew away, labouring veryAhard
with its wings, in order to fuftain itfelf in
the rarefied air of that elevated region of the
atmofphere. The poor animal wandered
about for a good while; ‘but at laft, finding

3 - no

e L L o e ———
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no othcr place to ftand upon, returned to
the boat, and refted on one fide of it.

- At 58 minutes paft one, the cold being-
intolerable, Mr. Blanchard defcended a con-
fiderable deal lower, {o as to diftinguith men,
and hear their noife, on the earth. Some
time after he again afcended higher; then
was becalmed for a thort time; and thus,
after feveral fuch -like wiciffitudes, he
came in fight of the fea; the approach
to which, at laft determined him to put an
end to the voyage, and accordingly he de«
fcended, at half an hour after four, in a plain, -
which lay in the vicinity of Rumfey, in
Hampthire, about 75 miles diftant.from
London.

On firft afcending, Mr. Blanchard was
juftly cenfured for not thewing any of the
manceuvres, which he had promifed to per-
form : as an excufe for which, he alledges,
that the handle of one of the wings was
inadvertently thrown over-board, together.
with feveral other articles, whexj he left the
ground. By the motion of the fly and

7 helm,
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helm, they could turn the boat and balloon
round their common vertical axis; but
the wing, which Mr. Blanchard fays he
often ufed with fome effe®, feems to have
produced no deviation of the machine’s
track from the, direGtion of the wind;
fince, if a ftraight line is drawn upon a -
map between Chelfea and Rumfey, it will
be found to pafs juft thro’ thofe places,
over which, as may be gathered from Mr.
Blanchard’s account, he atually paffed.

Several philofophical inftruments, retain-
ed in the boat after throwing out fundry
articles on firft afcending, were degraded to
an{wer the humble office of ballaft ; for not
a fingle obfervation was made with any of
them, not examining even the thermometer.
Mr. Sheldon indeed ftaid a very thort, while,
and it being the firft time he afcended with
a balloon, he may be excufed if the novelty
of the magnificent fcene prevented his con-
fining himfelf to any particular obfervation ;
- but Mr. Blanchard might have done fome-
thing more.

It
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It was related in the news-papers, that
- at Oxford, on the 4th of O&ober, one Mr.
Sadler afcended with a rarefied-air balloon ;
but, after ftrict enquiry, it was found that
nobody faw him either afcend or defcend.
However, on the 12th of the following
month, he really afcended, with an inflam-
mable-air balloon, from the Phyfic Garden
at Oxford, in the prefence of furprifing
numbers of people of all ranks. The bal-
Toon being fufficiently filled by a little be-
fore one o’clock, Mr. Sadler placed himfelf
in the boat, which was faftened by ropes
to the net that went over the balloon ; then
the machine, being abandoned to the air,
afcended with. fuch velocity, that in three
minutes time it was hid in the clouds, but
a few moments after became vifible again, .
and thus it appeared and difappeared three
or four times, feeming always to afcend,
and at the fame time moving with great ra-
pidity in the direction of the wind, which
- blew rather hard from the fouth-weft. In
this voyage Mr. Sadler croffed Otmoor,
Thame, and ‘other places; but an aperture
made in the balloon, almoft as foon as it was
’ launched,
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launched, exhaufting the inflammable air
very faft, obliged him to throw out fuccef-
fively all his ballaft, provifions, inftruments,
&c. and at laft forced him to defcend at
Hartwell, near Aylefbury, which is about
14 miles diftant from Oxford; which length
he travelled in 17 minutes ; fo that he went

at the rate of near 5o miles an hour,  He

found -himfelf exceedingly wet . in paffing
through the heavy clouds; and, in defcend-.
ing, had the misfortune of being entangled

in a tree, afterward fwept the ground, and .

rebounded to a confiderable dxﬂ:ancc, but
at laft alighted fafe.

Tt is faid, that Mr. Sadler was the fole -

projector, archite®, workman, and chy-
mift, in this experiment.

On the 3oth of November, Mr. Blan-
chard made his fifth aerial voyage, in his old
balloon, being his fecond voyage in London ;
he was accompanied by Dr. J. Jeffries, a
phyfician, and native of America, and af<
cended from the Rhedarium, in Park Street,
Grofvenor Square, at about two o'clock in

, N the .
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the afternoon. Mr. Blanchard was now fur-
nithed with wings or oars; which he worked
very faft; but their a@ion feemed to pro-
duce no effe& on the courfé of the ma-
chine. His direion. biai,hg,abdut caft by
“fouth, he paflfed over. Liondon ; - but - the
weather being very hazy, the machine did
nét fhew fo fine a fpeQtacle as could have
been ‘wifthed. It does not appear that either
of the two travellers made any particular
philofophical obfervation, though they were
provided with feveral inftruments.  They
defcended near the Thames, in the parith
of Stone, in Kent, at the dlﬁzance of 21
miles from London.

;I“fhall‘ con‘clude "this-‘chapter, with juft
mentioning, that two large. aeroftatic ma-
chines, on Montgolfier’s principle, were
burned in London, without ever afcending,
viz. one in Auguft, ahd another in Otober,
of this year. The want of fuccefs in the
former, was gttributed to an’ exceflively bad
conftruion; and in the latter, principally to
its ithperfe@ figure, and to its having been
pamted wnh drymg oil; whereas water-

: . colours,
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cdlours,‘ alum, and fuch-like fubftances,
which are not eafily combuftible, thould be
ufed for this kind of aeroftatic machines.

CHAPTER XV.

" Aeroftatic qxpeﬂ?ztent: m{:’e in the beginning
-qftbejlear 1785.

’

‘ N the 4th of January, 1783, Mr
Harper afcended with an inflamma-
ble-air baloon, from Bu'mmgham The
weather was very rainy, hazy, and foggy,
and the barometer ftood at 28,4 ; the thers
mometer ftood at 40°. At about a quartet
before one o’clock he afcended, in prefence
of an immenfe multitude of fpetators, and
amidtt a very hard rain, which increafed to
@n ‘uncommon degree for fix minutes after ;
~but in 4 minutes more the aerial adven-
turer got above the. clouds, -and enjoyed

. N 2 the
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the vivifying mﬂucnce of the fun, and a
purer air. .

"At about two o'clock, Mr. Harper de-
fcended at Millftone Green, near New-
caftle, in Staffordfhire, about 5o miles dif-
tant from Birmingham. In this voyage
the thermometer never came lower than 28
degrees; and Mr. Harper experienced no
other inconvenience than what might be
expected to arife from the changes of wet
and cold, except a temporary deafnefs.

.We come now to the account of 3
voyage, which deferves to be long remem-
bered. It is nothing lefs than the crofling
6f the Englith channel, in an aeroftatic
machine. The fame balloon which had
carried the ehterpriﬁng Mr. Blanchard five
times through the air, ferved for this re-
amarkable expenment.f

On,Friday January the 7th, being a fine
clear morning, after a very frofty night, and
the wind about N. N. W. but hardly per-
septible, Mr. Blanchard, accompanied by
. Dr.
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Dr. Jeffries, departed in the old balloon from
Dover-Cattle, dire&ting their courfe for the
French coaft. The balloon was beguh to
be filled at about 10 o'clock; and whilft
the operation was going on, two fmall bal-
loons were launched, in order to explore the
dire@ion of the wind. The apparatus was’
placed at about 14 feet diftance from the
perpendicular cliff; and. at three quarters
after 12 o'clock, the boat being attached
to the net which went over the balloon, -
feveral neceflaries, and fome bags of fand
for ballaft, were put in it. ‘The balloon
and boat, with the two adventurers, now
{ftood within two feet of the brink of the
cliff, that identical precipice fo finely de-
fcribed by Shakfpeare, in his King Lear. At
one o'clock the intrepid Blanchard defired
the boat to be puthed off; but the weight
being too great for the power of the balloon,.
they were obliged to throw out a confi-
derable quantity. of ballaft, in confequence
of which they at laft rofe gently and ma-
jeftically, though making very little way,
with only three facks of ballaft, of ten

N 3 - pounds
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pounds each. At a quarter after one o’clock
the-barometer, which on the cliff ftood at
29,7, was fallen to 27,3, and the weather
proved fine and warm. Dr, Jeffries, in a
letter to Sir Jofeph Banks, Bart, P. R. 8. \
defcribes with rapture the profpet which

at this time was before their eyes, The
country to the back of Dover, inter{perfed
with towns and villages, of which they
could count 37, made a beautiful appéar-
ance. On the other fide, the breakers on
the Goodwin Sands appeared formidable.
" ‘They paffed over feveral veffels, and en-
joyed a view perhaps more extended and
diverfified than any that was ever beheld
. by mortal eye. The balloon was much
diftended, and at 5o minutes paft one
oclock it was defcending, in confequence
, of which they were obliged to throw out
one fack and 2 half of ballaft, in order to
rife again. They were now one third of the
way from Dover, and had loft diftin¢t fight
of the caftle. A fhort time after, fecing
that the balloon was defcending very faft, -
all the ballaft was thrown out, but that
~ pot being fufficient to-lighten the boat, a
2 | ) parcel
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parcel of books .was. next thrown over-
board, when they rofe again, being at about
midway between the Englith and French
coafts. At a quarter paft two o'clock, the
rifing of the mercury in .the barometer
fhewed that the' balloon was again defcend-
ing, which obliged them to throw away
the remaining books. At 25 minutes after
- two they were at about three fourths of
the way, and an enchanting view of the
French coaft appeared before their eyes;
but the lower pole of the balloon was col-
Japfed, in confequence of the lofs or conden-
fation of the inflammable air, the machine
was defcelding, and they, Tantalus like,
‘were uncertain whether they fhould ever
reach the beautiful land. Provifions for:
eating, the wings of the boat, and feveral
other articles, were fucceffively thrown into
the fea.— ¢“ We threw away,” fays Dr.
Jeffries, ¢ our only bottle, which in its
¢ defcent caft out a fteam like fmoke,
‘¢ with a rufhing noife ; and when it ftruck
¢¢ the water, we heard and felt the fhock
¢ very perceptibly on our car and balloon.”
-Anchors, cords, &c. were thrown out next ;
‘ N 4.\ ~ but,
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but, the balloon ftill approaching the fea,
they began to ftrip, caft away. their clothes,

and faftened themfelves to certain flings,
~ which proceeded from the hoop to .which
the boat was faftened, intending to cut the
boat away for a laft refource: but they

- had the fatisfattion to find that they were

rifing ; their diftance from the French fhore
was about four miles, and they were ap-
proaching- it very faft. Fear was now
vanithing apace; the French: land fhewed
 itfelf every moment more beautiful, more
extended, and more diftin&; Calais, and
above 20 other towns and villages, were

clearly diftinguithed. ‘Their actual fitua- .

tion, with the idea of their being the two
- firft perfons who croffed the channel in
fuch an unufual vehicle, made them little
fenfible of the want of their clothes; and I
doubt not but the fympathizing reader will

feel an unufual fenfation of admiration and

joy in imagining their fituation. Exadly
_at three o'clock they paffed over the high
grounds about midway between Cape Blanc
and Calais, and it is remarkable that the
balloon at;this time rofe very faft, fo that

' - it
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it made a magnificent arch. The balloon
rofe higher than it had ever done in any
other part of the voyage, and the wind in-
creafing, ‘varied a little its dire@tion. The
“two adventurers now threw away their cork
jackets, which they had taken for fafety,
and of which. they were no longer in
want. At laft they defcended as low as
the tops of the trees in the foreft of Guin-
nes, and Dr. Jeffries, laying hold of a branch
of one of the trees, ftopped their progrefs.
The valve of the balloon was opened, in
confequence of which the inflammable air
got out with a loud rufhing noife, and
fome minutes after they came fafely to
the ground, between fome trees, which
were juft open enough to admit them;
after having accomplithed an enterprife,
- which will perhaps be recorded to the re-
moteft pofterity.

About half an hour after, they were
overtaken by fome horfemen, &c. who
had followed the balloon, and who fthewed
every poflible attention to the fortunate
agronayts, ' o
_— 9 .« The
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. .'The next'day a magnificent feaft, made
at Calais, folemnized the event, The free-
dom of the city was prefented to Mr. Blan-
chard in a gold box; and the Police of
Calais wrote to the miniftry, to have the
balloon purchafed, and depofited, as a me-
morial of the experiment, in the church of
Calais; and alfo defign to ere& a marble
monument on the .fpot where the intrepid
adventurers defcended.

_ Some days after, Mr. Blanchard received
* an order to appear before the King; and in

a letter to Mr. Sheldon, the companion of
" his fourth. aerial voyage, he mentions that
his Majefty was pleafed to grant him a gift
of 12000 livres, and a penfion of 1200
livres a year. '

The moft remarkable circumftance in the
account of this voyage, is that of the bottle, .
the ftriking of which on"the water occa-
fioned fome agitation on the boat and
balloon. This deferves to be carefully re-
peated, at another opportunity, before we
attempt’ an ‘explanation of the phenome-
non. ' Coe

ok X ~ The,

~
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The balloon  approaching the fea very
faft, or, which is the fame thing, going
very low whilft over the fea, and rifing
very high when it got over land, has
been by feveral perfons attributed to a pre-
tended attractive power of the fea-water;
but if the various circumftances, which
concur in this experiment, be duly confi-
. dered, there feems to be no reafon to ad-
mit fo ftrange a fuppofition. It fhould be
recollected, that in the two preceding voy-
- ages, made with the fame machine, it was
found that the balloon could not fupport
two men long in the atmofphere, it thould
therefore occafion no wonder, if, in the laft
voyage, it fhewed the fame weaknefs of
power. As for. its rifing higher juft when it
got over the land, that may be eafily account-
ed for : in the firft place, the two travellers
- threw out their clothes juft about that time ;
fecondly, in confequence of the wind’s then
increafing, the balloon travelled at a much
greater rate than it had done whilft over
the fea, which increafe of velocity leflened
its tendency to defcend ; befides which, the
viciffitudes of heat and cold may produce a
very

-
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~ very confiderable effet ; for if we fuppofe,
that the air over the land was colder than
that over the fea, the balloon coming from
the latter into the former, continued to be
hotter than the circumambient air for fome
time after ; and, confequently, it was com-
paratively much lighter when in the cold
air over the land, than when in the hotter
" air over the fea; hence it floated eafier in
the former than in the latter cafe. -

 CHAPTER XVL
General Remarks on the preced:}zg Hiftory.

HE art of navigating through the air,

A fought after from time immemorial,
has been difcovered, and fo far improved,
within thefe two years, that above 40 dif-
ferent perfons have performed the experi-
ment, and not a fingle inftance is known
of any perfon having loft his life in the at-
| ‘tempt ;



HisToRY of AEROSTATION., 189

tempt ; and, excepting two or three, who
‘have been hurt in confequence of accidents,
owing, not to the principle of the inven~
tion, but rather to the want of proper
judgment, all have unanimoufly teftified
the fafety, eafe, and beauty of the experi-
ment : ‘and it is very remarkable, that ne
man or woman, who afcended into the at-
mofphere by this new-invented means, ex-
perienced any ficknefs or giddinefs, fuch as is
generally the confequence, at firft, of afcend-
ing high buildings, or of going in a boat
en water. It is juftly queftioned whether
the firft forty perfons, who trufted theme
felves to the fea in boats, efcaped fo fafe. :

The method, far from being complicated
or troublefome, is perhaps :as fimple as
might have been withed by the warmeft
imagination ; and fo eafy for the acronaut,
that he has abfolutely much lefs trouble
with his machine, :than a failor with a fhip

~ in the moft favourable circumftances.. With

a moderate wind, the aerial navigators have
often gone at the rate of between forty and
fifty miles an hour, but:very commonly at

the
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the rate of thirty miles, and that without any
agitation, and without feeling the wind ; far
in fac the wind goes with them, and there-
~fore they are refpectively in a calm, and
without uneafinefs, Compare this mode of
travelling with any other known-method of
going from place to place; then judge of
the merit and importance of the difcovery..
. Ignorance, curiofity, and-often the fu«
percilious wifdom.of the fplenetic, atk whe-
ther it is poflible to bring this difcovery to
be of any ufe >—and the want of a decifive
anfwer, which it is not in the power of any
man to give at prefent, makes fuch gene-
rally decide agairi(’c air-balloons ; endeavour-
ing to depreciate them- ftill farther by the
ridicnlous idea of emptinefs, - which has
been. often allegarically exprefled by the
- words- gerual; full ‘of air, empty balls, and
- bags full of wind, Some perfons often won-
def; that air-baHsons thould engrafs the pub-
lic attention, that they are become the ob=
je& of {cientific {ocieties, and have acquired
the patronageof the great and the learned.
They thould firk confider how much hu-
o} . man
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man: attention, human life, human. labour,
human peace and tranquillity, have been en-
groffed; -difturbed, and checked by un-
meaning words and ideal powers ; perhaps
they would then allow. fome attention to be |
"beftowed ppon one of the greateft difco-
veries of human mduﬁry. " L

The prmclpal obje&non ﬁarted againﬂ:
aeroﬁatnon“;s, that thofe machines .cannot
‘be guided againft the wind, or in every di-
retion at pleafure ; and-the enemies of in< -
novations would fet afide even the idea of
air-balloons, becaufe, two years after their
difcovery, the fubje&: has. not been. fo far -
improved as to fteer them in apy diretion
whatfoever. But, as the advantages and
merit of an invention miay be comprehend-
ed by comparifon, better ‘than by other
means, it thould be confidered, that veflels
on water cannot be guided againft the wind,
nor even within many degtees, of the :con-
trary direCtion; and indeed, if the lec-way
of a veflel going clofe:to the wind be taken
into account, it will be found,: that, i re-
ality, a veffel at fea can hardly be guided -

in
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in a direction nearer than a right angle to
the point of the wind : for inftance, witha
northerly wind, a veflel cannot go in a di-
rection above a few degrees northward of
- eaft, or northward of weft. Now, an aero-
~ ftatic machine has been carried in a courfe
fo far as 22 degrees from the dire@ion of
the wind, by the ufe of oars, which were
neither all the oars that could have been
" ufed, nor of the moft advantageous con-
ftruétion ; fo that there is great probability,
that an improved conftruion, and proper
management, may enable an acroftatic ma-
chine to go acrofs the wind, if not ftill
nearer to the point from whence it blows,—
- See page 169. - . : :

An aeropaut, in the atmofphere, has two
advantages which are very confiderable;
firft, that if the wind does not proye fa-
~ vourable, he may defcend; provided he is

over land ; and fecondly, as currents of air,
. going in different directions, have been very
often obferved at the fame; time in the at-
‘mofphere, the aeronaut may, by afcending or.
‘defcending into an higher or lower region,

g°



HisToRY of AEROSTATION. 193
go with that current which is proper for
him. Indeed, it is not known that thofe
different currents always exift ; but it is
not unlikely that they, as has been the
cafe with the currents of various feas, may
be better afcertained by future experience
and inveftigation ; and we have now in our
power the means of examining them at any

time. ‘The reader thould here obferve, that

the above -mentioned- means of dire&ting
aeroftatic machines, are not fchemes of the-

oretical projectors, but the produce of ex-

perience, and in great meafure confirmed
by many inftances in the preceding hif<
tory.

The incomparably greater velocity of an

aeroftatic machine, and its very feldom-or
never lofing time by being becalmed *, are

likewife two advantages, which aeroftation

* An inftance of an aeroftatic machine remaining -

in the atmofphere ftationary for want of wind, has
happened very feldom, and then it has never lafted
above a few minutes. And every body knows, that,
in the calmeft weather, the clouds always appear to be
in motion. o

o ‘has

et e —— «_ — _ —m
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has above navigation.—But, as my, obje is
to inform thofe, who wifh to know what
has been done in this fubjeét, and not to
perfuade "the unwilling, I fhall conclude
this chapter, and the Firft Part of my work,
with a fummary. recapitulation of the moft
interefting particulars that have been afcer-
tained, in order to exhibit to the mind of
the reader a comprehenfive view of the
fubjet in a few lines.

Two fubftances having been difcovered to
be fpecifically much lighter than common
~ air; namely, inflammable air,and commenair

when heated ; large bags have been formed,
which would contain fo great a quantity of

"~ either of thefe fubftances, as that the excefs

of weight of a body of common air, above
that of an equal bulk of hot or inflammable
air, might be greater than the weight of the
bag, or at leaft equal to it: thofe bags, there-
fore, thus filled, being lighter than an equal
bulk of the circumambient air, floatin’it, and -
are driven by the wind; and for the fame
reafon; a piece of wood in a river floats upon
the water, and proceeds with the ftream.
As
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As air will not long remain hotter than
the furrounding medium, thofe bags or bal-
loons, which are filled with hot air, muft
contain a, fire capable of keeping the air
fufficiently hot ; by which means they may
continue to float for an indefinite time;
otherwife, in a very thort time, the air in
them cools, and they fall. The other bal-
loons, which contain inflammable air, con-
- tinue to float as long as a fufficient quan-

tity of that fluid remains in them ; fo that
they would float for ever, if the envelope-
*did not permlt any inflammable air to efcape
through xts ‘pores. S

It is mathematically true, that the afcen-
fional power of balloons, or their excefs of
leyity above an equal bulk of common air,
increafes incomparably fafter than the pro-
portion of their diameters: for inftance, if
an air-balloon of a certain diameter can
- lift up into the atmofphere a weight of 10,
pounds, another balloon of twice that dia-
meter (every thmg elfe, as the thicknefs of
the ftuff, &c. remaining the fame) will lift
up more than 8o pounds ; and a balloon of

02 ~ three
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. three times that diameter will lift up more
than 270 pounds weight. Upon this princi-
ple, balloons have been made of fuch a fizeas
would carry up any required weight ; in va-
rious parts.of the world, men have afcend-
ed with them, and have fafely travelled thro’
the air, at the ratc even of about 5o miles
an hour.

Wherever thofe experiments have been
made, perfons of every rank have gazed
y with the greateft anxiety, and have fthewn
~ unequivocal marks of aftonithment and fa-~ -
tisfaCtion: the aeronauts, . returning from
their aerial excurfions, have been generally
received with the greateft applaufe, have
been carried'in triumph ; medals have been
ftruck, and plates engraven, in commemo-
ration of the perfons who have moft diftin-
guifhed themfelves in fuch performances, or
of their particular expei‘iments 3 premiums
and penfions have been granted them by
learned focieties, and by many great perfons,
efpecially by the court of France, whofe pa-
tronage and generofity, in this refpeét, muft
be ever acknowlcdged and praifed by all im~

3 ' , partial
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partial and difcerning people. 'Thus man-
kind, by thefe a&s of admiration, of fatisfac-
tion, and generofity, has fhewn and con-
~ firmed its approbation of the difcovery. The

viciffitudes of human affairs, mayat times re- .

tard or accelerate the ufe and improvement
of aeroftatic machines ; but the intereft and
curiofity of man will doubtlefs for ever res
tain the knowledge of the fubje¢t—a fub-
je&t infantile indeed, but endowed W1th
manly features.

1t has been oftcn difcuffed, whether the
- preference fhould be given to the inflam-
" mable-air machines, or to thofe raifed by

means of hot air, Each of them has its

peculiar advantages and 'difadvantages; a
juft confideration of which feems to decide

in favour. of thofe with inflammable air. .

The principal comparative advantages of
the rarefied-air balloons are—their being
filled with little or no expence—their not

requiring to be made of fo expenfive ma-

terials=~and the combuftibles 'necéﬂ’ary to
fill them being found almoft every where ;
fo that when the provifion’ of fuel is ex-

03 haufted,
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haufted, the aeronaut may defcend and re-
cruit his fuel, in order to proceed on his
voyage. Butthen they muft be larger than
the other fort of balloons, in order to take
up the fame weight ;- and the prefence of a
fire 1s a continual trouble, and a continual
danger : in fa&, amongft the many aerial

‘voyages made and attempted with fuch ma-

chines, very few have fucceeded without
fome inconvenience of .one fort or other;
whereas the aerial excurfions made with in-
flammable-air machines have all anfwered ex-
ceedingly well, and in but few inftances have
the machines been damaged; and then very"
inconﬁderably.——But, on the other hand, the
inflamimable-air balloon muft be made of
4 fubftance impermeable to the. fubtile
gas; the gas itfelf cannot be produced

- without a confiderable expence; and it is

not eafy to find the materials and apparatus
neceffary for the production of it in every
place. Neverthelefs, an inflammable - air

" balloon of jo feet in diameter, according

to the prefent ftate of knowledge, may be
made {o tight, as to be capable of keeping
two perfons, and a confiderable quantity of

' ballaft,
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-ballaft, up in the air for above 24 hours,

if properly managed ; and poflibly one man
might be fupported by the fame machine for
three days: and it is very probable, that

" the ftuff for thefe balloons may be fo far

improved, as to* be quite impermeable to

the inflammable air, or nearly fo; in which

cafe, the machine, once filled, would con-
tinue to float for a vaft while.: At Paris,
they have already attained to a great degree
of perfetion in this point; and fmall bal-
loons have been kept floating ina room for

many weeks, without lofing any confider-
able quantity of their levity : but the me-
thod of preparing the ftuff is fill kepe
fecret. However, there feems to be no
great difficulty in making fmall balloons
fo very tight; the difficulty is in the

large ones; becaufe, in a large machine,

the weight of the ftuff itfelf, the weight
and ftrefs of ropes and boat, the folding it
up, &c. may eafily crack or fcrape off the
varnifh, in fome place or other; which is
not the cafe with fmall balloons.

~

04 As
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As for the dearnefs of the inflammable
air, it muft be obferved, that divers expe-
riments and obfervations fhew, that a me-
~ thod of obtaining it incomparably cheaper
is not far from being afcertained ; and in-
deed there are feveral manufaQories, in
which abundance of inflammable air is daily
produced, and loft for want of due at-
tention, or of veflels ,proper to confine
it; but, as its utility becomes known,
there can be po doubt that means will
be contrived to preferve it, whereyer it may
be abundantly produced ; fo that we may
fhortly expect to fee repofitories of inflam-
mable air, where one may go to fill a bal-
loon for a certain fum. N

In regard to philofophical obfervations,
derived from the new fubject of aeroftation,
- there have been very few made ; the novelty
of the dii‘covery, and of the profpedt en-
joyed from the gallery of an aeroftatic ma-
chine, has generally diftracted the attention
of the aeronauts; and befides, many, if
not the greateft number of the aerial voy=-

ages,
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ages, thongh faid to be purpofely made for
the impravement of {cience, were perform»
ed by perfons abfolutely incapable.of accom~
plithing this purpofe ; and who, in reality,
had either pecuniary profit alone in view, or
were ftimulated to go up with a balloon, for
the fake of the profpe&, and the vanity of
- adding their names to the lift of aerial ad-
yenturers,

The agreeable. flillnefs and- tranquillity
experienced up in the atmofphere, has been
a general obfervation.— Some machines
have afcended to a great height, eyen as
"far as two miles; they have gengrally
penetrated through fogs. and clouds, and
have enjoyed the vivifying heat of the fun,
whilft the earth beneath was actually cover-
ed by denfe clouds, that poured abundance
" of rain.—In afcending very high, the acro-
nauts have often experienced a pain-in their
ears, arifing from the air, within a certain
cavity of thofe organs, being not of the
fame denfity as the external air; but that
pain generally went off foon after.—There

19
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is one experiment. recorded, in which the

air of a high region, being brought down,
and examined by means of nitrous air, was
found to be purer than the air below.—The
temperature of the upper regions is much
colder than that of the air near the earth;

the thermometer, in fome aeroftatic ma-

chines, having defcended many degrees be-

low the freezing point of water, whereas .

~on the earth, at the fame time, it ftood
‘confiderably higher than that degree.—
The electricity brought down by ftrings,
faftened to balloons floating in the atmo-
fphere, proves nothing more than what was
- known before, and-had been afcertained by

other means, viz..the exiftence of a conti-

nual eleétricity, of the pofitive kind, in a
clear atmofphere ¥.

. Having juft mentioned the electticity of

the atmofphere, it will be proper to take

notice of a fort of danger juftly fufpett-
ed to attend the inflammable-air balloons,

and which arifes from this principle. Itis,

* Sce the Author’s Treatife on Ele&ricity.

8 that

|
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that a ftroke  of lightning, or the fialleft .
eleric fpark, happening near the bal-
loon, might fet fire to the inflammable air,
‘and deftroy the machine and the adven-
turers.—But -feveral confiderations feem to
render this apprehenfion of no great weight,
though they do not entirely remove it, ac-
. cording to the prefent ftate of knowledge,
Firft, This accident never actually happen-
ed, though inflammable-air balloons havé
been up in every feafon of the year, and ae
the very time, when thunder was actually
heard: fecondly, In cafe of danger, the
~aeronauts may eafily come down to the
earth, or afcend above the clouds, viz. above
the region of thunder-ftorms: thirdly, The
balloon, being made of materials that are
not conductors of eletricity, is not likely
to receive a ftroke of lightning, efpecially
as it ftands infulated; for it is a maxim
pretty well eftablithed by elericians, that
the lightning, in coming to the earth, does
not ftrike any intermediate body, except
that body can affift its paffage; thus, a
houie that contains a great deal of metal, and.
is fituated upon ground that is a good con-

/ du&or
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du®or of eletricity, efpecially if near a
river, is more likely to be ftruck by the
hghtmng, than a houfe which ftands uypon
dry and hardly-condu&ing ground. This
has been confirmed by many inftances, It
may be faid, that a ftroke of lightning may
firike the balloon in paffing from one cloud
to another; but the fame reafons, which’
fhew that the balloon is not. likely to be

" affe@ed in the former cafe, are applicable

to the latter : however, at prefent, it feems

~ impoffible to give a proper d¢cifive anfwer
‘relative to this point ; and nothing but ex-

perience- can thew how far the aeronaut
may be in danger of the lightning. Laftly,
It may be obferved, in regard to this cir~
cumftance, that inflammable air by itfelf,

- viz. unmixed with a certain quantity of

common air, will not burn, and confe~
quently, even if a fpark of ele&ncuy was

.to pafs thro’ the balloon, it would not fet R

fire to the inflammable air, except a hole
was to be made in the envelope; in that cafe,
the inflammable air coming out of the hole,
would mix with the common air, and might
eafily be inflamed by eleGricity,

. In
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In the ‘courfe of the preceding hiftory,
I have fcarcely mentioned a word rela-
tive to the numberlefs fchemes that have
been propofed for dire@ing the aeroftatic
machines. The projects of this fort have

“been numerous indeed; but hardly ever

had the appearance of probability. Some
imagined that an aeroftatic machine might
be guided by means of fails, like a veffel at
fea; forgetting, that there is no wind with
refpe& to an aeroftatic machine; for it goes
with the wind, and therefore is refpec=
tively in a calm; in which cafe the fails
cannot a&. Others would dire& it from the
wind by the action of a fteam-engine or
colipile: and others again by means of

' gunpowder fired out of a tube, in a direc=

tion contrary, or inclined to the wind. But,
without troubling the reader any farther

‘with fuch chimerical fchemes, it muft be

acknowledged, that there have been a few
projects, for this purpofe, which, are far

from being groundlefs, and confequently

deferving of notice : but thefe will be -
better examined in the Second Part of this
work ; which contains the Practice of Aero-

' "~ flation,
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ftation, laid down in the manner which
feemed beft adapted to inftru@ thofe, who
- are willing to employ their time and atten~
tion on this fubje&. .

PART
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PRACTICE OF AEROSTATION.

CHAPTER L
General Princ{pfe.r of Aeroflation.

HE whole earth, together with all
the bodies that are upon it, is fur-
rounded by an invifible fluid called air;
which has weight, and alfo elafticity, viz.
may be eafily comprefled. Inverta common

-wine glafs, and, in that inverted fituation,

let it down into a bafon of water; and it

‘will be found that the water cannot enter

within the glals. That fubftance, which
prevents



.
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prevents the water entering within the glafs,
is the air. Let the glafs lower down into
the water, and it will be found that the
water rifes a little way within the glafs;
which thews the elafticity of the air: for
the higher the water is above the aperture
of the glafs, the greater will the preflure be
.upon the ait, which of courfe contracts
itfelf into a fmaller fpace.” Incline the glafs
a little, and a bubble of air will come
out. Incline it ftill farther, and more air
will come; till at laft.all the air comes
out, and the glafs becomes entirely full of
water. Thus the exiftence and elafticity of
the air is eafily proved.—Its weight is found
- by weighing a glafs veflel, firft when full of
air, and then when exhaufted of that fluid by
means of an air-pump; the difference of

which two weights is the weight of a
~ quantity of air equal to the capacity of that
‘weflel, Thus it has been afcertained, after
various trials, thata cubic foot of air weighs
about one ounce and one fifth, or about
one ounce and 87 grains averdupoife.

Heat expands the air 5 fo that if a quan-
- tity
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tity -of air is heated only ‘one degree. ac-
cording to Farepheit’s thermometer, its
bulk will be increafed one five hundredth-
part; and about oo degrees of heat will
- juft double the bulk of a quantity of air:
from which it folloﬁs, that heated air is
lighter than air that is colder, and the di-
minution of weight is juft in proportion to
the heat; for inftance, if a cubic inch of
air weighs N grains, when that air is ex-
panded into a double bulk by heat, a cubic .
inch of this heated air muft weigh half N
grains, becaufe this cubic inch is half the ori-
ginal quantity of air before it was heated.

When a body is immerfed in a fluid, if
its weight is lefs than the Weight of aquan- . '
tity of fluid equal to its bulk, then it will
fwim towards the furface of that fluid;
if equal, it will remain where it is left ; and
if heavier, it will defcend. Thus a piece of
deal will fwim' on the furface of water, be-
caufe it is lighter than an equal bulk of
that fluid ; and for the fame reafon fmoke
will afcend into the atmofphere ; and like~
wnfe hot 4ir will afcend in air that is colder,
P " and
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and confequently heavier, which is very
cafily and fatisfactorily thewn by the expe-
riment mentioned in the preceding Part *.
A piece of wood will not only fwim by itfelf

anwater, but will fupport fome ather weight

befides, provided the fum of its own, and

that other weight, is not greater than the
weight of an equal bulk of water. Thus,
fuppofe a piece of iron, weighing one

ounce, which of itfelf could not fwim on

water, is faftened to a piece of woad, which
weighs fix ounces, and that a quantity of
water, equal to the bulk of the wood and iron
together, weighs more than 7 ounces, then
the wood will fupport the iron and itfelf on
the furface of the water; hence alfa an
empty bottle will fwim on water, and a
bladder full of air will fwim becaufe the
levity of the enclofed air keeps it up. For
the fame reafon, if fo great a quantity of
hot air is enclofed in a bag, as that the excefs
of the weight of an equal bulk of common
- air, over the weight of the hotter air, is
- greater than the weight of the bag, then
that quantity of .hot air will afcend with

% Ses page 28. ,
‘ the
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the bag into the atmofphere : and tlllis is
Montgolfier’s acroftatic machine.

In order to thew this power of hot air, in
a very fimple and convincing manner, roll
up a fheet of common writing paper into
a conical form, and, by thrufting a pin
through it near the apex, prevent its un-
rolling ; then faften it with its apex under
one {cale of a balance by means of fome
thread, as reprefented in fig. 1. plate I.
and by putting fome weights into the op-
pofite fcale, let it hang in equilibrio, or
" rather let the fide with the paper cone be a
little heavier, for inftance five or fix grains.
This done, keep the balance fufpended
from A, and bring the flame of a candle
under- the aperture of the cone of paper; .
the confequence of which will be, that the
air under the paper”being heated, will lift
up this cone, and the oppofite fcale will of
courfe defcend. On removing the candle,
the cone, or bag of paper, will not imme-
diately defcend, but will continue to re-
main up for fome minutes, viz. till the air-
cools within it, and then it will defcend.
P2 If

R %
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If it be atked, Why does not the hot air
efcape out of its apexture? the anfwer is,.
Becaufe the hot air is impelled by the colder
air towards the apex of the cone, and confe-
quently cannot go over the edge of the
aperture of the bag, except the cone was
to be inverted ; for then it would efcape, in
‘the fame manner as a-bubble of air efcapes.
out of a glafs inverted in water, and inclin-
ed a little, as was mentioned towards the
beginning of this chapter.

Befides common air, there aresmany other
elaftic fluids, which are invifible and com-
preffible like common air, but are diftin~
guifhable from that element on account of"
fome other properties that are particular to
each or divers of them; for inftance, fome.
will not afiift refpiration, and which are
called goffes; others are foon abforbed by
water, &c. Amongft thefe gafles there is
" one called #nflammable air, from its pecu-
liar property of burning when fire is com-.
municated to it by means of a candle, an.
electric fpark, “&c. This elaftic fluid, be-
ﬁdes its inflammability, has another re-
markable

RS
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markable peculiarity, which is its being
incomparably lighter than common air;
whereas the other elaftic fluids are very
~ little heavier or lighter than that element,
the difference being very trifling indeed. -

/

Now, if a bag be filled with inflammable
air, of fuch a fize as that the excefs of the

: weigﬁt of an equal bulk of common air, over
the enclofed inflammable air, be greater
‘than the weight of the bag, then the bag will -
afcend into the atmofphere, for the reafons
mentioned above : and this is the other fort
of aeroftatic machines, namely, the infiam-

. mable=-air balloons. :

The air which forms the atmofphere
round the earth, being elattic, is of different
denfities at different heights, becaufe the air
next to the furface of the earth, being prefled
by all the reft of the air above in a perpendi-
cular dire€tion, muft be much more com-
prefled and more heavy than the air at a mile
above the earth, which has a mile lefs of -
air to comprefs it; and fo on, ‘the higher

. you afcend, the lighter is the air.
St P3 There
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There is another property of the atmo-
{phere neceflary to be mentioned, which
is, that the weight of the atmofphere is
changeable, it being fomewhat heavier at
one time than at another. The barometer
is the inftrument commonly ufed to thew
the variations of the weight of the atmo-
fphere: in England; when the barometer
ftands in one and the fame place, or on the
fame level, the difference in'the perpendi-
cular height of the mercury in it, occafion-
ed by the varying weight of the atmofphere,
is barely three inches; fo that the mercury
in it ftands always between 28 ‘and 31
inches perpendicular height ; rifing when
the atmofphere is heavy, and falling when
the atmofphere is lighter. But when the
barometer is raifed above the furface of the
carth, then the mercury will fall .much
lower, and that according to the hcnght to
which it is elevated.

CHAY-
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CHAPTER IL
Of Inflammable Air.

NFLAMMABLE air is a permanent-
ly elaftic fluid, fpecifically lighter than
common air, and is the prodution both
* of natural and artificial procefles. In ge-
neral, the putrefaGion or decompofition
of animal and vegetable fubftances, and the
decompofition of fuch minerals as' contain
abundance of the inflammable principle,
- generate inflammable air; hence this fort
of gas is produced wherever thofe procefles
are going on : thus it is found in mines,
efpecially coal-mines; in places where pu-
trid fubftances are accumulated ; and in the’
waters of moft lakes, ditches, and rivers,
efpecially thofe which contain a great deal
~ of putrid matter ; from which waters it may
be extratted by ftanding a long time, or
by boiling in proper veflels, as for inftance,
P4 a veflel
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a veflel with a t)rctty long neck, to the
mouth of which a flaccid bladder is tied.

In the fummer, efpecially in hot climates,
abundance of inflammable air efcapes out
of ftagnating and even river water ; but in
all the ditches and ponds about London,
particularly in the fummer and autumn,
inflammable air may be catched very plen-
tifully in the following manner :—Fill a

- :wide-mouthed bottle with the water of the

pond, and keep it inverted therein, then
with a ftick ftir the mud at the bottom of
the pond, juft under the inverted bottle, fo
‘as to let the bubbles of air, which come out
“of it, enter into the bottle, and that is in-
flammable air. When by thus ftirring the
‘mud in various places, and catching the
‘air, the bottle is filled, a cork or glafs
‘ftopper muft be put over it, &c. It would
_be a preferable method, to adapt a funnel
to ‘the bottle, as by this means much
more inflammable air may be catched, than
otherwife.

« " In the common procefles of diftilling vo-
. latilg
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latie alkali, of fmelting ores, and various
others, a confiderable quantity of inflam-
mable air is loft. The moft advantageous
methods of obtaining inflammable air are—
by the action of acids on certain metals—~by
-expofing animal, vegetable, and fome mine-
ral fubftances, in a clofe veflel, to a ftrong
fire,—and laftly, to tran{mit the vapour of
certain fluids through red-hot tubes.—In

the particular defcription of thefe methods, -

I fhall only take notice of thofe circum-
ftances, which feem ufeful for the fubje@®
of aeroftation, referring the reader, who is
. anxious to examine the reft, to my Treatife
on Air, &c. or to the works of other au-
thors, who have written on the fubJeé't of
inflammable air,

Iron, tin, and zinc, are the metallic fub-
ftances which yield plenty of inflammable

air, when -a&ted on by diluted vitriolic .
or marine acid, which is commonly called

fpirit of falt; but, as the tin and the marine
acid are much dearer than the other fubftan-
. ces, therefore iron, zinc, and vitriolic acid
~ are the materials moft.ufed for this purpofe.

If
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If the vitriolic acid, commonly called
oil of vitriol, is very ftrong and concen-
trated, it will not extract any inflammable
air from iron, or fo {fmall a quantity of it as
i1s next to nothing; and, in order to let it
extract the greateft poffible quantity of in-
flammable air from iron, it muft be diluted

. with about five or fix parts of water ; how-

ever, it is almoft impoflible to give very pre-
cife direGtions relative to it, becaufe the
firength of vitriolic acid is different almoft
according to the different thops that fell it,

and according as it is kept more or'lefs ex-

‘pofed to the air and other fubftances that

contaminate it; thérefore the beft expedi-
ent for pratice is, to put a little iron, in
fmall bits, or filings, into a phial, over

‘which put as much water as may be equal

to four or five times the weight of the iron,
then pour a little of ‘the oil of vitriol, and
obferve what effec it has; if it does not
produce a quick ebullition in about 2 mi-
nute’s time, add a little more ; and thus, by
adding grad/u.a.lly more and more oil of vi-
triol, one may eafily find out when it makes

the greateft or a very quick ebullition. But
' in
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in order to afcertain the proportion of water
required by that fort of vitriolic acid, the
water that is put into the phial muft be
weighed, and likewife the bottle, out of

.which the vitriolic acid is poured into the

phial, muft be previoufly weighed ; and af-
terwards, being weighed again, the dif-
ference of thefe weights is the weight of the
oil of vitriol ; which, being compared with
the weight of the water put into the phial,
gives the required proportion. The fame

- thing is underftood when zinc is ufed in-

ftead of iron.

'The utmoft quantity of inflammable air,
which may be obtained from iron, by -
means of diluted vitriolic acid, is about
1800 times its own bulk; but in the com-
mon way, when the iron is not very pure,
and one does not ftand to extract the fmalleft
quantities of air, which are yielded after the
firft ebullition is over (which, at moft, does
not laft an hour) then the iron may be ex-
peted to yield about 1700 times its own bulk
of gas; or one cubic foot of inflammable
air to be produced by about 4% ounces of

iron,
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iron. Zinc yields lefs inflammable air than
iron ; -one cubic foot of the gas being pro-
duced by about fix ounces of zinc. If the
vitriolic acid is of the ftrongeft fort, that is
generally fold in large quantities, an equal
weight of it is required to diffolve iron or
zinc, and muift be diluted with five times
its weight of water ; fo that in the com-
mon way of producing inflammable air for
an air-balloon, where all the little niceties
cannot be attended to, nor a very fudden
effervefcence is required, it may be faid that
~ 4% ounces of iron, the like weighi of oil
of vitriol, and five times that weight, viz.
22} ounces, of water, are required in order
to produce one cubic foot of inflammable
air. And about the fame quantity of gas
is produced by fix ounces of zinc, an equal
weight of oil of vitriol, and ‘30 ounces of
water. - '

A confiderable degree of heat is produced
by the effervefcence that generates inflam-
~mable air, which #s greater when the effer-
vefeence is more rapid, and contrarywife.
In order to prevent this heat, in great mea-

fure,
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fure, it is more proper to ufe the turnings of
great pieces of iron, as of cannons, &c.
than the filings of that metal; befides, the
turnings admit the diluted acid through
their interftices, when they are heaped to-
gether, whereas the filings fticking clofer
~ together, often prevent the acid from gomg
quite to the lowermoft of them.

As the vitriolic acid corrodes moft metals,
~ and fome other fubftances, the beft veffels
to contain the materials for the production
of inflammable air are the glafs ones, -
when no great quantity of the gas is re-
quired; but for very large quantities wooden
cafks are the moft ferviceable.

The weight of the inflammable air thus
obtained by means of acid of vitriol, is the
leaft of any fort of inflammable air;- and,
when made in the common way, efpe-
cially in large quantities, its weight is ge-
nerally one-feventh part of the weight of
common air, or rather more; but when
made with all the precautions that a phi=-
lofophical expenmenter may ufe, then its

4 : ~ weight

’ i
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weight is even lefs than one-tenth part of
the weight of common air.

Together with the inflammable air, there
are fometimes two other forts of elaftic
fluid generated, though not in great quan-
tities, which are rather prejudicial (to the
aeroftatic experiment; but, as thefe are
eafily abforbed by water, the beft expedient
is to let the inflammable air pafs through
water, in which it is much better to diflolve
fome quick-lime, previous to its being intro-
duced into an air-balloon ; which precau-
“tion, befides feparating the other elaftic flu-
ids, cools it, and thus prevents its overheat-
ing the ballpon.—I fhall now defcribe the
method of producing inflammable air in
fmall quantities; and fhall referve the me-
" thod of operating in large, for a fubfequent |
chapter,

" Take a common quart bottle, adapt a

_cork to its aperture, and make a hole quite
through the cork with a hot iron or other ‘
inftrument. Faften a glafs tube, or the
ftem of a tobacco-pipe, to a bladder, and
adjuft it {0 that this tube may go very tight
| ' 9 " into
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into the cork of the bottle, as is repre-

. fented in fig. 2. plate I.—Things being

thus prepared, put about two ounces of
iron into the bottle, over which pour about
ten ounces of water, then pour upon it
about two ounces of good ftrong oil of
vitriol, which will immediately occafion an
effervefcence, and a producion of inflam-
mable air, which may be perceived by its
ftrong and difagreeable fulphurous fmell;
but immediately after 'pouring the oil of
vitriol into the bottle, the cork, with the
bladder annexed, muft be put upon it, and
the inflammable air, being produced by the
materials in the bottle, will enter into, and

will fwell, the bladder; which, when full,

may ‘be removed, and another bladder; like-
wife furnithed with a tube, may be put in
its place. It is almoft needlefs to mention,
that the bladder, before it is adapted to the
bottle, muft be prefled very accurately, fo

as to expel all the common air from it;

and, as fome bladders are very ftiff, and con-
fequently don’t admit being eafily {queezed,
it is ufeful in that cafe to foften them in
lukewarm water, previous to their being

’ufcd. When the full bladder is removed

from
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from the bottle, in order to prevent' the
efcape of the contained inflammable air, a.
firing fhould be tied round its neck, juft
below the inner extremity of the glafs tube;
but if, inftead of the glafs' tube, thofe
bladders were furnithed with brafs ftop-
“cocks, the operation would be both more
“elegant and more convenient.

- Inftead of a quart bottle, as directed above,
any fort of glafs bottle may be ufed; but
care fhould be taken not to fill it above half,
or rather lefs, with the materials that pro-
duce the inflammable air; otherwife the
~ violence of the effervefcence will often force
part of the liquor out of the neck of the
bottle.

When the inflammable air is required to
be pafled through water, which in general
thould be done, then the following appa-
ratus muft be ufed. A glafs tube, or in«
deed a tube of any other f{ubftance,.but
fhaped fomewhat like an S, fee A B, fig. 3.
of plate I. muft be faftened with one end
in the hole of the cork of the bottle which

: contains
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contains the materials for producing in-
flammable air. ‘The other end of the tube
muft be below the furface of the water in
a bafin. ‘Things being thus prepared, fill
another bottle C quite full with water, and,
putting a finger or fomething elfe over the
mouth of it, invert it into the bafin,
When the mouth of it is below the fur='
' face of the water of the bafin, remove the
finger, and the bottle will remain full. Now
put the proper materials for the production
of inflammable air into the bottle D, then
put the cork with the bent tube upon it,
keep the other end of the tube below the
furface of the water in the bafin, and place
the mouth of the bottle C juft over it;
" taking care not to raife the- mouth of this
. bottle above the furface of the water in the
operation. 'Thus the inflammable air pro-~

duced from the materials in the bottle D,
will pafs through the tube AB, and will
enter into the bottle C, which when’ full
is corked under water, and then is re-

moved

7 (L | For
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~For this purpofe, glafs bottles with bent
glafs tubes, which terfminate in ground
glafs ftopples, are found ready made in the
fhops, and thcy are incomparably more
convement.

As by this method the inflammable air
is introduced only into bottles, or_fuch
veflels as do not collapfe like bladders, the
following is an apparatus, which is exceed-
ingly proper to fill bladders, or balloons as
large as two or three feet in diameter, with
inflammable air, after paffing it - through
water. See fig. 4, plate L.

A is the bottle with ‘the ingrediénts that
produce the gas.. BCD is a tube faftened
with one extremity into the neck of this
bottle, and, paffling through a hole of the
flopper of another bottle E, goes as far as
almotft to touch the bottom of this bottle,

“which is nearly full of water. To another
- hole made in the cork of the fame bottle E,
another tube -is adapted; to the outward
extremity of which a bladder, or the aper-
ture
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ture of the balloon, is tied. Thus it is
plain, that the inflammable air coming out
of the aperture D of the tube, will pafs firft
through the water of the bottle E, and then
into the bladder or balloon. Two fmall
cafks may be ufed inftead of the bottles A
and E, '
When the inflammable air is requu'cd
very pure, the cork with the bent tube

" fhould not be put upon the bottle with the

materials immediately after pouring in the
vitriolic acid, but a fhort time fhould be

- allowed, in order that the inflammable air,
~ which is produced at firft, may expel, in

a great meafure, the common air from the
bottle.

Befides the action of acids, and efpecially

" the vitriolic, plenty of inflammable air may

be obtained, at a much cheaper rate, by the
action of fire on various fubftances ; but the
gas thus obtained is not fo light as that
produced by the effervefcence of acids and
metals ; however, it is far from being ufe-

- Jefs for acroftatic experiments, and I make

Q.2 no
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no doubt, but that this method, on account
of its theapnefs, may foon fuperfede the
ufe of vitriolic acid and iron or zine.

The method, in"genera], is to enclofe

. the fubftances in earthen or iron- veflels,

and thus expofe them to a ftrong fire, fuffi-

“cient to make the veflel red hot; by which

means the inflammable air is yielded by
the enclofed fubftances, and, coming out of

‘the apcrture of the veffel, to which a tube,
-, or refrigeratory, muft be adapted, paffes
through the tube or worm, and'is at laft |

colleted in a balloon or other veflel. A
gun-barrel has been often ufed for effays of
this fort. The fubftance to be tried has
been put in it, o as to fill fix or eight inches
of its loweft part; the reft of the barrel.
has been-filled with dry fand ; then a tube,

‘adapted to the aperture of the barrel,; has
‘been brought into the bafon of water under

an inverted receiver, as above defcribed.
The part of the barrel which contains the
fubftance to be tried, being put into the
fire, and made red hot, the inflammable air

‘has bcen colle&ed in the inverted receiver.

But
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But the gun-barrel cannot. ferve for pro-
ducing a large quantity of inflammable air ;
for which purpofe the veffel muft be much
larger: and the following is the moft advan-
tageous thape :—Let a veflel be made of clay,
- or rather of iron *, in the thape of a Florence

flatk, fomewhat larger, and with a longer .

" and larger neck. See fig. 5, of plate I.
Put the fubftance to be ufed for the pro-
duion of inflammable air into this veffel,

fo as to fill about four fifths, or lefs, of its.

cavity A B. If the fubftance is of fuch a
_nature as to fwell much by the action of
the fire, lute a tube of brafs, or firft a brafs
and then a leaden tube, to the neck C of
the veflel ; and let the extremity D of the
tube be fhaped as fthewn in the figure, fo
that going into the water of a tub H I,
it may terminate under a fort of inverted
veflel E F, to the upper aperture of which,

. % The earthen veflels, after being made red hot,
generally crack in cooling, for which reafon ‘they
, can feldom ferve for more than one experiment, It
would perhaps be eafier to make fuch veflels of cop-
per ; but they muft not contain any folder, otnerwxfe
they cannot be made xed hot.

Q3 ~ the
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the balloon, or a tube going to the balloon,
is adapted. Things being thus prepared if
the part A B of the veffél is put into the
fire, and is made red hot, the inflammable
air produced will comé oiit of the' tube
€D, and, after pafling throngh the water

6f the tub, will at lift enter into the bal-
loon G. Before the operation is begun, as
a confiderable quantity of common air re-
mains in the inverted veffel E F, which it
is more proper to expel, the veflel E F
fhould have a ftop-tock K, through which
the common air may be fucked out, and -
the water will be made to afcend as hlgh ,
as the ﬁop -cock.

: As_ people who are not converfant with

.thi¢ kind of experiments, may have fome
difficulty in determining the dimenfions
of fuch an apparatus, I fhall fubjoin the
particular meafures of one, which feems
to be of the moft advantageous conftruc-
tion.

» Diameter
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Diameter of the largeft part of
theveflel ABC - -~ = 7 inches
Length of the whole veffel = - 16
Diameter of ifs aperture - - 1
Diameter -of the cavity of the
~tubeCD . - - -« &

- Lower aperture of the veflel EF,

at lcaﬁ: - - - 6
Height EF of this veffel, at leaft 24 -

Its upper aperture F,about - 2

'The diameter of the'tub H I is immate-
rial, only the aperture of the veflel E F
fhould be at leaft one foot below.the furface

of the water in H I.

When the quantity of inflammable air to
be produced is very great, the veflel ABC
may be made larger, though not much, on
account of the difficulty’ of makmg the
whole of its contents red hot ; but fcvcral of
thefe veflels may bé'made to work at once, °
and all their tuhes may be made to termi-
nate in one tub, and under the fame in-
verted veflel E F, which in that cafe muft
be made proportlonably larger, and efpe«
clally jts upper aperture, in order to give a

Q4 - free
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free paflage to the inflammable air. This
conftrution is very advantageous -to.re-
cruit the materials in fome of the veffels
whilft the others continue to produce the
inflammable air; and thus the operation
may be continued at pleafure.

- Care fhould be taken, that the fire to be
ufed in . this procefs be at a fufficient dif-
tance from the tub H I; becaufe, if very
near, it may eafily happen that fome of the
inflammable air, which may efcape out of
‘the veflel E F, or out of the balloon, may,
'-by' czitChing fire, occafion fome difagreeable
accident ; the tube C D therefore (hould be
made fufficiently long, and it would be
'm!,xch bctter to have the fire, with the veffel
or veﬁ'cls ABC, in a room, and to keep the
'tub HI out of it, as the tubes may be
eaﬁly made to pafs through holes made in
’thc wall or through a window, &c.
" We are now ‘to examine the fubftances
'whlch producc inflammable air in this me-
thod, and the particular cucumﬁances at-
'tcndmg them.
: . Pit-coal,
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Pit-coal, expofed to a red heat, gives
abundance of inflammable air, which, whe-
ther it be paffed through water or not,
weighs about one fourth of the weight of
an equal bulk of common air, and one
pound of it produces about three cubic feet
of inflammable air. However, it muft be
obferved, that different {pecies of coal pro-

- duce different quantities of inflammable air,
~ and fomewhat different in fpecific gravity ;-
but it is eafy to aflay the quantity of air that
is produced by a given f{pecies of pit-coal,
before it be ufed in great quantities *,

Afphaltum, amber, rock-oxl —[-, and othcr
minerals, produce likewife inflammable air,
but of a greater fpecific. gravxty, and lefs
abundantly than coal. . :

Wood givesa great quannty of inflamma-
ble air by this means, but mixed with a good

- * See Memoire fur I’Air inflammable, tiré de dif-
férentes fubftances, rédigé par M. Mipkelers. Loo-
‘vain, 1784,

+ When oil and other fluids ate to be tried in thxs
‘method, the. beft expedient is to foak dry fand with
it, and thys to put it into the veffel, /

' deal
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deal of another elaftic fluid, which is fepa-
rable by wathing in water, and efpecially
in lime-water; on which account it is pro-
per to put fome quick-lime into the water
of the tub, through which the inflammable
air is to pafs. Various quantities of in-
- flammable air are yielded by different forts
of wood, and even by weod of the fame
fpecies, ‘but of different age or drynefs.
Oik gives, perhaps, more gas than any other |
fort of 'wood. The weight of the inflam-
mable air of wood is generally between one
half and two thirds of the weight of at-
mofpheric air; and confequently much hea-
vier than that of pxt-coal

Camphlre yxelds a furprifing quantity of
inflammable air; the fpecific weight of
which is to the weight of common air
ncar]y as 10 to 24. '

011, fpmts ‘of wine, and ether, yield in-
ﬂammable air, heavier than half the weight
of common air, . -

Animal fubftances - pro&u’ce inflammable
S ) . air



PRACTICE fAEkOiT‘ATION;. 238

air in various quantities by this means; but
its weight is'generally greater than half the
weight of common air.

It appears, therefore, that pit-coal is the
fubftance which may be moft advantage-
oufly ufed for the producton of inflam-
~ mable air in aeroftation ; and, though the
fpecnﬁc weight of this gas is greater than
that of metals, when extraGted by means ot
acids, yet the cheapnefs of - the ‘materials
fnakes ample amendss; -and- in order . to
enable the acroftatic machine’ to lift up a
given weight, its fize muft be a litde
: largcr, when it is to be filled with the gas
of coal, than when that produced by metals
and acxds is to be made: ufe of *,

In this ehethod of .extra@ing inflamma-
ble air, there is a remarkable circumftance
to be noticed, which was firft difcovered
by Dr. Prieftley. Itis, that animal or ve-
getable fubftances will yield fix, and even
ten times more inflammable air, when the

® On the Continent,|various f&xall balloons have
been filled with the inflammable air of pit-coal, and -
bave floated exceedingly well,

'3 : ~ fire
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fire is fuddenly increafed, than when it is
gently raifed, though it be afterwards made

very ftrong.

In this procefs, the various fubftances
mentioned above, generally yield all their
inflammable air in about one hour’s time.

. Thelaft methoa of o,btaiding' inflamma- -

ble air was lately difcovered by Mr. Lavoi«
fier, and was foon farthcr examined .by Dr.
Prieftley ; but as the various particulars re~

" lative to it have not been yet afcertained,

or, at leaft, not publithed, fo as- to reduce
the method to a certain operation, I fhall
content myfelf with giving only a general

defcription of it.—If iron is made red-hot,

and in that ftate the vapour of boiling |
water is made to-pafs by it, inflammable
air is produced which is faid to be much
lighter, if 1t is not madc to pafs thraugh

water

-}rgn and copper tubes have been ufed
for this experiment, and in the following
manner :=—=A tube of about three quarters of
an inch -in dxameter, and about three feet

9 _ © 7 long;

‘e
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long, is filled with iron turnings, then the
neck of a retort, or clofe boiler, is luted to
one of itsends, and the worm of a refrxge-
ratory, fuch as is ufed for common diftil-
ling, is adapted to its other extremity. This
done, the middle part of the tube is fur-
rounded with burning coals, fo as to keep
about one foot length of it red-hot, and
likewife a fire is made under the retort.or
boiler, fufficient to let the water in it boil
very faft. ‘Thus it will be found, that a
confiderable quantity of inflammable air
comes out of the worm of the refrigeratory.
It is faid that iron yields.one half more air
by this means, than by the a&tion of vitri=
olic acid.

As the irdn and copper tubes are foon
corroded in this operation, perhaps earthen
tubes may be found to be preferable.

The vapour of fpirits of wine, of ether,

and of oil, when paffed through red-hot
tubes, likcwife produces inflammable ajr.

CHAP-
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CHAPTER IIL

Of the Shape, Capéciiy, Céqﬂiuﬂioa; and.
Power of Aeroffatic Macbines.

T has been demonftratad by the mathe-
maticiaps, that of all the poffible fhapes,

the globular admits the greateft capacity
under the leaft furface ; fo that if there are
two bags of cloth capable of containing the

. fame quantity of any fubftance, but one of

them is fpherical, and the other of any
other fhape, then the former will contain

“the leaft quantity of cloth, or the leatt fur-
face; and again, if two bags have an equal

furface, as for inftance, each’ contains ten
yards of cloth, but one of them is fpheri-

. cal, and the other is oblong, or of any other

fhape whatfoever, then the fpherical will

" contain a greater capacity than the other

bag.

Next to the fpherical, thofe thapes admit

of greater capacny under lefs furface, which

approach
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approach nearer the figure of a fphere ; for
inftance, the fpheroxd contains lefs furface
. thana cyhnder, a cylinder lefs than a cube,

a cube lefs than a parallelopipedon, - &c.

when they all are of fimilar capacities.

In the conftrucion of aeroftatic machines,

"~ wherein levity is the greateft obje, and

confequently the quantity. of ftuff which
forms the envelope muft be difpofed to
the greateft advantage, viz. to admit of
" the greateft capacity ; it is plain, that the
globular fhape muft be preferred to all
others. However, there is one reafon, for
which the fpherical has not been confider-
ed as the moft advantageons form, which
is, that when the aeroftatic machine is re-
quired to be guided in a calm, or in a
courfe different from the dire@ion of the
wind, the fpherical thape oppofes a greater
furface to the air, and confequently 3 greater
obftruCtion to the action of the oars .or
wings, than fome other thape might do; as
for inftance, aconical, or oblong figure, going
with the narrow end forward, But it muft
be confidered, that by making the machine

of
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of an oblong fhape, its furface, and confe-
quently the weight of the envelope, muft
be confiderably augmented, in order to let
the machine have as much lifting power as
a fphere would have, not only ‘becaufe any
other fhape befides a fphere, contains,
under the fame furface, a fmaller capacity,.
but becaufe it muft acually contain a
greater capacity, in order to compenfate for
~ the augmentation of weight. For inftance,
fuppofe that a fpherical aeroftatic machine
contains 100 cubic feet of inflammable air,
in confequence of which, it would afcend
into the atmofphere with one pound of ad-
ditional weight befides the weight of its
envelope : now, if a machine be made of
the fame kind of ftuff, but of an oblong
“fhape, and capable of containing likewife
100 cubic feet of inflammable air, its fur-
face being much larger, muft confequently
weigh much more, than the envelope of
the fpherical one; but the quantity of in-
flammable air being the fame in both, the
oblong machine muft, of courfe, lift up a
much lefs weight than one pound, and
therefore it muft be made capable of con-
' taining
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taining more inflammable air, if it be re-
quired to lift up as much weight as the
fpherical machine.

Befides this obfervation, it fhould be

confidered, that to keep the oblong ma-

chine with the fmalleft part forward in the
atmofphere, is not eafily accomplifhed ; and
that if it were to turn fideway, then that
fame thape, which, in a proper fituation,
would be of fomé¢ advantage, will in this
cafe be of very great difadvantage ; fo that,
confidering every circumftance, it feems
that the fpherical figure is in general the
- moft advantageous. We fhall therefore
confider only this fhape of aeroftatic ma-
chines, in the following pages; it being
very eafy for a fchemer to calculate the

propérties of any other thape, from - the ge~ |

neral principles already deferibed.

The ftuff to form the ‘envclope of the in~

flammable, or rarefied air, deferves to be

firft confidered in the conftru@ion of an-

aeroftatic machine. After the original
fcheme of Father Lana, defcribed in the
‘ R firft
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firft chapter of the Hiftory, feveral perfons
have propofed to conftru& a balloon -of
copper, or of tin ; and, notwithftanding the
weight of the metal, and of the folder necef~
fary to join the various copper or tin plates,
the fize of one capable of carrying a man,
is not fo great as might be fufpected at firft
view. This balloon might indeed be made
very tight, in confequence of which it could
be kept up for a vaft while: but is fubject
to various inconveniences; the prmcnpal of

which would be, firft, the filling it with’

inflammable air; for, not being comprefli-
ble, it would be very difficult to take away
the common air from within it*: and fe-

| condly,

* There are three ways of filling fuch a balloon with
inflammable air: the firft is, To fill it with water,
in aconvenient place, and then to difplace the water
by introducirig the inflammable air: fecondly, To
put a tube through a hole at the bottom of the bal-
loon, and to Jet the extremity of this tube go as far as
the upper part of the balloon ; then the jnflammable
“air introduced through this tube, on account of its
fpecific levity compared to common air, would oc-
cupy the upper part, and would gradually expel the
common air-through a hole in the lower part of the

. . - balloon:

R
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condly, when this balloon defcended, after
an aerial excurfion, the difficulty would be
great to remove it from the place where it
fell, or to earry the apparatus, neceflary to
fill it again, to that place.

Silk ftuff, efpecially what is called Jurea
fring, properly varnithed, has been hitherto
the moft ufed for inflammable-air balloons,
and common linen for rarefied-air ma-
chines. Indeed filk would do as well, if
not better, for the latter, only it would be
more expenfive, as the rarefied-air ma-
chine muft be proportionably larger than
the others, in order to have an equal pow-
er; and, on the other hand, varnithed linen
would do very well for the inflammable«

balloon : and thirdly, Another balloon, of oiled filk,
might be fwelled with common air within the copper
balloon, fo as to fill its whole cavity, then the in-
flathmable air being introduced between the two bal-
loons, through a hole in the copper one, would gra-
dually fill its cavity, and at the fame time the come
mon air would be forced out of the inner balloom,

" &c. But it is evident that every one of thefe methods
is fubje& to feveral pratical inconveniences.

R 2 air
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air balloons, but, being heavier, the balloon
in that cafe ought to be made larger, which.
would be very difadvantageous, an account
of the dearnefs of inflammable air. ’

Varnithed paper is as impermeable to

. the inflammable air as varnithed filk is, but

not being ftrong, it can only ferve to make
fmall balloons of. As for the fmall rare-

. fied-air balloons, they gre eafily made of

fimple paper, without varnifh or any other
preparation.  Goldbeaters fkins are - good

- enough to make fmall inflammable-air bal-

loons ; but they are very porous, and the
inflammable air foon efcapes from them,
excepting they were to be varnithed ; but
then paper or filk would do as well, and
would be cheaper ; only the balloons ought
to be made a little larger, in order to float;
and indeed I don’t fee what purpofe can be
anfwered by making balloons. exceflively

»

Parchment, leather, and fome other {ub-

- ftances, have been propofed, and atually
- tried; but it does not feem that any of them

have
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have hitherto fuperfeded the ufe of varnithed

filk- and linen for. the large machines, and

of paper for the fmall balloons.—~Some of
the fmall inflammable-air balloons are fill

made of membranes analogous to thofe
ufed by the goldbeaters, which are moftly

the membranes of the intcﬁines'of oxen.

It is now time to defcribe the problems
which are neceflary for the conﬁru&xon of
aeroftanc machines. . ‘

Pros. 1. Given the digzmefer, to ﬁnd the
circumference and furface of a [phere.

- The diameter multiplied by 3,1416 gives

the circumference of a circle or of the
fphere, and that circumference multiplied
by the diameter gives the furface of the
" fphere in fquare dimenfions; thus, if -the
diameter of a fphere is 6 fect, multiply 6 by
3,1416, and the produ&, 18,8496 feet, is
the circumference ; then multiply 18,8496
by 6, and the produ®, 113,0976 fquare -
feet, is the furface of the fphere.

R 3 N.B.If



246 PRACTICE of AEROSTATION,

N. B, If the length of the diameter is
exprefled in feet, the furface will be denot~
ed alfo in fquare feet; but if the diameter
is exprefled in inches, or in yards, then the
furface will be likewife had in fquare inches
or {quare yards, &c,

ProB. 1. Grven the diameter, to find the
capacity of a Jpberical veffel.

“The cube of the diameter multiplied by
0,52136 gives the capacity in cubic inches,
feet, or yards, &c ; according as the diameter
has been exprefled by any of thofe meafures ;
thus, in the preceding example, the diame-
ter being of 6 feet, the cube of 6 is 216;
which, being multiplied by o,5236, the
produ&, 113,0976, is the capacity of the
fphere in cubic feet. - And again, if the
diameter of a fphere is g feet, its furface is
- 254,4696 fquare feet, and its capacity or
folid contents is equal to 381,7044 cubig
feet, ' v 2

The following table fhews: the furfacqs
and capacities of fpheres of various diame-

- - ters §
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ters : the numbers of which anfwer for
every fort of meafure; for inftance, if the
numbers in the firft column are taken for
inches, then the numbers of the fecond
column denote {quare inches, and in the
third they denote cubic inches; if the
numbers of the firft column are taken for
Englith or French feet, or yards, &c. then
the numbers of the fecond column denote
fquare Englith or French feet or fquare
yards, and the numbers in the third column
denote cubic meafures of the like fort.

Diameters. | Surfaces» | Capacities.
1 35141 . 0,523
13 7 75068 1,767
2 12,567 4,188
23 19,635 8,181
3 28,274 . 14,137
4 50,265 | 33,51
s 78,54 65:45
6 113,097 113,097
7 | 153938 | 179,504 |,
8 201,062 268,083
9 254,469 | 381,704
10 314,159 §23,6
I " 380,1 696,9
12 452,5 994,8
' R 4 13
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| Diameters. | Surfaces. Capacities.
13 530,9 1150,3
14 61,8 1436,7°
I5 700,9 1767,1
16 804,2 2145,
17 907,9 2572
18 1017,9 | 3054
I 1134,1 | 359I
2?» xz§6,6 3.189.
21 13854 4849.
22 | 1520,5 5575~
23 1661,9 | 6371.
24 1809,6 7238.
25 1963,5 8181.
26 2124. 9203.
27 2290. | 10306.
28 2463. 11494
29 2642. 12770.
30 . 2827, 14137.
31 | 3019 15598.
32 3217 17157+
33 3421. 18817.
. 34 3632. 203580.
.33 3848. 22449
36 | . 4072. 24429.
.37 | 4301 26522
38 " 4536. 28731.
39 4778. 31060
40 5020. 33510.
45 6§62-. 47713
50 . 7854 5459

55
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Diameters. Sqrfaces. Capacities.
55 9503 87114.
60 11310. | 113098.

65 13273. - | 143794.
70 15394 - 179595.
75 17671. 220804.
8o 20106. 268083.
83 22698. 321550.
90 25447- 381704.
95 28353. 448922.
100 31416, 523599.

Pros. III Given the weight of a fquare
Joot of the envelope, and the diameter of a
balloon, to find out the weight of the whole
envelope or bag., ’

Find the furface anfwering to the given
diameter in fquare feet, cither by the table
or by problem I. and, multiplying this by
the given weight of one fquare foot, the
produ¢t gives the anfwer. ‘Thus, if a bal-
loon of 8¢ feet diameter i3 made of fiich
filk as weighs two ounces a fquare foot,
the weight of the whole envelope will be -
45396 ounces, or 2837} pounds.

Pros. .
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Pros. IV.  Girven the diameter and weight
of the envelope of a balloon, to find its
levity, or afcending power, when 2 Jilled with
rarefied or mﬂammaé/e air,

Firft, find the capacity of the balloon,
either by the table, or by problem II ; then
multiply that capacity by the weight of

~common air, noting the product; multi-

ply the capacity again by the weight of
inflammable or rarefied air; fubtract this
produ& from the former; and from the re- ’
mainder fubtra& the weight of the enve-
lope ; the remainder of which fubtraction
is the required levity : thus, fuppofe that
the diameter of a balloon is 8 feet, that a
{quare foot of the envelope weighs half an
ounce, that a cubic foot of common’ air
weighs 1,2 ounce, and a cubic foot of the
inflammable air, of which the balloon is
filled, weighs half as much as common air,
viz. 0,6 of an ounce, then by the table
we have 2oi,1 fquare feet for the furface;
which, multiplied by half an ounce, which
is the weight of one fquare foot’ of the

bag, ngcs 100,55 ounces, or near 6 pounds
and
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and 4% ounces, for e weight of the whole
envelope. Again, by the table, we find that
the capacity of the balloon is 268,71 cubic
feet; which, multiplied by 1,2 ounce,
‘which is the weight of one cubic foot of .
common air, gives 321,72 ounces and,
being multiplied again by 0,6 of an ounce,
which is the weight of one cubic foot of
. inﬂammable air, gives 160,86 ounces;
which being fubtracted from the other pro-
du&, 321,72, there remains 160,86 ounces;
from which fubtrat the weight of the en-
velope, and there remains 60,31 ounces, or
' near 33 pounds, for the required levity of
the balloon. v

ProB. V. To find out bow many yards of

 filk or Enen, of & known breadth, are re~
quired to make a balloon of a given dia-
meter, :

If the ftuff is one foot wide, it is plain,
that to make a balloon, the {urface of which
is 60 fquare feet, thereis required the fame
number of feet length of ftuff, viz. 6o,
or 20 yards, But when the ftuff is more

' ' ' -or
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or lefs ‘wide than onc foot, then ufe the
following rule :—Take the breadth of the
ftuff in inches; reduce the furface of the
balloon alfo into inches, by multiplying its
number of fquare feet by 144. Divide
this produét by the breadth of the ftuff in
inches, and again, divide the quotient by
36, and this laft quotient is the. required
number of yards. Thus it will be found,
that if the filk is 13 inches wide, near.
963 yards of it are required for a balloon
of 10 fect in diameter.

N. B. This problem is founded upon
a fuppofition that none of the ftuff is cut
to watfte, nor is any allowance made for the
feams ; to which two particulars, however,.
due regard muft be had'in pradice.

]

Pros.
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Pros. VI. Being given the weight of a

o  Jquare foot of filk or other fluff, and kke-
wife the weights of a cubic foot of com-

mon air, and of a cubic foot of inflamma-

“ble or rarefied air—to find out the diameter

of a balloon, which, being made of that

filk or other fuff, and being ﬁlled with that
.inflammable or rarefed air, . will ]uﬁ

Jloat.

Multiply the weight of one cubic foot .
of common air, in ounces or decimals of
an ounce, by 0,5236; and again, multiply
the weight of one cubic foot of inflam-
mable air, in ounces and decimals of an
ounce, by the fame number o,§236, and
fubtra& this produ@ from the former, no-
ting the remainder. Then multiply the
weight of one fquare foot of ‘the ftuff, in
ounces or decimals of an ounce, by 3,1416;
and laftly, divide this product by the above-
mentioned remainder, and the quotient ex-
prefles the required diameter in feet.

If the wcight of la cubic foot of common

air is exprefled in grains, thcn the weight
of



224 PRACTICE 5f AEROSTATION,

of the inflammable or rarefied air, and the
weight of the ftuff, muft be likewife ex«
ptefled in gfains; the reft of the calcu-
lation remaining as before.

Thus, for example, if the weight of a
cubic foot of common air is 1,2 ounce,
the weight of the inflammable air is half
the weight of the common air, 'and a
fquare foot of the ftuff, of which the bal=
Ioon is to be made, weighs three ounces *,
it will be found that a balloon made of
that ftuff, and filled with that fort of in-
flammable air, muft be 30 feet in diameter,
in order to float in the atmofphere. If its
diameter is lefs than 3o feet, it will not lift

* In order to afcertain the weight of a fquare foot
of filk or other ftuff, there is no need of having exa&-
ly a fquare foot of it ; a fmaller piece being enough.
Suppofe, for inftance, that you have a’piece which is
60 fquare inches ; weigh that piece, and imagine its

‘weight to be 'a quarter of an ounce; then fay, by’
the rule of three, if 60 fquare inches weigh 0,25 of
an ounce, what is the weight of 144 fquare inches,
which are equal to one fquare foot ? and the anfwer
is 3,6 ; fo that one fquare foot of that ftuff welghs
3 ounces and 6 tenths of an ounce.

4 | " itlelf
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’itfclf above the ground; and if the dia-
meter is greater than 30 feet, it will afcend
in the air. '

N. B. In this problem, fome allowance
muft be made for the weight of the feams,
or joinings, of whatfoever fort they may
be. This allowance is beft made by in-
creafing a little the welght of the fquare
foot of ftuff.

The denﬁty of the atmofphere decreafing
according to the diftance from the furface
of the earth; it follows, that a balloon,
which will juft float at a little diftance
above the furface of the earth, will not float
higher up ; and, in general, the equilibrium
takes place when the weight of the bal-
loon, and inclofed air, &c. is equal to the
weight of a body of the circumambient
~air that is equal to the bulk of the balloon.
Were the heat and gravity of the atmo-.
fphere, and likewife the heat and fhape of.

a balloon, always the fame, or regular, it
would be eafy to calculate at what height -
a balloon of a given diameter, &c, would

ceafe
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ceafe to afcend; but the inconftancy and
uncertainty of the various caufes which
concur to affe@ this equilibrium, render
every effort ufelefs ; it is therefore better to
omit any farther confideration of this pro-
blem, than to perplex the reader with what
can be of little or no ufe.

Pros. VII. 7o dg eferibe the pattern for the
- pieces of filk, or other ﬁz{f, which are to
Jorm a balloon.

The pieces of filk, linen, paper, or
other ftuff, of which balloons are generally
formed, being flat furfaces; it is plain, that

" a balloon made of them muft be compofed

of many flat furfaces, which, when put
tbgether, come very near to the fpherical
figure; however, when the pieces of ftuff
are properly cut and joined, they will, after .
once inflating the balloon with common.
air, ftretch a.little towards their middle,
and by this means acquire a fhape which is
fo nearly f{phterical, as hardly to be dif-
tinguithed, in fome place or other, to be
otherwife. . ,

‘ 5 The
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The beft way to cut the pieces of filk -
that are to form a balloon, is to defcribe a
pattern of wood or ftiff card paper, and
then to cut the filk or other ftuff upon it.
In order to form a clear idea, imagine two
points on the furface of the,globe, diame-
. trically oppofite to ‘each other, and let a
plane, pafling through the axis which joins
thofe two points, cut the fphere in many
flices, as is commonly ufed to cut melons.
‘Suppofing then that thofe flices are equal,
one of them, ftretched flat, will be a pattern
to cut others, that are to ferve for the con-
ftru&ion of a balloon of the required di-
menfions.

Fig. 6, of plate I, exhibits one of thofe
Alices, or the-pattern for cutting the pieces
of a balloon. The edges of fuch a pat-
tern, being not arches of circles, cannot
be defcribed by a pair of compafles; and
the beft way of drawing them is the fol<
lowing, when the diameter of the required
balloon, and the number of | pxeces of whxch

it is to be formed are known. S
. )

S. . Firft,
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Firft, Draw on a flat furface \tW_O right
lines, AE and BC, perpendicular to each
other. Secondly, Find the circumference

anfwering to the given diameter, in feet

and decimals of a foot, and make AD and
DE cach equal to a quarter of the cir-
cumference ; fo that the whole length AE

of the pattern. will be equal to half the

circumference. Thirdly, Divide A D into
"18 equal parts, and to the points of divi-
fion apply the lines fg, 43, 2/, &c. pa-
rallel to each other, and perpendicular to
- A'D. Fourthly, Divide the whole cir-
cumference in twice the given number of
pieces, and make DC and BB each equal
- to the quotient of this divifion; fo that the
whole BC is equal to the greateft breadth
~ of one of thofe pieces. Fifthly, Multi-
ply the above-mentioned quotient, viz. the
" length of DC, by the decimals. annexed
to fg, viz. 0,99619, and then the produ&
exprefles the length of /g ; again, multiply
the fame length of D C by the decimals
annexed to 47, and the.product exprefles
the length of 47; and, in fhort, the pro-
du arifing from the multiplication of the
2 - length

~

>

P
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length of D C by the decimals annexed to
each of the parallel lines, gives the length
of that line. Laftly, Having thus found
the lengths of all thofe lines, draw by hand
a curve line, paffing through all the extre-
mities of the faid lines, and that is the edge
of one quarter of the pattern. As for the
other quarters, ABD, EBD, ED G, they
may be eafily defcribed by applying a piece
of paper equal to ADC on any one of -
them. ‘

~ Suppofe, for example, that the diameter
‘of the balloon to be conftruted is 20 feet,
and that it is required to make it of 12
pieces : then, in order to draw the pattern
for thofe pieces, find the circumference of
the balloon,  which is 62,83 feet, and, di-
viding it by four, the ‘quotient is 15,7 feet ;
make therefore AD equal to 15,7 feet,
and D E likewife "of the fame length,
Divide the circumference. 62,83 by 24,
‘which is double the number of pieces that
are to form the balloon, and the quotienf,
2,618 feet, is the length of D C, and like-
- S 2 < wife
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wife of BD; fo that BC is equal to 5,236

feet. Then, having divided the linc AD

into 18 equal parts, and having drawn the

parallel lines from thofe points of divifion,

find the length of each of thofe lines by

multiplying 2,618 by the decimals annexed
to that line; thus, 2,618, m’ultipiied by

0,99619, gives 2,608 feet for the length

of g ; and again, multiplying 2,618 by
0,98481, gives 2,578 feet for the length of
171, and fo of the reft. ,

N. B. In cutting the pieces afterrﬁl,ch,
a pattern, care fhould be had to leave the
piece about half or three quarters of an

inch all round larger than the pattern, whxch

will be taken up by the feams.

. Having thus defcribed the problems that

are moft ufeful for the conftru&ion of bal-
loons, it is now neceffary to defcribe the

* various forts of varnithes, and other things,
. for the preparation of the filk and other

fubftances of which the aeroftats may be

formed,
: It
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It is evident, that the aeroftatic machines

which are to afcend by means of hot air, .

require a different preparation from thofe
that are raifed by means of inflammable
air. The envelope of the former muft be
prepared. fo as to refift fire as much as pof-
fible; that of the latter is required to pre-
vent the efcape of the inflammable air;
and both fhould be of fuch a nature as not
to be damaged by water.  Bat here lies the
great difficulty 5 for if the ftuff for a rare-

fied-air machine is prepared with glue,

alum, fal ammoniac, and water-colours,
~ which fubftances will defend it againft -the
fire, then the rain will eafily wath them
off ; and if any oily or refinous fubftances
are ufed, which will riot be hurt by the
rain, then the fire has again power upon
them : however, for a large aeroftatic ma-
chine upon Montgolfier’s principle, the beft

way to prepare the cloth is, firft to foak -

it in a folution of fal ammoniac and fize;
ufing one pound of each to every gallon
of water; and when the cloth is quite

dry, to paint it over with fome earthy co~

lour and ftrong fize or glue; but then it
S 3 fhould

1l
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fhould be fheltered from the rain as much
as poffible,

The very fmall machines of this kind
are beft made of paper, without any pre-
paration whatfoever; but if it were re- -
quired to make the paper for thofe ma-
- chines likewife incombuftible, it may be
foaked in a folution of fal ammoniac and
glue, or fize, as above directed, but ufing
sather a lefs proportion of water.

Alum may likewife be ufcd inftead of
' fal ammoniac; and indeed many other
falts would have nearly the fame effect.

Oil, or varnith of any fort, is very bad
for fuch machines, becaufe the heat of the
fire, drying up thofe fubftances, produces
an inflammable vapour within the, ma-
chine, which may catch fire and deftroy
it. It has been tried, to foak the cloth
firft in the above-mentioned incomhuftible
folution, and then to varnith it obver; and
though this method is fubject to fome in-

* conveniences,
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conveniences, yet it anfwers better than
either of the two preparations fingly.—
Upon the whole, T would recommend firft
to foak the cloth in the defcribed folution,
then to paint it within with any earthy
. colour and fize; and, when perfecly dry, to
varnifh it with fome ftiff oily varnifh, that
would dry before it penetrates quite thro’
the cloth. Simple drying linfeed-oil, per-
haps, will anfwer as well as any, provided
it be not very fluid.—If the machine con-
fifted of a double envelope, this preparation
would be more eafily and more advanta-

geoufly applicable,

The -inflammable-air balloons have al-
ready attained to a great degree of perfec-
tion, relative to this particular; and there
feems to be no doubt, but that, in a fhort
time, they will be made quite impermeable
to the inflammable air, or very nearly fo. -
Paper of that fort which is commonly ufed
for -writing, when twice painted, viz. once
on each fide, with drying oil, and is tho-
roughly dry, is fo far impermeable to the
inflammable air, that fmall balloons may be

' -S4 ~ fafely
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fafely made of it. I have kept fome in-
flammable air in a fmall paper bag, thus
prepared, for three days ; after which the gas
appeared to be as inflammable as before.
But good oil varnith anfwers this purpofe
ftill better, though the paper is generally
rendered more brittle by it.

The balloons made of goldbeaters fkins ’
do not in general retain the inflamma-
ble air long, on account of the many {mall
pores that are in thofe fkins; and for
this reafon, fome of them cannot be filled
by applying their aperture immediately to
the bottle containing the materials which
produce the inflammable air, becaufe the
gas efcapes through their pores almoft as
faft as it is produéed; but, in order to fill
them, the gas muft be firft introduced
into bladders, and then muft be pafled very
quickly from the bladders into the balloon.
For fuch, it is very proper to ufe any fort
- of varnith; though fometimes they are fo
{mall, that the weight of the varnith ren-
ders them too heavy to afcend when they
- are filled with inflammable air. =

The
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The varnithes for the filk or linen of
large inflammable-air balloons fhould have
the following properties, viz. impermeabi-
lity to the inflammable gas—pliablenefs—
and, at the fame time, drynefs fufficient to

adhere firmly to the ftuff, without foiling

the fingers or coming off very eafily. In
France they talk a good deal of the ¢élaftic
gum varnith, of the compofition of which
(if elaftic gum is really the principal in-

gredient) they make a fecret. However,
this fingular fubftance, having been ex-

amined by various able chymifts, has been
found to be diffoluble in divers effential
oils, but the folution always forms a var-

nifh, which never dries perfectly, remain-

ing clammy and difagreeable to the touch*.
Vitriolic ether, when very pure, diflolves
~elaftic gum ; and the folution, when dried
up, which it does very readily, exhibits
a fubftance exally like the elaitic gum
before the folution, being of the fame

® See Mr. Berniard’s Differtation in the xviith
vol. of Le Journal de Phyfique—MTr. Afchard’s Dif-
fertation on the fubjeét—and Mr. Faujas de Samt-
’ Fond, on the Acroftatic Machmes.

- colour,
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colour, elafticity, degree of drynefs, ‘&c. *
but fuch folution is fo exceflively dear, that
T doubt whether it will ever become of any
great ufe,

The copal varnith or amber varnith dries
too hard, fo as not to be pliable, which is
likewife the fault of various other varnithes.
A varnith made by boiling two ounces of
gum anemi and one ounce of bees-wax in
drying linfeed-oil, has been found tolerably
good. The following has. been recom=
mended as very good ; though I don’t know

that it was ever ufed for large balloons :ew . '

To one pint of linfeed~oil, add two ounces

" of litharge, two ounces of white vitriol,
- and two ounces of gum fanderack ; boil
thefwhole for about an hour over a flow
' fire; after which let it cool, and, when
fufficiently cold and fettled, feparate it from
the fediment, or ftrain it through a fieve,
and dilute it with a fufficient quantity of
{pirits of turpentine.

. * See my paper in the Philofophical Tranfa&wns,
- vol, LXXI. page §IT«
\ But
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But the beft varnith for an inflammable-

gir balloon is made with bird-lime. This

varnifh is defcribed by Mr, Faujas de Saint-

Fond*, and is recommended by many who .

have nfed it.—Having made feveral experi=
ments on this fubje&, I imagine that my
way of making it is rather preferable: but
I fhall firft defcribe that of Mr. de Saint-
Fond, and then my own, that the prac-
titioner may choofe as he thinks bcﬁ.

¢ Take ane pound of bird- hme, put itin-

¢ to a new proper earthen pot that can refift

¢« the fire, and let it boil gently for about

¢¢ one hour, viz. till it ceafes to crackle, or,"

¢¢ which is the fame thing, till itis fo far
« boiled as that a drop of it, being let fall
¢ upon the fire, will burn: then pour u\p-'
“on it a pound of fpirits of turpentine,

-+ ¢ flirring it at the fame time with a wooden

¢ fpatula, and keeping the pot at a géod
¢ diftance from the flame, left the vapour
¢ of this effential oil fhould tal;e fire. -

® Defcription des Experiences Aeroﬂathues,
. Tome ii, page 263.

¢« After
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¢¢ After this, let it boil for about fix mi-
“¢ nutes longer; then pour upon the whole
¢ three pounds of boiling oil of nuts, or of
¢ linfeed, or of poppy, rendered drying by
¢ means of litharge; ftir it well, let it
¢ boil for a quarter of an hour longer, and
¢ the varnith is made.

¢ After it has refted for 24 hours, and
t¢ the fediment is gone to the bottom, de-
¢ cant it into another pot ; and when you
¢ want to ufe it, warm it, and apply it
« with a flat bruth upon the filk ftuff
¢ whilft that is kept well ftretched. One
“ coat of it may be fufficient; but if two,
« it will be proper to give one on each
¢ fide of the filk, and to let them dry
« in the open air whilft the filk remains
- ¢ extended.”

The following is my method : — In
order to render linfeed-oil drying, boil it,
- with two ounces of faccarum faturni, and
three ounces of htharge, for every pint
of oil, till the oil has diffolved them, which

will be accomplithed in about half an
' hour,
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hour. Then put a pound of bird-lime, .
and half a.pint of the drying oil, into a pot
(iron or copper pots are the fafeft for this
purpofe) the capacity of which may be
equal to about one gallon, ‘and let it boil
very gently*"ovir 'a flow charcoal fire till
the bird-lime ceafes to crackle, which will
be in about half or three quarters of
an hour ; then pour upon it two pints
and a half more of drying oil, and let
it boil for about one hour longer, ftirring
it very frequently with an iron or wooden
fpatula. As the varnith, whilft boiling,
and efpecially when it is nearly done, fwells
very much, care thould be had to remove,
in thofe cafes, the pot from the fire, and to
replace it when the varnith fubfides, other-
" wife it will boil over. Whilft the ftuff is
boiling, the operator thould, from time to
timé, examine whether the varnith has
boiled enough; which is thus known ze=
Take fome of it upon the blade of a large
knife, and then, after rubbing the blade of
another knife upon it, feparate the knives,
and when, on this feparation, the varnith
begins to form threads between the two

' knives,

10
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knives, you may conelude the varnith is
done; and, without lofing time, it muft
be removed from the fire. When it is
- almoft, though not quite cold, add about
an cqual quantity of fpirit of turpentine;
mix it well together, and-let it reft till
the next day, when, having warmed it a
little, ftrain it and bottle it: if it is too
thick, add fome more fpirit of turpentine,

- When this varnith is laid upon the filk
or linen, the ftuff fhould be perfe@ly dry, .
and firetched; fo that the varnith, which
ought to be ufed lukewarm, may fill ap the
pores of - the ftuff. The varnith fhould be
Jaid once very thin upon one fide of the
ftuff, and, about 12 hours after, two othet
~ «oats of it fhould be laid om, viz. one on .
each fide; and, 24 hours after, the filk
may be ufed, though in cold weather it may
-be left to dry fome time longer.——Thus
far of the varnifhes; and as, in the preced--
ing pages, the manner of cutting the pieces,
which are to form a balloon, has been
fufficiently defcribed, there remains very
dittle to be added relative to the conftruc-

:tion of thofe machines.
’ The
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The fpherical is the fhape, which in
general thould be adopted, for all forps of
aeroftatic machines, or a very {fmall varia-
tion from the fpherical ; but for very fmall

_paper machines, conftruted merely for the
fake of feeing them flying in the atmo-
fphere, it is much eafier to make thefe
cylindrical in the middle, and conical at
" the two extremities; for in this conftruc-
tion there is no occafion for any pattern,
ner are there many pieces to be pafted to-

gether; an oblong piece of paper being -

pafted round, makes the middle part, and
two cones of paper pafted to the ends of
" the middle part, compleat the machine;
but then one of the cones muft be trun-
cated, in order to form the aperture of the
aeroftat ; to which muft be affixed a hoop of
" iron wire, with a crofs or frame likewife of
wire, in the middle of which a wire focket
. receives the cotton or carded wool foaked in
fpirits of wine, &c.—Fig. ¥ and 8, of plate
I. exhibit the fetions of two fmall ma-
chines of this fort, one of which'is globular,
and one of the other above-mentioned thape;
below which is a plan of the hoop and
frame of the aperture.

The

\
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The paper moft commonly ufed for
thefe fmall aeroftats is of a fine and loofe

‘texture ; but if the fphei'ical ones are above

two feet in diameter, they may be made of
the fine writing-paper.—If they are thaped
like fig. 8, they fhould be at leaft about
two feet in diameter, and three feet high,

" Their aperture, which muft be about g

inches in diameter, is pafted round a circle of
iron wire of about the fize of the fineft net-
ting needles. A crofs of the fame wire is
faftened in this circle, and in the middle of
the crofs a focket is made, or four fhort
wires are raifed, capable of containing a
ball of cotton, or rather of wool, about the
fize of a large egg.

When one of thofe machines is required
to be raifed, firft unfold it, as well as you
can, by putting your hand or a fick in
it; then held it at arm’s length by the
top, to which part a piece of thread fhould
always be put, in conftructing thofe ma-
chines; and by moving the machine a few
times up and down, the air will eafily fwell
it. Now let the ball of cotton be foaked
in good fpirits of wine, and put it in the
(A wire




PracTICE of AEROSTATION. 273

wire focket of the machine, taking care
that none of the fpirits falls upon the paper.
This done, roll up a fheet of paper in a
loofe manner, fet the end of it on fire, and
when it makes a good flame, put it juft
under the aperture of the machine, and the
flame of it will not only fet fire to the {pi-
- rits, but will likewife help to rarefy the air
within the machine; in confequence of
which, the aeroftat will foon become lighter
than an equal bulk of common air, and, if
you let it go, it will afcend into the atmo-

fphere, and will be carried away by the

wind.

- The large aeroftatic machines require a
great many precautions, and a great deal of

judgment muft be ufed in their conftruion."

The moft advantageous fhape, as we faid

above, for all aeroftatic machines, is the

. fpherical ; but thofe with rarefied air have
been made moftly of an oblong fpheroidical
figure, for the fake of removing, as much as
poflible, the top of the machine from the
flame of the fire, which muft neceffarily
be ufed in them : however, fome of thofe

T machines
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machines have been made truly fpherical,
and it does not appear that their upper part
was particularly damaged by the fire.

Without confining the praitioner to
any fhape in particular, which would be

- exceedingly improper in the infancy of the

fubje, I thall only point out the various
circumftances which fhould be kept in
view.—I. The afcenfion of -an aeroftatic
machine on Mr. Montgolfier’s principle, is
owing to the endeavour which the rarefied
air makes perpendicularly upwards againft
the upper part of the machine; from which
it follows, that fuch endeavour is propor- -
tional to the height of the column of hot
air; and as in a {pheroid havmg its Jongeft
axis. perpendicular to the horizon, the co-
lumn of hot air is longer than in a {phere
of the fame capacity, it is plain that the
upper part of the fpheroid muft fuftain a

‘greater preflure than. the upper part of a

fphere. II. As the preflure of the hot air
is exerted only againft the upper part of the
machine, it is clear that this part muft
be made ftronger than the reft. III. The
aperture of the machine fhould be between

) one
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one third and one quarter of the diameter

of the maching, if this is above fifty feet; .

but if lefs, then the aperture thould be
rather larger: a neck, or cylindrical produc-
tion of the ftuff of which the machine
is made, fhould be added to the aperture.
IV. On the outfide of this cylindrical pro-
dution the gallery for the aeronauts muft

- be placed, and in the infide the fire-place -

is fitnated. V. The gallery is beft made of
wicker-work, and fhould be at leaft three
feet high and 18 inches broad. The inner
baluftrade of this gallery is faftened to the
neck of the machine, and the upper edge of
it needs not be more than three feet from
the fpherical furface of the machine; and,
as the cylindrical produion is not to come

lower than the bottom of the gallery, it

follows, that the length of this production

- is about 6 feet. The external baluftrade of

-the gallery is beft faftened by ropes pro-
ceeding from the very top of the machine,
all along the outfide of it; and thofe ropes,
from the equator of the machine upwards,
fhould be interfeGted by crofs ropes, making
2 kind of net-work. VI. The fire-place

T 2 is
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- is beft made of iron; and it thould confift

of iron wire, or rather of bars not very flen-
der, becaufe it has been obferved, that when
the machine is in the atmofphere, the fire
burns with fuch rapidity as to confume the

 fine iron wire very faft. - The diameter of

the grate thould be rather lefs than one
third of the diameter of the aperture. The
grate may be fupported by iron chains pro-
ceeding from the upper part of the inner
baluftrade of the gallery, and it thould not
ftand higher than about a foot above the
edge of the cylindrical producion, which
terminates with the bottom of the gallery.
VII. In the neck of the machine, and juft

over the edge of thé gallery, port-holes

muft be cut, through which the fire is fup-

plied with fuel, and which at the fame time

may ferve to give air to the fire; for fome-
times, efpecially when the grate is placed
too high, the fire will not burn well, for
want of a proper fupply of frefh air.

It is evident that thefe remarks are not

fufficient for any perfon' who wants to con-
ftru& fuch a machine; but the prefent ftate

of
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of knowledge, relative to the fubje&, does

not admit of more precife rules, and even

. thofe mentioned above may admit of con-
fiderable variations ; ; experience, and the
- ingenuity of the operator, muft fupply. the
deficiencies fhewn by daxly ptaﬁlce,

The mﬂammable -air balloons may bc
conftruted thh much more certainty and
 precifion than the other fort, of aeroftatic
- machines. The pieces, of which a balloon

of this kind is to be formed, muft be cut

when the varnifh is fuﬂ1c1ently dry. In
order to join them together, the edges « of
two pieces are laid flat againft each other,
for about the depth of half an inch or a
little more, then they are once folded, both
, together, and are . ﬁltched in that fituation,
which naturally forms an elevatxon or ridge,
~ which remains towards the infide of the

balloon ; but a better, though not the quick-

eft way of joining the pieces of a balloon,
is to lay about half an inch of the edge
of one piece over the edge of the other,
and thus few them by a double ﬁltchmg
This method is clearly thewn in fig. g of

Ty T phate
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plate I; where ABCD is one picce of

filk, E F G the other; and’ the two dotted
lires thew the double ftitching.

To the upper part of the balloon there
muft be a valve, which opens within; -
a firing that proceeds from it, and paffes
through the balloon, goes to the boat fuf-
pended below it, from whence the aeronaut
may pull it, &c. This valve ferves to let
the inflammable air out of the baloon ; and

- may be conftruéted in the following man-
‘ner.  See fig. 10, of plate I.-—A brafs plate
A B, has a hole CD, in the middle, about
2 or 3 inches in diameter, and is covered
on both fides with ftrong and fiooth
Yeather. On the part of it which is to go
within the balloon, there is a fhutter E,
likewife of brafs, and covered with leather;
its office is to clofe the hole CD, fo
that it muft be about two inches larger
in diameter than the hole. It is faftened

~ to the leather of the plate A B, by means
of a production of its own leather, on one
fide of it; and is kept againft the hole by
means of a fpring, which needs not be
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very ftrong, fince, when the balloon is
full of inflammable air, the elafticity of
the gas itfelf will help to keep it thut. A
firing faftened to this fhutter muft pafs
quite through the balloon, and come out’
of it through a hole ‘made in a fmall round
piece of wood that is faftened to the loweft
part of the balloon, and diametrically op-
pofite to the valve.—~No great lofs of in-
flammable air is to be apprehended thro’
this hole, not only becaufe it is fmall, but
alfo becaufe it lies at the loweft part of the
ballooh, towards which the inflammable
air never preffes, except when the balloon
is quite diftended. - A fmall ftring thould
be placed from the fhutter to the plate AB,
and of fuch length as will not allow the
thutter being opencd beyond a certain de-

gree.. \
From the aipper part of the balloon, -
where the plate A B with the valve is to be
applied, the filk maft be cut off, making a
hole about 6 or 8 inches in diameter; and
to this hole the plate with the valve is thus
apphcd —Lct the leathers, which cover the
T 4 plate
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plate A B. be fewed together, clofe to the
edge of the plate, but then projecting a-
bout 6 inches farther all round : let the filk,
viz. the edge of the hole at the top of the
balloon, be enclofed between the two lea-
thers, and thus be fewed all three together,
viz. the filk in the middle, and the leather
on each fide of it, with a double ar treble
row of ftitches.

 To the lower part of the balloon two
tubes of the fame ftuff muft be attached ;
each. of them may be fixed about two
or three feet from the lowermoft point
of the fpherical furface. Their diameters
fhould be at leaft fix inches for a balloon of
30 feet, but much larger for a balloon of
40 feet or .upwards ; and their length
fhould be fuch as that their extremities
may reach the boat, that is to be fufpended
to the balloon.—8mall balloons, viz. lefs
than about 18 feet in diameter, are made
with one fhort tube or neck. ‘Thefe tubes
are the apertures through which the in-
flammable gas is introduced into the bal+
Joon. ‘ :

‘ Befofc
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Before the plate with the valve is placed
at the top of the balloon, it is proper to
put fome varnith on the feams  within the
balloon, in order to ftop up, as much as -
poffible, the needle-holes. It may be done
by turning the infide of the balloon out-
ward. - At leaft, it would not be ufelefs to put
fome varnifh on the outfide of thofe feams.

" The i)oé.ts for fuch balloons have been
made of various materials, and in different
thapes, nor does it feem neceflary to be con-
fined to one conftru&ion, prowdcd it be
made fufficiently ftrong and fafe, in cafe of
accident, as if it were to fall upon water,
&c. It would be very proper to make
it of wickerework, and to cover it with
leather, either well pait{ted or varnithed
over. Thus it would be light, it would
- float very well upon water; and, in cafe

of afall, or of firiking againft any thing
‘hard, it Would not caﬁly break.

The propereft method of fufpcnding the
boat, 1s by means of ropes proceeding from
the net which goes over the balloon. .

: . The

-
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The net muft be formed as much as pof-
fible to the fhape of the balloon, and fhould
go as far down as the middle of the ma-
chine; from whence various cords proceed
to the circumference of a circle®, about
two feet below the balloon; and from
which the fame or other ropes go to thc
adge of the boat.

Count Zambeccaii, who has 'made a
beaatiful balloon, with which he intends
fhortly to afcend, made the net of it fo,
as to have its mefhes {mall at the top of the
balloon, and to increafe in proportion as
they recede from the top. This judi-
cious contrivance not only appears more
beautiful, but likewife adds greater ftrength
to thofe parts of the balloon, againft which
the inclofed inflammable air exerts the
greateft preflure.

- In the firft aerial voyage made in an in-
flammable-air balloon, and in a few others,

* This circle may be made of weod, or rather of
many pieces of flender cane bound together. Its di-
ameter may be about three or four feet, for a balloon
of about thirty. ‘

. a hoop



PrACTICE ¢of AEROSTATION. 283

_ a2 hoop was put round the middle of the
balloon, to which the net was faftened;
. but afterwards the ufe of it was fuperfeded,
upon the perfuafion that it was ufelefs. In-
deed, there feems to be no abfolute ne-
ceflity for it; but it appears very evident,
that the balloon muft be lefs confined when
a hoop-is round it ; whereas, without the
- hoop, the ropes not only rub againtt it, but
generally prefs it into an oblong form. This
hoop may be made of flender pieces of
" cane bound together, and covcrcd wuh lea~
ther

CHAPTER 1IV.

Of the varisus means, cither ufed or propofed,
Jor rasfing bigher, or lowering, the aero=

Satic machines, and Kkewsfe for dzreéimg
them.

TH E method generally ufed for ele-

vating higher, or lowcrmg, the aero-
ftatic machmes with rarefied au-, has been

the:
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the augmentation or diminution of the fire,
which is entirely at the command of the
aeronaut, as long as he has any fuel in the

gallery. This method is fo natural, fimple,

and effeGual, that there feems to be no need
of ,\nveﬁigatmg any other,

T-he.mﬂammableealr balloons have been
generally raifed and lowered by diminithing
the weight in the boat, and by letting out
fome of the inflammable air through the
valve ; for which purpofe it is neceffary,
that a confiderable quantity of ballaft be
put into the boat on firft afcending, and, as
the inflammable air is continually efcaping
~ out of -the machine, part of the ballaft muft
be thrown out from time to time, in order
to keep the machine up. It is plain, that
this inconvenience will be leflened in pro-
portion as the ftuff, of which the balloons
are made, is improved, fo as to be rendered
lefs, or entirely, impermeable to the in-
flammable air.

If the perfon, who travels with an in-
flammable-air balloon through the atmo-

"I ' - fphcrc,
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fphere, throws out juft fo much . ballaft as
will prevent its defcent, a well-made bal-
loon will be feveral hours 'before it lofes
100 pounds of its levity ; but if, by various
defcents and afcents, fome inflammable air,
and fome ballaft, be alternately thrown out,
the machine will prefently become too
heavy to float.

. If in the atmofphere there were any
thing heavier than common sir to be found,
the aeronaut willing to defcend lower; in-
ftead of diminifhing the levity of the bal-
loon, by letting out the: inflammable air, .
might increafe its weight, by taking in a
proportionate quantity of that fubftance ;
which he might again throw out when he
wanted to afcend ; thus the machine might
~be kept up much longer than otherwife: but
as in the atmofphere there is nothing but air
‘that can be eafily taken into a bag or other
veflel, and as that air would not increafe
the weight of a bag, except it were-con-
denfed and rendered fpecifically heavier than
an equal bulk of the circimambient air;
therefore it has been propofed to condenfe

2 . the
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the air in a veflel annexed to the balloon,
by means of a fyringe or a good: pair of
bellows, and thus to increafe the weight of
the machine, when required to lower it ;

and to expel ‘this comprefled common air_
again when required to reafcend. For this

purpofe, the veffel or bag, in which the
air is to be condenfed, muft be very ftrong
and very large, confidering that the weight
of a cubic foot of common air is little more
than an ounce ; fo that fuppofing the capa-
city of the veficl to be equal to 20 cubic
feet, and that a double atmofphere were
condenfed in it, viz. twice as much air as
its capacity would contain without any
condenfation, then the weight thus added
to-this veflel would barely amount to one
pound and a half; and the endeavour ex-
erted by the elafticity of the condenfed air
againft the fides  of the veflel would be
above ‘14 pounds for every fquare inch of
furface ; to refift which the veflel ought to
be confiderably ftrong.

In order to ftrengthen fuch a veffel from
without, by means of fomething which did
not

1 3
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not add any weight to the balloon, it has
been propafed to inclofe one balloon withia
another, to fill the outward balloon with
inflammable air, and the inner one with
common ‘air, through a tube made to pafs
through. the invelope of the outward bal-
loon ; for the inflammable air, prefling on
the outfide of the inner balloon, would
ftrengthen it, {o that the common air might
be in a great mesfure condenfed in it, &c.

- This method is certainly very ingenious ;
but, if we confider the trifling weight,
" which may be thus added to the balloon,
the time required to throw into the inner
balloon, or other veflel, fuch a quantity of
common air as would weigh eight or ten
pounds, and the apparatus required for it,
we may eafily perceive that this method
may be applied only when the balloons are
fo far improved, and rendered impermeable
to the inflammable air, as to be raifed or
lowered by adding or removing the weight

of a few ounces, or at moft a pound or
two*, ,

Another

# Befides the efcape of the inflammable air, or the

throwing out of the ballaft, there is amother very

powerful

wwger—pral

Y




288 PracTiCE of AERGSTATION.
Another ingenious’ fcheme for lowering
~or raifing higher an aeroftatic machine is
the following w—It has been propofed to
puta fmall aeroftatic machine with rarefied
air, under an inflammable-air balloon, by
means of ropes, andfo diftant from it as
that ‘the fire of the former might not
inflame - the inflimmable -air of "the lat-

ter; for which purpofe the diftance of '

about 30 or 40 feet would be fully fuffi-
cient. The boat or gallery ought to be
placed fo near the rarefied-air machine,
as that .the aeronaut might eafily regulate
the fire of it. With this apparatus, it is
plain that the whole machinery might be
raifed higher, or lowered, by only increafing
or diminifthing the fire in the lower aero-
ftatic machine. This method has not, as
far as I know, been tried yet, but feems to
be promifing of fuccefs.

- The ballaft hitherto ufed for aeroftatic
machines has been generally fand, which is
powerful caufe, which occaﬁons the balloons to rife

or fall. This is the condenfation and rarefation of
the inflammable air, arifing from heat and cold, and

which very commonly produces an effect equal to

many pounds weight,
certainly
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certainly very proper, not only on account
of its confiderable weight, and no great

bulk, but likewife, becaufe in falling upon

any perfon, or any brittle thing, it eannot

occafion "any damage. - Water would be

equally proper, if it were not fubjed to be

congealed by the cold, which is generally

met with in the upper reglons of the atmo-

fphere. ..

- The wings or oars frequently ufed with
the boats of inflammable-air balloons, feem
to have helped the afcent or defcent of
the machine very little or nothing ;" and at
moft, they may have juft prevented the fall
of the balloon upon fome particular difad-
vantageous {pot, as a tree, a houfe, &c.

It thould be confidered, that a balloon in-
the atmofphere does not defcend or afcend
exactly like a piece of iron or wood in wa-
ter, becaufe the atmofphere is of different
degrees of denfity within very fhort dif=
tances, which is not the cafe with a quan=
tity of water ; hence, if a picce of iron, or
othct fubftance, fpecifically heavier than

L water,,
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water, being left upon the furfice of that
fluid, defcends a few inches, it will con-
tinue to defcend as far as the bottom'; and
if a piece of wood, or other fubftance, lighter
than water, rifes a few inches above the

. bottom of a veffel full of water, it will

continue to rife as far as the furface of the
water. But a balloon which could be juft
made to defcend a few feet lower, from the
height of 1000 yards, by the addition of one
pound weight, would require’ more and

" more weight in order to defcend lowes

and lower, becaufe, if the air at 1000 feet
height is too rare to fupport it, the air at
the height of goo yards is juft fufficiently
denfe to keep it up, the air at 8oo yards is
more denfe than fufficient to fupport it, and
fo on:  the contrary may be faid of the
balloon’s afcenfion. Flence it appears, that

if the a&ion of the wings is hardly capable.

of caufing it to defcend or afcend a few feet,
it muft be much lefs capable of lowering or
raiﬁng it through a grcatcr diftance.

The means propofed for dire&ing the
acroftatic machines honzontally, have been
AUMErQUS
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numerous indeed,’ efpecially fince the A-
cademy of Lyons offered a premhium to

‘the author of the beft Effay on the fub-

jet. Some: of thofe projects have been
built upon evidently wrong principles,
others are of a very doubtful and complis
cated nature; but there are a few which
deferve to be examined, tried, and perhaps
improved. - Of the firft fort are thofe, which
propofe annexing fails to the balloon, or
other machinery to be moved by the wind ;
fince the aeroftatic machines, bemg at reft
with refpe&t to the air that furrounds
them, feel no wind, and confequently the
fails cannot poﬁibly at.

The comparifon of the veflels at fea, is
generally ufed to explain the fuppofed ac~

tion of the wind on the fails of a balloon ;
but the cafe is quite different, becaufe the
fhip at fea will, in any cafe, move with a
velocity incomparably lefs than that of the

wind that impels it, and therefore the .
difference between the velocity of the wind

and the velocity o‘f the fhip, is the real
wind felt by the fails. If it be’ afked,
' Uz What
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What prevents the veflel moving with the
fame velocity of the wind ? the anfwer is,
The refiftance of the water. But a balloon,
finding no refiftance, acquires the fame ve-
locity with the furrounding air, and there-

* fore it can feel no wind. '

The moft rational proje&ts for directing
an aeroftatic machine, are thofe which pro-
pofe to exert a force or endeavour againft
the ambient air on one fide of the machine,
by which means the machine would be
moved in the oppofite direction; and in-
deed this feems to be the only principle
upon which we may depend, and upon
which experiments and contrivances fhould
be mrade. '

It has been propofed to puth againft the
air on one fide of the machine, by means
_of the ftream iffuing out of an eolipile, or
fire-engine, in order to move the machine
the oppofite way; but it is apprehended
that the weight and bulk of the appara-
tus would be too great, in proportion to

the effe that might be expected from it.
I It
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It has been propofed to produce the fame
effe&t by means of gun-powder; for in-
ftance, by rockets faftened to the machine,
and fired fo that their ftream might be op-
pofite to the courfe intended ; but it would
be dangerous to apply thefe too near the in-
flammable air of a balloon filled with it.—
However, the effe¢t that might be produced
by this means deferves to be examined.

Oars or wings are the only means of this
fort that have been ufed with fome fuccefs ;
and thefe feem to be capable of confiderable
improvement, tho’ perhaps they can never
be expe&ed to produce a very confiderable
effe, efpecially -when the machine goes
at a great rate; however, it would be of
" very great advantage, if they only impelled
the balloon 30 or 40 degrees from the
direGtion of the wind *, The beft me-

* The very little effect which thofe wings have
produced, with refpect to the motion of a balloon,
fhews how difficult, if not impofiible, it would be, not
only to move along, but aifo to raife up the weight
of a man, by means of wings alone, however mecha-
nically they may be contrived.

U3 thod
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thod of moving thofe oars or wings is by
the immediate ftrength of a man, dpplied
nearly in the fame manner as'is ufed for the
oars of boats an water ; every other com-
plication of mechanifm feeming rather to
hinder than to help the effe *. v

The fhape of thofe wings has been made
different almoft in every trial, nor do I
mean to recommend any one in preference,
fince no decifive trials, which might au-
thorize it, have hitherto been made.  But
it is neceflary to obferve, that they thould
~ be made as large and light as can be con- |
veniently managed, and might at the fame

~ time be fufficiently frong.

,> * About 30 years ago, the Rev. Mr. Wilkie, Pro-
feflor of Natural Philofophy, propofed, that in a
fcheme of flying by mechanical means, the artificial
wings might be fo contrived as to be moved, not by the
hands, but by extending the legs, the ftraps or ftrings
which pulled them down being faftened to the feet,
becaufe, by this means, a much greater power might
be exerted. See Defagulier’s Experimental Philofo-
phy.—A mechanifm contrived on this principle might
be ufed for moving the wings of a ballong

They
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They may be made, in general, of filk
ftretched between wires, tubes, ‘or fticks ;
and it muft be remembered, that if they
are flat, they muft be turned edgeways,
when they are moved in the direGion in
which the machine is intended to be im-
pelled, but flat in the oppofite direction.

Fig. 11. of plate I. is the reprefentation
of one of the wings ufed by Mr. Blanch-
ard. Fig. 12. is one of thofe ufed by Mr.
Lunardi, which confifts of many filk thut-
ters or valvess ABCD, DECF, &c.
every one of which opens on one fide only;
viz. ADBC opens upon the line A B,
DECF opens upon the line DC, &c.
In confequence of which conftru&ion, this
fort of oars do not need being turned edge-
ways. Fig. 14. reprefents one of the wings
ufed by the brothers Roberts, in the aerial
~ voyage of the 19th Sept. 1784. Andfig.13.
reprefents one of the wings conftru&ed by
Count Zambeccari, which is nothing more
than a piece of filk ftretched between
two tin tubes fet at an angle; but thefe

wings are {o contrived as to turn edgeways
U2 by
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by themfelves, when they go in one direc~

tion.

" The greateft effect prodhcéd by the
~wings of an aeroftatic machine, was in.

the above-mentioned voyage of the Ro-
berts : and the remarks made in their ac-
count are fo juft *, that I have nothing fur-
ther to add, excepting the defire that thofe,
as well as any other fort of wings or im-
pulfive power, were tried in ftill air. A
large hall, a church, or the like, might

fuffice for the experiment. When their-

" real power has been once afcertained, it will

be eafy from thence to calculate how faran

aeroftatic machine may be made to deviate
from the dire&ion of the wind, when
going at a known rate, For inftance, fup-
pofe that the machine, ¢ither by the action

of wings, or by other means, may be made -
to move from A to B, fig. 15 and 16, ina

given direCtion; and fuppofe that, by the ac-~

tion of the wind alone, it would move from -
B to C; it is plain, that by both powers to- -
gether, the machine would be impelled in -

* See page 168.
a8 come
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a compound dire@ion, and at the end of
that given time it would be found at D,
having percurred the diagonal BD of the
parallelogram, which, when the two forces
are in the fame, or in quite oppofite direc~
tions, becomes one right line ; and then the
two forces would be either added or fub-
tracted from each other,

A helm has fometimes been ufed with
the boats of aeroftatic machines; but it
does not appear that it had any particular
power of direcing its courfe; and indeed
it feems as if it could have none, when the
machine is only moved by the wind, be-
caufe the circumambient air is ‘at reft with
refpe& to the machine, The cafe is quite
different with a veflel at fea, becaufe the
water, over which the veflel floats, ftands

ftill, whilft the veflel goes along.

CH A P-
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CHAPTER V.

Manner of filling large acerofiatic machines
exemplified.

HE method of filling large aeroftatic

‘machines with rarefied air, has not
been brought to fuch a certainty, as the
method of filling the inflammable-air bal-
Toons; and what is exemplified in this
chapter, is only the refult of what the
greateft number of fuccefsful experiments
feems to point out as the beft hitherto
known.

A fcaffold ABCD, fig. 1. pl. IL. is raifed
about 6 or 8 feet above the ground, the fize of
which muft be in proportion to the diameter
of the balloon, its breadth being at leaft equal
totwo-thirds of the diameter of the machine.
In the middle of this ftage is a well EF,
which goes as far as the ground, where it

| | has
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has a door or two, through which the fire
that is made within the well is fupplied
with fuel, &c.. Above the fcaffold, the
well fhould be raifed about two or three
feet, though fometimes it has been made
to terminate even with the fcaffold. The
diameter of the well ought to be a little
fmaller than the neck of the machine, and
it would be proper to build it very flightly
with brick ; but if made of wood, it muft
be well plaiftered, fo as to prevent its being
burned. :

The fire within the well may be made
quite on the ground ; but it would be bet~
ter if it were raifed a foot or two from the
ground, in order to give it more air,

Two mafts, HI, KL, are fet ftraight
up, one on each fide of the fcaffold, having
each a pulley at the top; and they fhould
be rendered more fteady, (efpecially to pre-
vent their bending towards each other) by *
means of ropes, GK, KP, HP, GH. .

‘When
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When the aeroftatic machine is to be
filled, the gallery being faftened to it, is
fituated on the fcaffold and round the aper-
ture of the well, fo that the neck of the
machine juft coincides with it. A rope that
pafles through the pullies of both mafts, and
through a ring or ftrong loop at the top
of the machine, ferves to lift the. balloon
about 15 feet or more above the fcaffold,
when its extremities are pulled. The reft of
the machine is fprcéd over the fcaffold, in
the manner indicated by the dotted repre
fentation MN O. About the equator of the
machine, rings or loops fhould be adapted,
thro’ which ropes are pafled, which, when
the machine is filling, are held by men
ftationed round the fcaffold, and ferve to
prevent not only its being agitated by the
wind, but likewife its afcending before the
proper time.  As the ropes run freely thro’
~ the rings, when the machine is to afcend,
~if the perfons that hold them let go one
end of each rope, and pull the other, the
rope will eafily flip through; and in the
fame manner the rope which paffes over
the machine is difengaged, when the ma-

chine
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chine is fo far filled as to fuftain itfelf, which
will take place within a few. minutes:after
lighting the. fire. Things being thus pre-
pared, the fire is lighted in the well; and
here it is proper to take notice, that it is not
the fmoke, but the hot air, that is required to
be introduced within the machine. Indeed
the fmoke cannot be prevented entering
into it 5~ but my meaning is, that the com~
buftibles fhould be chofen with a view to
their burning quick and clear, rather than
of producing a great deal of fmoke. Small
wood and ftraw have been found to be very
fit for this purpofe *, ' o

The fire determining a current of hot air
upwards, the machine is prefently” fwelled,
and will lift itfelf up from over the fcaffold,
and from over the gallery, which hitherto

* In confequence of feveral experiments made by
the author, with fmall aeroftatic machines fufpended
to one end of the beam of a balance, it feems that
fpirits of wine is upon the whole the beft combufti<
ble, ‘not only to fill the machines of this fort, but
alfo to keep them up ; but its being very dear, will
perhaps ever prevent its being ufed for large mas
chines, ' R :

had
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had been entirely covered by it. ‘Then the
pafiengers, fuel, infiruments, &c. are placed
in the gallery. When the machine fhews
. evident efforts to afcend, the ropes round
it muft be fo managed, by thofe who hold
them, that the aperttire of the machine may
- be brought fideway of the well, a little

above the fcaffold. There the fire-place

is quickly fufpended in it; the fire, which
muft be all quite ready, is lighted in the
~ grate,and, the lateral ropes being flipped off,
the machine is abandoned to the air.

Fig. 2, of plate II. is a reprefentation of
fuch a machine in the atmofphere.

In eftimating the power of thofe ma-
chines, it muft be obferved, that by the moft
accurate experiments, made with large as

1

well as with fmall machines, fufpended un-

der one {cale of a balance, and their power
examined by weights put in the oppofite
. fcale, it appears, that only one third of the
- commeon air can be expelled from the large
~machines ; fince the utmoft fire that can be
made in the fmall machines, will not expel

above

/
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" above half the contained common air ; and
it is therefore evident, that in thelarge ma-
chines, wherein the fire cannot pofibly be
made proportionably fo ftrong, not above
one third of the common air can be ex~

pelled by rarefaction. At moft, the levity, -

~ or the afcending power of the rarefied air
in them, can he only eftimated as equal ta
half an ounce averdupoxfe for every cubic
foot. ' :

In order to fill an inflammable-air bal-
loon, the quantity of materials neceffary

for the production of inflammable air muft

be firft confidered; then the reft of the
apparatus, which principally confifts of the
cafks that are to ‘contain thofe materials, is
eafily determined.

Suppofe that the balloon is 30 feet in di-
ameter, then its capacity is 14137 cubic
feet; and for the production of fuch a bulk
of inflammable air, there are requmed about
13990 pounds of iron turnings, 3900 pounds
of vitriolic acid, and’ 19500 pounds of
watcr, As the balloon fhould not be abpve.

. 10 . three
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three quarters'filled, it is evident that the
above-mentioned quantities are rather great~
er than required ; but it:is always proper
to have more materials than what are juft
fuiﬁcxent. -

Fig.' 3, of plate II, reprefents the ap-
paratus. A A are two tubs, about 3 feet
in diameter, and nearly two feet deep,.
inverted in larger tubs, BB, full of wa-
ter. In the bottom of each of the in-
verted tubs a hole i$ made, and a tube E,
of tin, is adapted, which is about feven
inches in diameter, and feven or eightvlomg.
—To thofe tubes, the filken tubes of the
balloon are to be tied, Round each of
the tubs B, five, fix, or more ftrong . catks
are placed *; in the top of each, two
“holes are made, and to one of thofe holes
a tube of tin is adapted, and fo fhaped that,

- # The number of thofe cafks is not very material ; .
but if they are few, they muft be the larger; in
fhort, their capacity and number fhould be fo regu--
lated, as that, when the whale quantity of materials
is equally divided among them, each cafk might be-
vather lefs than half full,

paﬂinz-
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pafling over .the edge of the tub B, ‘and
through the water, it may terminate with
its aperture under the inverted tub A,
The other hole of thofe cafks ferves for
the introduction of the materials, and is
- ftopped with a wooden ‘plug. The tin
tubes of the cafks need not be larger than
3 inches and a half in diameter ; and the
other holes may be {maller.

Two mafts, with a rope, &c. are ufed for
this as well as for the other fort of aero-
ftatic machines; though with this there is
no ‘great need for them, becaufe, if by
means of a narrow fcaffold, or otherwife,
the balloon (no matter whether all extended
~ or not, provided it be not much folded up)
is elevated five or fix feet above the level of

the tubs A, A, that is fully fufficient.

When the balloon is to be filled, put the.
net over it, and let it be fufpended, as thewn.
by CDF; and, having expelled all the com~
~ mon air from it, faften its filk tubes round
the tin tubes E, E *; then put the juft pro-

portion

* This balloon fhould be fteadied by means of la-
teral ropes, like the rarefied-air machines; but in this

X the
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portion of materials into the cafks, begin~
ning with the iron, next pouring in . the
water, and laftly the vitriolic acid.

The inflammable air generated will im-
'mediately begin to fwell the envelope, and
in a fhort time the balloon will .be capable-
of fupporting itfelf in the air, without any
need of the rope G H, which may then
be flipped off. As the balloon continues
to be filled, the net is adjufted properly
round it; the cords that proceed from it.
are faftened to the hoop M N ; then the
boat I K, being placed betweenthe two
fets of cafks, is faftened to the hoop M'N,
and every thing that is required to be fent
up, as the ballaft, inflruments, &c. is placed -
in it. Atlaft, when the balloon is little more
than three-quarters full, the filken tubes
are feparated from the tin tubes of the in-
verted tubs, and, their extremities being
tied up, are placed in-the boat. Lattly,
the aeronauts being feated in the boat, the

the rings or loops for the lateral ropes muft be fixed

upon the net, and not upon the ftuff of the balloea
itfelf, -

F S | lateral
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lateral ropes-are flipped off, and the ma-
chine is abandoned to the air. :

Fig. 4, of platé IL. exhibits a view of
an inflammable=air balloon in the atmo-«
fphcre.

'In eftimating the power of thofe aero-

ftatic machines, the afcending power of the
inflammable air fhould be confidered as
equivalent to one ounce averdupoife for
every cubic foot, which is juft one-fixth of
the weight of common air; for though

the inflammable air itfelf may be fomewhat

lighter, yet, as it is almoft impoflible to
prevent fome common air from entering the
balloon, or fome moifture, &c. it is always
more fafe to undervalue than to over-rate.
the power of the machine. If, therefore,
an inflammable-air balloon, the capacity of
which is 12000 cubic feet, is filled three-
quarters with inflammable air, from iron
and diluted vitriolic acid, the afcending
power or levity of that gas may be fafely
eftimated at gooo ounces, or §62% pounds
weight; from which the weight of the

X2 envelope,
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envelope, boat, ropes, &c. mu& be fub-
tracted. ’

I ﬂ)all conclude this chapter with a fhort
enumeration of thofe things which have
been found peculiarly ufeful, or wanting, in
an aerial voyage; though this is impoffible to
be done with precifion, or very extenfively,
fince what is ufeful to one perfon, and in one
climate or feafon, may be ufelefs to another,
under different circumftances. This is par-
ticularly the cafe with philofophical inftru-
. ‘ments, - which are entirely ufelefs, if the
acronaut is not fuﬁiaently {killed in the ufe

‘ Clothes fufficient to defend from a con-
fiderable degree of cold are neceflary, and
acloak of varnithed filk would be very ufe-
ful in paffing thro’ fogs, clouds, and mifts.

As for refrefhments, there is no need to
mention them, fince hardly any acronaut
will forget them. |

Some ropes, and a hook fomewhat like
an anchor, are very ufeful in defcending,
particularly

!
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. particularly to prevent the machine re-
bounding.

A fpeaking trumpet has been likewife
found ufeful.

A memorandum book and pencil thould
be alfo ufed, for fetting down the occurren-
ces that are worth notice.

The inftruments for obfervations are
principally the following, provided the
acronaut knows how to ufe them :==A
watch that thews feconds; a good barome-
ter, fuch a one as is ufed for meafuring the
heights of mountains’; a couple of thermo-
meters, a hygrometer, a magnetic eompafs,
a telefcope, a fextant, and an ele@rometer.
As for other inftruments, they muft be pro-
vided according to the various experiments
that are intended to be made

Cu - X3 CHAP‘
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CHAPTER VI

Experiments and obfervations proper to be
made in the cosrfe of an aerial voyage.

1O enable an aeronaut to make philo~
fophical experiments and obferva-
tions in the atmofphere, there is required a
confiderable knowledge of natural philo~
fophy and mathematics, and likewife fome
experience in performing experiments ;
therefore this chapter cannot contain any.
thing more than the bare mention of ge-
neral and more eafy experiments, without
explaining the theory of their principles,
or defcribing the particulars of the prac-
tice, |

The principal objecs to be determined by
the acronaut are, his height above the fur-
face of the earth, and when he is afcend-
ing or defcending ; which are done by the
barometer.—As for his afcending or de-

- fccnding,
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fcending, that is immediately indicated by
the defcent or afcent of the quickfilver in
the barometer; but for determining the
})cight, there is required g good deal of cal-
culation, which is beft done after the de-
fcent; and whilft in the air, the aeronaut
thould only fet down the different heights
of the barometer, and at the fame time the
degrees of heat indicated by the thermo-
meter.

In order to find out the height of one
place above another, by barometrical obfer-
vations, two barometers and four thermo-
meters are required, viz. by one barometer
and two thermometers fet in each place;
a thermometer being attached to each ba-
rometer, which ferves to fhew the expanfion
of its mercury, which is generally of a dif-
ferent degree of heat from that of the
furrounding air, The other thermometer
ferves to thew the heat of the air,

The height of the quickfilver in both
barometers, and the degree of heat of all
~ the four thermometers, thould be obferved
X 4 at
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at the fame time, becaufe, if one is exa-
mined before the other, the gravity of the
atmofphere may have varied in the mean
time, and then the obfervation would be ufe-
lefs. But as thefe cotemporary obfervations
cannot be always made, in the cafe of an
aerial voyage, the beft that can be done is
to obferve the barometer and thermometers,

before the acronaut afcends, and then, com-

paring this obfervation with thofe made in
the atmofphere, he may find his height very
nearly.—If by means of fignals, or by ap~
‘pointing the time, a perfon was to obferve
upon the earth, at the fame time that an
aeronaut obferves in the atmofphere, it
would be much better.

I thall now proceed to defcribe the me-
thod of eftimating the height of one place
-above another, fuppofing that a barometer
and two thermometers, viz. an attached and
a detached one, are obferved at the fame
time in each place.

RuLe
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Rure .. For correcling the effeét of ex-
 panfion and contraction of the quickfilver in
 the barometers. '

A column of quickfilver, 30 inches high,
is increafed in length 0,0032 of an inch,
by the effect of one degree of heat, accord-
ing to Farenheits thermometer; and con-
fequently, every one of thofe 30 inches is
increafed o,0001067 of an inch by one
degree of heat.

If the barometers to be correed differ
. very little, as about one inch, or one inch
and a half, from 30 inches height, mul-
tiply the quantity of expanfion for one
degree of the thermometer (viz. 0,0032)
by the difference of the two attached ther-
mometers. 'Thus, if that difference is 3°,
‘the produét is 0,0096. Add the produ@
to that barometer, the attached thermo-
meter of which ftands loweft, and you have
the equated heights of the barometers. If
the barometers differ three or four inches, or
more, from 30 inches height, then the effe®

of



314 PrAacTICE of AEROSTATION.

of expanfion occafioned by one degree of
heat, viz. 0,0032, on a column of 30"
inches, fhould be diminithed proportion~
ably.

Now, the difference of the common lo-
garithms (omitting their indexes) of the
equated heights of the mercury in the two
barometers, thews the firft difference of al-
.titude between the two places, in fathoms
and thoufandth parts, obferving to reckon
the three right-hand figures as decimals * ;
“which being multiplied by fix, is reduced
into feet, and decimals of a foot,

N. B. The logarithms to be ufed for
this purpofe muft confift of feven places of
figures. ‘

Rurr II.  For correiting the efect of ex-
panfion and contraélion of the tolumn of air
between the upper and lower barometer.

If the mean heat, thewn by the two de-
tached thermometers, be 32°, no correction

¢ This is the fame thing as to divide that differ-

ence by 1000. .
18
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is to be made; the height found before
being the true anfwer. But if the mean
‘heat be greater or lefs than 32¢, then take
the difference between it and 32°, and mul-
tiply that difference by 2,4 (viz. two and
four tenths): multiply the height already
found by the produ@ of this multipli-
cation ; then divide this laft product by
. 1000, and the quotient will be a. number
of feet and decimals of a foot, which muft
be added to the height already found, if the
mean heat was greater than 32°, but if lefs,

it muft be fubtraced from it; and thus you
will have the required height or perpendir -

cular diftance between the two places.

EXAMPLE. Suppofe it be required to

find the height of a hill from the following .

obfervanons.

" Attached Detached
Thermometers, ‘Thermometerse
Barometer at the

foot of a hill }29’988 Inch 65} .63.
Barometer at the nches
} 1974

fop of the hill 62 57
Difference of attached thcrmomcters,
thrce degrees,
Equated
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Equated barometers, according to rule

the firft {29’988 and their logarithms,

28,9836

without the indgxes, 122?1;-3; } ; the dif-

ference of which, divided by 1000, is’

147,982, and being now multiplied by 6,
gives the altitude of 887,892 feet : which
muft be corre&cd by the followmg opera-
tion : .

Mean of the detached thermometers 6o°:
the difference between' which and 32° is
28°, which, being multiplied by 2,4, gives
67,20 3

Multiplying 887,892 by 67,2 (which is
“the produét lat found) and dividing the
produc by 1000, we have 59,666 3424 for
the fecond corre@ion; which, added to
the altitude found above (887,892) gives
947,558 feet for the required height of the
hill,

~ Befides the barometer, the height of a
balloon may be afcertained by other means,
and efpecially by obfervmg the angle which
the
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the horizon fubtends at the eye of the.
aeronaut, by means of a fextant or. quadrant.
Thus, fuppofe that ABCD, fig. 5, plate II.
reprefents the carth, and F the place of the
aeronaut, who obferves the angle AF C, the
half of whichis EF C. Butbecaufe FE is
perpendicular to the point B of the earth, it
muft pafs through the center E; and becaufe
F C is a tangent, and E C a radius, ECF
is a right angle, and confequently all the
three angles of the triangle FCE are
known. - But E C is equal to the femi-dia-
meter of the earth, therefore by trigono-
metry the fidle FE may be found ; from
which take away BE, equal to the femi-
diameter of the earth, and the remaindecr
is F B, viz. the required height.

It thould be obferved whether a telefcope,
that magnifies about 100 times, may be
kept fteady enough for obferving celeftial
* "obje&s from the gallery or boat of an aero-
ftatic machine, and whether it thews thofe
obje@s much clearer from a certain height
above the earth, when the vifual ray muft
pafs through a lefs portion of the atmo-

fphere.
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fphere. Perhaps Jupiter and’ Venus, or -
even fome fixed ftar, may be feen with the
naked eye in the day-time.

The air at different heights fhould be
put in bottles, and its quality fhould be
afterwards afcertained. .

The elecricity of the higheft regions of
the atmofphere fhould be attentively and
repeatedly examined, in refpec to its qua-
lity and intenfity ; though it may be doubt-
ful whether the eleGtrometer will a& at all,
as the balloon ftands infulated. ‘

It is very proper to examine whether
the compafs is fubjet to the fame varia-
tions when high up in the atmofphere,
as when ftanding on the earth. And now,
on mentioning the compafs, it is proper to
obferve, that when the aeronaut has loft
fight of any particular obje on the earth,
he cannot difcover which way he is going
by the compafs, becaufe he has no fixed
point with which he may compare the di-
rection of the magnetical needle ; unlefs it

. were
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were to be found that one particular part
of the acroftatic machine goes always be-
fore, which is not unlikely, and deferves to
be examined with attention. '

The inclination of the magnetic nee-
dle, high up in the air—the formation
of clouds, fogs, and rain—the decreafe of
gravity of bodies, by means of a fpring
weighing inftrument—the propagation of
founds—and innumerable other things, de-
ferve likewife to be attenuvely examined
and afcertained.

Laftly, it will be proper to recommend
to the aeronaut, whenever he fets down any
obfervation, to record at the fame time the
height ,of the barometer, time, tempera-
ture, and other cotemporary remarks ; for,
as ‘thofe obfervations are moftly depending
on each other, they would be ufclefs by
shemfelves.

CH AP-
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CHAPTER VIL

Ules to which Aerofiation may be applied.

T can hardly be' expe&ed, that, in, the
prefent ftate of the fubjedt, all, or even

" a few of the ufes, to which the “aeroftatic:

machines may be applied, fhould be pre-
cifely known, fince the decifive proof of

. experience has not yet been fufficiently

thewn. The moft obvious ufes will eafily
occur to any perfon of the leaft ingenuity ;
and to propofe others, of a lefs apparent na-
ture, can only ferve to give fome obfcure
and perhaps ridiculous hints to future ex-
perimenters ; I(hall therefore make this laft
chapter of my work as fhort as poffible,
contenting myfelf with a concife enumera-
tion of a few of the ufes to which the aero-
ftatic machines may be applied, efpecially
as they have been moftly already hinted at
in the preceding pages.

The
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" The {fmall balloons, efpecially thofe made
of paper, and raifed by means of the flame
of fpirits of wine, which are eafily made
. and ‘'moré¢ eafily clevated, may ferve to ex- -
plore the direGtion of the winds in the up-=
per parts of the atmofphere, particularly
when there is a calm below : theynmay-ele=
vate into the atmafphere a firing or wire, one
,‘ extiemity of which is on the earth, and by
this means they may convey down the ‘elec-
tricity of the atmofphere : they may ferve for
fignals, in various circumftances, in which
“ho other mreans can be ufed ; and letters,
or other finall things, may be: eafily fent
by them ; as for inftance, ftom thips that
cannot fafely land; -on" dccount of ftorms,
&c.—from beﬁcged: places, 1ﬂands, a,m:l the
like. : .

The larger aeroftatic machines may an<
fwer all the abovesmentioned purpofes in
a better manner; and they may befides be
ufed as a help for a'-man who wants fo af-
cend a unountain, a précipice, ‘ot to crofs
a river, 8&c.—and perhaps one:of thoofe ma-
chmcs, tied to a Boat by means ‘of a long

Y rope,
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rop_e; may in fome cafes be a better fort of
fail than any that is ufed at prefent,

The largeft fort of machines, by which

I mean thofe which can take up one or
more men, may be evidently fubfervient to
various ceconomical and philofophical ufes.
Their conveying people from place to place
with great {wiftnefs, and without trouble,
will be of effential ufe, even if the art of
guiding them in a diretion different from
the wind is never difcovered. By means of.
- thofe machines, the thape of certain feas and
' Jands may be better afcertained : men may
afcend to the tops of feveral mountains that
were never vifited before; they may be car-
ried over marfhy and dangerous grounds;
they may by that means come out of a be~
fieged place, or an ifland ; and they may,
in hot climates, afcend to a cold region of
the atmofphere, cither to refrefh them-
felves, or ta obferve the ice, which is never
feen below ; and, in fhort, thus they may
be eafily taken to feveral places, to which
human art knew of no conveyance before
the difcovery of the aeroftatic machines,

‘ ' The
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"The philofophical ufes to which thofe
machines may be fubfervient, are numerous
indeed; and it may be fufficient to fay,
that hardly any thing of what pafles in the
atmofphere is" known with preeifion, and
that pnnc1pally for want of a method of
afcending into the atmofphere. The fot-
mation of rain, of’ thunder-f’corms, of va~
pours, hail, fnow, and meteors in general
require to be attentlvely exammcd and af-
certained. The aion of the barometer;
. the refraGtion and temperature of the air
in various regions, the defcent of bodies,

the propagatlon of found, &c. are fubjects’

which all require a long feries of obfer-
~ vations and experiments, the performance
of which could never have been- properly
expe&ed, before thc difcovery* of thofe
machines. We may therefore conclude,
with a wifh that the learned, and the en-
couragers of ufeful knowledge, may unani-
moufly concur in endeavouring to promote

. the fubject of aeroftation, and to render it

as ufeful as pofiible to mankind.

) Y 2 ADDITIONS
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ADDITIONS AND CORRECT]ONS.'

0] thc Hiitorical Part thould be’ ad-

ded:—That in France a large aero-
ftatic machine, on the principle of rarefied
air, was made by '’Abbé Miolan and Jani-
net, during the laft fummer.. It was about
120 fect high, and nearly go in diameter ;
furnithed with a gallery, anda kmd of rud-
der to d;rcét it,

In June, 1784, two eflays were made
“with this machine, in the fecond of which
the machine thewed fuch a power of afs
cenfion, as to lift nine perfons, befides other
weight, from the ground ; and would have
aftually efcaped from the hands of many
perfons that were emplayed to hald it, if
the fire in it had not been difcontinued, On
the 11th of July, the weather bemg very
hot, they endeavoured, in vain, to raife the
machine ; and after a good deal of frujtlefs
work, whether by the fury of the dlﬁap-
pomtcd populace, or by fome other acci-
dent, the machine was entirely defiroyed.

: . " o
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‘To the Pratical Part the followmg ob-
fervations fhould be added :—White vitiol
is faid to be fold much dearer than the
vittiol of iron. IF this is true; it will be
a faving to make the inflammable air by
neans of zinc and vitriolic acid; rathgr
than of this acid and iron; becadfe the
fale of the white vitriol; arifing from the
fotmer, will, in a great meafure, CO'rxipe'n-:
‘fate for ih‘e gxpéﬁce of thie materials, =

A very expeditious iethod of joirting
the pieces of a balloon made of vdrqx{hed
filk, . was Iatcly communicated td-me by
M . Blanchard. It is nothing more “than
layma about half an inch of the cdge of
one of the piéces flat over the edge of the

other; and paﬁing a hot iron over it; in

doing which; a piece of paper oughit to be
laid both under and over the filk, o as to
prevent the iron or the table from fticking to
the ftuff. Thus the pieces are joined very
firmly together; and the joining may be
rendered even more fecure by running it
with a fillk thread, and fticking a tiband
over it: But'it muft be obferved, that this

Y 3 © fort
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fort of joining will not 'do with thick ﬁlk
. nor with every fort of varm(h ERT 73

“When rlbands are requu'ed to be la.ld
over the feams, (which is not only ufeful to
prevent the efcape of the inflammable air,

but will likewife ftrengthen the balloon) -

they ‘may be ftuck with common glue,
provided the varnith of the filk is propcr]y
dried. When the glue is quite dry, thofe ri-
bands thould be varnithed over, in order to
prevent their bcing unglued by thc rain.

" Iam Juﬂ: informed, by Mr. Blanchard,
of the following method of making elaftic
gum varnith for the filk of a balloon:—
Dlﬁ'olve elaftic gum, cut fmiall, in 5 times
its weight of fpirits of tarpentine, by keep-
ing them fome days together then boil
one ounce of this folution in 8 ounces of
drymg linfeed oil for a few mmutes : laﬁly,
ftrain it. —Ufe it rather warm.

ERRATA.
Pagc 43, lme §, for John read Jofeph.
Page 48, line 6, ﬂr ]ohn read Jofeph. .

— " 'INDEX.



ird

' Ha[)_l.

......0,4223‘2
e 0,5,
------ 057356
...... o, 6’42 7'9 )
0,707
----0, 76004
-0, 51915
---0, 86603
- 0,90031
- 0.939%

i 008716
NURR 0,17365

........... 0,25882 .
N\ 0,34202

.

Bi—

= IRNE

g0,
7

0,96593
-0, 9084 8

99079
C




g ~
. e
326 AppITIONS and CORRECTIONSS,
fort of joining will not 'do with -tthls ﬁlk
. nor with every fort of varmih, 7*-

‘When nbands are reqmred to be la.xd
over the feams, (whlch is not only ufeful to
prevent the efcape of the iiiﬂammablc; air,

but will likewife ftrengthen the balloon) -

they may be ftuck with common glue,
provided the varnifh of the filk is properly
dried. When the glue is quite dry, thofe ri-
bands thould be varnithed over, in order to
prevent their being unglued by thc rain.

1 am Juﬁ: mformed by Mr. Blanchard,
of the following method of making elaftic
gum varnifh for the fitk of a balloon :—
Dlﬁ'olve elaftic gum, cut fmiall, in 5 times
its weight of fpirits of turpe_nt_me, by keep-
ing them fome days together: then boil
one ounce of this folution in 8 ounces of
drymg linfeed oil for a few minutes : laﬁly,
firain it. —-Ufe it rather warm.

. ERRATA. .
- Page 43, line §, for John read Jofeph.
Page 48 line 6, for ]ohn read Jofeph. .
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I N D E X

dCC IDENTS happened in afcending with
aeroftatic machines, 146, 151.
Aerial voyage, fee Voyage.
Aeronauts honoured, 196.
Aeroftatic experiment attempted, 34.—firft made,
43.—firft in 'England, 93.—firlt at Turin,
, 109. - o _
Aeroftatic machine, _difcovery of, 43.— what,
211.—firft publicly exhibited, 46.—with in-
- flammable air, attempted, 34.-—firft made,
§1.—more fafe to abandon it to the air, 81.—
ftldom becalmed, 193.—of what fort pre-
- ferable, 197. — methods of directing the,
205.—=which fhape is preferable, 238.—
firft that croffed the Channel, 123.—firft |
~ launched in England, g93.—firft launched .
at Oxford, 128.—fmall ones become com-
mon in England, 135.— remarkable ex-
periment with one, 140, 152.— conftruc-
tion of, 238.—~conftrution of fmall ones,
271.~—conftruction of large ones, 273.«—pro-
per fhape of, 239.—proper ftuff for the en-
velope of, 241.—problems for the conftruc-
tion, &c. of, 245. : ‘
_ Ys& Aergftation

L)
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Aeroftation compared with navigation, 19ty
713 —comprehenlive view of, 194.—general
. principles of, 207.
Air, common, its weight and elafticity, 28, 29,
207.—how much rarefied in aeroftatic ma-
chines, 128, 302.—af the upper regions,
found to be purer, 156.—its bulk increafed
by heat, 200.—fhewn to be lighter when ra-
refied, 28, 211.
Animals firft fent up with an aeroftatic ma-
~ chine, 70.—do not fuffer any great inconve-
nience in an aerial voyage, 72; 115, 188.
Apparatus for filling acroftatic machines, 298,
364, L o
Archytas, his wooden pigeon, 5.
Articles neceffary fot an aeronaut, 308. .
Ajcent and defcent of a balloon, how known,
. 310.—projelts to effect it, 283. o
Atmo/phere 18 of various denfiries, 213, 289.—
. .its weight changeable, 214,

Baéok,'Rpger, His pafiage relative to flying, o.
Ballaft proper for a balloon, 288.

" - Balloon, fee Aergfiatic machine.

 Baromeser, its ule and motion, 2 1 4.—indicates
the afcent and defcent of a balloon, 310.—

- determines the height, 311,

Bartbolomew Lanrence, his petition to the King
--of Porwugal, 23. - - - ‘

- Befuier, his wings, 20,

Black, Dr. his projet for making an inflamma-.
. -ble-air balloon, 31. '
' Blgdders,
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Bladders, too heavy for air-balloons, 36.—ufeful

- for the produé’txon of mﬂammable au', &e

222, 264.

" Blanchard, his fiying fcheme ineffetual, 129.—
his firt aerial voyage, 148.—his fccond aerial
voyage, 139.—his third aerial voyage, 148.—

. his fourth aerial voyage, 170.—his fifth aerial
voyage, 177.—his fixth aerial voyage, in~
which he croffes the Channel, 180.—his me- "
thod of joining the pieces of a balloon, 325.

Boats for a balleon, 281,

Borelli, his thoughts on the fubje&: of ﬂymg, 4.

Boulton’s experiment with the explofive balloon,
152. , '

Buono, Candido, his experiment, which fhews
. that &ir becomes hghter when heated, z&

Capzmtm of balloons, how detcrmmcd 24.6.--
table of, 247.

Cavallo, his projett, of making mﬁammablc-axr
balloons, 33> 34, 40.

Channel, Englifh, firk- groffed by an aefqﬂ:anc

maghmc. 123.—ﬁrﬂ aerial voyage over the,,
1 80. '

‘Cbartm, Duke of, his aerial voyage, 144.
‘Dante, John Bapti&, his wings, 19.

Elestricity of the atmofphere brought down by
means of aeroftatic machines, 110, 135, 202,
321.—deferves to be examined, 318.

Experiments proper to be made in an aerial
voyage, 310. ,

Fuel
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Fuel proper for a balloon, 272, 3or.
Filling of aeroftatic machines, 272, 298, = e
Fire-place for a balloon, 275.

Gallery for a balloon, 275. .. O
Gufman, frory relating to him, 26. {

Height above the furface of the earth, greateft
atrained by aeroftatic machines, 201.—afcer-
tained by means of the barometer, 311.—af-
certained by trigenometry, 317.

Helm for a balloon, 297.

" Inflammable air, its exiftence, 30.—=what, 212,
215.—its fpecific gravity, 30, 313, 221,
233.—ufed for foap-balls, lighter than com-
mon " air, 34, 37.—firft ufed for balloons, |
_51.—fpecific gravity of that ufed by Charles !
and Roberts, g9.—how produced, 215, 216.
— quantity of produced from ‘iron, 219,
220.—quantity produced from zinc, 220,—
quantity produced from ‘coal, 233.—other
permanently elaftic fluids generated with it,
222.—apparatus for the produttion’ of, 225,
226, 304.—to pafs’ it through water, 226,
304.—produced by the action of fire, 227,
remarkable circumftance attending its pro-
duction, 235.. '

Inflammable-air "balloons, what, 213.—whether
likely to be damaged by lightning, 202.—
fee Aeroftatic machines. .

Lana,
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Lana, Francis, his flying proje&t, 20. -~ %

Means propofed for direting balloons, 2go. - *

Montgolfier, his difcovery of the aeroftatic ma-
chine, 43.—fhort account of the two bro-
thers, 49.—their receiving the annual prize
from the Academy, 82.—experiment made
by him at Lyons, 82. o

Muette, la, acroftatic experiment made at, 83,

-

Net for a balloon, 282.

Obfervations, remarkable, 140, 18'3, 186.—ge-
~_meral on the hiftory, 188.—proper to be
~ ‘made in an acrial voyage, 310, 317, 318;

319. C A
Oars, fee Wings.

Pattern for the pieces of a balloon, 246. ‘
Pieces for a balloon, pattern of the, 256.—how
cut, 257.—joined, 260, 325. _ ,

Pigeon, flying, 5.—Mr, Blanchard’s, 173.
Pilatre de Rozier firft afcended with an' aero.
ftatic machine, 74, 76.—his name given to a

place, 144. "

- Power of acroftatic machines, 302, 307. -~
Premium offered by the Academy of Lyons,

112, o n

Preparation of the ftuff for a balloon, 267, -

Problems for the conftruttion, &c. of balloons,
245.—for determining the height by the ba-
rometer, 311.. :

Regiomontanks,



Regiomontanus, his Rying eagle, 11.~his Ayinf
iron fly, 11. ' '
Ribands 13id over the feims of 4 balloon; 326.
Roger Bacon, fee Bacon. R
Ropes to fleady thie balloons, 300, 305.
Rozier, fee Pilatre, L

Soap-balls lightef thar common air, 34.~~mé
thod of making them, 37. .
Sugfaces of balloons determined, 245.—=table
of, 247.==do ot incredfe in proportion to thé

capacities, 22, 238.

Fhible, Madame; the Arft woman that made an
* aerial voyage, 1432.°

Valve for a balloon, 278:
Varnifb for a balleon, 263.—required properties
of, 265:=—0f elaftic gum; 265, 326.—of bird:
~ time, 267.—how ufed, 270, 326: ) ’
Voyage, aerial, the firft, 83.—the firft with ad
inflammable-air balloon, ¢5.—at Lyons, 118:
- —~=Andrean’s firft at Milan, 124.~~Andre:
. ani's fecond. 134.~=Blanchard’s, fee Blan-
chard.—at Dijon, 137.—at Matfeilles, 138,
«—at Strafburg, 138.—Maret and Bremonds
. fecond, 140.—at Aix, 141.-=firft made by a
woman’ at Lyons, 142.—at Dijon, fecand;
142.-—at Nantes, 142:.—at Bourdeaux, 143-
«— at" Verfailles; in prefence of - the King
- of Sweden, 144.—the Duke de Chartres’s;
" 144.—~at Bourdeaux, fecond; r51.—at Rodez,
155.—at Nantes, fecond; 157.<~firft in Eng-"
UL e ' land,
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land, 157.—the longeft, 164.—Sadler’s, 3§
Oxford, 176. — Harper’s, at Btrmmgham,
179.—firft.over the fea, 180.

Ufes to which the aeroftatic machines may be
applied, 320.

Wlnte witriol is fold- dearer than the vxtnol of
iron, 325. '

Wilkins, Bifhop, his pa.ﬂ‘ages relative to thc art
of flying, 12.

Vings, or: oars, their power, 168, 289, 293,
296, ==0f diﬂércnc thapc, 294. 20

FINTIS




B Wark: publifbed by the fame Autbor, |

A TREATISE on ELECTRICITY, in THE-

" ory and PRACTICE, with original Ex-
periments. Octavo, with Plates. Se-
cond Edition.

An Essay on the THEORY and Prac-
rice of MepicaL ELECTRICITY.
O&avo, with a Plate. ‘Second Edition.

A TreaTise on the NaTyrE and Pro-
pErTIES of AIR, and other perma-
‘nently Elaftic Fluids; to which is pre-
fixed, an Introducion ta Chymiftry.
Quatto, with Plates. '
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