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WITH

HINTS FOR ITS SOLUTION

BY ITHI KEFALENDE

¢ Make thee an ark of gopher wood ; rooms shalt thou make in the ark, and
shalt pitch it within and without with pitch. And this is the fashion which
thou shalt make it of : The length of the ark shall be three hundred cubits, the
breadth of it fifty cubits, and the height of it thirty cubits. A window shalt
thou make to the ark, and in a cubit shalt thou finish it above; and the door of
the ark shalt thou set in the side thereof ; with lower, second, and third stories
shalt thou make it.’ GENESIS vi. 14-16.
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‘ Men, my brothers, men the workers, ever reaping something new :

That which they have done but earnest of the things that they shall do :
For I dipt into the future, far as human eye could see,

Saw the Vision of the world, and all the wonder that would be;

Saw the heavens fill with commerce, argosies of magic sails,

Pilots of the purple twilight, dropping down with costly bales;

Heard the heavens fill with shouting, . e e e e e

From the nations’ airy navies . . . . . in the central blue;

Far along the world-wide whisper of the south wind rushing warm,
‘With the standards of the peoples plunging thro’ the thunder-storm ;
Till the war-drum throbbed no longer, and the battle-flags were furled,
In the Parliament of Man, the Federation of the World.

There the common sense of most shall hold a fretful realm in awe,

And the kindly earth shall slumber, lapt in universal law.

Sol t.riumphed, . .. . .
. .« .. all thmgs here are out of Jomt,
Sc)ence moves, but slowly slowly, creeping on from point to point.’

TeNNYSoN, Locksley Hall.

¢ Sv er den Hammer hat, der meine Glocken schlagen kann.’
JacoB BenMEN, De Signatura Rerum, cap. i. § 1, ad fin.

‘Possunt etiam fieri instrumenta volandi, ut homo sedens in medio
instrumenti, revolvens aliquod ingenium, per quod ale artificialiter com-
positee aérem verberent, ad modum avis volantis, . . . . . Hoe
instrumentum volandi non vidi, nec hominem qui vidisset coguovi, sed
sapientem, qui hoe artificium excogitavit, explicité cognosco.

De Secretis Operibus Artis et Nature.
Cap. 1V.—De Instrumentis Artificiosis Mirabilibus.
Friar Bacon.

« Certainly many birds of good wing, as kites and the like, would bear
up a good ‘weight as they fly, and spreading of feathers, thin and close,
and in great breadth, will likewise bear up a great weight, being even laid
without tilting upon the sides. The further extension of this experiment
for flying may be thought upon,’

Sylve Sylvarum, Century 9, 886.
CuanceLLor Bacon.



¢ What next, I wonder!’ said the hen, ¢ You have nothing to do, and
0 you sit brooding over such fancies. Lay eggs or purr, and you'll forget
them.’ .

‘But it is so delightful to swim on the water, #aid the duck; ‘so
delightful when it dashes over one’s head, and one dives down to the very
bottom.’ ..

¢ Well, that must be a fine pleasure,’ said the hen. *You are crazy, I
think. Ask the cat, who is the cleverest man I know, if he weuld like to
swim on the water and perhaps to dive; to say nothing of myself. Ask
our mistress, the old lady—and there is no one in the world cleverer than
she is ;—do you think that she would like to swim on the water, and for the
water to dash over her head ?’

‘You don’t understand me,’ said the duck.

Hans CurisTiaN ANDBRSEN, The Ugly Duckling.



PREFACE.

TRAVELS in Paraguay—A Theory of Salts—Aerial Navi-
gation—the mere juxtaposition of these’ titles of the
posthumously published works of the late Charles Blach-
ford Mansfield indicates a no common breadth of mind.
Each volume displays one of the aspects of a wondrously
many-sided nature. The first showed his loving observation
of nature, his keen observation of men. He was the first—
it may be said, the only man—who recognised the singular
energy and self-devotion of the little Paraguayan people,
that epergy which a few years later enabled its ambitious
ruler to open up, with some chance of success at first, a
desperate struggle against no less than three neighbouring
states at once, two of them at least enormously superior
to it in population, extent of territory, resources of all
material kinds; that self-devotion which caused it to
maintain the struggle to the point of virtual annihilation.
The second volume was devoted to a branch of the science
to which his working life was mainly devoted, chemistry ;
and, whether the conclusions it leads to are likely to be
adopted or not, testifies to a careful industry, as well as to
a strictness of reasoning, which are, perhaps, seldom fonnd
combined. The third, which unfortunately remained un-
finished, will, I think, show in addition to the same careful
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industry and strictness of reasoning, an imaginative power
of the highest order. By imaginative power, I mean
that power of realising that which is not seen—bringing
out for oneself, and shewing forth to others, its clear,
visible image—which is the mark of God’s true poets,
whatever be the matter with which they work, words, tones,
pigments, marble, or the wood, metal, chemicals, paper,
out of which spring the spinning-jenny, the steam-engine,
the daguerreotype, the photograph,—or, again, noblest of
all, the nerve-cells of the human frame. As an inventor-
poet, Charles Mansfield’s gifts were, I believe, of the very
highest order. There is not one of his published works
which does not contain, scattered with a lavish hand,
hints for the conquering of nature, which he left to be
worked out by others; the notes to the present volume in
particular, are rife with such. Those who knew him
intimately—a now fast narrowing circle—recollect well
how there would come upon him occasionally, after
intervals of quiescence, a kind of divine afflatus, and for
a time his mind would bring forth one device after the
other in rapid succession, as those to whom the world
restricts the name of poets multiply their works during
periods of creative energy. The present volume is the
fruit of one of these periods, and the words at the close
of the author's preface, My object in writing it will be
simply to deliver my brain of a burden which came upon
it uninvited,” express, I belleve, the strictest truth as to
his mental experience.

If it be asked why, after the lapse of a full quarter of
a century, an unfinished work by one who is no more on
earth is presented to the public, the answer is, first, that
the author himself wished to have so presented it when
perfect, and that he was one of those whose wishes have a
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right to be carried out as far as may be practicable.
Secondly, that although the fact that he never completed
it might militate against its publication unfinished, yet it
does not appear that any publication issued since his
death has in anywise taken the place which this volume
was meant to occupy. Thirdly, that during the same
imnterval events of high gravity in the world’s history have
shown that the question of aerial navigation may be
one of life and death to a nation. For we have lived to
see, what Charles Mansfield did not, France governed
through balloons from besieged Paris, and a dictator who
refused to despair of his country, cross the air over the
heads of hostile armies.

It will be seen that the design of the present work is
one which is of a nature to help whatever practical schemes
may be put forth. Its subject is aerial navigation as a
problem,—the determination of the conditions under which
it may be ascertained whether the air is or is not navigable.
The work indeed stops short in the midst of the most
important of its chapters, that of the power sufficient for
the propulsion of vessels through the air, which shall be
genuine air-craft, and not mere gas-bubbles with a skin
over them, as the present balloons. But even in this
state it goes far to develope the author’s views. And
without pretending to the slightest mechanical knowledge,
it appears to me that the severity of the method under
which his inquiries have been undertaken must do much
to clear the ground, by sweeping away, once for all, con-
trivances which are shown to be impracticable, and by in-
dicating the directions in which really hopeful experiments
may be prosecuted.

I have spoken hitherto of the work from a practical
point of view only. Those who have eyes to see will recog-
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nise in it much more than a severely careful and logical
inquiry into a great mechanical problem. They will feel
in it the stirrings of that high unselfishness which led
Charles Mansfield to prosecute such an inquiry, at the cost
of months of precious time, when it could bring to himself
no possible advantage, and could only facilitate to others
the means of acquiring money or fame. They will observe
that deep spiritual insight, which, informed with very
various scientific knowledge, delighted in tracing through
all nature the finger of God ; that genuine, self-sacrificing
love towards his fellows, which only sought to master the
forces of nature for the bappiness of mankind. And they
will mark how in his hands the whole subject is irradiated
by a fancy, sometimes mystical, sometimes playful, which
in Charles Mansfield was marvellously married to the two
leading scientific faculties of accurate observation and
abstruse calculation.

J. M. L.

The Editor wishes to express his gratitude to Mr. N. Story
Maskelyne, F.R.S., Mr, F. C. Penrose, F.R.A.S.,, and Mr. Arthur
Campbell for their assistance in arranging the appendices, and to
Mr. Cornwall Simeon for his valuable assistance in preparing the
work for the press.



AUTHOR'S PREFACE.

———

THE subject of the following pages is one that interests
different classes of minds in various modes. Some look at
it with a wary scepticism, doubting, perhaps, a little
whether it be ngt presumptuous in man to treat it
seriously ; and doubting very strongly whether any human
attempt to put such speculation into practice can ever be
successful, or if'successful, advantageous to our race. Some,
and these are often persons whose knowledge of certain
branches of science or of art entitles their opinions to
respect, will only be restrained by decorum, from wording
the fulness of their contempt for such impossible schemes
and their silly contrivers, in plainer language than a gentle
sneer. Others warmly express their enthusiastic hope that
we shall some day add the air to our empire, and make no
secret of their belief that the day is not far distant when
invention will make another step towards conferring on the
world one of the greatest blessings it could enjoy.

To the first of these classes I have no apology to offer.
The third will require none. If to the second Lord
Bacon’s sanction—¢the further extension of this experi-
ment for flying may be thought upon,—is not defence
enough, I must ask them to reserve their judgment of the
views I have to offer, until they have read them; and if
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they find them worthless, not to be more severe upon my
subject than they were before, but to heap all their con-
demnation on its treatment here.

As for the origin of this book, and my qualifications
for handling its matter, a few words will perhaps not be
out of place. Of myself this little will suffice, I have not
graduated in ¢ Aerostation.’ I never went up in a balloon,
nor ever saw more than half a dozen in my life. I never
had any passionate desire to fly, beyond a somewhat com-
mon wish to realise sensations known in dreams, with a
notion, till lately only a vague one, that some day or other
aerial navigation would be made practicable. I have not
made, then, any long study of the question; nor are the
following pages the result of laborious years in pursuit of
a favourite scheme.

My attention was first directed to the question of
aerial navigation, by a friend’s pointing out to me a des-
cription in a French newspaper ¢ La Presse,’ of a monstrous
balloon machine which it was reported was about to be
built by subscription in Paris. The applause bestowed
upon his cumbrous conception was evidence of a ¢ demand’
for some such vehicle. The desire seemed reasonable
enough, and was quite independent of the grotesqueness of
the means proposed for its supply. This set me thinking
on the matter. Surely if people will go such a way round-
about to solve a question, it may be worth answering. Is
there really no simpler or more possible way of getting
along in the air than this of M. Petins?!

A few minutes consideration showed that the question
was not complicated or difficult: Can or cannot a body be
propelled through the air at a reasonable rate? The next
swift that dashed by screamed ¢Yes, verily;’ and no

1 See ‘I'Tllustration,” September 6, 1850.
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theory which I had in hand could say ¢ Nay’ to the bird.
The general conditions requisite for the accomplishment
of flight, and the means of satisfying them, spread them-
selves out at once before the fancy, and the details filled
themselves in one by one in a few days as the scene be-
came familiar. There were of course many points in this
first crude sketch, which, on subsequent consideration, were
erased as rough and untrue to nature; I hope that the
opportunities offered by some months of reserve have
matured the picture, and reduced it into tolerable form
and harmony.

But has not all this been thought of before ?  Surely
it must be all stale: and by reason of some simple im-
pediment which I-overlook, impossible. This was to be
enquired into: one must learn what had been proposed
before, what had been essayed; why printed untried
schemes, if such these were, had not been tested, and to
what the failure of any actual attempts was due. Soon
after it was announced that a new balloon was going up in
London: new, patent, strange, and locomotive; and of
course embodying all the latest improvements, if it did
not solve the problem, and leave nothing more to be done.
This of course was to be seen ; from it one would learn all
that was yet known about the matter, and whether there
was any need of further inventions for its development.
A glance at the machine was enough to satisfy one of the
ingenuity of the projector, and of the utter inadequacy of
the apparatus to the object proposed. This was stagger-
ing ; clever men and persevering had tried and failed. But
the causes of failure were obvious, the evident requisites
had not been fulfilled—so there was room yet for progress.
It appeared just then that there was much public interest
in the subject of aerial propulsion, articles in journals,
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suggestive, encouraging, and recording one or two more
attempts in the right direction, amid much sad gaping of
crowds at men and ponies swinging from big bladders.

So the subject was to be ¢ got up,’ beginning of course
at the latter end, and working backwards—as is good in
matters of History. Very few books were to be found
treating the subject at all; the encyclopedias not
generally very communicative on the matter ; but a few
pamphlets to be dug out of bookstalls, a specification or
two in the patent records, a considerable number of papers
in journals English and French, not much in other
tongues. All this was to be waded through, to discover
why we are still travelling by sea, and not by ¢the ocean
that comes up to every man’s door.’

Of course I found many of my notions anticipated,
sometimes single suggestions inadequate of themselves even
to make a step towards success; sometimes complicated
with other devices which in practice would frustrate their
intention. I met, however, with very few accounts of
actual experiments, none, of any, the failure of which could
not have been predicted, or of which the insufficiency for
more than a very partial result was not obvious. I found
but one Englishman of any high scientific attainments who
had given much assiduous and hopeful attention to the
subject, and who, after having carefully examined all its
difficulties and facilities, had given his judgment, that the
navigation of the air is a possibility. The conviction of
this gentleman, recorded nearly half a century ago, and
often repeated since in scientific journals, was thus ex-
pressed in a letter to myself: ¢I have no doubt whatever
that I could at once put together a balloon that should
carry its passengers at twenty miles an hour.” If Sir G.
Cayley’s untiring advocacy of aerial navigation, had ever
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been met (when he proposed to form an Aeronautic
Society) by any of the enthusiasm which assisted the
Montgolfiers and MM. Charles and Robert to work out their
project, there would have been no room by this time for
such a volume as the present. I should state, however,
here, that even Sir G. Cayley’s scheme is not quite satis-
factory to my mind : from the magmitude on which alone
it was supposed by him to be practicable, and from an.
oversight in the proposed adjustments, which on experi-
ment would have been fatal to its success at first, though
it would no doubt soon have been remedied.

If this gentleman did not seem to me to have fully
solved the problem, or to have stated it so that it could
be at once solved on mechanical trial, assuredly no other
projector has, so far as I can learn, shown how a true
navigation of the air may be effected. It was not till after
I had completed my own views of this matter, and had
become pretty well acquainted with former schemes, that
an experiment was publicly made in Paris by a poor work-
ing man, which went further to clear the way through the
air than has yet been shown. But it did not go far
enough into the matter, and left untouched the vital point
—the motive power—the foundation for which most aerial
schemers had forgotten to provide, scarcely anyone but Sir
G. Cayley has attempted to secure. It seemed then that
the field was still open.

But, besides the enquiry as to how the main question
stood, it was necessary to ascertain what data were already
to be found in our stores of knowledge, from which the
amount of difficulty to be overcome, and the means at
hand for meeting it, could be at once stated and compared.
Very few such data are to be found : absolutely none on
the most vital points, except generalities, all promising

a
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success. It is indeed somewhat remarkable that scientific
men should have been so long contented, as they have for
the most part been, with assuming that aerial propulsion
is impossible, not only without making any attempts to
demonstrate that it is so, but without trying or even
quoting a single experiment at all applicable to the pur-
pose upon the most important condition in the problem—.
viz., the Resistance of the Air.

The result then of my enquiry was, that I could not
learn from books that my notions were either ancient or
impracticable. But in the absence of exact data, from
which the problem might be calculated to precision, ex-
periments were to be made to obtain them: and it would
have been infinitely more satisfactory to me to have put
forth what I have to offer, in the form of numerical results
of careful experiment, than to have uttered them as mere
suggestions.

The impediments to my wish have been twofold :
Firstly, the expenditure of time and money too great for
my limited means, yet necessary to the extortion from
nature of a full and exact answer as to certain conditions
on which accurate details are preferable to general cer-
tainties. Secondly, the fact that when I had selected
two or three special points for personal examination, T was
disappointed in the pursuit of the study by failure in the
completion of the apparatus ordered for the purpose, partly
by mistakes, partly by delay in the execution. So that
after six months passed now in patient waiting, now in
exhortation to speed, I have been obliged to content my-
self with pointing out the lines and modes of enquiry
which I consider necessary and sufficient to prepare a fair
gtart for the navigation of the air.

If any person—physicist or engineer—should condes-
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cend to read these pages, and should conceive that some
better apology than this is due to him for venturing into
print without new experimental results, and elaborate
mathematical form of proof; he must please to take these
considerations. Firstly, that myself to try all the experi-
ments which suggest themselves would have been impos-
sible ; and that not to try to put othersin the way of doing
what oneself cannot accomplish, is not the most patriotic
plan, and not the one which Bacon followed, though it may
be the most scientific. Secondly, that calculations founded
upon imperfect data, cannot give numerical results worth
anything, though they may be very amusing to those whose
talent lies in figures and symbols, and very likely to give
an air of profundity to reasoning that may be but shallow ;
or like the coating of a bubble. may have no bottom at all
to rest on.

Finally as to the object of my book, I cannot exclaim
in legitimate prefatory style, that if I shall have suc-
ceeded in awakening in one bosom the love, &c., &c., or in
inducing one more competent than myself to take in hand,
&e., &c., for the benefit of humanity, my wish will have
been fulfilled. I do not entertain either of these wishes
very fondly, though I should be very glad of either result,

" of the latter especially. My object in writing it, will be
simply to deliver my brain of a burden which came upon
it uninvited, and which will not quit it at my bidding
without receiving leave to rush into the press.

CHARLES BLACHFORD MANSFIELD.

March 18, 1851,
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AERIAL, NAVIGATION.

— e

GENERAL INTRODUCTION.

WHETHER the word aerostation means really the aerial science, or
the stationary art; or whether, as a friend suggests to me, it
refers to aerial stationery or paper of which the first balloons
were made, I must leave it to the dictionaries to determine.
What it ought to mean, and what it seems to mean, however, I
shall here note, as it has been occasionally applied to the subject
of which it is my especial object to treat, and to which it is no
ways appropriate.

Now as to what it ought to imply. This is of course the
practice with, or use of, an aerostat. The question, therefore,
becomes—What is an aerostat? Let it not be interpreted by
the custom of its similars. Now the usual and right acceptation
of these foreign substances ending in ‘stat’ is instruments for
keeping something steady ; thus a ‘rheostat’ is a contrivance for
maintaining a voltaic current at a required strength, and a ¢ he-
liostat’ one for making the sun stand still. An aerostat therefore
ought to mean a machine for keeping the air quiet, and aerosta-
tion would be the art of doing so. A very valuable machine
and very desirable art, held no doubt once by Scandinavian
witches, who used to still the storms and sell the winds to the
Norse sea-kings, but a machine and an art that we have not just
now in Europe, though we may some day get them.

Next, as to what aerostation seems to mean. It must in this
be judged by vulgar use. It is most commonly applied to a
popular amusement prevalent at tea gardens, wherein a large

B

N
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globe filled with light gas ascends into the air with the appendage
of some animal. On the first occasion ! when this was practised,
a sheep, a cock, and a duck were the victims; this was for the
edification of a king ; but since that time, the enjoyment of the
people being concerned, a woman, a horse, a tiger, or a man, at
least is requisite for the sport. And very good sport it affords—
for the winds. This aerostation then seems to designate in pseudo-
classical language that which i8 called ¢ ballooning ’ in our mother
tongue—an art or practice relating to the air, and which has
remained quite stationary without a single improvement of any
worth from ifs first invention till now.

Now the matter which I have in hand—aerial navigation or
aeronautics—has nothing to do in its present stage with either of
these meanings of this word, either withi the proper or with the
apparent. From the latter it has derived all the hints it could
obtain, and it does not yet aspire to the possession of the former.
I shall therefore not adopt this term at all.

For the word ‘balloon’ I shall have but very little use, and
that only in speaking of the early attempts made to take advantage
of the services of light gasesfor the purpose of travelling through
the air. I shall use ‘balloon’ always in its true sense, or in one
varying very little from the right application—that of a globular
vessel. I shall use it always to indicate a receptacle for gas,
either spherical, or of some form not differing much from a
sphere, such as that of a pear or an egg. When speaking of a
buoyant envelope of a form appropriate to locomotion through
the air, I shall use the general term  gas-vessel,’ which is equally
applicable to all shapes, and is at least not suggestive of an absurd
one. In treating of the part of an aeronautic apparatus destined
to contain the voyagers, I shall not use the term car—a clumsy
toy which I shall leave hanging to the balloon—but shall adopt
‘galley,” ¢ boat,’ ‘man vessel,’ or some word which need not re-
mind the reader’s ears or eyes of Irish roads or a clothes-basket.
Air-craft seems an appropriate term for the whole apparatus,
including boat and gas vessel, or car and ballo6n.

I shall divide the consideration of my subject into two parts:

! Sept. 19, 1783, at Versailles,
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the first containing the enunciation of the terms of the problem ;
the second embodying such limits as seem to me necessary and
sufficient with the aid of current knowledge for its solution.

In treating of any art or science, it is a frequent practice to
preface its technical discussion with an historical account of its
development. Such narrative is generally useful and always
interesting, and I believe that in the present case it would be
peculiarly so—not as tracing the steps by which we have pro-
gressed to our present position of success or of promise, but as
showing the singular blindness which has affected the human
mind in its eager struggles for a possession which it has always
vaguely fancied to be its inheritance, and which it seems to have
felt was falling due about the approaching period of its maturity.
However, though the inventions of Montgolfier and Charles seemed
to place this treasure within the reach of our race, it has hitherto
been kept back from us, perhaps as not yet being discreet enough
to be trusted with the boon. It is not a little remarkable that in
this age of applied science, very little inventive talent of high order
has been brought to bear upon this subject. Some idols of the
forum have drawn off the attention of most of those who might
have assisted the perfection of the art; want of co-operation has
baffled the few who have seen and pointed out the way towards
its improvement. The history then of its progress or standstill
would not display a series of brilliant failures, or of partial
successes, but rather a number of attempts sometimes vigorously
urged, but ill directed; sometimes well conceived, but wanting
aid to carry them into effect.

Such then is the aerial navigation of the past. It was a part
of my original plan to have endeavoured to give an account of

“these past struggles of the giant in his cradle, but want of time
and more important occupations have compelled me to leave this
task to those who feel more inclination to look back into the past
than to go ahead. I shall, however, interweave into the texture
of my essay such notices of the bygone schemes and failures of
the would-be air sailors as most fully illustrate the propositions
which I have to lay before the reader.

The first part then of my book will state the present condi-
tion of the question, it will examine what those who have gone

B2
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before have left for us now to do in attacking the problem, and
what are the necessary conditions that must be satisfied in any at-
tempt to solve it.

The second part—that which it is my chief object to produce—
will explain the means by which I believe that in the present
state of science, by simply using the materials and appliances
which we have now at hand, without waiting with folded arms
for more discoveries of the secrets of nature, we may at once, if we
will buckle to the work, take possession of the realms of air,
and travel through them at our will. I shall consider separately
each of the requisites already ascertained in the first part, and
shall endeavour to show that every one of them may be now ful-
filled, that there is no difficulty in adapting to each of them
materials which we have long had in our stores of treasures won
from nature; and that nothing is necessary to make aerial navi-
- gation a reality, but a little co-operation in setting the results to
work. Not that experiments are necessary to establish the posi-
tions I shall maintain; there is proof enough of them in general
facts, which may be found in every text-book of science: the
experiments are only wanting to obtain the precise results neces-
sary to facilitate the construction of apparatus in the manner
most favourable to perfect success.

According to the original plan of this book, I had intended it
to have consisted of three parts: the first of these was to have
been historical, treating of the past endeavours of those who have
preceded me with the pen, and with tools more likely to the
work ; the second was to have discussed the present condition
of the problem, to have prepared the ground for the third part
by stating the requisites to be fulfilled, deducing them partly
from theory, partly from the suggestions of the historical divi-
sion; the third part was to have treated of the future prospects
of the art, detailing the means by which I believe the problem is
to be solved. I have been compelled to omit altogether the first
part so contemplated by want of time to complete the compila-
tion. I was anxious to finish the book as soon as I could, partly
for the purpose of getting the subject off my mind as soon as
possible, and partly with a desire to throw the burden of it upon
the minds of others during this summer of 1851, which is to be
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an era in the progress of scientific industry. The second part of
my intended triad forms the first part of the book now in the
reader’s hands; I shall, however, throw into the theoretical dis-
cussion, of which this division would have consisted in my
original plan, a quantity of historical matter by way of illustra-
tion, which will to some extent supply the want of the first part.
I shall with this view make my quotations from those who have
gone before us, with especial reference to time and place, and as
much as possible in the order of historical succession; that the
reader, if he derive from my pages any notions as to the order
of time in which the various schemes have been proposed, may,
so far at least, be furnished with correct information. The
second part of this volume is exactly what would have formed
the third part of the first design. '

If, however, my historical part had been written, it would
have been no account, as is usual in the preliminary treatment of
technical matters, of the gradual growth of an art. The only
history which could yet be written of aerial navigation could
not be dated from its birth, since it is not yet born, but could
only treat of the pulsations of its embryo life. No collection of
the records of these have ever been compiled ; if it were made, it
would, independently of the utility or interest which it might
have for those who should have a fancy for the art specially, or
in human attempts at progress generally, certainly be an amus-
ing history. Men of the future on reading would wonder how
men of old could fumble about so long without at once putting
it into shape, seeing that it is so simple. It must be remembered
that ballooning, or the practice of floating in the air, is not here
spoken of, but Aeronautics, or the Art of travelling through the
air. Of the first recreation numerous annals may be found, in
which every incident in the adventures of the ¢ aerostatic globe’
have been collected, with the names of all the ¢intrepid aero-
nauts,’ gentlemen and ladies, ¢ with oak and triple brass about
their hearts,” who have heroically paid or received five pounds
apiece and essayed whither the winds would-waft or hurl them.
Such a catalogue will be found by those who have a fancy for
these exploits, along with much really interesting and useful mat-
ter, in Mr. Monck Mason’s ¢ Aeronautica.’ It is with the second
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only, as a useful art, that I have to deal, and in retrospective
comments that I shall have occasion to make, I shall touch solely
upon such experiments and suggestions as have been made for
the purpose of aiding in the achievement of a real conquest of
the air. It is of these that I think a history would be valuable,
as filling a gap in the literature of the subject, and as supplying
a want I have felt myself in my own enquiries.

Of course the early notions of, and attempts at, mechanical
flying, would most properly find a place in a complete history
of this embryo art. And though these failures would be full of
interest, if we had any materials for a good account of them, the
historian would find but little record of them beyond the num-
ber of limbs broken by each of the enthusiasts who have made
their struggles in the air. Of their mechanical devices, there
are, with few exceptions, no record for the guidance or warning
of the future experimenter.

I shall have no occasion to allude to these, for, as I have
said, my object will only be to show that flight by aid of buoy-
ant floatage is possible. My notice of former aerial schemes will
be limited therefore to attempts towards the propulsion of gas
vessels through the air.

Several authors who have written the history of balloons
have opened their subject by endeavouring to trace first dawnings
of the life of the art from the early records of human tradition,.
through the speculations and even attempts of the last few cen-
turies down to the great era of the balloon. These would pro-
perly be included in a summary of the development of aerial
navigation. Among them are some curious instances of those
anticipations of modern discovery which, visionary or real, were
so common among the learned monks of centuries less clever
than our own; I shall have occasion to allude to one or two of
these foreshadowings of the balloon. The author who has
treated most fully cf these attempts and imaginings is M. Bour-
geois, whose ¢ Recherches sur I'Art de Voler’ appeared soon after
the publication of M. Faujas de St. Fond's account of the first
experiments of the Montgolfiers and of Charles and Robert. To his
industry, indeed, it is probable.that all the other authors who have
written on the subject owe most of their facts-and stories about.
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the efforts to fly made before the advent of the balloon. This
“ancient yearning of the human mother mind for aerial offspring
would form an interesting preliminary chapter, the mythical
part, as it were, of the narrative; but the era from which aerial
navigation will always date its history is the day when Mont-
golfier's invention, fertilized by the discovery of Cavendish, came
forth as the huge round egg, in which, after seven decades of
years of incubation, the great bird of the future is now lively
and stirring, soon perhaps to break forth to its work in the rest-
less world. 'The last seventy years will be the main field for the
historian of the embryo art; he will find his work among the
schemes for, and attempts towards, the propulsion of balloons and
other gas vessels through the air. He will meet however within
this interval with some noteworthy endeavours to solve the
problem of flight without the aid of buoyant matter ; I shall give
a list of books and papers from which much of the materials for
this, as well as for the rest of the subject, may be obtained.!

The historian will not discover among the signs of activity,
which the yet unhatched chick has exkibited, many promises cf
a very vigorous organisation for its future life: he will however
find traces of some efforts at vitality which will give him hope.
These struggles in the egg are what I shall have to notice in
illustration of the fundamental propositions by working upon
which I shall afterwards seek to assist in its escape from its
shell. It will be observed that the projects to which I shall
make reference are almost exclusively French and English; I
have not met with any mention, in the authors I have consulted,
of any German efforts to improve upon the balloon : and I have
succeeded in finding but few accounts of endeavours in this
direction which have been made in Italy. The French have
been very active at different times in their search for the
golution of this problem, which to them must have something in
it of a national character. The sort of feeling with which the
invention of Montgolfier, and the application by Charles and
Robert of Cavendish's discovery of hydrogen, was hailed in
France, ‘le vrai motif qui enthousiasmait tant ce peuple de

-1 Bes Appendix A.
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France,’ as the author of a recent French sketch of balloon his-
tory! expresses it, may be gathered from the following lines’
which were current in Paris at this remarkable period :—

Les Anglais, nation trop fitre,
S'arrogent 'empire des mers;
Les Frangais, nation legére,
S’emparent de celui des airs.

¢ Ce qui flattait surtout la nation,” continues this author, quoting
‘Le Journal d'un Observateur,’ ¢ ¢'était de précéder les Anglais,
cette nation rivale en tout, dans les sciences comme dans la
guerre, et de la précéder dans ce qui paraissait alors avoir une
immense portée, un avenir aussi fructueux dans résultats ma-
tériels, que glorieux dans la mode de procéder.’” An honour-
able rivalry, perhaps, in the endeavour to be foremost in con-
ferring benefits on our race. But nothing has come of the
competition. Balloons are still as useless as on the day of the
first experiment at Annonay. It remains to be seen whether
efforts in which the two nations may take part in concert, may
not yet be made with more success to achieve the conquest of
the air. However, the French of course have produced many
schemes for this end, some in the early days of the balloon, some
in these latter years. Of several of these I shall have to make
mention : one or two of them I find to be egregiously absurd;
but on the other hand, by far the best experiments that have
been tried yet, so far as I can learn, and to which I shall
specially direct attention, have been made in France by a
Frenchman. I shull try to deliver any conclusion as to the
value of any contribution towards the end which I am seeking,
with equal justice, whether the author of it be Briton or
foreigner. I shall have to refer to a few actual experiments
made on a large scale, to some notions that have been tested
with models, but principally to hints or schemes, embodied like
my own only upon paper. I shall be carefnl always to make
distinction between these different degrees of poetic dignity: an
important point which is not always attended to by describers of

inventions,
' Turgan, ‘Ballons,’ p. 38.
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" 1 shall thus endeavour to place the reader on the ground from
which aerial navigation has now to take its start, by showing,
through considerations deduced from simple principles, what are
the requisites which must be fulfilled. In doing so, I shall illus-
trate each portion by instances of attempts made by former
schemers, and by quotations from former writers, thus showing
the opinions which have usually been entertained on the condi-
tions of this art, and of the means of fulfilling them. In doing
s0 I shall have to point out a few instances of happy device, and
of correct reasoning, but a far greater number of mistakes in con-
ception, and of blunders in design. I shall generally select for
remark such projects and treatises as either having been put most
prominently forward, have had the greatest share of public atten-
tion from time to time, and are therefore most likely to be familiar
to the reader, or such as being of the most value ought to be
brought before him, if they were not already known to him.
.Where some experiment or suggestion less commonly known is
adduced as an example, it will be either on account of some
peculiar excellence in the thought, or of some curious vagary of
inventive fancy which bears on some peculiar point of theory or
practice. I trust that in the criticisms which I shall of necessity
be led to make, I shall give to the best of my ability an impar-
tial judgment as to the worth of the design or view which is
under notice.
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AERIAL: NAVIGATION.

PART THE FIRST.
STATEMENT OF THE PROBLEM.

¢ Certainly many birds of good wing, as kites and the like, would bear up a good
weight as they fly, and spreading of feathers, thin and cloee, and in great breadth, will
likewise bear up a great weight ; being even laid without tilting apon the sides. The
farther extension of this experiment for flying may be thought upon.’

Chancellor FRANCIS BACON, ¢ Sylva Sylvarom.’
Century 9, 886.
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CHAPTER I
INTRODUCTORY.

In seeking the solution of any problem, the first step to be taken
is to get a clear and fair enunciation of what it proposes. This
may sometimes be attained in a few words. In the present case
this is impossible. General readers can be but little acquainted
either with the amount or with the kind of difficulties with which
the road to aerial navigation may be obstructed. Scientific men
generally have abstained from enquiring about them. These
impediments, though at first sight apparently many, may yet not
all be equally obvious at once; some again of the supposed ob-
stacles may vanish on closer inspection. It is therefore necessary
to the statement of the problem that a detailed examination
should be made of the circumstances under which it is proposed.
Such then is the subject of the first part of my book; I trust that
I shall have omitted nothing that is necessary to be considered
in determining the conditions that must be satisfied.

The end that is to be attained is the rapid movement of heavy
solid bodies through a light elastic fluid—the atmosphere. The
discovery of gases lighter than the ordinary air, has started the
question for us under a new form, in which it could not have
presented itself to the mechanical, though it did to the verbal,
poets of former centuries. So that there are two possibilities to
be considered in respect to aerial propulsion, according to the
means by which the weight of the human body is to be sustained.
The first case is, if the lifting power be derived from mechanical
force applied to the air, either by the muscles, or by some artificial
source ; the second, when the weight is neutralised by a buoyant
counterpoise.
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I shall commence by showing that the common objection
usually made to the accomplishment of these two methods by
human muscular effort is unfounded. This is necessary, because
it is the elementary form of the problem, man being, of course,
a lighter and simpler mechanism than man plus engine. Taking
the first case in its simplest form, that of the flight of a single
man by wings attached to his body, I shall endeavour to show
why it should not be dismissed from the mind as an absurd im-
possibility. I believe the light in which I have endeavoured to
exhibit the prospect of success or failure in this matter, is new,
at least I have not met elsewhere with a similar illustration of it.
1 shall not pursue the question of mechanical flight further by
discussing the feasibility of an aerial machine, which might be
raised from the ground and propelled solely by the inuscular
effort of a man, by the joint labour of several, or by artificial
power; for this is foreign to my purpose, which is to indicate the
road to success in the second form of application. I shall there
show why, of the alternatives thus presented to us, I have chosen
this latter, of which the balloon has given the hint. The impos-
sibility of propelling the balloon is naturally first to be pointed
out, and the objections to be noticed, which founded upon this
have been urged against all attempts to guide the course of gas”
vessels through the air. I shall have to show how far these
objections are groundless, how far they are valid and have to be
combated. This leads us to ascertain the first condition which is
imposed on us by the necessities of the case, and of which the
faithful fulfilment is essential to success.

Out of the consideration of this preliminary requisite, the
ascertainment of other conditions will flow in regular order. 1
shall have then to consider each of these separately, as they come
before us under the heads of each. I shall briefly recapitulate
the methods by which such former projectors as have come near-
est to the mark have sought to surmount the difficulties that pre-
sented themselves; and shall show why their shafts have missed
or fallen short of the target, and, perhaps in the case of one or
two of the requisites, shall have to show that the inventors and
experimenters have failed to take any aim at all. This prepares
the way for the means by which I shall propose to satisfy the
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conditions, and which will form the matter for the second divi-
sion of the book.

I hope that this first part will form a clear statement of the
condition in which those who have gone before me with the
pen, or with tools more worthy, and more likely to the work,’
have left the ground of aerial navigation, and in which we find
it now. It will thus be my endeavour to lead the reader step by
step towards the belief, which it is the purpose of these pages to
expound, and for which in the second part I shall establish the
foundation. I should not have put together this long preparatory
statement of the problem, if I had met with any complete trea-
tise on the condition of this art. The only writings on this subject
that I am acquainted with in our language, ad having for their
purpose to give a view of its requisites, as at present ascertained,
are the ¢ observations’ at the end of Mr. Monck Mason's ¢ Aero-
nautica ;’! and a paper by Sir George Cayley in the ¢ Mechanics’
Magazine,’ 2 to which I shall have frequent occasion to refer. But
the former of these is in some respects deficient and unsatisfac-
tory, and the latter is, from its brevity, necessarily incomplete.
In French aeronautic literature, which, the subject being with
them a national one, is far more copious than our own, the only
attempt at a full examination of the subject, under the light of
modern science, that I am aware of, is that of M. Marey Monge
in his ‘Etudes sur 1'Aerostation.’® But this interesting and well
arranged work contains some grievous errors, which quite de-
stroy its value as a standard of reference.

1 Pp. 291-349. 2 Vol. xxvi. p. 418.
1 Pp. 1-181, 1837.
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CHAPTER 1L

THE PROBLEM OF FLYING.

To FLY or not to fly? that is the question; with aid of buoyant
gas or without? How then is the problem stated? Let us hear
what the most respected authorities have laid down upon the
subject. Borelli, who is so often quoted in his work ‘ De Motu
Animalium,” published at Rome (1680), says, ‘in enquiring,
therefore, whether men can fly by exertion of their own strength,
it must be ascertained whether the motive force of their pectoral
muscles (of which the size is the index and measure of their
power) exceeds in the same degree (as in birds), viz.: by ten
thousand times, the resistance of the weight of the entire human
body, together with the weight of immense wings, which must
be fitted to the arms.”! And wefind the ¢ Encyclopzdia Britan-
nica’ thus delivering judgment: ¢ The application of oars may
turn a balloon, but can have no sensible effect in directing or
impelling its course. How vastly disproportionate is the force
of the human arm to the overwhelming pressure of the wind
against 8o heavy a machine! To adapt machinery under these
circumstances would be preposterous, and to look for help from
such a quarter is visionary in the extreme.’3

Now neither of these positions represents the true state of the
case, or anything the least like it. Old Borelli certainly never

! Quando ergo quaritur, an homines propriis viribus volare possint,
videndum est, an vires motivee musculorum pectoralium (quorum vires in-
dicantur et mensurantur a vastitate eorundem musculorum) eodem excessu,
scilicet decies millies, superent resistentiam ponderis totius humani cor-
poris una cum pondere ingentium alarum quse brachiis aptari debent.—-Cap.
xxii. prop. 204. .

t Encye. Brit. 7th ed. 1830, vol. i. p. 104.
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studied at an English University, neither probably did the
learned Encyclopedist, or, if he did, his studies must have been
confined to his books, and he must have grossly neglected the
opportunities afforded him of studying practical dynamics on the
river. The mistakes of the former author are excusable as com-
ing out of Rome in the seventeenth century; but an English-
man in the nineteenth ought to have known better. Did any
gentleman who is fully couvinced by this triumphant reductio
ad absurdum that aeronautics are impossible in any shape, ever
happen to pull in a boat? If he has taken that exercise, did he
ever find that he could do much work with his arms alone ?—if so
he may congratulate himself on his very extraordinary vigour
about the upper extremities. The last sentence of the paragraph
I have quoted from the Encyclopedia is simply a bold dogmatic
assertion, which I shall not combat now ; but if the reader rests any
faith on it at present, I hope my future pages will induce him to
change his mind. No# I must confess to not having read Bo-
relli ‘De Motu Animalium,” and after consideration of the
famous passages which I have quoted, I do not feel at all inclined
to study his previous arguments; and I hope I may be excused
in doing so, as they have no bearing upon the question I have in"
hand. Bourgeois, who innocently remarks, ¢Borelli a fait cette
démonstration d’'une maniére sevére et vigoreuse,’ has printed
the chapter in which Borelli discusses human flight, and from
his quotation I have extracted the passage.! I simply cannot
conceive what he means by the force of any muscle in any bird
exceeding by ten thousand times the weight of the whole body
of the animal.? Suppose an eagle weighs ten pounds, can any
one seriously believe that the pectoral muscle of that bird would
sustain for an instant a weight of a hundred thousand pounds; it
would probably be nipped from its attachments, or rent asunder
by a hundredth of the weight; that it could contract against

! Bourgeois, ¢Art. Vol p. 72.

2 In the paragraph preceding that from which I have quoted the above
sentence, Borelli says, ‘Quia vis motiva alarum in avibus ostensa est
decies millies major, quam sit resistentia ponderis eorundem,’ &c. He
must have got to this by some prodigious dynamical fallacy.

C
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such a force is a notion almost too ludicrous to be mentioned.
But it is not worth while to examine the grounds on which
Borelli makes his extortionate demand for power before he will
consent to fly. For the position which he assumes in the very
clause which I have quoted is altogether.a false step. It does
not follow that because birds fly with their pectoral muscles,
therefore, if a man was to fly, he would trust to his arms to
sustain him. It is very curious that he should hav- made this
assumption, and lave been so gravely listened to while he des-
canted on it. He must have known that fishes swim by means
of their tails, and that dogs do not, but paddle with their legs.
He must have known that a monkey will hold a nut in his fore-
hand, while a parrot will grasp a morsel with lis hind one.
Good old Bishop Wilkins was a better physiologist than this: we
will see presently what he says on the subject.

Before taking leave of Borelli, however, I must do him the
justice to state that what he goes on to say, in demolition of the
puppet he has set up for himself to knock down is rather more
rational, if not more to the purpose. ¢ The weight of these mus-
cles in birds that urge the wings is not less than a sixth part of
the weight of their whole body; but the pectoral muscles of a
man do not amount even to the hundredth part of his entire
weight.! Let the Bishop answer him.

¢ But now because the arms extended are but weak and easily
wearied, therefore the motions by them are like to be but short
and slow. It were therefore worth the enquiry whether this
might not be more probably effected by the labour of the feet,
which are naturally more strong and indefatigable, in which con-
trivance the wings should come down from the shoulders on each
side; but the motion of them should be from the legs being
thrust out and drawn in again one after another, so as each leg
should move both wings, by which means a man should, as it
were, walk or climb up into the air; and then the hands and
arms might be at leisure to help and direct the motion, or for

! In avibus pondus musculorum alas flectentium non est minus und sext4
parte ponderis totius corporis ejus. At musculi pectorales humani nec cen-
tesimam partem ponderis totius hominis quent.
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any other service proportionable to their strength; which con-
jecture is not without good probability.’ !

Not without good probability, I believe, and will endeavour
to show grounds for that belief, though I do not undertake now
to demonstrate its possibility. Assuming then Borelli's propor-
tion to be the correct representation of the relation between the
weight of a bird’s flying muscles and that of its body; and as-
suming, with him, that such weight ¢f muscle at least (one sixth
of the weight of the body) must be available for the purposes of
the wings in any animal that is thinking seriously of flight, the
question for us men would not be at what fraction our pectoral
muscles should be valued, but whether we have not other mus-
cles about us which would make up the required amount. But
I am not going to enter into any anatomical discussion of the
matter, for this would at best lead only to a theoretical notion
about it one way or the other; the observations which I wish to
make are practical, and my. suggestions will be for experiment.

However, before quitting the ground of speculation on which
men are 80 apt to linger, and mounting into the higher regions of
fact, I must state that I am convinced (on grounds which will
}ereafter appear) the amount of power put forth by birds is
enormously overrated by most of those who have considered it,
not of course with respect to the weight they support, but as to
the resistance from the air they have to combat. But I must
add that Borelli does not take sound premises in starting from a
comparison of muscles, weight for weight, or size for size. It is,
indeed, most likely that he has by no means made out the best
case for his own position. The force of muscles cannot be esti-
mated by their size alone, far less can any valid comparison be
made in this respect between the parts of animals of different
orders, between creatures whose physical economy is so different
as that of a bird is from that of a man. The duty (to borrow a
steam word) of muscles depends upon the amount of material for
power which they are fitted to consume when it is supplied to
them ; this comes to them in two forms, firstly as nutrition direct

! ¢Math. Mag.’ Book 2nd, Dazdalus, chap. 7 (5th ed. 1707, p. 121),
¢ Concerning the art of flying, the several ways whereby this hath been, or
may be attempted.’

c2
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to their substance (composition); secondly, as nervous energy
(decomposition) ! imparted from the brain and spinal marrow,

' A great deal of confusion prevails in our minds about animal existence,
and is kept up in learned books and common talk by the loose and un-
defined use which is made of the terms vital force and life; as if we men
were provided with only a single such faculty or property. Now the fact,
is, that, though we cannot all claim to be as well off as a cat is commonly
said to be in this respect, we have, or rather perhaps are, each of us
three separate lives; these are mnot successive but simultaneous, and
form together one indissoluble whole. One of these, as in all true trinities
(of the infinite number of which that make up the universe, man is the
mast perfect that is visible), proceeds from the other two. Fora geometrical
illustration of this I must refer my readers to the chapter and diagrams in
their mechanical textbooks on the composition and resolution of forces.
Our three lives, then, are the nutritive, the volitive, and the motive; the
creator, the destroyer, the preserver, or in plain English, which is better
than Latin or Hindoo, the nourishing power that builds up the body, the
mind that uses it up, and the motive force that keeps it going. To anato-
mists and others, who believe in the existence of matter, I should speak of
the plexus solaris, the cerebrum, the mylon;* and should probably amuse
them very much. I am not going to show that each of these unities is it-
gelf a trinity, which would not be difficult ; but to point more precisely to
one side of the relation that binds them together. I have said that one
proceeds from the other two, by which I mean that one depends upon two,
being without them, powerless—nothing. I did not say that only a par-
ticular one stands in this relation to the other two. I will however show,
which is all I require for my present purpose, how one of these is connected
with the others by this tie of binary dependence, forming with them a true
polarity, realising another of the great laws which pervades the physical
world ; the mutual dependence of two forces acting in opposite directions,
not in antagonism, but in inseparable amity. The two faculties of volun-
tary power and of involuntary energy, both of which in great part issue in
movement, the latter chiefly so, are exercised in the using up of the mate-
rials of which the animal framework is made, these two may be summed as
one kind of life—the decomposing or animal force. The former is ever re-
supplied by the feeding or nutritive life, which repairs the exhausted brain
and muscles by its industrious building energy. This latter is another
vital force, the composing or vegetal life, without which the former is of no
effect. And this latter in its turn is dependent on the motive faculties for
its means of work, for the food which it has to convert into flesh. The two

a ¢Mylon,’ sicin MS. Possibly ¢ Myelon’ (uveXss, moelle, marrow), a term used by
Owen for the medulla spinalis, was meant to have been written.—ED,
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for which second requisite the muscles are indirectly indebted to
the food. The question is one of rapidity of action; of intensity
as well as of quantity. It is no doubt a fact, that in the animal
machine a given amount of food cannot be made to yield more
than a given amount of power. Now it is very likely that such
birds as really do much work, approach the maximum in the
amount of force they get out of their fuel ; they probably do full
justice to their victuals. But whether they do so or not, it is
quite certain that men do not take out of their food as much ser-
vice (in any shape, animal, moral, or intellectual) as they might.
At any rate, the really flying birds, those of nervous tempera-
ment (of course a lymphatic turkey or auk is not a subject for
the comparison), such as swallows and falcons, live much faster
than we do, consume a far larger proportion of food (weight for
weight per day) than we do, and devote the whole of it to their
one business of restless flight. In short, there is little doubt that
their muscles are much more vigorous than ours in proportion to
their size and weight, whether of arm or leg. So Borelli did not
take of his false position all the advantages it would have yielded
him.

But returning to our legs, let us see what indications we can
find of any chance of success in flight by using them as our pro-
pellers. Let me remind the reader that I do not undertake to
prove that a man can fly a yard—though I think it not impos-
sible that more than that may have been proved already by ex-
periment on one or two occasions—with and without expense of
human bone. I only wish to show why I think it most likely
that, if he set to work in the proper way, he might move through
the air without any support but what the air and his own mus-
cles might afford him, to a distance or a height proportioned to

are distinct and opposite, yet one—a true polarity. It is the first which we
see working in the bird's wing ; but the second works unseen, and it is the
intensity of both which is measured by their great activity ; by the work
they do, and the food they consume. There is a just balance between them
proper to ench individual among man and the animals that attend him—to
each species among the tribes that are free. Each is worked for and by the
other: if the one is overworked, the other suffers. But this birds never do:
¢I1 faut manger pour vivre, et non pas vivre pour manger.’
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his strength of limb. I do not think it impossible that some men
might thus progress through the air at a rate of speed useful for
some purposes;- but I do not think they would do so till a great
many experiments had been made in concert by the joint in-
genuity of many minds. And I do not think that even then they
would make much way unless they put themselves into the best
bodily condition, and kept their muscles in good training for the
exercise. Men cannot row in a boat with effect if they do not
do this, and it is not likely they would fly without it.!

Now the first thing to be done in flying is to raise oneself
from the ground; if one can do that a step may be made, with-
out it none is possible.

Can a man raise himself from the ground by his arms? If
the schemers in flying, or their critics, had considered this ques-
tion they would have saved themselves a great deal of trouble ;
the first in vain practice, the others in theorising. Most men
can raise themselves into the air by their pectoral muscles and
those of their arms —some cannot do it at all, they are too heavy;
many cannot the first time they try, for this like any other exer-
cise requires some knack in the application of the strength. The
point is to be ascertained by first hanging freely by the hands
from a fixed horizontal pole, with the feet off the ground, and
then trying by bending the arms to raise the body. I have seen
two persons, a gymnastic master and a tumbler, who can do this
with one arm, but they were men with herculean chests and
arms, and very small bodies and short legs—not built upon the
Caucasian model. I believe such men as these might fly with
arm wings. However, ordinary men in good condition can raise
themselves from the ground by their two arms. But how far?
—that is the point. They can lift their chins to the level of the
beam from w ich they may hang, and letting themselves down,

! If any lady sighing for the wings of a dove, should wish to know
what likelihood there is of her cleaving the air with pinions of her own,
I must refer her to the lady-glowworm, who is content to shine at home with
her peculiar lustre, while her lord spreads wings for his work abroad, and
to the industrial association of ants, where the females, having by birth
wings, make a point of cutting them off, that they may attend to their
domestic duties, and leave the flying to be done by the gentlemen.
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can repeat this a certain number of times in succession without
rest ; few men can on first trial get beyond a dozen, or even after
some practice exceed a score, their muscles becoming more and
more exhausted after each exertion. Now, supposing that on each
such lift our man rises through two feet, and that he can repeat
this twenty times in succession, he will raise himself altogether
through forty feet by the use of his arms. However, it is pro-
bable ‘that his force is not used to best advantage throughout the
whole of each effort. Perhaps it may be supposed that the most
is not made of his available strength through more than half of
each ascent of the body. And it may be imagined that by eco-
nomising his resources, and distributing his force in a different
manner, as by lifting himself each time to only half the height,
he might double the effect. I doubt it; but allowing it, he could
not thus do more work than would raise him to a | eight of eighty
feet ; and I know that swarming up a pole or rope forty feet (a
mode of progression in which, though the arms do the chief
work, the legs contribute to the effect) is work enough for most
men whose limbs are well strung, and is more than one man in
twenty will accomplish without pmct1ce

No one, I conceive, will imagine that a better hold can be
got of the air than of a rope or pole; and in all attempts to fly,
the weight of the wings and other apparatus must be taken into
account. I do not suppose a good grip could be taken of the
atmosphere with a propelling surface and mechanism weighing
less than ten pounds.  An addition of such weight will of course
diminish proportionally the height which could be attained.!
So that t us we get a notion of what is the limit to a man’s
power of elevating himself into the air by his arms.2? It is

! If an ordinary man, weighing about 150 1bs., can raise himself to a

height of 80 feet, and if his available force is supposed to remain the same:
under the different resistances, he would be able to raise 160 lbs. to a

height ]50 *80_ 75 feet.

z It is not unlikely that some of the accidents recorded as terminating
attempts te fly, have arisen from men doing thus much, and then becoming
quite exhausted, and falling from inability to continue the exertion. It is
worthy of note, too, that most of these unlucky wights started their flight
from tops of high towers, instead of from boats in the middle of lakes or
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scarcely necessary to consider farther in this place his capacity
for flight, in which this supposed attempt to soar upwards would
have to be in part converted into a forward motion, in which the
resistance of the air would have to be in part combated, in part
trusted to for maintaining the body at the t eight acquired. If a
man would be unable to rise beyond eighty or a hundred feet
without fatigue, his flying would be of little use.

Now, however, with respect to a man's legs the case is very
different. It is impossible to consider the human figure without
being struck by the enormous mass of muscles collected about
the lower half of the body. Almost the whole muscular system
is concentrated into the part below the hips;! the symmetry and
gradual tapering form of the legs of man are expressive of power,
as they are highly gifted with it, and fitted for its display. There
are but few among the mammals that have anything like such a
concentration of power in proportion to their weight in any one
part. Moles, bats, and some monkeys it is true have their fore, and
kangaroos, their hinder limbs favoured, as it were, at the expense
of their other muscles. But very few of them, except perhaps
the latter of those just mentioned and a few others, can boast
such capacity for vigour in any one part, as can man in the ex-
quisite taper of line from the muscle-loaded hip and thigh to the
light arches of heel and toe. It will be said perhaps that many
quadrupeds have a much greater vigour of fibre than we have—
as I have allowed for the birds. The answer is that, firstly, no
mammal shows a degree of muscular activity comparable to that
displayed by birds of perpetual flight; secondly, that there is no
reason for supposing that there must be any great difference of
muscular tone between man and other mammals, in favour of the
latter. 'What do we, sauntering lazily on lawns and carpets, or

the sea, which, of course, every reasonable man would do in such an expe-
riment.

} In the human body the law of polarization—one of the chief laws of
the harmony of nature and of organic development especially—is worked
out in the highest visible perfection. The polarity expressed in the
physiological fact specially spoken of here, is that between two of our
lives, the volitive and motive, the mental and the muscular, the brain and
the limbs.
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poring over some sedentary toil for hours of murderous fatigue,
know of the capabilities of human muscles? Yet anyone who will
remember the feats he may have seen performed by exhibiting
athletes, may be reminded that there are faculties dormant in us
of which the old Greeks knew the value, and which t ey were
careful to educate. But, it may be said, we are not all to be
exhibiting athletes, mere brainless pieces of muscular mechanism,
- such as these poor animal incarnations of strangth and agility.
Certainly we are not to be mere muscular mechanisms, but were
the men who worked at the Parthenon and played at the Olympian
games mere brainless animals? And, whic. is a greater ques-
tion still, are those poor clowns who may be seen performing
prodigies of might, even in the streets, for t eir daily bread—
are these fellows the mere animals we take them for? have they
not capabilities and susceptibilities, which if they were but
brought out and directed would make them just as good men as
you, reader, without the loss of one grain of their admirable
animality ? Besides, for a fact, at our echools and universities,
are the best scholars the least vigorous at manly games, or the
most athletic men the greatest dunces ? is it not rather notoriously
the reverse? I say then there is every reason to believe that
man is capable of putting forth far greater strength with his
limbs—especially with his lower limbs—than he generally believes;
and that in not attempting to develope our muscular powers to an
cxalted degree, we are neglecting a most valuable part of education.

But we shall be wiser some day. The question for the pre-
sent shall be, what can we do with our legs, such as we find
them? In considering the power of our arms and their suitabi-
lity for flight, I have put the question in a form which will serve
us equally well for enquiring whether our legs can serve us in
this matter. Does the weakness of these latter limbs itself at
once set such a limit to our hopes of making use of them, as to
discourage or forbid any attempt to tax them for this purpose?
I think not, and I shall brietly show the reason, by referring
their powers to the same test as that by which we tried the
arms. Now, it would seem a waste of words to argue that a
man can raise himself by his legs. Without going up a ladder
(which is in fact a flight in which support is taken from the run-
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dles instead of from the air) no one can advance a step on level
ground without lifting his entire weight. Each step (starting
from the erect position) commences by a fall forwards, which is
arrested by the advancing foot as it reaches the ground. Now, if
there is a fall, it must be followed by an equal rise, which is
effected by the leg that is left behind, which pushes his body for-
wards and upwards, till the centre of gravity recovers its former
beight. The body is thus raised in walking chiefly by the mus-
cles of the calf, extending the foot and opening the angle between
the instep and the shin. The leg that did this part of the work
and was left behind, is then lifted by itself and brought forward
to receive the next fall in its turn. The longer the step taken,
the greater the height through which the walker falls, and the
greater therefore the height through which he must raise himself.
I shall not overrate the height through which the centre of
gravity of the body falls and is lified again, if I assume it at
three inches for every complete step of a yard.!

.

1 That this is not assuming too much fall and rise for each step, will, I
think, be evident from the following rough considerations. Suppose our
man’s centre of gravity to be, when he is erect, at a height of four feet from
the ground, near which it will be in a man about 5 feet 9 inches high.
Let A C (fig. 1) represent his full step=3 feet, A D, the half of it =1 foot

6 inches. D B, the perpendicular height of his centre
" of gravity above the ground at the middle of the step.
Let A B be the distance of his centre of gravity from
the point of support at his foot. Let us suppose A B
to be equal to A E, the height of his centre of gravity
from the ground, when he is erect. It is evident that
A B cannot be greater than A E, for the bending of
the joints brings B nearer to the feet than it is in the
upright position. So that ABis, in fact, less than
AE. And the less A B is, the less, of necessity must,
B D be; and therefore the greater will be the differ-
ence between A E and B D, which excess of A E gives
us the measure of the fall. But we will assume A B=
A E, that we may not exaggerate the fall. Now AD B is a right angle,
therefore A B2=A D?+B D? ie. 42°=162+B D? or BD?*=16-225=
1875, BD = +/13775 = 3708 (feet),. A E—~BD = 4— 3-708 = -292 feet =
3:504 inches. Nearly 3} inches; and this is less than the correct result.
And I think that if the reader will try the experiment by stepping a yard

Fig. 1.

D [4
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If this be so, in walking a mile a man will have lifted himself
through 8 x 1760 inches = 1466 yards; so that his mile’s
work may be represented as equivalent, so far as his legs are
concerned, to a flight directly upwards to a height of about 146
yards. Now, if we reduce his height proportionally to the addi-
tional weight due to the wings he must be carrying if he flies;
taking the same weights we assumed for the ease of the arms
(viz. 150 1bs. of man, and 10 lbs. of wing), it becomes 12913(; Olﬂ;
=136'8 yards. Now every sound man ought to be ready to
walk 30 miles for a pastime any day. In walking 30 miles he
would, according to our calculation, bave done work equal to -
lifting bimself and his wings to a height of 30 x 136:8=4104
yards (at least 23 miles) directly upwards. In confirmation of
this inference may be taken the fact that the miners in the lowest
levels in the mines in Cornwall, after going down the ladders,
which is three-quarters of an hour of work, certainly not much
less fatiguing than an equal length of time spent in going up, and
after many hours’ labour in the mine, do actually lift themselves
and their tools to the surfuce by travelling up the ladders, in
which toil they spend hours; preferring this course to what they
consider the dangerous expedient of being hoisted to the ¢grass’
in the kibbles. So much for the capabilities of our legs to carry
out Bishop Wilkins’ device of ¢ walking or climbing up into the air,
by the legs being thrust out and drawn in again one after the other,
80 as each leg should move both wings.” If the reader should

Dy the side of a wall, and measuring the height of the pit of his stomach
from the ground at the mid position of the step and when he is upright,
he will find that this is pretty near the truth, so that I might at least
treble the amount of work shown to be done on my assumption, without
any exaggeration. In ordinary walking these actions do not take place
precisely in the order here represented, though they actually occur in
deliberate striding. In progression at the ordinary foot-pace, lifting of the
body by the after leg is simultaneous with the fall forward. The end
attained by this adjustment is a compensation of one movement by the
other, so as to keep the head travelling in nearly a horizontal line, and
to free it from the continuous jerking motion to which it would otherwise
be subjected. But exactly the same amount of work is done in making an
equal advance however the steps may be made.
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prefer to strike out with both legs at ence, as is commonly done
in swimming, let him stand on his hearth-rug, put his feet to-
gether, and spring up and down either by simply extending his
feet, or by calling his knee-joints into play without even taking
his toes from the ground, and I think he will (even with a weight
in his hand) satisfy himself, if he is at all strong on bhis legs, that
they are equal to the work I am suggesting for him.

The enquiry now arises—Can the power thus available be
applied to the air without such loss as to make it useless in prac-
tice? This I do not undertake to demonstrate, but shall leave
the question to the advocates of mechanical flying : in attempting
to solve this problem, however, provision must be made, that, in
case of an accident, the flyer shall not at once fall headlong.
Again, if wings are to be the instruments of motion, and they are
the simplest and most effective that can be devised, it must be
remembered that their action is alternate. They must, of course,
shut up completely during the up stroke, so as to offer no con-
siderable resistance to the air in that direction. Some contri-
vance therefore will be necessary to maintain the height acquired
by one stroke during the interval that elapses before the next de-
scent of the wings, unless their movements are so rapid that their
action shall become equivalent to a uniform upward force. Some
form of kite or parachute will be necessary to effect this end.

‘What chance have we now that our wings will do justice to
our legs ? they must take hold of the air, as our feet do of the
rundles of the ladder. What we want then is to get them to re-
ceive a resistance from the air at least equal to the weight to be
lifted. This must be obtained from them before upward motion
can commence. Now, for sake of simplicity, we will suppose our
wings to be square and perfectly flat, and to move directly up
and down, so that each point on their surface shall move with the
same velocity. This will not be the case, for each point in them
will describe an arc of a circle about the point which will be near
the shoulder, so that the outer points travelling in larger circles
will move faster than those near the hody. We shall assume the
whole wing to move in the direction, and with the velocity of its
centre, and parallel to itself through the distance traversed by the
centre,
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So we will begin by fixing the size of our wing : let it be seven
feet square. Then we have 8=7?=49, our equation, then,
becomes 80 = 095 X 4912, or = %‘E =32653 . v=
4/826-53=18:07. Thus our wings being each seven feet square
must be moving with such a velocity that if the motion continued
for a second, they would traverse eighteen feet,—before their
resistance would neutralise the weight of the system—before it
could commence to move. Any additional power over and above
this that could be exerted upon them, would be expended in
lifting the body. During the whole time of flight this velocity,
or its equivalent, would be kept up; but their downward move-
ments alternate with upward jerks, which are at least useless, and
must indeed take off something from the available force, however
much their resistance in that direction may be diminished by
their form. The velocity of the wings in their downward motion
must therefore be increased, to make up for this abstraction. If
we suppose that the flyer allows as much time to elapse between
each impulse as is occupied in making the stroke, the force ex-
pended in each extension of the leg must be doubled, so as to
double the resistance of the wing. To maintain the equilibrium,
then, we must have v’=.———00§)€?49=653'06 <= 4/653'06 =25"55.
So that to remain poised in the air, neither rising nor falling,
the wings must be kept vibrating with such a velocity that, in
their downward stroke, they move through 251 feet in a second.
Now, according to our ground, that a man in walking a yard
must raise himself an inch, in walking at the rate of four miles
an hour, he will do work at least equal to raising himself 1760
inches in fifteen minutes, i.e., 117°3 inches in a minute, or 2
inches in a second nearly. We mmy, without overtaxing the
man, suppose him capable of making ten complete beats of the
wing in a minute ; ! then in half of this minute he will put out

! He will work, of course, only with the down strokes with his legs ; so
as to make the strong extensor muscles bring the wing down, and stretch a
vulcanised india-rubber spring, which will draw the wing up again at the
end of the stroke, thus leaving to the flexors only their natural office of
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all the strength he can afford; that is to say, he will do in 60
seconds the whole labour of ten strokes, or he takes 6 seconds for
each down stroke. But he can supply the requisite force at the
rate of (160 lbs. raised) 2 inches in a second, or 1 foot in 6
seconds. This will be equivalent to raising his body a foot in 6
seconds, which, if the reader will try, he will not find any dis-
tressing work. Each down stroke, then, will be a foot in length,
and will occupy 6 seconds. Now, I want to deduce from this the
length of the wing, or rather the distance at which its centre must
be from the joint. The wings will have to move for 6 seconds
in one direction, at the rate of 254 feet in a second, and will have
to traverse a space in each stroke of 6 x 253 feet. The foot from
which the force is applied, moves through 2 inches in a second, the
wing has to move through 306 inches in the same time. Let us sup-
pose the force transferred by a link from the foot to a point of the
wing, at a distance of one foot from the joint. This joint of the
wing-arm will move through 2 inches in a second, or more
correctly, through a circular arc of 12 inches radius, and of which
2 inches is the cord ; and the length of arc moved through by any
joint is in proportion to its distance from the joint. Representing
the distance of the centre of the wing from the point as z, we
z __ 306

have 12 =-2— & = 1836 inches = 153 feet.

lifting the leg. I have taken ten beats in a minute as a round number, and
less likely to be fatiguing than a quicker and shorter stroke.
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CHAPTER IIIL

THE IMPOSSIBILITY OF PROPELLING BALLOONS, AND THE FIRST
DIFFICULTY IN AERIAL NAVIGATION,

I Now come to the second case of aerial propulsion, viz. that in
which the weight of the body to be moved is neutralised by the
support of a buoyant gas. It would be very natural to suppose,
at the first glance, that the vast assistance afforded by the dis-
covery of this application cleared the way at once to a realisation
of our hopes of flight, and lefi us nothing to do but to flap our
wings and go ahead at any pace required. There is no doubt
too, that many -of those who first witnessed the ascent of the
balloon conceived that the empire of the airs was henceforth our
own. Blanchard, indeed, who had been at work with his wings
for years, hailed the invention as the solution of the problem he
had undertaken. He was, however, undeceived, and found that
the difficulty which had been vanquished had risen up in an-
other form in which it defied his efforts as effectually as before.
1t was a beautiful but disappointing instance of the compensations
which prevail throughout nature, keeping things and events upon
the groove of law even when they seem most inclined to start
from the old routine. Gravity was beaten, but resistance of the
air rose up and laughed to scorn the exultation of the eager
world. It was found impossible to propel the balloon. A sphere
of hydrogen, large enough to support a man, presented so ex-
tensive a surface that the resistance of the air to its passage
through it, at any speed worth obtaining, would be at least equal
to the weight that it neutralised. This fact which was soon
ascertained by the inventors, and then predicted by the men of
science, discouraged the early schemers in their attempt to im-
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prove the evident advantage gained over nature by the appplica-
tion of light gas. And the same drawback has caused the balloon
to be looked upon ever since by all sober people, except a few who
have enquired for themselves, as nothing but a mere toy—and a
mere toy the balloon and its gas have remained.

But hydrogen has a better destiny to fulfil. This I shall
endeavour to prove; but before proceeding to enquire how the
gas can be made to serve us in our purpose of navigating the air,
I must state why, if I did not fancy Isaw the road clear to full
success in flight by the aid of hydrogen, why,—even if the obstacles
to the two methods were apparently alike—I should select the
resistance of the air for an opponent in preference to gravity,
why I should try to improve upon. the balloon, before I essayed
to fly without its aid.

In the first place many ingenious men have devoted a great
deal of time to actual endeavours to perfect mechanical flying,
and hence failed; while very few reasonable experiments have
been made towards the propulsion of gas vessels. Secondly, I
might have some hopes of diminishing or eluding the pressure
of the air; none of cheating gravity. Thirdly, if T was aloft on
my wings alone, and broke one of them, my neck would be likely
to be broken too; in the second case, an accident to my pro-
pelling mechanism would only deprive me of my speed, not of
my life. Fourthly, as corks are sometimes useful in learning to
swim, so, even if mechanical flying were the ultimate aim, pre-
vious practice with gas floats might perfect us in exercise, and in
the use of mechanism, in which we could not acquire skill with-
out such aid at first. Fifthly, I find a difficulty in believing
that the marvellous lightness of hydrogen,—that thing of such
singular tenuity, that, though it more obstinately resists com-
pression than does any other known gas!, is of a nothingness
almost as utter as a vacuum—is not specially intended to do
some service to man—to deliver us in some degree from the
bondage of gravity. Sixthly when I reflect upon the enormous

! Faraday, in his experiments on the liquefaction of gases, found it im-
possible, with the most perfect apparatus, to keep hydrogen under a
pressure of more than twenty-seven atmospheres.
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stores of it which are piled about the earth—when I consider
that there is enough hydrogen in the ocean to lift ! % # # # » »

I cannot doubt that the work which this mighty agent has
to accomplish is one of blessing to the human family—and I
know no greater boon that it can confer on us than that of
drawing us closer together in amity by lifting us over the barriers
that hinder our intercourse.

Now what is the reason that the utility of hydrogen is still
latent ? that neither embryo balloon has ever been raised against
the air, nor organic gas-vessel propelled? The answer is brief.

The balloon has been moved by oars, just enough to make
it rise or fall, or to divert its course in still air slowly and
laboriously to a givén point. To propel it is simply impossible.
And as to vessels of more likely form than the heavy sphere.
Firstly, it is probable that no man who knows how to pull an oar
in a boat with any effect has ever tried his hand at it. I never
heard that a Thames waterman, or a man who had pulled in a
race up the long reach at Cambridge, had ever had his foot
against a stretcher under a bag of gas. Most of the attempts at
balloon pulling have been made by ingenious citizens of Paris,

! The seas and oceans are calculated to contain 146,500,000 cubic miles
(English) of salt water. Of this material about 3§ per cent. consists of salt
and other substances kept in solution. The rest is pure water consisting of
oxygen and hydrogen, in the proportion by weight of 8 to 1. One ninth,
therefore, of all this mass is hydrogen, and each gallon of water in the ses
contains 11b. and 500 grs. avoirdupois, of hydrogen. Now one pound of
hydrogen occupies 327,100 cubic inches, while an equal bulk of common
air is weighing fifteen pounds. So that every pound of hydrogen repre-
sents a lifting power equal to the difference of those two weights, viz.,
fourteen pounds, and every gallon of water a lifting power of fifteen
pounds. Not a power, per pound and gallon, to be measured by such
weight lifted a foot high, as we speak of steam power and horse power, nor &
force which we can fully appreciate by considering it merely as a statical
pressure, but an accelerating force, uncompromising, like gravity, and
ready to hurl any obstacle less than that of the weight which can resist it,
to an infinite height, at least to the very bounds of our atmosphere, if such
there be to stop it.

This blank space was not fllled up by the author, and we leave the
reader to calculate the lifting powers of all the hydrogen in the ocean.
—Eb.

D
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who cannot be suspected of being likely to do much work in an
eight-oar. Secondly, if the best crew that ever bent their backs
to stroke, were to lay out their best strength upon oars, sweeps,
or wings in the boat of the best shaped air-craft that has yet (so
far as I can learn) been designed, they would do little or nothing
towards getting any way on the vessel. And this partly from
want of sufficient power, but chiefly from an inevitable misdirec-
tion by the machine itself of any force that they might apply to
it. Thirdly, competition among intrepid inventors and aeronauts,
and want of co-operation among those who might have aided
their experiments, has checked the early life of the art and pre-
vented any vigorous efforts being made to develop it. The
balloon has become a means of making a livelihood, which held
out to needy men generally innocent of science, a prospect of ac-
quiring a competency, and perhaps wealth, with the addition of
notoriety. While then they have been racing with each other
up to the clouds for mammon or a maintenance, it was not likely
that they could stop to consider whether it were possible to
travel together upon a level course. What again could be done
by isolated contrivers? One describes his device in a journal
or writes a pamphlet, another criticises his plan, picks out some
absurdity, and proposes a rival crotchet of his own, with which
some one else finds fault in turn. One burdens himself and his
scheme with letters patent. Another pompously declares he has
solved the great problem, but will not make revelation there-
of till he is well paid. And the men of capital, who, each by
himself, might be able to do but little to favour the growth of an
useful art, however well disposed to do so, are either unwilling
to unite their means, except for the purpose of increasing them,
or have been discouraged by the repeated failure of former indi-
vidual schemes.

Aerial navigation is a social problem, promising by its solu-
tion to contribute more than any other physical means to bring’
all mankind together, and realise the golden age, when ¢ there
was no more sea.” And so men are to unite in their endeavours
to perfect the art, and not to leave it to grow by competition, lest
the age of its accomplishment be indefinitely postponed, or lest
every scene of the vision of the world be fulfilled—
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there rained a ghastly dew
From the nations’ airy navies grappling in the central blue—

which God forbid.! The French at first saw this, and hailed the
balloon as a gift to their nation at least, which they were to do
their best in concert to improve. The public experiments with
Montgolfier's invention ? were made at the expense of the Aca-
demie des Sciences, and when a subscription was opened to build
the first hydrogen balloon for Charles and Robert, people rushed
to pour their donations into the fund. In London too, the first
experiment on a large scale, that of Luccaroli, was carried out by
subscription, and even in modern money-seeking days, if a bal-
looner meets with an accident and loses his property, the gene-
rous people often raise a fund to set him up again. It is to be
hoped the same brotherly spirit may yet unite us in the endea- -
vour to elevate a childish pastime into the manliest and most
humanising of arts.

But to return to propulsion. I have said that to propel the
balloon is simply impossible. This has long been apparent to
mechanical minds that did not happen to be enthusiastic about
aeronautics, and has been pointed out over and over again,® and
the difficulty has been supposed by many objectors to be an in-
surmountable barrier to any attempts to direct gas-vessels of any
form. That which is an impossibility for the balloon, is still a
serious difficulty for gas-vessels of a more reasonable shape.
Many schemers have gone inventing on in defiance of the ob-
stacle ; others have proposed to elude it by methods theoretically
appropriate, but very difficult of effectual execution. I will first
state the case as respects the balloon; and then show that it is

! There will be this special unfitness for war in all air-craft, that every
missile discharged, or bomb let fall, would suddenly send the vessel rushing
to the skies, by diminishing the weight borne by the gas, if it did not also
capsize it, by disturbing the horizontal equilibrium of the system.

* St. Fond. ¢ Exp. Aer.’ v. i. pp. 8, 32.

* See ¢ Mech. Mag.’ vol. xxv. pp. 158, 308, 408; vol. xxvi. p. 168 ; vol.
xxxi. p. 292. The tendency of the balloon to spin round its vertical
axis, has been represented as a great obstacle to its propulsion. This
would be a trivial impediment, that would easily be overcome if the air
would allow the balloon to be propelled at all.

D2
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equally applicable to most of the improvements upon it that have
been contrived.

The impossibility of forcing a balloon to move at a very rapid
rate in a horizontal direction! arises primarily from the form of
the sphere, which opposes a resistance to the air not very much
less than that of a flat surfaice—a resistance, therefore, which
would require an enormous force to overcome it, a force which
it would be vain to endeavour to carry.? But this is not of

! I specially mention the horizontal direction, because a great speed is
frequently given to a balloon mounting directly upwards, by suddenly
relieving it of weight. For instances of this I must refer my readers to
Monck Mason’s ¢ Aeronautica,” and to the account of the futal parachute
experiment of Mr. Cocking, which appeared in the journals of the day, and
may be found in ‘ Mech. Mag.’ v. xxvii. pp. 269-261. It is very possible
that the springing up above a thousand feet in a moment, on the casting
out of 56 lbs. of ballast, in the first case, and the shooting upwards with
the velocity of a skyrocket in the second, on the detachment of a weight of
393 Ibs., may be a somewhat exaggerated statement, but the velocity must
have been great to have so vividly impressed the minds of the narrators.
In such cases the balloons are, of course, impelled by a uniform accelerating
force equal to the weight thrown off (supposing them floating at equili-
brium before). But I doubt whether a sudden addition of an equal weight
to the load of the balloon would cause it to fall with the same velocity.
In the first place the pressure of the air on the loose yielding surface of the
lower part of the falling balloon would tend to cave it in, and so, increasing
its resistance to the air, give it a tendency to act as a parachute. On the
other hand, in the sudden ascent, the upward pressure of the gas on the
crown of the envelope keeps it tense and convex, while the lower part is
free to adapt itself to the new condition of diminished pressure, which must
tend to elongate it downwards. Besides—and this must vastly facilitate
speed—the balloon as it rises is continually entering a medium offering less
resistance than that which it is quitting, and its wake is occupied by a
denser air, which by its expansion can fill the vacuum which a body
moving rapidly in a fluid always tends to leave in its rear. The very gas
too in the balloon, as it expands under the diminished pressure, rushes out
of the neck, and must help, like an actual tail (which is an essential requi-
site to speed in water or air), to fill the space left behind the advancing body.
It does not therefore follow that a uniform force equal to a pressure of a
certain number of pounds would, if properly applied to a balloon, propel it
in a horizontal direction with a velocity equal to that with which the dis-
charge of as many pounds of ballast will cause it to rush upwards.

* For a calculation of the size of the smallest balloon that could lift a
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course the difficulty which is common to the balloon and to ves-
sels of other forms. This other obstacle to success, which is
secondary in the balloon, but which becomes of fundamental im-
portance in improved air-craft, which may be supposed to have
surmounted or lessened the former inconvenience, is the difficulty
of so applying any force exerted in the car of a balloon, or boat
‘of a proper vessel, as that it shall tend to urge the gas-envelope
in the desired horizontal direction. The nature of the difficulty
will be at once understood from the annexed diagrams, and by
the following considerations. Let A B, Ac,
fig. 2, represent opposite cords by which a car
is suspended to a balloon. Let EF represent
the horizontal line in which it is hoped to F
propel the balloon, & b the direction in which

the propulsive force acts on the car. The

angle which the direction of A p makes with

the vertical axis of the car, will, of course, be

determined by the position in which the pro-

pelling mechanism is fixed to the car. Since N A/ "

a horizontal motion is required, the propellers

will, of course, be adjusted to exert a force acting horizontally,
i. e. in a direction at right angles to the vertical axis of the car.
If a feeble force be applied, only a slizht motion will be given to
the car, and the force being transferred by cords to the balloon,
will impress on it a similar slight motion. Now, the resistance
of the air to bodies passing through it is proportional to their
diameters and to the squares of their velocities. If the velocity
is very small, the actual resistance on each square foot of surface
will be very small, and, therefore, the number of square feet of
sectional area or of surface will not make very great difference in
the quantity of resistance encountered. If then both the car and-
the balloon have, as we have supposed, but a slight motion, the
resistances they both meet with will be but slight, and therefore,
though there is great difference in their sizes, there'cannot be
much difference between the amounts of retardation they respec-

Fig. 2.

crew sufficient to propel at a certain speed, and of the number of men neces-
sary for the work, I beg to refer the reader to Mr. Mason’s ¢ Aeronautica,’
p. 322.
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tively meet with from the air. The balloon therefore will keep
up, or nearly so, with the car, and the weight of the car or its
puil upon the balloon will be sustained equally by A B and ac,
and the motion will thus continue. A very slow motion then is
possible to be produced in this manner, and just thus much has
been accomplished.

But, with regard to rapid motion, the case is very different. -
This will be best illustrated by taking an extreme case. Let us
suppose the rising power of the balloon to be exactly balanced
by the weight of the car, and let us suppose the car to be urged
in the direction of its length by a great force, and let this force
be sufficient to drive it up into the air and to carry it along in
any direction, without the assistance of the balloon, at a velocity
greater than that at which the balloon could rise if freed from the
car—a condition apparently very promising of success. Let us
suppose that the whole system is already in motion through the
air at the greatest speed at which the balloon can be urged.
Now, what takes place? The resistance of the air being propor-
tional to the square of the velccity multiplied by the square of
the diameter of the moving body, if the velocity becomes con-
siderable, the resistance becomes very great, and in this case the
difference in size of the bodies (as measured by the diameter
perpendicular to the line of motion) makes a great difference in
the resistance they meet with. Let us suppose that the horizon-
tal velocity of the whole system is such that the resistance is one
pound on each square foot of sectional area, and that there are

Fe. 3. 700 such square feet for the balloon, and
7 for the car (which there will be if
the former is about 30, and the latter,
3 feet in diameter, both supposed spheri- -
cal): there will then be a resistance of
D 700 lbs. to the onward motion of the
balloon, and only 7 lbs. to retard the
car. The result of this is, of course,
that the balloon Jags behind the car, and
the system assumes the position represented in fig. 3. This ten-
dency will be first exerted in throwing a greater strain on the
hinder cord A B, which will now transmit the pull from the car to



caap. 1. IMPOSSIBILITY OF PROPELLING BALLOONS. 39

the balloon. It is quite evident that the cord A ¢ cannot be of the
slightest assistance in drawing the balloon forward. The point
B will be drawn downwards and forwards, and the point ¢ being
relieved from the strain will rise, so as to keep the cord ac
tight, by throwing on it a share of the weight of the car. The
consequence of this is that the axis of the car, which was origi -
nally vertical, is now no longer so, and that the propelling force
which is acting at right angles to this, and which was originally
horizontal, becomes now inclined at an angle to the horizontal
line EF. Farther, it is quite evident that as this countinues, the
. direction of the force A D must become less and less horizontal,
till it becomes actually vertical, and the car has risen to the level
of the horizontal diameter of the balloon. The propelling force
now bears the whole weight of the car, and the balloon rises as
if it were free, but by our hypothesis the car can rise faster; it
therefore outstrips the balloon in its ascent—just as it did in its
first horizontal motion. A similar succession of changes must
ensue, till the car ,would ecome directly over the balloon, and
would be driving away in a retrograde direction
with passengers’ heads downwards. In short, the ¢
car would now be revolving round the balloon,
exactly as the moon travels round the earth,
without making the least progress in a horizontal
course, while the whole system would be carried
up to the zenith by the ascending force of the
balloon. The gas-globe would mount, as the
earth marches onward in its course, hurrying with
it the swinging whirling moon, or in a far more
complicated course, which would be symmetrical
about a vertical straight line, intersecting it at <
regular intervals, and whose loops and bends
would depend partly on the rising power of the
gas, partly on the propelling force of the car. It <
would travel in some such path as that traced in
fig. 4, in which A represents the place of starting,
B the point required .to be reached, ¢ the pointa—= B
actually attained.
If, however, the car were driven by a more moderate force;

Fig. 4.
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sufficient, for instance, to propel the balloon itself, if applied
directly to it through its centre in a horizontal line, with a
considerable speed, of course this revolution could not ensue.
The balloon would lag behind the car, and the car would rise,
just as is represented in fig. 4, to a position in which the con-
tending forces would be in equilibrium. The direction of the
propelling force would remain constantly at such an angle with
the horizon, that only a certain portion of it would be virtually ex-
erted in the forward line, the rest of it being uselessly emploved
in lifting the car upwards. The consequence of this would be,
that the balloon being relieved of a portion of its load would rise,
and the course of the whole system would be in a straight line
slanting to the sky, of which the angle would be determined by
the power of the propeller. There would be a certain limit beyond
which any additional force exerted in the car would not only not
be available in a horizontal sense, but would actually diminish the
forward movement; till at last the horizontal progress became
nothing, and the path bécame such an upward curve as was just
now described approaching more or less nearly to a vertical
straight line.

Now in the case of the balloon, if a force sufficient to propel
the sphere could be carried in the car, this difficulty might be
overcome by shifting the mechanism that applied the power to
the air 80 as to maintain its action constantly in a horizontal line.
In this case, the greater the power the higher the car would rise
with respect to the balloon, so that the line between the centres
of the two bodies would become more inclined to the perpen-
dicular; the limiting position beyond which it could not get if
the force were infinitely great, being the horizontal. In this case,
with an infinite horizontal force, the car would be dragging the
balloon directly after it, the centres of the two bodies being ex-
actly on the same level.

. Bat, as has been said, the resistance of the air to the motion of
a sphere is so great that it is not worth while to make any con<
trivances for the purpose of driving or drawing it along.

So much for the balloon. I have entered at some length into
the explanation of this obstacle, because it is fully as great an
impediment to the progress of air-craft of reasonable shapes, as it
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is to the propulsion of the old globe. Let now the sphere be
elongated into an egg, and let the car be suspended by cords
radiating all round from the mid zone of Plg. 6.

the gas-vessel as in fig. 5. Now it is
evident that just the same conditions
attend this arrangement. As soon asthe B
longitudinal force acts on the car in the
direction of @, D, the cord must slacken
and A B become tightened by the draft
which it transmits to the tail of the eg- A D
goon. The latter end, therefore, of the gas

vessel is drawn down and the former end tilted up. So that
the system must assume a position similar to that represented
in fig. 6. Now it will be observed that Fig. 6.

this second state of things is even worse

for the eggoon, or for any other elongated

form, than it is for the balloon. For in

the case of the latter, which is symmetrical

in all dimensions, the resistance of the air -

to ifs progress is equal ata given speed,

whichever side may be presented foremost. But in the case of
fish- egg- or cylinder-shaped vessels, which are of course planted
at starting in the position of least resistance, their horizontal set
cannot be altered without increasing the resistance they en-
counter. And the more fitted the form might be to elude re-
sistance when in its proper bearing, the greater would be the
opposition it would create to its own movement as soon as this
might commence : for with a given amount of cubic contents,
the more the sectional area in one dimension is diminished, the
more it must be increased in. the others, and the more therefore
must it provoke resistance, when any other side but the intended
ends is employed to face the opposing air.

I have spoken here of an air-craft in which the boat is sus-
pended by flexible cords from an oval gas envelope, because this
is the construction most usually proposed and adopted. It was,
for instance, the arrangement contemplated by Sir George Cayley
in his design for a navigable aerial vessel as represented in his

)
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published sketches,! The same method appears, too, to have
been adopted by M. de Lennox for his ship the ¢ Eagle ’ intended
10 have been aerial,2 and it was the form of Mr. Bell's apparatus,
in which3 he made two ascentsin London in the summer of 1850.
I quote these three instances as being—the first, the contrivance of
the most scientific, of probably the oldest, and certainly the most
persevering advocate for the traffic of the air; the second, the
project that at its time (1835)-created more talk in Paris and in
London than ever was the lot of any other supposed improvement
in the balloon ; the third the latest actual experiment of this
kind exhibited to the English people.

I bave taken no notice in these considerations of the part of
the apparatus represented in the case of the balloon, by the hoops
usually placed between it and the car, because the presence of
this appliance does not at all alter the dynamical conditions of the
system, whether the force be made to act from it, or still from
the car. This part of the apparatus serves no useful purpose,
except that of relieving the edges of the car from the outward
strain of the diverging cords that tend to wrench it open by
stretching it in all directions.

It should, however, be mentioned that some inventors, amongst
others M. Monge,* have supposed that by applying the force at a
point between the gas-vessel and boat, for instance, at the centre
of gravity of the system, thistwirling tendency would be obviated.
This, however, is a fallacy. The force in such a case will tend
to twist both boat and gas-vessel in opposite directions, to throw
the head of the former down and the latter up; in exactly the
same way as has been already<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>