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"T II E FLYING MAN." 

OTTO l.l LI ENTIIA I.'S FLYING l\11\CJI I NE. 

Bv V"RNON. 

H ERR OTTO LILIENTJIAL, of 
Berlin, who has attained some 

celebrity as "The Flying ~I an," wa-; 
born forty-six years ago in the anti­
quated little city of Anklam, near thc 
Haltic coast of Pomerania, ahout si :-. l y 
miles to the northwest of Stettin. A 

in the inten·als of more serious occu­
pations, has been studying the subject 
of acrial na1·igation. I !e has taken 
the llying bin! as his teacher. After 
many experiments with llat wings or 
plane surfaces, he becamc conYinced 
that it was the gentle parabolic cun·e 

residence so near 
the sea afforded 
him, in early life, 
man y an opportu­
nity of prosecut­
ing his favorite 
studies and obser­
vations. In later 
years he migrated 
with his youngcr 
brother GustaY, 
h 1 s enthusiastic 
coadjutator in all 
his researches in 
the domain of a vi­
atics, to Berlin, 
w here he estab­
lished, and is now 
conducting, a 
!arge manufactory 
of small steam­
engines, ,,. h o s e 
mechanical appli­
ances furnish him 
with e1·ery facility 
for the construc­
tion of his llying 
apparatus. 1 le is 
an accomplishcd 
a~ 

of thc wing which 
enables a bin! to 
sustain itself with­
out apparent cffort 
in thc air, and 
e1•en to soar, with­
out a motion of 
the wings, against 
the wind. This he 
has demonstrated 
not only by ex­
periment, but by 
an application of 
the doctrine of the 
resolution of 
forces to the ac­
tion of the wind 
upon a concave 
surface. The ctr­
cling ascents of 
the carrier-pigeon, 
as hc rises when 
relcascd, to gain a 
generat v i e w of 
thelandscape,and 
to take his bcar­
ings beforc start­
ing on his home­
ward j o u r n c y , 

mathematician, and a closc obscn·cr 
of nature; and is, bcsides, cndowcd in 
!arge measure with that poctic instill(·t 
which nearly always constitutes one 
side of evet~ the tilOst practical Cer­
man character. 

THE ßiRD's WIXG IIIlE:-< 1'11 \I.'S ~101)1 1.. 

For more than twenty years H err 
L ilienthal, 1vith his brothet:'s aid, and 

dcpend upon this principlc. 1 !c flies 
with the wind, but he sails or soars 
against it. The lins of many fishes, 
and the web feet of aquatic birds, 
are strikingly analogous in construc­
tion. The sails of a ship assume a 
similar form. It would be impossible 
to sail so near the wind in beating, if 
the instrument of propulsion were a 
rigid flat surface. Jt is the effort of 
the sail to get away from the wind 
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which it gathers in its ample bosom 
"hich drives thc boat forward, almost 
in the vcry tceth of the breeze. 

"Therc are still prominent in,·esti­
gators "Iw ·will 1101 sce," said Herr 
I .ilienthal to mc, "that thc arched or 
vaultcd wing includcs the secret of the 
art of flight. .\s we came upon the 
track of this idca, my brother and I, 
who were then young and wholly with­
out means, uscd to spare from our 
hrcakfasts, penny by penny, the money 
to prosccutc our investigations; and 
o ftcn the ' struggle for life' compclled 
us to interrupt thcm indefinitely. While 
we were devoting e1·ery moment o f our 
spare t ime to the solution of t he prob-

lem, almost e1•ery one in Germany re­
gardcd thc man who llould waste his 
encrgics in such unproductive Iabor 
as a fool. Ycars ago the most dis­
tinguishcd profcssor of mathematics in 
the Bcrlin lndustrial .\cademy sent me 
word that of coursc it could do 110 

harm to amusc myself with such pas· 
times, but warncd me carnestly against 
putting any moncy into them. A 
special commission of cxperts, organ­
ized by thc statc, had, in fact, laid it 
down as a fundamental principle, once 
for all, that it was impossible for a man 
to fly. (;erman societics for the pro­
motion of acronautics did not then 
exist, and thosc subsequently formed 
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"THE FLY.ING .MAN.'' 

were devoted almost entirely to the 
interests of ballooning. 

" I have always regarded the balloon, 
and the exclusive attention which it so 
long attracted, as a hindrance rather 
than a help to the development of the 
art of flight. If it had never been in­
vented, it is probable that more serious 
in vest•gations would have been prose­
cuted towards other solutions of the 

A 5TART P'ROJ.I A HILL. 

problem. Since the time of Mont­
golfier nearly all practical efforts have 
been directed to the improvement of 
the balloon. But it has nothing in 
common with the birds, and it is these 
that we must take as our model and 
exemplar. What we are seeking ·is the 
means of free motion in the air, in any 
direction. In this the balloon is of 
no aid ; there is no relation between 
the two sy~tems." 

THE WING OF THE RIRD. 

The wing of a bird is divided into 
three parts, corresponding to the 
shoulder-joint, the fore-arm, and the 
hand and fingers of the human frame. 
The two former, composed largely of 
bones and muscles and tendons, are 
comparatively hea,•y, and their rapid 
movement demands the expenditure 

of considerable physical 
force ; the last consists 
allnost entirely of "pen­
feathers," or pinions, 
which move to a certain 
extent automatically. In 
the I arger birds-the 
"sailers" or "soarers," 
which alone are to be 
considered here-the 
first two members, with 
their conca ve und er sur­
faces, furnish the sus­
taining power ; and the 
last, being at the great­
est distance from the 
shoulder, or axis of mo­
tion, the chief propulsive 
force. The construction 
of each member is pe­
cul iarly adapted to its 
special purpose, and it is 
this which Ilerr Lilien­
thai has endeavored to 
imitate. 

An oarsman, on his 
forward stroke, opposes 
the blade of his oar al­
most perpend icularl y to 
the resistance of the 
water; as he Iifts it at 
the beginning of the 
backward stroke he 
"feathers" it, or brings 
it into a nearly horizon­
tal position, so that its 

edge cuts the air. The pinions of birds 
act in precisely the same way. There 
are other analogies between the wing 
and the oar. The back stroke of the 
oar occupies only about half the time 
of the "pull," and the up stroke of the 
wing bears about the same relation to 
the downward beat. Moreover, at cer­
tain incli nations of the wing, the up­
wa.rd stroke, while detracting little or 
nothing from the sustaining power, 
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sions w h ich 
were of great 
,·a\ue to him 
in the con­
struction of 
bis flying ma­
chine ; an d 
the most im­
p o r t an t of 
them was, that 
the most ef­
fective form 
of wing was 
that w h o s e 
convexity, as 
measured by 
the ver s e d 
sine of the arc, 
should be one­
twelfth of the 
breadth of the 
w in g, or of 
the length of 
the chord con­
nectingtheop­
posite edges. 

HERR LILIE:-< · 
T H AL'S 

W INGS. 

contributes to 
t h e forward 
movement. 
As the pinions 
separate in 
consequence 
of the action 
of the air from 
abo,·e, t h e y 
present their 
concave sur­
face obliquely 
to the rcsist­
ing medium, 
and act likean 
oar in "scul\­
ing," which, 
whether 
moved to the 
right or the 
left, impels 
the boat for­
ward. Jt is 
evident that 
this must 
greatly light­
en the phys­
ica\ e:..ertions 
of a bird in 
rapid night, 
for in which­
ever direction 
he moves 

SOAR ING IN A STRONC IHHtHZR. The flying 

bis wings hc gains propulsi,·e force. 
To the conviction that concaYe or 

vaulted wings were essential to suc­
cess, Herr Lilienthai was led not only 
by the examination of a great Yariety 
of natural wings, and by theoretical 
deduction, but by actual experiment. 
Thc mcans adopted for this purpose 
were ingeniou~ and simple. He litted 
up an apparatus in the form of the 
fly-fans found on the dining tables 
of clubs and restaurants, with two long 
arms rcvoh·ing horizontally, to the 
cnds of which surfaces of different 
kinds and degrees of curvature could 
be affixed in any required position. 
The motive power was furnished by a 
weight, and could be exactly measured. 
There was also an adjustment which 
enabled the observer to measure the 
Iifting force of various surfaces, mov­
ing at different angles of inclination 
through stil\ air. By this means Herr 
Lilienthai was enabled to reach conclu-

machine de­
viscd and now uscd by Herr Lilienthai 
is designed rather for sailing than for 
jlying, in the proper sense of the term ; 
or, as he says, "for being carried stead­
ily and without danger, under the least 
possible angle of descent, against a 
moderate wind, from an elevated point 
to the plain below." It is made almost 
entirely of closely woven muslin, 
washed with collodion to render it 
impen·ious to air, and stretched upon 
a ribbed frame of split willow, which 
has been found to be the lightest and 
strongest material for this purpose. 
I ts main elements are the arched wings; 
a vertical rudder, shaped like a con­
ventional palm-leaf, which acts as a 
vane in keeping the head always to­
wards the wind ; and a flat, horizontal 
rudder, to prevent sudden changes in 
the equilibrium. 

The operator so adjusts the appara­
tus to his person that, when in the air, 
he will be either resting on his elbows 
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or seated upon a narrow support near 
the front. \\"ith the wings folded be­
bind him, he makes a short run from 
some ele,•ated point, always against 
the wind, and, when he has attained 
sufficient velocity, launches hirnsel f 
into the air by a spring or jump, at the 
same time spreading the wings, which 
are at once ex tended to their full 
breadth by atmospheric act ion ; where­
upon he sails majestically along lik e a 

breeze at an angle of not more than six 
degrees to the horizon." 

The principle is recognized in the 
umbrella-form universally adopted for 
the parachute. Try to run with an 
open umbrella held above the head and 
slig htly inclined backwards, and see 
what a Ii fting power it exerts. Me­
chanical birds have been constructed 
with nat wings, which, so long as the 
machinery operated, were able to sus-

DltSC&NDING IN ST ILL AIR. 

gigantic seagull. In this way H err 
Lilienthai has accompli!.hed Oights o f 
nearly three hundred yards from the 
starting point. 

"No one," said H err Lilienthai to 
me, " can realize how substantial the 
air is, until he feels its supporting 
power beneath him. lt inspires con­
fidence a t once. With nat wings it 
wou ld be a lmost impossible to guard 
against a fa ll. With arched wi.ngs it 
is possible to sail against a moderate 

tain themselves moclerately weil and 
to ny rapidly ; but no one has yet suc­
ceeded in making any practical use of 
them. Their cou rse has no intelligent 
direction; when the motive power g ives 
o ut, they fa ll heavily to the earth. 
Soari11g, in the sense of rising against 
the wind as the birds do, is possible 
only with dome-shaped wings. The 
aeroplane, or nat win g, when incli ned 
at a certain angle to the breeze, may 
rise while its momentum continues; 
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DßSCB.NDING IN ~liLL AIR, 

but this once overcome, its power is 
gone, and nothing can restore it. 

PROPER DI~1ENSIONS FOR THE W!NGS. 

"The curve of a bird's wing," said 
Herr Lilienthal, "is parabolic; but the 
simple parabola differs so little from 
the arc of a circle that I adopted the 
latter cur\'e as the more practicable, 
and the wings which I now use are, in 
the main, segments of a spherical sur­
face. They are so constructed that 
they can be folded together like the 
wings of a bat, and require very little 
storage room when not in use. 

"It was only gradually that I arrived 
at the proper dimensions. One does 
not easily gain an adequate conception 
of the materiality of the air, and my 
apprehensions led me at first to make 
the wings too )arge. I found that the 
varying force of the atmospheric cur­
rents, modified as they are by the 
undulations of the earth's surface, en-

dangered my equilibrium in direct 
proportion to the spread of the wings. 
Those which I now employ are never 
more than twenty-three feet from tip 
to tip, and I am thus enabled, by a 
simple change of posture, so to alter 
the position of the centre of gravity as 
to restore the equilibrium. 

"There are Iimits also to the breadth 
of the wings, or their extension back­
wards. The Operator must be able in 
a moment to tran!.fer the centre of 
gra vity so far to the rear as to over­
come the action of the air, which might 
otherwise tend to throw him forward, 
and precipitate him to the earth. When 
one feels hirnself falling, the natural 
impulse is to stretch out the arms and 
legs in the direction of the fall ; but it 
is one of the peculiarities of this mode 
of navigation that the movement must 
be in the contrary direction, or towards 
the upper side. The centre of gravity 
is thus shifted to the one side or to the 
other, forw<!rd or backward; and the 
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pressure of the air, acting with greater 
force o n the lighter and broader sur­
face, soon restores the equ ili brium. It 
is not easy to realize in practice at first, 
but after a short experience the move­
ment becomes almost in volu ntary. 

" \Vhen there is no wind, thc appara­
tus acts simply as a parachute. The 
pressure of the air is directly from 
beneath, and is equal on all parts of 
the under surface. I have more than 
once found myself in this position, when 
I ha,·e utilized the speed at tained in a 
gradual descent in rising to a greater 
height, in order to soar over some 
obstacle like a tree or a crowd of 
people. Under favorable circum­
stances it is easy to mount to a height 
even g reater than that of the starting 
point, but the forward motion is there­
by partially or wholly neutralized, 
and it may happen that o ne comes to 
a complete standsti ll in mid-air. In 
such cases it is o n ly necessary to throw 
the centre of gra vity so far back that 
the air shall act more powerfully 
on the forward surface, and the grad­
ual gliding descent is resumed. So in 
Janding I bend backward, exactly as a 
crow does when alighting in a field, 

and reach the ground without the 
slightest shock. The worst that is 
likely to happen in any case is the 
breaking of the apparatus ; there is 
little danger to life or limb. 

" I am far from supposing that my 
wings, although they afford the means 
o f sailing, and even of soaring, in the 
air, possess all the delicate and 
subtle qualities necessary to the per­
f ection of the art o f flight. But mr 
researches show that it is weil worth 
while to prosecute the investigations 
farther." 

T H E Lli. I E:-ITHAL MOTO R. 

Having demonstrated the practicabil­
ity of sailing and soaring, H err L ilien­
thai has sought, in his recent experi­
ments, to reach a practical solution of 
the problems of actual flight. The 
first difficulty to be O\'ercome was the 
discovery of a suitable motor, without 
which all efforts to fly would be hope­
less. If we estimate the ordinary 
weight of a man at one hundred and 
sixty pounds, and add to that the 
weight of the flying apparatus, we have 
a total burden of at least two hundred 

A !;T o\RT 'RO~I \ \\ \ LI.. 
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pounds to be raised and supported 
simply by aerial resistance. It is cal­
culated that to overcome the attrac­
tion of gravi ty in such a case requires 
a force of one a nd one quarter horse 
power, which no man is able to exert 
for more than a very short time. 

With such an apparatus as Herr 
Li lienthal's, steam engines and electric 
motors are not readily available ; but 
he conceived the ingenious idea of 
employing, as a motive force, the 
vapor of liquid carbonic acid, which, 
under o rdinary atmospheric pressure, 

A SAPE LA"';I>I "'iG. 
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hoils at a temperature far below that 
at wh ich mercury freeze~. lli s engine 
requires no f1re, nor boiler, nor steam­
chest ; only a diminutive cylinder with 
the requi;.ite \'alve a rrangements, which 
may he readdy worked by hand, and a 
small re,en·oi r of the liqu id acid lying 
close beside it. 

The one firs t constructed was of 
two horse-power, with a receiver to 
contain enough carbonic acid to last 
for two hours, and was attached to the 
front of the fl y ing apparatus. Th e 
whole contrivance, with the necessary 
machinery to impart motion to the 
wings, added less than twenty-five 
pounds to the weight, and this will 
probably be red uced in future by the use 
of some alloy of aluminium, instead o f 

iron, in the manufacture of the hea,·ier 
portions. T he wings were also fitted 
with ro tatory pinions, constructed on 
the principle~ already indicated, and 
capable of automatic action under the 
pressure of the air. 

The first ex periments with this ap­
parattls were rather too successful, at 
least in demonstrating the power o f the 
engine. Unfortunately, the inYentor 
had undcr-estimated the energy of his 
motor, which acted with such unex­
pected \' igor that the wings were broken, 
and the modi fi cations thus shown to 
be necessary will require some time 
for their completion. ll err Lilienthai 
confiden t ly expects, howe,·er, event­
ually to solve the problem in this 
way. 


