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Soaring Flight

By L. P. Mouillard

(Editor's Note: An excerpt taken from The Empire of the Air:
An Ornithological Essay on the Flight of Birds - 1881, reprinted
from Smithsonian Report.

AN INTRODUCTION:
By Shirley Sliwa

The first period of man’s desire to fly came about largely as
a yearning to emulate the birds, or the time when mythology
and legend began to deal with the idea, and conjecture
started as to just how the art of flight was to be ac-
complished. First man being unable to soar up into the
heavens vested his gods with the ability to fly, ie, the Greek
messenger god Hermes and his winged sandals; the German
Valkyrie and Bellerophon or “Winged Pegasus’.

Legend reveals that in 400 BC Archytas, a Greek
philosopher and disciple of Pythagoras, constructed a
pigeon of wood which he ultimately flew.

It has been reported that the Aztecs built and flew gliders
in Mexico. The Aztec glider was said to be called a “'Crir”
and was described as “an ingenious contrivance having
spreading wings fabricated from stork feathers”, much
superior to Solomon's “Reshed’ which apparently never
flew. Subsequent events indicated that later experimenters
soon learned that while the air was fluid, the same as water is
fluid, density was lacking and therefore man lacked the self-
contained energy necessary to propel himself forward in
order to create enough lift necessary to emulate birds.

So when Leonardo da Vinci wrote, about 1505, that “'bird
flight could be thoroughly understood only when a
knowledge of the air and its currents had been acquired”, the
situation revealed the necessity of broader avenues of ap-
proach.

Leonardo da Vinci wing sketch. “You see how the eagle's
wings, beating against the air, allow him to float in the high-
est, thinnest region, near the element of fire. And you also
see how swiftly the air moves above the sea, when caught in
the bulging sails, can drive the heavily laden ship forward;
from these convincing and definite proofs you realize that
man — by pitting his strength against the air's resistance
and conquering it —could subjugate the air and rise up into
it on large wings of his own making. A thing exerts as much
force against the air as the air exerts against it.”

Leonardo da Vinci was not only the greatest mathemati-
cian of the 15th century, but also a noted painter, architect,
sculptor, engineer, and musician. After studying the flight of
birds and the movement of the air, he reasoned that birds
flew because they flapped their wings and that it was possi-
ble for man to do the same. Da Vinci designed the or-
nithopter, a flapping-wing flying machine. The wings were to
be moved by a man's a ms and legs.

Da Vinci's conception of the heavier-than-air aircraft em-
bodied the fundamental principles of flight as applied today,
ie, his development of a toy helicopter, his design for an or-
nithopter, his (the first) drawing of a propeller, and the first
parachute. He also was the first to advocate streamlining.

Da Vinci is recorded as having built a glider and
employed as test pilot, Jean Baptiste Dante. The drawings of
the aforementioned craft have been handed down and indi-
cate that da Vinci understood the theory of cambered airfoils.
Toward the end of the 15th century Dante made flights with a
glider near Lake Trasimene in the city of Perugia, Italy. The
craft was designed with ‘non-vibrant wings", later referred
to as fixed surfaces or airfoils.

Simultaneously came much experimenting with ornithop-
ters and lighter-than-air aircraft. Robert Hooke experimented
with this means of flight in England about 1650. He claimed
he succeeded in flying, but he also wrote of his great
difficulties to remain in the air. He is the first man who recog-
nized that feathers were not needed for flight.

All of the foregoing activity had been followed and
studied by Sir George Cayley and he conducted many experi-
ments that made lasting contributions to the research that
was to follow in later years. Cayley first worked with paper
helicopters, ornithopter gliders and finally a rigid fixed-wing
glider; a monoplane first and then a bi-plane.

(continued on Page 4)



INTRODUCTION . . . .

(Continued from Page 3)

In 1855, a Breton sea captain, Jean-Marie LeBris, im-
pressed with the gliding ability of the albatross, constructed
a glider based on the bird's measurements. It had a surface
area of 215 square feet, and weighed 92 pounds. LeBris,
realized that he needed extra starting impetus to gain flying
speed, placed his glider on a cart and hired a peasant to
drive him at a trot into the wind. The glider was roped to the
cart and arranged so that LeBris could release the glider by
letting go of the rope.

The horse trotted in a 10-knot breeze and LeBris, feeling
his glider straining against the rope, released it. But the rope
caught on arail. Gaining lift the glider pulled at the cart caus-
ing the relieved horse to gallop. Then the rail snapped, whip-
ping the rope through the air and around the driver. Tangled
by the rope, the terrified peasant was lifted into the air, where
he served as a stabilizing tail for the glider. LeBris decreased
the angle of incidence and the glider settled to the ground
releasing the peasant who ran after his horse.

Perhaps inspired by LeBris, the Frenchman Louis Pierre
Mouillard, a farmer living in Algeria, spent some thirty years
studying the flight of the vultures. He built a light glider with
wings fashioned in the general shape of a vulture's. Rods at-
tached to his feet extended to the midsections of the wings to
warp them for lateral control.

Mouillard waited until everyone was away from the farm
on a holiday and began walking across a field with his wings
attached. Facing the wind he came to a ditch and started to
jump over.

“But, oh horrors! Once across the ditch my feet did not
come down to earth; | was gliding on the air and making vain
efforts to land, for my aeroplane had set out on a cruise. |
dangled only a foot above the soil, but, do what | would, |
could not reach it, and | was skimming along without the
power to stop. At last my feet touched the earth. | fell forward
on my hands, broke one of the wings, and it was all over; but

goodness! How frightened | had been. | then measured the
distance between my toemarks and found it to be 138 feet."
In his later years Mouillard wrote in his book, “L'Empire
de I'Air"", ... “l hold that in the flight of the soaring birds,
ascension is produced by the skillful use of the force of the
wind — so that by moderate wind a man can with an aero-
plane, unprovided with any motor whatsoever rise up into the
air and direct himself at will, even against the wind itself!”
..... It is known that two Ohio brothers named
Wright studied Mouillard’s book and did just that.




From Mouillard’s “L’Empire de L’Air”

Soaring flight — some naturalists have advanced
most curious explanations of bird flight, especially of soaring
or sailing flight. For their purpose lightness is the main re-
quisite. They have pointed to porous bones, to the spaces
filled with air sometimes occurring under the skin of these
creatures, as indispensable conditions for support in the air.

These are fallacies. Birds always exhibit corporal density,
practically the same as land animals. Deprived of their
feathers they sink in water: their specific gravity is about 1, as
is that of man, of mammals, and of fishes.

To rightly explain the flight of birds, we must consider
them as highly organized machines, which are sustained
through the reactions produced by muscular effort; not as a
balloon floating in the air, but as a stone glancing along the
water, or a skater gliding over thin ice. All that apparatus de-
scribed for distending the gannet, the pigeon — all those
hollow bones of the pelican, the albatross, etc., serve flight in
no degree. Their utility is different.

After all, experiment is easy. Strip a bird of his body
feathers, leaving him only the wing and feathers, and his
flight will be in no way changed; he will get chilled, he will
not be able to swim if he is a water bird, but he will assuredly
not fly the worse.

Let us now explain the flight of the soaring birds, or as
I prefer to call them, the sailers. Birds soar perfectly in pro-
portion to the magnitude of their sustaining surfaces and of
the greatness of their mass. This is an unguestionable princi-
ple. A large bird, an average sized bird, and a small bird, all
three having the same proportional surface relative to their
weight, will soar the better the heavier they are.

Let us consider, then only the larger birds, for these alone
can effect the decompositions of wind-force which produce
flight without flapping of wing. As the sailing bird first
launches out with flaps, unless from a perch he plunges to
get speed, we will suppose him in full action in air, and
possessing initial velocity. He will then glide on rigid wings.
If there be no wind he will glide to the ground, to a distance
proportional always to his surface, and above all, to his mass;
therefore an arrian vulture will glide farther than a tawny
vulture, and this latter farther than an Egyptian vulture, yet
they are all constructed very nearly in the same proportions.

When there is no wind, sailing birds must come down:
flight is not possible unless they choose to flap. This sore
necessity rarely brings early birds, for the morning is usually
calm, particularly in the tropics. But let there be a current of
air, a circumstance almost always present at a certain height
in the atmosphere; at once the scene changes, the sailer
sweeps in circles, he rises upon the air to great altitudes, and
thence he glides downward where he wishes to go, even
against the wind.

Let us try to explain this circling act. The bird glides in his
sweep in the direction with the wind, losing as little height as
possible, the wind imparting velocity almost equal to its own
by impact in the rear. This push is effective: there is a good
hold against upturned feathers, whereas when the bird turns
again against the wind all feathers are smoothed down snug
against each other and presenting surfaces of least resis-
tance. This difference in action is akin to the revolving cups
which serve as anemometers through the different resis-
tances of the convex and concave surfaces.” As the bird
further sweeps around he faces the wind, with freshly ac-
quired velocity, and utilizes this in gaining fresh elevation.

In all soberness is this fraction of an explanation pre-
sented; for this circling action is little understood and is evi-

*(M.Mouillard now considers this explanation erroneous.)

dently of great use to the bird. When he faces the wind in the
sweep he describes, the bird adjusts his wings and tail so as
to rise slightly, his own acquired speed increasing the nor-
mal wind pressure, he rises more than he has dropped to
develop his own speed.

To sum it up, there is a balance of benefit; the result, a lift
produced by the force of the wind, which does not act with
equal effect whether the bird's front or rear is presented
thereto.

The soaring bird repeats this circling sweep, and gains
elevation at every lap. The greater is the mass of bird and the
more nearly concentric are the sweeps, especially when the
breeze is light. Yet even among those birds best able to pro-
duce those decompositions of force approaching theory, the
sweeps are only exactly concentric in the sole case when
there is no wind; while he is awaiting the vivifying current the
bird simulates the circling rise, he still sweeps around to sus-
tain himself, but he gains no elevation. This action almost al-
ways deceives the observer, and leads him to believe that the
bird is rising unless they are both placed on the same level.

It is not well however to ascribe undue importance to the
varying effect of the wind on the feathers, front and rear, and
to rely on this as a sole explanation; the problem contains
many more elements. The variations in the amount of wing
surfaces unfolded to the wind, in the different portions of the
circles described, the variations in speed, and the shifting in
position of the center of gravity of the bird are all of them fac-
tors to be taken into account.

The bird’s elevation is gained by the skilfull utilization of
all these elements, and by the happy use of a number of
casual circumstances, beginning with those of ascending
currents, which have been so much discussed of late, but
which are not to be reckoned upon as a steady, sole cause,
and ending with the utilization of the coming puff of wind,
which the bird takes advantage of by breasting it at the best
angle of incidence, just at the right moment; finally, and
especially, by the difference in length of course while sweep-
ing with the wind or against it, the latter being shorter, and

(Continued on Page 6)



SOARING FLIGHT ...
(Continued from Page 5)

the difference being more marked, as the rise becomes
steeper.

The advantage obtained in rising on circling sweeps is
easily observed and understood, yet it must be confessed
that there is a weak point in the analysis, an insufficient ex-
planation. This pertains to the stage when the bird is going
with the wind. Is the acquired momentum, the velocity
necessary to support the bird, sufficient to account for the
subsequent phenomena? | scarcely think so, and | feel that
the explanation is not absolutely correct, for observation
shows that there is often complete arrest of motion. In any
case, whether my analysis be good or inadequate, the cir-
cling sweep is much practiced by birds, and observation indi-
cates that it is the manoeuver which affords easiest ascent,
for it is the process always employed by the sailing bird when
there is a minimum of wind.

While still lacking a clear, convincing explanation, we
may hold to that above given provisionally. Relying on the in-
stinct of the birds, we may without risk accept the usefulness
of the sweeping circle.

Instead, a manoeuver which supports analysis, and which
is easily understood, is that of direct ascension against the
wind, either by drifting back, which is an easy feat, or ver-
tically, which is more difficult, or even while advancing
against the wind, the most difficult of all.

When we note the correct angle of incidence presented
by the bird, the adjustment of his surfaces, and his skillful
utilization of the varying velocities of the wind, advancing
forward in the calm, and ascending on the increased
velocity, we understand his manoeuvers and find his solution
of the problem easy to follow.

But we remark that this particular process of rising in the
air requires that the wind shall possess such speed as to sus-
tain at all times an aeroplane with no velocity of its own,
while if in circling sweep, this same aeroplane would have an
initial velocity, thus enabling it to utilize breezes too feeble to
serve in direct ascensions.

We must never think of the wind as a regular current of air
— we would greatly err: attentive observation of bird flight
demonstrates the constant recurrence of irregular gusts, not
only near the ground, but even up to the limits of the visible
atmosphere.

Birds certainly possess the gift, like good sailors, of
seeing the coming gust of wind; the curling change of color
on the water indicates to the seaman the approach of the
squall. How is it that the bird perceives the coming gust? It
may be difficult to conceive how it is done, but the fact is cer-
tain, for the irregular puff is often utilized; and yet here again
is a basis it is not safe to build on overmuch, for the heavy
soaring birds seem to disdain to use these puffs of wind; they
accept them, they store up, as it were, the accruing momen-
tum, but they never trouble themselves to profit fully by them.

In order to gain a sound idea of what is going on in sailing
flight, to understand and to account for it, we must separate
two conditions of wind which are usually confounded — the
regular current of wind and the irregular gust.

It would seem at first consideration that when in a regular
current of air the bird sweeps a circle, he must lose, against
the current, just so much momentum as he has received in
going with the wind, plus the frictional losses, etc. But we
have observed that this is not the case, and as we say
because the bird breasts the wind with his smooth cleaving
shape, a shape more perfect as he excels as a sailer; which
cleaving shape differs much from the rear, which latter is ar-
ranged in quite another form to catch the wind as a sail. Now
to the difference in the coefficient of result upon these
different shapes we must add the effect of the varying angle
of the incidence of different spreads of wing as velocities
change, the relative short course against the wind, and
finally that mysterious first cause which we call life, which
exhibits marvelous wonders of equilibrium of rest and of mo-
tion and governs the active part of existence.

Yet, as | said before, very large soaring birds do not seem
to trouble themselves much to utilize all these little accesso-
ries; the experts in the art, having adjusted their surfaces at
an average angle, judged sufficient from their experience, do
not readily modify their attitude; they know there is small
profit to them in small manoeuvers, such as the furling and

Mouillard’s sketches showing birds with wings in normal attitude and with wings projected.
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unfurling the wing, to modify the extent of sustaining surface
in different portions of the circling sweep; one might say that
they adjust their aeroplane up to a fixed notch, which they
know to be practically good, and trust to the wind gust for
material uprise. There are probably minute changes in ad-
justing the equilibrium which the telescope does not dis-
close, such, for instance, as movernent of the head, which is
a precious balancing pendulum admirably located; there are
even unconscious movements of the whole body; but as to
intentional changes in the size and set of the sails (that is, the
attitude of the bird’s flight), they may remain for whole hours
at the point fixed, with reasonably steady wind, just like the
sails of ships. We must therefore examine the problem
further, and seek a more satisfactory solution of the circling
problem. This we shall find in studying the effects produced
by irregular gusts of wind.

The wind gust is the very essence of the uprise; it is the
magic wand which, striking the child's hoop, keeps it upright
in rolling, drives it along, or raises it up to overleap eleva-
tions on its way. Suppose the toy to be placed on a steep in-
clined descent; gravity will cause it to roll to the bottom. If
beyond this an ascending plane follows, the hoop, urged for-
ward by momentum of acquired velocity, will rise to a height
equal to that of fall, minus the losses by friction on the soil
and by air resistance. But if, instead of utilizing gravity alone,
we accelerate the hoop with the wand, it will run up much
higher than the point it started from.

Let us suppose further, when the hoop is about to ascend,
we can displace the ascending plane, in contrary direction to
the toy's course, so that the plane shall glide under the hoop,
then we would still more assist the ascension, by adding a
supplementary force, independent of the others, and whose
resultant would likewise be an uprise.

Let us now re-consider the action of the vivifying current
of air upon the bird.

If the gust of wind occurs just where the bird is going with
the wind, its effect is akin to the blow of the wand on the
hoop; it stores up energy and economizes descent, hence
the bird profits to that extent.

If the gust occurs when the bird faces the wind, then the
sustaining plane is gliding beneath him, and the resulting
pressure causes him to ascend; therefore again profit results
in an uprise, nowise connected with antecedent fall.

If the wind gust occurs when the bird is on the quarter
sweep, forward or back of the wind's course, it still exerts
contributory rise; there is always, in each case, an impulse, a
thrust from foreign source, which the bird profits by; or else a
saving of acquired momentum, which the creature
transforms into uprise.

But, after all, these explanations avail only for the public,
curious to know why. They neither corroborate nor disprove
the facts. Whether we understand and mathematically dem-
onstrate the mechanics of sailing flight, or whether we fail in
the attempt, the result is the same. There remains always the
demonstration produced by the Great Master, who in His
wisdom has implied: “If you understand it, it is well; if you do
not understand, 'tis to be regretted; but in any case, look!
that is the way 'tis done! | exhibit it all day long, not in a dark
corner, but in the blue; and if you can not eventually profit by
the lesson, you will really deserve never to join me in the
skies.”

Thus acts the bird; he demonstrates. We see the demon-
stration; and what more can we do with a formula which
leads to no result? What testimony is an explanation more or
less clear? Can there remain a doubt as to the fact of sailing
flight, when the proof is evident and visible every day! The
bird works no magic, he does not violate natural laws. We
have not as yet rigorously explained these multifarious
decompositions of forces because they are all complicated
by movement and by life; but they are demonstrated each in-
stant, and they constantly invite us to imitate a mode of mo-
tion which can not be beyond our attributes any more than

the feats of equilibrium which we perform unconsciously ev-
ery moment of our lives.

We appreciate well enough the acts of walking, of leap-
ing, of gymnastics, of the velocipede: have the manoeuvers
which maintain their stability been calculated mathemati-
cally? No, they have not. Our vital instinct suffices for such
action, not only accurately, but with all rapidity required by
the need. Thus will it be assuredly for that remaining problem
of equilibrium which resembles the others so greatly — the
sailing on the wind; for man’s life, that wondrous reservoir of
unconscious science, will certainly prove equal to this new
achievement.

The main requirement will be skill. The knowing how, and
when, and why, each act is to be performed, to be expert in
all possible manoeuvers required to produce various results
or to meet contingencies; in fine, the man must thoroughly
know his business — as a bird, a soaring bird, just as he
knows in time his business as a swimmer, a skater, a bicycle
rider, an acrobat — and, in short, as an expert in any gym-
nastic exercise.

L.P. Mouillard

HOW THEY STAY UP

by Arthur L. Lawrence

(Editor's note: This is an excerpt taken from a thesis THE
EVOLUTION OF INSTRUCTION IN MOTORLESS FLIGHT by
Mr. Lawrence written in 1936. Mr. Lawrence was “to some
extent responsible for proposing the formation of the Soaring
Society of America” and was very active in its organization.
He was SSA Secretary from its inception in May 1932 through
1934 and again from 1937 through 1939. In the fall of 1933 he
planned and organized the duPont Scaring Expedition to
Blue Ridge, Virginia and wrote a report on the expedition
which was published with world wide distribution. Upon his
death in 1978 the remainder of his papers were donated to
the National Soaring Museum by his family.)

. . The principle on which soaring flight is based is
very simple. Given a moving air mass having a certain verti-
cal component of velocity, it is merely necessary to fly
around in that particular portion of the atmosphere in a craft
which has a lower sinking speed than the rate at which the
supporting medium is rising in order to soar, (to maintain or
gain altitude in a motorless plane).”

“. .. Once the fact was determined that certain air
masses in motion had vertical as well as horizontal compo-
nents of velocity, the mystery of the unseen energy produc-
ing soaring bird-flight was explained. Methods were
developed for measuring the vertical movements of air, and
at the same time the aerodynamic characteristics of soaring
birds were studied. The problem of man's soaring was then
reduced to the design of aircraft having the flying charac-
teristics of such birds as the albatross, hawk, and vulture,
and capable of supporting the weight of a 160-pound pilot, to
be flown in the upwinds made use of by birds. Launched into
an upwind zone in a glider — the windward side of a moun-
tain for example — human beings were able to soar.”



From the Editor

The National Soaring Museum attendance is good but
lower than expected for our first season. The local area is
suffering from the '79 gas crisis as is the rest of the nation. A
survey of the comments in our guest book shows that 50% of
our visitors are from outside the state of NY. We have had
visitors from 23 foreign countries and 46 of the 50 United
States.

Museum staff has been working hard to develop a greater
awareness locally of the importance of the tourism industry.
Efforts are also being made to cultivate visitation by motor
coach tour groups and the local schools. The Summer Cohe-
sion Camp Programs have introduced many youngsters to
soaring.

The Museum'’s schedule of events for the remainder of the
summer include an FAA Safety Seminar co-hosted by the
Schweizer Aircraft Corporation, a Stamp Show, a Kite Con-
test and exhibit, a night of music provided by the Binghamton
NY Opera Company and on Labor Day Weekend the Home-
builders’ Workshop sponsored by the Soaring Society of
America and the Vintage Sailplane Association’s Sixth An-
nual Regatta.

All sketches in this issue are tracings from
material in the archives of The National Soaring
Museum. Credits are not available except where
noted.

Help Support The
National Soaring
Museum

— Capital Program
(Building & Exhibits Funds)

— Artifacts — Membership
— Collections — Participation
— Archives — Attendance

NSM is a publication of the National Soaring Museum, Harris
Hill, RD3, Elmira, New York 14903. Anyone is invited
to contribute material and pictures with identification about
historical soaring activities, renovation of oid sailplanes,
soaring pioneers, unusual uses of sailplanes, etc.
Manuscripts are subject to whatever revisions, additions or
deletions are necessary to make the material conform to the
space limitations and standards of NSM. Material that is to
be returned must be accompanied by a stamped, self ad-
dressed envelope. No compensation other than credit will
be made.

Publisher — National Soaring Museum
William D. English, Jr., director

Editor — Shirley Sliwa
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