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ERRATA AND ADDENDA.

Page vi. Against * Automatic Wheeling Soaring ” read “ page 105.”

Page 200. By “centre of lift,” in the fifth line, is to be understood the
centre of lift of the main planes, before the addition of the lifting
planes M, M,.

Page 216. At the end of line 7, for “ V¥/a” read V}/a.”

Page 229. In the last line but one, for “ V/ " vead “ V"

Page 237. Make the end of the first footnote read, “ by Zke prlot. (See
PP. xiv, xv of Preface.)”

Page 250. Among the preventives of slow and permanent changes of
lateral pose include side fans or manual equivalents operating
lateral elevating planes placed behind warpable wings, as exempli-
fied in the illustration on page 261.

Page 260. In the first line, for “affecting ” read “ effecting.”

Toface p. viii. Walkden, Aeroplanes in Gusts.
S. L. W.
August 1913.

- gwsay wuL uuiay taat LICH ICHIVVAL wOula have
entailed in issuing this edition and its supplement.
In addition to such reasons, the author is actually
desirous of having the original matter, and even its
shortcomings (which it is felt certain cannot embarrass

the reader), remaining on record for the present.
ix
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.FACE TO THE SECOND
EDITION

by itself, it is very gratifying to the author
k, that a new edition, containing the con-
at was foreshadowed on page xix. of this copy
1al preface, and in the footnote remaining at
of page 8, should be so soon indemand. The
ry educational value ” of the book proved so
iry that, in circumstances that are amusing
ble, according to the point of view, the
led mode of longitudinal stability, in which
isturbance of pose is prevented by the use
ard mass effect, became almost universal
thin a month of the book’s publication.
=dition a new frontispiece has been added,
iginal one has been made to face page 20,
“Errors,” *“ Additions,” and *“ Notes ” of the
have been embodied in the text. In every
.ect, however, this edition is, as far as page
ical with the first edition, for there appeared
errors of sufficient importance to the reader
the delay that their removal would have
n issuing this edition and its supplement.

In adu. 'n to such reasons, the author is actually
desirous of having the original matter, and even its
shortcomings (which it is felt certain cannot embarrass
the reader), remaining on record for the present.

1X



x Aeroplanes in Gusts and Soaring Flight

In view of a few slightly misleading criticisms of the
book, the reader is advised to peruse the first chapter
carefully enough to notice and understand that the
““acceleration of headway” in the definition (page 2)
of the strength and direction of a gust, is the stated
impressed acceleration of headway, and not necessarily
the actual acceleration of headway. The distinction
between an impressed acceleration and a real accelera-
tion is made clear on pages 3 and 4, but the proper use
made of the two in the subsequent pages is likely to
lead to a still clearer understanding of the distinction.

In connection with Chapter II., the path of the
machine relative to still air is always determined by the
constants of mass and resistance of the machine, the
strength and direction of gravity, and the initial con-
ditions of the launching. Chapter II. takes that for
granted, but adds the knowledge that, in a gust, the
strength and direction of the dynamical representative
of gravity, in the relationship of the machine to the
air, are virtually changed, and the behaviour of the
machine is changed accordingly, but, at every instant,
quite conformably to its usual tehaviour in still air and
to its ordinary constants of mass and resistance.

One critic, after regarding dubiously the fundamental
postulates, says, grudgingly for such a subject, the
author ‘‘may have obtained correct results in connec-
tion with wheeling soaring.” This is a very obscure
and amusing form of criticism ; if the postulates are
wrong (which they are not), there would hardly be one
chance in a thousand, in a subject like soaring, of
obtaining correct results by their aid. The author is
reading “has” for this critic’s *“ may have.”

In one criticism of the book, Prof. Bryan has

\
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remarked, irrelevantly, that “it is quite legitimate in
the problem of the man in the mine cage or steam
roundabout to compound the acceleration of gravity
with an acceleration equal and opposite to that of the
cage or roundabout car in order to obtain a result
which will determine the pressure of the man on the
supporting floor, because in this case the man and
car move together and therefore have the same
acceleration.” '

Since this book itself says as much, the author would
not for one moment dispute the above with Prof. Bryan,
provided he limits the case to the man being in rigid
contact with the floor of the cage, and leaves out the
extraordinary clause ‘decause in this case the man
and car move together and t4erefore have the same
acceleration.” In that Prof. Bryan is wrong.

Things moving together have the same velocity,
but unless they are rigidly attached, their accelerations
are not necessarily related to their velocities. For
instance : a weight allowed to drop in a mine cage
obviously has the same velocity as the cage at the
moment of its (the weight’s) release, but it has a very
different acceleration. Prof. Bryan has only to study
the case of a man suspended by a spring in the cage,
to realise the error of his qualifying clause. The
readiest way of studying this last case is to use the
ordinary oscillation formulez with g replaced by the
new g obtainable by compounding the acceleration of
gravity with that of the cage. Even a grandfather
clock in the accelerating mine cage alters its rate and
performs exactly as if gravity had altered in strength.

I would forbear from returning Prof. Bryan's delicate

compliments, but it does appear that, in that clause, at
b
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least, he has wandered into the company of the * weak
examinees” he alludes to.

Chapter VII.,on ‘“Mechanical Analogies to Soaring,"”
+ has interested many, but some friendly criticism leads
the author to point out that the complete enclosure of
the air in the tramcar of fig. 26, II., is not to be
overlooked. There is, of course, no intention of
associating the free air of the atmosphere with the
phenomena described as taking place in the closed
tramcar ; the tramcar is only a convenient box to give,
at will, certain accelerations to a definite bulk of air,
and so counterfeit, for experiments, the arbitrary
accelerations normally existing as gusts in the free
atmosphere.

For the flattering and wholly appreciative criticisms
that have appeared, and that suggest nothing to amend
or explain, the author would like to tender his sincere
thanks, and express the hope that the present extensions
will merit the same approval.

The appendix on Aviation Disasters is now of
obsolete interest as regards the formerly frequent
“ Disasters Caused by an Inverse Stable Attitude”
(pages 164 to 168). A month after the book was
published there were no machines being constructed,
except here and there by unsophisticated amateurs,
that had not their centres of gravity designed so far
forward that their inverse centres of pressure had no
opportunity of keeping in front of the centres of
gravity. Almost all the disasters that now occur are
of the type caused by *front-heaviness” (page 164),
when the pilot, through inattention or indisposition
and absence of a spring and slow-fan, relaxes the sub-
stantially constant pull on his elevator control lever.
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The universal forsaking of the old type of machine
for the new out-of-balance type has, however, raised
the number of miles flown per fatality from about the
order of magnitude of 10,000 miles to something *
exceeding 100,000 miles, and has correspondingly
increased the amount of, and enthusiasm for, flying.
The further developments now recommended in this
edition, though more difficult to apply by rule-of-thumb
methods, ought, before very long, to raise, similarly,
the 100,000 miles per fatality up to 1,000,000 per
fatality, and correspondingly increase, again, the
number of men who are able and willing to fly, and
the enthusiasm for flying.

The leading feature of this edition is the Supple-
ment on Lateral Stability, commencing at page 189,
which, without being tediously exhaustive, deals with
its subject, it is believed, in a logical, practical, and
sufficiently conclusive manner. Attention is directed
to the superior type of machine that results from this
study of the problem, and illustrated diagrammatically in
the frontispiece ; for it is a type that has a great future
before it. It is, in fact, as superior to the machine of
to-day as that is superior to the machines that were
flown in this country up to a few weeks after the book
was first published in the autumn of 1912. The
strength required in personally controlling that type of
machine, so far as it need be designed to require any
personal control at all beyond guiding, is so slight,
that there is likely to be seen, very soon, a large
increase in the size and weight of aeroplanes, especially
those used for military and naval purposes.

Reading through the text of the supplement, too

late to have it extended, the remarks made on the
b2
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upper half of page 237 appear too brief; they may
excite curiosity without satisfying it. The result of
not connecting the two gyroscopes, and so leaving
them to tilt independently, is that when purposely
executing, for example, a sharp right-hand turn, the
aviator finds the left-hand gyroscope trying to tilt
itself, and its elevating plane, right over through
180 degrees, and finds it doing even that not con-
sistently, but tilting forward or backward according to
whichever way it happened to have a slight initial tilt
when the aviator commenced the turn. Needless to
say, this action dangerously disorganises the flight.
At the same time, the other gyroscope tries to set
itself without any tilt—a less dangerous action, but,
nevertheless, one which may not at the moment be
required. When the two gyroscopes are cross-
connected, they exactly neutralise each other’s objec-
tionable tendencies of this character, and so permit
any turning or steering desired. If a machine had
not to turn to either side, but had only to fly
substantially straight forward, one horizontal gyroscope
would usually suffice for the lateral control.

There is another point not explained in connection
with these gyroscopes, and that is that, although
horizontal gyroscopes as shown are preferable to other
arrangements, the fundamental requirement is that the
axle of each gyroscopic wheel shall normally be sub-
stantially at right angles to a line drawn parallel to
the longitudinal axis of the machine. Accordingly,
vertically revolving gyroscopes, edge-on to the direction
of flight, can be employed to operate the auxiliary
planes, although they have some disadvantages.
These gyroscopes, again, had better be in pairs, and
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cross-connected, this time to prevent disturbance by
pitching movements of the machine.

With regard to a gyroscope for longitudinal control,
that must, theoretically, have its axle substantially at
right angles to a line drawn parallel to the transverse
axis of the machine, and have the journals of its
containing frame in a plane parallel to the plane of
symmetry of the machine; but according to whether
these journals are normally in a vertical line or a
horizontal line with respect to the machine, lateral
tilting or lateral steering of the aeroplane will, re-
spectively, disturb the gyroscopic longitudinal control
unless, as is advisable, a pair of oppositely rotating and
cross-connected gyroscopes is again employed.

Wind-driven gyroscopes always take some little
time to acquire their full speed and full controlling
power, but no real inconvenience ensues, as personal
control is always expected in starting a flight.

Another feature of this edition is the frequent
reference to the author’s patents, and the printing of
the British Specifications at the end. This is justifiable
because many readers are presumably so interested in
the industry, that it is essential for them to know what,
and to whom, protection has been granted in the new
line of development now being initiated. The pages
at the end devoted to some information supplied to
the British Government should prove of similar
interest. Needless to say, all new features of design
that are disclosed are adequately protected by patents.

S. L. WALKDEN.
August 4th, 1913.






PREFACE TO THE FIRST
EDITION

THE object of this book is to convey substantial in-
formation upon the elements of the subjects included
within its title, and remove them from the domain of
speculation and empiricism into the domain of scientific
deduction from established principles.

The mathematics, which some pages of the book
may appear to contain, will, on inspection, be seen to
be hardly more than symbolic arithmetic; and, more-
over, owing to the use made of graphical constructions,
the physical meanings of the steps of the arguments
may often be followed quite independently of the
quantitative work.

Since progress in all the sciences has depended, as
is well known (though the knowledge is not always
applied), upon satisfactory measures being employed
for the quantities concerned, the very first duty of this
work is to state, in Chapter I, a suitable measure of
a gust, or, in other words, the “how much” of a gust.
That done, a great part of the rest of the book is mere
routine work, that, for academic purposes, but not
without sacrificing the simple pioneer character of the
book, could have been carried much further into
details.

In Chapter I1., the principles underlying disturbances
of pose by gusts are presented in the most general

xvii
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manner conceivable, so that, however much designers
may differ as to the precise means of making their
machines react to the gusts to avoid disturbance, the
character of the necessary reactions should be regarded
as placed beyond controversy and individual opinion.

In Chapter III., the interesting subject of soaring
flight is entered upon. Now this subject seems, for
some reason, to have placed itself in a false position.
Possibly the reason is that the early students and
writers, in the days when flying—for reasons since
justified—was taboo, could not attract attention, or
excuse their own interest, except by showing an
innocent tendency to marvel in places. These
easily read, but unimportant, portions of their writings
seem to have induced a popular impression that here
was a phenomenon which could not be explained by
orthodox methods, and, as a result, anyone who be-
lieved in some new kind of radium, in moonshine, anti-
gravitating substances, hydrogen-filled bones, electrical
repulsions, animal magnetism, aspirations, forward com-
ponents, and so on, as the cause of soaring, readily
obtained publicity and an attentive hearing for his
opinions.

Now those qualified, even in the most modest degree,
to have an opinion, are in agreement that the irregular
movements of the air, or Prof. Langley’s *internal
work of the wind,” are the sources of soaring. The
principal room for discovery consisted, therefore, in
the way of presenting the dezaz/s of the bird’s operations,
in a sufficiently simple and convincing manner, and it
has been in the difficulty of doing #£zs that the so-called
‘“mystery ” of the subject really lay. The present
work, it will be seen, finds in the adoption of accelera-
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tion as the measure of a gust, and its graphical repre-
sentation by vectors, a means, or intellectual tool,
whereby the elucidation of hitherto obscure details of
soaring may be carried out in a somewhat compre-
hensive and conclusive manner.

In Chapter XII., appliances are described which
react to the gusts in the manner that Chapter I1. and
the subsequent chapters show to be necessary for
stability and soaring. The results already obtained on
full-size machines, with rough partial applications of
these appliances, almost surpass belief, and they are
still in course of development.

Since the first thirty-three figures, or illustrations,
are more or less related to each other and referred to
throughout the book, it has been thought better to
group them together in plates, at the end, to facilitate
reference and comparison.

The word “relative” is a much-used word® in the
book, but, notwithstanding its frequent occurrence, it is
many times left to be understood. The general failure
to recognise that all the quantities of mechanics—posi-
tion, displacement, velocity, acceleration, momentum,
force, and energy—involve the principle of relativity
is apparently one of the stumbling-blocks in the study
of aviation. As a recent example: In one of the
flying journals published only a few days ago, the
question of the momentum of a flying machine is
suggested to have been a worthy subject of profound
technical discussion by those to whom the public may
be looking for a lead in these matters. Leaving to
oblivion the characteristic opinions that defined the
momentum as a ‘“‘force,” there remains the question,

1 Used, it may be noticed, more as a term than as a word.
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—What is the momentum of a flying-machine? The
answer is simple, even obvious :—The momentum is
the (mass x velocity relative to the ground) or the
(mass x velocity relative to the air) according to
whether the momentum relative to the ground or to
the air is required. If the machine is about to collide
with a hill or house, the former momentum concerns
the aviator ; if flying freely in the air, or involved in
a gust, the latter momentum concerns the aviator.

In the ordinary teaching of elementary mechanics,
it appears that the student is implicitly allowed, for
convenience, to regard the ground as being in a state
of absolute rest, in one problem after another, until he
forms the working impression that the reference to the
ground is always of an absolute and essential nature.
. The problems of the flying-machine are among the
few likely to betray his error, and also, as it happens,
give such student the uncomfortable and false impres-
sion of having to learn fresh mechanics. For these
reasons, it is just possible that the most instructive
problems an up-to-date text-book of mechanics could
contain would be those connected with flight, particu-
larly soaring flight.

The book is not at all a compilation, and dealing,
as it does, almost entirely with disturbed-air phenomena,
it is intended more to supplement than supersede good
existing books on the theory of the aeroplane.
Chapter XVI. alone shows a tendency to revert to
the well-worn groove, but it is hoped the Lift Diagram
of fig. 44, in being a new contribution, is sufficient
justification. Moreover, a corrective to some current
views of “ natural stability ” is certainly demanded in
the cause of truth and progress. In insisting on the
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attitude with respect to the trajectory not being con-
fused with the consequent direction with respect to
the horizontal, the author is only recalling, as seems
so strangely necessary, the sense of § 4 of Mr
Lanchester’s Aerodonetics. The rate of diffusion of
truths in aviation is, however, so very slow that there
must be some impediment somewhere. No doubt it
will be disclosed or removed with time.

S. L. WALKDEN.
September 3rd, 1912,






SYMBOLS

THE following symbols are used consistently, and with the assump-
tion usually made that the reader knows what they stand for. The
number of the page where each symbol is first introduced, or most
importantly used, is placed in brackets after the explanation of each
symbol.

R =The radius, in feet, of the bird’s or aeroplane’s orbit relative
to the air. (Pages 14, 18, 19.)

T =The time, in seconds, of each complete circle described by the
air, bird, or aeroplane; or, in other cases, the time of a
gust cycle consisting of a head gust and return gust. (Pages
17, 23. 27.)

V =The ordinary gliding headway, usually in feet per second. In
other words, it is the velocity relative to the air during a steady
glide. In some places, where no confusion can exist, this
symbol is used instead of V, or V.. (Pages 12, 19.)

V., =The actual headway, in feet per second, of a bird or aeroplane
in other flights than the ordinary steady gliding flight.
(Page 19.)

V,=The headway, in feet per second, of a glider, when flying
steadily and horizontally in straight driven flight. (Page 21.)

a=The acceleration of the air denoting, at a given instant, the
strength of a gust. In some cases it is used for other stated
accelerations. Usually in feet per second, per second.
(Pages 16, 17.)

a, = The acceleration of a bird or aeroplane relative to the air.
Usually in feet per second, per second. (Page 38.)

as=The difference of velocity of two air particles, at a given
instant, one foot apart in the flight path. Usually in feet
per second. (This is, in the limit, the instantaneous dy/ds
at a point in the flight path.) (Pages 45, 46.)

xxiii
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a,,=The maximum acceleration, of the air, denoting the maximum
strength of a harmonic gust. Usually in feet per second,
per second. (Pages 23, 25, 28.)

£="The acceleration due to common gravity. Feet per second,
per second. (Page 15.)

/&=The vertical change of height of a soaring bird. In feet.
(Pages 24, 28.)

%4=The mechanical strength factor of safety of the wings of an
aeroplane. (Page 162.)

%, = The ratio of the maximum thrust or torque, producible by the
engine, during a flight, to the torque or thrust required in
the ordinary straight level flight. It may be called the
“thrust factor.” (Pages 162, 163.)

n=The cotangent of the ordinary gliding angle of a bird or
aeroplane. In other words, the # of the gliding path when
the latter is said to be at a slope of “1 in #” with the
horizontal. (Page 16.)

n,=The effective n of a bird or aeroplane while circling and
banked. It is shown toequal z#cos {. (Pages18, 19, 163.)

r=The radius, in feet, of the path of the air particles of a soarable
wind. In other cases, the full displacement, each way, of
a harmonic gust. (Pages 17, 19.)

s=A displacement or distance, usually in feet. Often used for
the distance moved under the influence of an acceleration.
(Pages 32, 38.)

¢=Time, usually seconds, used variously. (Pages 24,
28, etc.)

v="Velocity of the air or wind. Usually in feet per second.
(Page 21.)

¥, =The maximum wind-velocity)fluctuation, to each side of the
mean, in a harmonic gust. (Pages 26, 30.)

a=The angle, in degrees, the trajectoryfor flight path makes with
the horizontal. (Pages 114, 148.)

B = The angle, usually in radians, through which the relative gravity
is tilted with respect to the truejvertical. (Pages 24, 28.)

v=The ordinary gliding angle, usually in degrees, of which # is
the cotangent. (Page 21.)

v. = The effective gliding angle, usually in degrees, of which #, is the
cotangent. (Fig. 11.)
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¢ =The banking angle, in degrees, or angle which the transverse
axis of the bird or aeroplane makes with the horizontal.
(Page 18.)

¢ = The angle of friction, or angle of repose, for solids sliding on
solids. It is the angle which has g, or the coefficient of
friction, for its tangent. (Page 60.)

o = Angular velocity, or 2#/T. (This concerns the general ex-
pression for centripetal acceleration,—radius x w®.) (Page
19.)

A SpeciaL TERM.
Headway :(—This term is employed specifically for the velocity

of the flying body relative to the air. (Page 2.)

NoTE.

Positions, displacements, velocities, and accelerations relative to
the ground are, for convenience, usually distinguished as adsolute
positions, displacements, velocities, and accelerations, respectively.

ADDITIONAL SYMBOLS IN THE SUPPLEMENT

K,, K,, Kg, etc. =The supporting effect of a surface moving at unit
headway. Usually in lbs. for a headway of one
foot per second. (Page 211.)
M = Twice each lateral stabilising mass, in 1bs. (Page
227.)
P,. Pg, (see fig. 67, page 232, and the text on page 233).
d,, d,, dy, (see fig. 67 and the text on page 232).
7, 75 etc. = Distances in feet from the longitudinal axis of the
machine. (Page 210.)
o, = Angular velocity of spin of the gyroscopic flywheel.
(Page 232.)
w,=Angular velocity of lateral tilt of the acroplane.

(Page 232.)






AEROPLANES IN GUSTS.
SOARING FLIGHT

AND THE

STABILITY OF AEROPLANES.

CHAPTER 1
INTRODUCTORY—THE MEASURE OF A GUST

UnTiL within the last few months the literature of
the theory of flight dealt almost exclusively with
flight in still air, regardless of the fact that the real
problems are concerned with flight in disturbed air.
Even on the few occasions when gusts were referred
to, the necessity for first defining a proper measure
of the gusts, before reasoning about their actions, did
not seem to be realised. Generally, the gusts were
referred to as instantaneous alterations, of considerable
magnitude, in wind velocity ; but nothing can have its
velocity changed at an infinite rate, and such an
artificial conception of a gust, though not always
useless, is often misleading.

The proper measure of a gust, as regards a body
immersed in and supported by the air, is undoubtedly
the acceleration tendency of the air with respect to
the body; and while this proposition can be quite
easily independently supported, the best argument

for its truth is the orderly manner in which it explains
1 B
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Sy eroplanes in Gusts and Soaring Flight

all the questions connected with stability, stresses,
and soaring flight, in disturbed air.

The adoption of acceleration as the measure of a
gust was first advocated by the author in a simple
article, ‘“ Aeroplanes and Gusts,” published in Flight
of sth August, 1911,—an article that was an abstract
of a much longer and more complete article previously
submitted to the same paper on 7th May.! Its general
adoption by those who debate flight phenomena from
the technical standpoint is now so complete that the
time is ripe for publishing the simpler uses to which
the proposition may be put, independently of explain-
ing it at length, or defending its truth.

Using, therefore, the term ‘“headway” in place
of the cumbersome * velocity relative to the air,” it
will be taken for granted the reader knows, that :—

(1) The instantaneous sfrengtk of gust at
any point of the air, as regards a given fly-
ing machine flying at that point, is measured
by the acceleration of headway which any
singularity of the air at that point is impress-
ing upon the flying machine, and the
direction of the gust is opposite to the
direction of the impressed acceleration.

For example :—1If the air is accelerating downwards
at 40 ft. p.s. p.s., it is impressing upon the flying
machine an upward acceleration of headway of
40 ft. p.s. p.s., and this is the measure of the down-
ward gust. In other words, the gust is of strength
40 ft. p.s. p.s., downwards. Simple velocity, as dis-
tinct from rate of change of velocity, is, it will be

! It dealt with figs. 1 to 4, the phenomena in tramcars (fig. 26, I1.), and
other matters of the present work.
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noticed, completely ignored. Now, acceleration has
magnitude and direction, and being, in consequence,
a vector quantity, it may be represented completely
by a straight line of corresponding length and direc-
tion drawn to scale on a sheet of paper. Therefore,
we have :—

(2) A gust may be represented by a
straight line of length and direction corre-
sponding, respectively, to the magnitude
and direction of the gust.

In the above example, a line 4 inches long, drawn
downwards, will represent the gust completely on a
scale of 1 inch=10 ft. p.s. p.s.,, and the same line
measured upwards is the impressed acceleration of
headway. The impressed acceleration is what we
usually want to know, and when it is known before
or independently of the gust, the latter often escapes
mention.

Again, in the above, the downward acceleration
of the air is only the most convenient example of
the production of the impressed upward acceleration
of headway; and by “impressed acceleration” is
meant not necessarily an actual acceleration, but an
acceleration tendency, just in the same way that
gravity is a perpetual impressed acceleration or
acceleration tendency for a flying machine or other
body though the actual acceleration is rarely in
accordance therewith. An impressed acceleration,
however, always becomes a real acceleration when
there is none other operating upon the body at the
same time.

The inkwell on the desk before the writer is at

rest. Everyone knows sufficient graphic statics to
B2
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draw the balanced forces and explain why it remains at
rest. But, what may be called “graphical dynamics”
may be used instead; that is to say, the inkwell may
be regarded as remaining at rest in consequence
of its having a downward impressed acceleration due
to gravity, and an equal upward acceleration due to
the reaction of the desk. The dynamical point of
view is really more fundamental than the statical
one, and, though cumbersome and unnecessary in
ordinary engineering problems, it greatly facilitates
the understanding of many flight problems.

The general method for finding the impressed
accelerations acting at a given instant upon a flying
machine consists in first answering the question :—.

If, at the given instant, the flying machine
could be suddenly transformed to a small,
smooth, concentrated mass, how would it
accelerate relatively to the air?

The acceleration answering the above question is
the “resultant relative gravity” of the following
discussion, and when common gravity is subtracted,
in veclor sense, the result is the acceleration tendency
or impressed acceleration due to the gusts. When,
from this result, the impressed acceleration due to
the absolute acceleration of the air at the place of
the flying machine is also subtracted, 2z vecfor sense,
there will usually be found an impressed acceleration
remaining. This is due to the air having what is
called ‘“velocity structure” at the point, and to the
flying machine, in crossing that structure, creating
for itself a rate of change of headway.! The measure

! See also Mr Lanchester's Aerodonetics, p. 253, where the alteration
of air velocity from place to place is referred to as a source of soaring.
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of this ‘“structure gust” is again acceleration, not
velocity ; but the fact that the gust is strengthened
in proportion to the machine’s headway is commended
to the notice of those who consider high speed the
certain means of improving stability. Their view
may not be incorrect, but structure gusts must be
admitted into the opposing argument.



CHAPTER 11

AEROPLANES IN GUSTS

A HorizontaL Heap Gust

LeT A (fig. 1) be the position of the aeroplane »elative
to the air. Draw AB downwards 32°2 units in length
to represent common gravity, and CAC, at right
angles, to represent the true level with respect to
which the self-righting aeroplane flies to the left in still
air. Assuming the sudden gust of the example to be
40 ft. p.s. p.s., draw DB, 40 units in length, to represent
the gust, so that BD represents the opposite impressed
acceleration of headway due to the gust. Draw AD
to complete the triangle of accelerations ABD. Then
AD, being the resultant acceleration tendency relative
to the air during the gust, entirely supersedes AB in
controlling the flying of the aeroplane, on which
account it is called the “resultant relative gravity”
during the gust. Similarly, FAF,, at right angles to
AD, supersedes CAC,, on which account it is called
the “virtual level” during the gust. The flying
relative Lo the air now proceeds exactly as if gravity
had been tilted through the angle BAD, and increased
in strength from AB to AD. But, just at the moment,
the aeroplane is flying steeply down AC with respect
to AD and AF; it proc6eeds, therefore, to pursue the
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familiar undulatory righting path AH with respect
to AF, unless well damped, as it should be, in which
case the path may be improved to resemble Al. If
the gust grows slowly in strength, so that D moves
out slowly through the harmonically placed positions
1, 2, and the virtual level through the corresponding
positions 1, 2, the righting path Al is further improved
to the more slowly curving path AJ. 7ke greatest
possible improvement, however, occurs when the self-
righting lendency of the aeroplane is momentarily
abolished, or even reversed, at the omset of the gust.
The path Al may then be changed to resemble the
very satisfactory path AL. Means of doing this are
now known. (See Chapter XII.)

In interpreting gust disturbance, by means of the
relative gravity diagram, it is always a good plan to
view the diagram along DA, so that AD may be
really thought of as gravity. Since the disturbance
of pose arises from the self-righting tendency provided
for flying in still air, it is obvious that ke prompt self-
righting lendencies, once thought so desirable,' must be
avoided, and only weak, slow righting tendencies,
sufficient to control the average pose, be used instead.

The above remarks apply without reference to the
nature of the righting tendency so long as it pays
vespect to gravity. It is, for instance, futile putting a
pendulum on the machine to indicate the direction AB

1 Such as those due to a pronounced longitudinal dihedral angle, or
strong forward movement of the centre of pressure. Natural selection
has already operated so powerfully upon the thousands of machines
designed and tried that argument is now unnecessary to ensure the use
of weak dihedrals. Actually, a machine should have no rigid positive
dihedral effect, because, if serviceable enough in other respects, it acts
promptly in gusts, in a way this work shows is not required.
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in the gust, for such pendulum cannot be prevented
from paying allegiance to AD, as gravity, when the
gust commences.'

A Sipe GusTt

Suppose the aeroplane at A to be flying away through
the paper when the gust DB attacks. The gustisa
side gust, and the lateral righting tendency will start
the aeroplane up paths like AH, Al, AJ, or AL,
according to the circumstances of the damping, etc.,
but with the usual left-hand circling movement.
Those readers who are familiar with the behaviour of
gliders in still air will realise the movement quite easily
on looking at the diagram along DA and noticing
that the glider at A is virtually launched at too low
a headway for the gravity AD, and tilted steeply to
the left. It is impossible to show the path, except in
a perspective drawing, or by a bent wire in space.

Here again, a slow lateral righting tendency, well
damped, is the very least essential demanded by the
aeroplane seeking the minimum disturbance’ Along

1 This is true of short-period quick-acting pendulums, such as many
designers, led by the obvious, usually arrange for. But a long-period
pendulum (several times the period of the average gust) might conceivably
show, on an aeroplane already fairly steady, a direction of gravity never
differing much from the true vertical. The author believes such a
pendulum, perhaps using a gyroscope to lengthen its period, may be
profitably added as a supervising control to a machine already designed to
be free from severe gust disturbance ; but its addition is usually proposed
for the gross purpose of itself fighting disturbance of the sudden gusts, by
powerful elevator wagging. This seems doomed to failure as a practical
engineering proposition, and is absurdly unnecessary in view of there
being simple and comparatively perfect ways of effecting the same object.

2 In more advanced aeroplane design it may be found necessary to
have, in sudden gusts, a momentary reversal of lateral righting tendency ;
but the solution of this problem, and the whole problem of lateral stability,
may be allowed to follow after others of greater urgency and preliminary
educational value.



An Upward Gust 9

the present lines of design this may take the form of
very little dihedral angle and underhung weight, and
considerable keel surface.

A Rear Gust

Assuming the aeroplane to be flying to the right at
A, the gust DB is a rear gust. Taking the same
point of view as before, it will be easily seen how the
disturbed paths are of the forms of AH, (undamped),
Al, (damped), A], (slowly growing gust), and AL,
(with momentary reversal of righting tendency).

AN Upwarp GusT

When the same gust is an upward one its vector
becomes the DB of fig. 2, and the relative gravity
becomes the AD of that figure. This is in the usual
direction, but being about 2} times as strong as
common gravity it requires abouta/2}, or 1} times as
much headway in the machine. The machine at A,
therefore, acts similarly to a glider launched at too
low a headway in still air, and it is easy to see, from
experience of launched gliders, that paths like AH
(undamped), Al (damped), and A] (slowly growing
gust), will resemble those taken by the machine.

All the paths so determined by means of the relative
gravity diagram are necessarily relative to the air,
but these are all we want to know to determine
changes of pose, since the direction of pose never
differs by many degrees from the direction of the
relative path. The absolute paths, or paths relative
to the ground, may always be determined, when desired,
provided the relative paths can be dotted with *time-
spots,” or places the machine occupies at the ends of
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successive intervals of time. In fig. 2 the path AH
has been dotted with such positions for the ends of
the 1st, 2nd, 3rd, etc., seconds of time from leaving
the air particle at A. It follows that straight lines from
A, to each of these spots, are the corresponding dzsplace-
ment vectors of the machine relative to the air particle
A. But A is accelerating upwards with the air at a ft.
p-s. p.s., in consequence of which its displacement
upwards, or s feet, at the end of # seconds, is given
by s=a#/2. The vertical line from A is accordingly
dotted with these displacements at the ends of the
numbered seconds of time, and combining with these
displacements the relative displacements of the machine
relative to A, the absolute path of the machine’s centre
of mass is easily found to be that passing through
the numbered points of AM. If the machine is to be
drawn at each point of the path AM, its pose must be
made to accord with the direction of the relative path
at the correspondingly numbered point.!

The exact determination of the absolute path for a
specified machine is seen to depend on the exact
determination of the relative path for the same machine,
as obtained by regarding the air as still and common
gravity superseded by a new gravity differing in both
strength and direction. Several mathematical methods
have been published for determining the relative path
of an irregularly launched machine in still air, and these
methods may be applied to the present case, after
substituting the new gravity for g in their formula,
and the direction DA for the vertical in their system

! It goes without saying, that a superimposed wind adds another dis-
placement vector to each point, but as that vector would have been there
without the gust, it is properly ignored.
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of co-ordinates.! The object of the present work is
to lay down general principles relating to the disturb-
ing effect of gusts, and it should be kept in mind, that,
when a broad view of a mechanism has suggested
obvious improvements in its design, exact determina-
tions of how it would have operated without such
improvements lose a great deal of their practical
interest.

A Downwarp GusT

When the gust DB is downward (fig. 3), the relative
gravity AD becomes only one-quarter of common
gravity, and acts upside down. The disturbed path
then takes the form of AH (undamped), Al (damped),
or A]J (slowly growing gust). In each case the machine
turns upside down, but only slowly in comparison with
the transient nature of this extreme gust. If the pilot
at A is either moving slowly or refusing to allow his
machine to turn upside down, he is liable to be
separated from his machine by the wpward relative
gravity. Spanners, or anything loose, are also liable
to fall out upwardly, and the gravity feed of his petrol
is likely to be interrupted, and the petrol itself discover
unexpected places from which to leak.?

This will, no doubt, be recognised as the somewhat
dreaded ‘“hole in the air” condition® in which the
downward gust acceleration is greater than g.

When the downward gust DB is of strength 32-2,

! The suggestion is plain: Analytical methods may be extended to
disturbed air by expressing g as a harmonic function of the time.

* An unsuspected cause, no doubt, of many engine-stoppages and fires,
in mid-air.

3 It is in connection with these gusts—or it would be if they were not
so transient—that there is some scope for the employment of gyroscopic
supervising control.
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the relative gravity AD vanishes, and the aeroplane,
if 1t consists of narrvow planes and is of very small size,
will turn in a vertical circle so small that V2/R=g,
where V is the headway in ft. p.s., and R the radius
of the circle, in feet. The reason is, of course, that
the lift commences to accelerate the machine at 7»zgk¢
angles to its path, with an acceleration equal to g,—
the acceleration which, before the gust occurred,
balanced the lift acceleration. The radius R is there-

fore equal to V*/g, but putting }-:} for R, (in this, T is

the time in seconds to complete the circle), we get
T =27V/g, or about 20 seconds for a 100 ft. p.s.
(68 m.p.h.) aeroplane. The simplest device to in-
crease R and T is empennage, by which is meant a
pair of neutral surfaces a considerable fore-and-aft
distance apart, and not simply a neutral tail plane.
Longitudinal moment of inertia, however, on a
“machine that will take it (see Chapters XII. and
XIIL.), resists the commencement of such vertical
circling, and prolonged resistance is not required.
Very powerful empennage has the defect of increas-
ing the liability to disturbance by eddies.

A DowNwarD REear Gust

In fig. 4, in which the machine is assumed to be
travelling to the left at A, a downwardly inclined rear
gust, DB, is shown bringing the relative gravity AD
to a horizontal direction. The disturbed paths then
become AH (undamped) and Al (damped); a back
somersault through three right angles being turned,
even in the case of the damped path. When the gust
grows slowly, so that the virtual level dwells near
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positions 1 and 2 for appreciable intervals of time, the
path A]J, turning downwardly through only one right
angle, resembles the disturbed path. This gust and
all those intermediate between fig. 3 and fig. 4 probably
constitute the most dangerous class of gusts.

The most marked and dangerous feature of the dis-
turbed paths AH and Al is the rapid loss of headway
at their commencement ; but the author has had some
success in designing apparatus that not only directly
helps to maintain the headway, but at the same time
resists the back somersault 2z proportion to the sudden
loss of headway associated with ¢t. The control differs
from elevator control in not depending upon the existence
of headway for its operation. (See Chapter XII.p. 97.)

A Downwarp HEeap Gust

When the machine is travelling to the right in fig. 4,
the gust is a downward head gust, and the disturbed
paths are easily seen to be of the less serious forms
of AH, (undamped), Al, (damped), and A], (slowly
growing gust).

STRESSES PRODUCED BY GUSTS

Seeing that, in ordinary steady flying in still air the
stresses in the wings of an aeroplane are determined
by the gravitational weight upon the air, it may be
anticipated that the relative gravity gives a measure
of the stresses during steady flight in a gust. The
greatest relative gravity of the diagrams is that due
to the upward gust of fig. 2, where AD is 2} times
common gravity ; but the stress in the machine will
be more than 2} times normal, when it is at such a
place as point 4 of the path AH, because of the path
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being concave, and the machine weighing upon the
air with an additional acceleration V?/R, where V is
the headway at point 4, and R the radius of path.
The determination of the greatest stress is thus seen
to depend, finally, on the determination of the actual
V and R of the given aeroplane for each point of its
disturbed path, and this determination may be made
by such methods as have now been published dealing
with flight in still air, with a given g.  When there is
a pilot on board, the stress in excess of the 2} times
normal depends on his operation of the elevator, but
pilots ought always to make a practice of avoiding
sharp turns relative to the air.

In fig. 3, the loading of the planes and stresses in
the machine tend to be reversed.



CHAPTER II1
SOARING FLIGHT!

SoariNG flight may be defined as being that kind of
flight practised by birds in which they keep aloft,
without loss of headway, while using none of their
own energy beyond that necessary to actuate their
rudders, elevators, and warping, or bird equivalents.?
In fig. 5 a simple relative gravity diagram is again
drawn, but for a weak gust; and since the virtual level
plane has superseded the true level during the gust, ¢4e
bird, if frictionless, may glide in any divection in the vir-
tual level, including divection AE, without loss or gain
of headway and without effort, because it is then running
neither uphill nor downhill with respect to the relative
gravity AD. Now AE has been arranged tilted at an
angle of 1 in 5 to AF, by making BD exactly one-fifth
of gravity AB, and if the bird is one having a gliding
angle of 1 in 5, instead of being frictionless, it obviously
cannot glide nearer to AE than the truly level path
AF, which, however, can be pursued. Thus, a gust of
strength /5 will keepa 1 in 5 ” bird afloat in level flight
at constant headway. The rule is quite general, so that,
calling the horizontal gust acceleration @ ft. p.s. p.s..
and assuming the bird to be acting as a 1 in = bird, it
will be maintained in at least level soaring, when :—

ad;;‘;-. N €))

! Some readers may find it profitable to read Chapter VII. in conjunc-
tion with, or before, this chapter.

% This defines complete soaring flight, but it will be seen, after the matter
has been discussed further, that flapping and soaring may proceed simul-
taneously as independent partial causes of the whole ascent or support of
the bird.

15
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Now the air never accelerates for many seconds in
one direction, because of the limits to wind velocity,
but at every point it is always accelerating more or less
in some direction, in a manner that is represented by
the vector BD continually altering its magnitude and
direction (in three dimensions). These changes some-
times occur very quickly, but never discontinuously,
and so far as the bird is able to follow, by wheeling
about, the corresponding changes in the direction of
AE, 2t may keep itself in a continuous head gust, and so
continue soaring.

This soaring is appropriately known as :—

Wheeling Soaring

The acceleration BD need not remain horizontal to
tilt AE, and make this constant-headway gain of height
relative to the air, and soaring relative to the air,
possible; but if, as is usual, the up and down com-
ponents of BD result, in the long run, in no upward
displacement of the air, it is obvious they do not con-
tribute to the soaring relative to the ground. Soaring
by such upward displacements, or velocities, is a class
of soaring practised by birds on fewer occasions than
commonly supposed. (See page 81.)

Horizontal acceleration soaring (z.e. by horizontal
air accelerations) at substantially constant headway is
probably the rule with birds, and wheeling soaring the
favourite of that variety ; upward velocity soaring (see
page 81) and the still rarer soaring by up and down"
accelerations of the air, are probably no more than
occasional aids to the above wheeling soaring that is
usually practised by the birds.
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UN1ForRM WHEELING SOARING

It has been pointed out the air cannot accelerate for
long in one direction, so that uniform soaring in a
straight line, for more than a few moments, is not
possible ; but, in tropical countries, birds are observed,
on apparently calm days, to move in practically perfect
circles, and at uniform headway, when the air is known
not to be ascending.

To explain this we have only to assume the accelera-
tion vector BD turns steadily through all the points of
the compass in the time T seconds in which the bird
completes each circle; and such turning of BD will
occur if the whole block of atmosphere turns in a hori-
zontal circle of radius » feet, so that every azr particle
moves in a civcle of the same size and moves in the same
direction at any given instant of time.

Let such air be moving right-handedly, and be mov-
ing eastward at this moment. Then, the southward

centripetal acceleration & is r(szy, and the bird will

be able to soar by facing north, in accordance with

formula (1), if :—
2m\2 g
A7) <&

B A e )

472’ n

or

This soaring relationship of the bird to the air is
only a momentary one if the bird continues to face
north, but zf 2¢ turns circles in the same time and direc-
tion as the air, it keeps facing BD, and so maintains the
soaring relationship constant.

Now formula (2) tacitly assumes that # in the
C
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vertical plane remains the common 7 of the bird
in straight gliding, but, when circling, the effective
gliding angle of the bird is more or less degraded,
and #z numerically reduced to an effective value .

In fig. 6 the bird is shown in its relative orbit centred
on the single air particle O, and in front are shown
the vectors of the relative gravity diagram, or AB,
AC, BD, and AD. But there is shown another vector
AE, or BL, which is equal and opposite to the centri-
petal acceleration, relative to the air, that the bird
must itself obtain to keep in its »elative orbit of radius
R feet. The length of this vector is given by :—

AE= R(’%)’.

This AE, combining with AB, produces a resultant
weight upon the air, at right angles to the path,
represented by AL, and, in the absence of much keel
surface to resist side-slipping, the bird must bank to
set itself at right angles to AL. Now, it is a property
of gliders moving at steady headway to have the drift
force equal to 1/2™ the lift force, or, in the alter-
native view, the forwardly impressed acceleration
(propeller produced, or air produced, or gravity pro-
duced) equal to 1/#" the resolved acceleration upon
the air at right angles to the path. In other words :—

AC=1AL.
n

But
AL =AB/cos ¢,
where { is the banking angle BAL ; therefore
AC=AB/(ncos{)
or

-_ &
8= st . . . . (3)
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which, compared with formula (1), shows that, in
circling, zcos( takes the place of the common #,
or n,=ncos(.
Accordingly, rewriting formula (2) with #, (which
is 7 cos ) in place of its 7, we have :—
8T

47" 7,

With the aid of fig. 6 it is easy to derive the
following formule, additional to (4), where o is
temporarily written for 27/T :—

n,=ncos£=~/g2_-._”zgl-{T—‘l),2 . . . (5)
ADZ=g2+(re??+(Ra?2 . . . . (6)
and
Re=V,=v, /4D,
\/ ; (7)

In formula (7), V is the common gliding headway of
the bird, in ft. p.s., and V, is the actual headway while
circling, and notice is taken of the fact that the steady
headway is proportional to the square root of the
weight upon the air at right angles to the path.!

From these formule a complete formula from which
R may be found in terms of T, for a bird of given V
and #, is :—

O IV, o e [ e T

and the formula for » is :—

r= —\/ +R2} . . . (9)

Formula (8), it may be noticed, is not solely
connected with soaring, but is true, like fig. 6, for any

! This would not be quite so true for an nert rigid aeroplane having
considerable size compared to the size of the orbit.
: C2
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bird or aeroplane moving steadily in a horizontal circle
relative to the air.! (See Chapter XVII.)

In fig. 7 is shown, to scale, the absolute orbit of a bird
having V=29'3 ft. p.s. (20 m.p.h.), and z=10, when
uniformly soaring in a circle with T =12 seconds. The
radius R, by formula (8), is 60 feet, and the radius »
of the circular wind is, by formula (9), about 13 feet.
At O is the single air particle that was shown at the
centre of the relative orbit in fig. 6. This particle
moves in the circle of radius 7, like the particle at A
and every other particle. AE is the centripetal accelera-
tion of the bird at A relative to the air, and AC the
absolute acceleration of the airat A ; therefore, AK, the
resultant, is the absolute acceleration of the bird at A to
the point Q at the centre of its absolute orbit. As these
relationships remain constant, the triangle AOQ, bear-
ing the bird at A, travels round the centre Q. The
radius AQ of the absolute orbit is obviously given by:—

AQ=JRZ+22 . . . . (10)
but for birds with good gliding angles under these
soaring conditions AQ is never much greater than R.

In the soaring chart of fig. 8 the value of 7, as a
function of T, has been plotted, after calculation by
formulee (8) and (9), for 1 in 10 birds of V =15, 30, and
5o miles an hour, and numerals showing the radii of
the absolute orbits, in accordance with formula (10),
have been placed at a few important points on the
curves. Birds with gliding angles of 1 in 10 have
been selected in the belief that they are likely to
represent the best existing soaring birds.*

1 See the preceding footnote.

2 The large-scale chart showing more details (such as the orbital radii
all along the curves), was published in Aeronautics of December, 1911,
and is reproduced facing this page.
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Straight radial lines showing the loci of all points
on the chart where the wind velocity v equals 5, 4, and
3 miles per hour, respectively, have been drawn in
accordance with the obviously applicable formula:—

r=;; . . . . . (ll)

When the aeroplane is circling with the banking

angle { (refer to fig. 6), and the actual headwayV, :—

tan{ = R(zr 2//

_V V.T (2m 2/
() /e

=2;TV,, . . . . . (12)

But
V._AD, AL AD,

= x- . . . (13)
cos{ cosy
—because angle D,AL is v, the common gliding angle
of the bird.
From (12) and (13) we find :—
\4 L

T=2"
. . & Jeosy ,Jsm {tan{
which, with
1 1
T+taniy O .1
Y 1+ —
o

for cos®y, becomes?!:—

1
T—_<T )Jginztan( - (4

1 Physically, /\/ < is voor the ratio of the common gliding
l+ -

headway to V/—the hmdway the bird would have if propeller driven
in straight Aorizontal flight.
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The stressin the circling bird’s wings is greater than
that in ordinary straight flying in the ratio of AL to
AB, or 1/cos{ If we assume the bird does not wish
to fatigue itself by more than double the normal stress,
(is limited to 60°. But, in actual soaring, the birds
seldom bank more steeply than 45°; therefore, 45° will
be taken as the limit of {.

With 45° substituted for { in formula (14), T is
found for the points on the various V curves where
the banking is 45°, and a line drawn through these
determines the ‘““bank 45°” curve of the chart. The
“bank 60°” curve is, in similar manner, roughly plotted
to show in which direction the banking becomes
greater.

Now, it is very unlikely any of the 1 in 10 soaring
birds, even the lightest, has a less V than 15 m.p.h.
We decided that greater banking angles than 45° are
not employed. Finally, if the circular wind velocities,
v, were often greater than about 5 m.p.h., these winds
would hardly have so long escaped direct observation,
even allowing for the fact that ground friction greatly
interferes with such jelly-like oscillations of the atmo-
sphere in its lowest strata. Therefore, the area of the
chart representing the circumstances of actual soaring
is that within the shaded triangle, and the following
approximate limits may be read off the chart :—

Time T to fly round circle, about 6 to 15 seconds.
Diameter of circular wind, or 2» 8 to 4o feet.
Velocity of the circularwind, ors . 3 to 5 m.p.h.
Headways of the birds, or V. . . 15 to 30 m.p.h.
Diameters of orbits, or 2R, about . 5o to 200 feet,—

—which estimate for 2R will do for the absolute as well as the
relative orbits.
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Among other things, a careful study of the chart
will disclose that £igk speed in a bird militates strongly
against this class of soaring in the lighter and more
frequent circular winds, and a heavy bird with greater
V than 30 m.p.h. will practically never be able to
accomplish this variety of soaring without helping
itself out with a certain amount of flapping. The
infrequency of such a bird’s soaring is not only due to
the reduced frequency of the stronger winds, but due
to its only being able to use them when they come
within a restricted range of T seconds. The chart
also discloses why the high-speed bird moves in large
long-period circles on the few occasions when it is able
tosoar. The Plate facing page 20 is superior to the
small fig. 8 for these studies.

To-AND-FRO WHEELING SOARING

In this class of soaring the bird is seen to dart back
and forth in paths that, viewed from above, are
approximately parallel straight lines joined by sharp
turns at the ends. When these paths are, say, north
and south, the gust is no doubt reciprocating in a
north and south direction, and the best plan is to
assume it reciprocates harmonically.

The gust is represented in fig. 9, where it swings
harmonically to a maximum acceleration amplitude
a,, each way, and has a total periodic time T seconds.
Notice, at this early stage, that @, is neither a dis-
placement nor a velocity, but an acceleration. The
thick line perpendicular from A having been drawn
32°2 units in length to represent common gravity, it
is evident the relative gravities, at equal intervals of
time during the gust cycle, are represented by the
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lines drawn radiating from A. Since the constant-
headway soaring path of the frictionless bird keeps
at right angles to the relative gravity, it is necessarily
the path EF of fig. 10, in which each little equal
section, 1, 2, 3, etc.,, has been drawn at right angles
to its corresponding relative gravity in fig. 9. Every
section of the path is, to scale, equal to V, the distance
the bird moves in each of the 14 seconds of the
assumed gust cycle T. To continue the soaring at F,
and each time the relative gravity crosses the centre
on the reversal of the gust, the bird must wheel round
180°.  This wheeling must be a true wheeling action
velative to the air, like that of a turning motor-car
or skater, and not like that of a skidding motor-car
or incompetent slider. That is to say, the headway
of the bird must be reversed simultaneously with the
direction in which it faces. By the time of reversal
of the gust is meant, of course, the time of reversal of
the gust acceleration, which is T/4 seconds in advance
of the time of reversal of the gust velocity.

If, at a given instant, the relative gravity is tilted
through an angle B, it is evident, that, for the bird
ascending at right angles to this gravity, at headway
V, the vertical rate of ascent, or increase in 4, is

expressed by :— §=Vsinﬁ

which, for feeble gusts with 8 very small, may be

written :— ‘fé=v,3 .
dat

! Many readers should be able to verify this, later on, by inspection of
figs. 22, 23, and 24, for the reciprocating displacement, velocity, and
acceleration vectors for fig. 9 are only the projections of the corresponding
rotating vectors of figs. 22, 23, and 24. Notice, therefore, that the thick-
line radii of the latter figures are successively at right angles.
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Now, where & is the momentary strength of the
feeble gust, inspection of fig. 9 shows that :—

B=alg
and since, for the harmonic gust,—

a=a,sin 2t
" T

it follows that :—
B=f}l‘sin»z7;1 .. .. (16)
Putting this for 8 in formula (15), and integrating
between /=0 and £=T/2, the rise up EF, or to
half the gust cycle, is found to be :—

NF=:T.‘%'-V.T. e (1)

The mean angle of rise is, therefore, NF in EN, or

a, V.T/(zg) in V.T/2
or
2a,,/(mg) in 1
or
2a,n/(mg) in n
so that, for a 1 in 2 bird to be kept afloat in such
soaring, we must have :—

2a,1/(mg) 4 1
or

a,,{%: . . . . (18)

The above reasoning is only without error for an
indefinitely feeble gust and corresponding gliding
angle in the bird, but large-scale graphical con-
structions like fig. 10,—even when certain small
allowances are made for the variations in the strength
of the relative gravity and for the centripetal perturba-
tion due to curvature of path,—will always be found
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in practical agreement with formula (18), provided a
practical case of level soaring is being investigated.

If the gust continued steady at the value a,, the
frictionless soaring path would be EH in fig. 10, and
the fact that NF is about 2/3rds, or 2/x, of NH sug-
gests that, in this soaring, the mean effective strength of
the harmonic gust is 2/ of its maximum. The mathe-
matical proof, as regards feeble gusts, consists in
noting that NH =(a,./¢) of (V.T/2), which is =/2 times
NF as given in formula (17). Alternatively, the ratio
between formule (1) and (18) may serve as a proof.

For a given harmonic gust with maximum wind
velocity v,, and maximum displacement » feet of the
air each side of its mean position,' we may substitute
for a,, in formula (18) either /> or »(2x/T)%. In the
first case, we have :—

Ul 4T
r 2n
giving us
2n0,2
r} ’&— . . . (19)
and
U % N € )

In the second case, we have :(—

2#)’ g
T/ Tan
giving us
r{s;% . . . . (21)
and L
T}\/s_"_g’f Y € 19)

1 A harmonically varying acceleration of a body is only consistent with
the body having the projected displacements of a particle revolving in
a circle. The full projected centripetal acceleration of such generating
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Assuming the 1 in 10 birds are again under con-
sideration, and limiting the maximum wind velocity
v, to 15 m.p.h. (notice this is only 4alf the total
Sluctuation), formula (19) gives »3$ 96 feet.

Formula (21) is no use till T is known, and, as a
matter of fact, it is no practical use at all, because,
when T is small, as it must be to find the minimum 7,
the bird has no time for straight runs, as assumed,
between the wheelings at the ends.

Putting the above found 96 feet for » in formula
(22), we get :—T $27°4 seconds.

Thus, according to the above showing, the superior
limit to 27, in to-and-fro wheeling soaring, or the
maximum total displacement of the soarable gusts,
is unlikely to exceed about 192 feet, while the total
time T of the same soarable gusts is unlikely to
exceed about 27 seconds.

The missing inferior limits to » and T, which
formule (19) to (22) failed to discover, will be found
in the limits of the next class of soaring.!

To-aND-FRO CIRCULAR WHEELING SOARING

In practice, even the slowest existing bird cannot
proceed in two straight paths joined by an insignificant
wheeling path at each end, not even if it be allowed
a total T of 27 seconds. The wheeling takes up so
much time that we may as well calculate for the

particle is then the a, of the body; the full projected velocity of the
particle the v,, of the body; and the full projected radius of rotation of
the particle the full displacement of the body.

! It may be mentioned here, that, although the absolute path (easily
determined) is of different shape from the relative path, yet it has the same
terminal points E and F, or E and N ; because, whenever the bird is at
these points the air has its mean position.
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more probable circular orbit, and we practically must
do this for the faster birds, seeing that they at least
cannot execute sharp turns. The soaring to be con-
sidered then becomes to-and-fro circular wheeling
soaring, the soaring paths for which, in the gust of
fig. 9, are shown in fig. 11. The paths up the virtual
levels being now foreshortened according to an obvious
enough sine law, formula (15), for feeble gusts, takes

the form:—

dk . 2wt
E_V . Bsin T . . . (23)

Putting in this the value of B8 in formula (16), it

becomes :—

dk o 27t .
E—V—sm T - . . . (24)
This, integrated between the limits =0 and £="T/2,
determines the rise to half the gust cycle, in the

form :—
NF———I—.V.I . . . . 2
e (5)

The mean angle of rise in the developed path EF,
is then N,F, in EN,, or
a,V.T/(4¢)in V.T/2
or

a,/(2g) in 1
or

a.n/(2g) in n
so that, for a 1 in z bird to be kept afloat in such
soaring :—

ann/(28) 1
or

an<2g/n (see footnote 1)

1 A comparison of this expression and formula (1) shows that the mean
effective strength of a harmonic gust, for this class of soaring, is half
its maximum strength.
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or
r(2m[T) 4 2g/n
or
r4g1?/(2m%n)
or
-%r{ ‘{L,,z . 'I;-‘2 .. - . (26)

But the bird is pursuing a circular orbit, so » must
be, not the common 7, but #, the effective » while
circling, and, of course, while banked. Therefore,
formula (26) becomes :—

-:z—r{ 4:—:_—,'%: . . . . (27)

On comparing the above with formula (4), and
reflecting that formulz (5), (6), (7), (8), (9), and the
soaring chart itself of fig. 8, were, in reality, nothing
but means of solving formula (4) with #, expressed in
terms of the constants of the bird in connection with
its relative orbit, it is evident that the soaring chart
of fig. 8 solves formula (27) for the »/2 of the present
form of soaring in feeble gusts.

Accordingly, trouble is saved in fig. 12 by simply
redrawing the chart of fig. 8, but with the old figures
of the 7 scale crossed out, and double values substituted,
and with the figures of the v radial-line scale also
doubled to suit this change in the » scale.

Though the argument has been developed on the
assumption of feeble gusts, carefully made large-scale
graphical constructions, like figs. 9 and 11, will always
be found to confirm the practical absence of error
for the gusts actually required by the soaring birds.

With V, on fig. 12, limited to not less than 15 m.p.h. ;
the banking limited to not greater than 45°; and 2
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limited to not greater than 15 m.p.h.; the circum-
stances of this soaring, for 1 in 10 birds, are expressed
by the shaded triangular area of the chart, and the
following approximate limits of the soaring may be
written down from inspection :(—

Time T to fly round orbit, about . 6 to 21 seconds.
Total displacement of the to-and-fro gust, or 27 20 to 150 feet.
Maximum velocity of gust wind, or v, . . 6to 15 m.p.h.
Total range of gust velocity, or 2v,, . . 12 to 30 m.p.h.
Headways of the birds, or V . . . 15 to 45 m.p.h.
Diameters of the orbits, or zR, about . . 50 to 380 feet.

It is instructive to compare these with the chart
and limits of uniform wheeling soaring (fig. 8). The
air movements necessary are much more vigorous,
and everything is on a larger scale. Though light
slow birds again have the advantage, this kind of
soaring is occasionally practicable for a bird having a
V as great as 45 m.p.h.

In straight to-and-fro soaring the limit of T was
made 27 seconds; in this circular case it is only
21 seconds. Now simple, straight, to-and-fro soaring
is really impossible, because the bird must always
mix a good deal of the circular case with its soaring
during the wheeling at the ends. Hence, the real
limit of T in general to-and-fro soaring is probably
about 24 seconds. Similarly, the superior limit of 27
is between 192 feet and 150 feet, or probably about
175 feet.

The other limits for the circular case may be
regarded as the limits for the straight case, so far as
the latter is practicable to the light slow birds. The

! Points E and F, or E and N, are also terminal points of the absolute
path, for reasons similar to those given in footnote No. 1, page 27.
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missing limits of the straight case have therefore
now been discovered.

THeE NoN-soArRING CONDITION

If the bird in fig. 10 did not reverse its direction
by wheeling at F, the return gust would be a rear
gust, and the bird would descend by a path of the
same shape as the ascending path (fig. 13,1.). The
net soaring effect during the gust cycle would then
be zero. In the atmosphere the gusts are not
symmetrical as shown, that is to say, they are not
tmmediately symmetrical, but they are usually so
on the average, and if a bird, using its *““elevator”
to preserve constant headway, but refusing to
wheel about selectively, finds a little gust element
at this moment that gives it a rise of, say, one
foot, it is certain, sooner or later, to find the corre-
sponding gust element that gives it the same amount
of fall.

Thus, assuming the gusts are random phenomena,
the non-soaring condition is that the bird shall use its
‘““elevator” to preserve constant headway, butl refuse
Lo wheel about selectively in the gusts.

The non-soaring path of fig. 13, corresponding to
a harmonic gust cycle, may be represented, approxi-
mately, by four straight lines of equal length, sug-
gesting that a good substitute for the gust itself, for
purposes of general exposition, is one consisting of a
steady head gust for quarter of the gust cycle, followed
by no gust (z.e. no accelevation but steady wind) for
another quarter of the cycle, then a return gust similar
to the first gust, and a second no-gust period to com-
plete the cycle. With such a gust cycle the constant-
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headway non-soaring path is similar to the full line of
fig. 13, IL

ASYMMETRIC SOARING

In fig. 14 a gust cycle of the above-mentioned
variety has been assumed, with the following attendant
conditions :—Strength of each gust=20 ft. p.s. p.s.;
duration of each gust=3 seconds, or one-quarter of T
seconds, where T is the whole time, 12 seconds, of
the gust cycle. The headway V of the bird is assumed
to be 35 ft. p.s. (about 24 m.p.h.). The thick full
line represents the constant-headway non-soaring path,
each of the straight sections being, of course, 3 x 35
or 105 ft. long, to scale. The sloping parts are at an
angle of 20in 322, or 1in 1'6, as they should be in
accordance with the relative gravity diagrams used
in determining them, though not shown.

If the bird, while maintaining constant headway, is
to obtain any soaring effect, some means must be found
of increasing the rise to the head gust, or decreasing
the fall to the rear gust, or doing both. That is, some
kind of asymmetry must be introduced into the gust.

Regarding the gust as the average gust about the
time of observation, we must assume the displacement
of air due to the head gust is equal and opposite to
that due to the rear gust, for, otherwise, we should be
confusing the wsnd with the gust. Now, the displace-
ment of air, s feet, due to a gust of acceleration a
acting for ¢ seconds, is given by :—

s=22 . . . . (28)
from which
a=%c . . . . . (29)




A symmetrvic Soaring 33

When @=20 and ¢=3, as in our example, s is 9o
feet according to formula (28), and putting this for
s in formula (29) we find the accelerations a of all
other gusts with the same displacement are given by

= 180/2.

WIth £=6 seconds, @ is 50, and the soaring path
for that gust is at a slope of 5ing, or 5in 32°2, or
I in 644, as found by a relative gravity diagram.
The dotted path No. 6, drawn to A at that slope, is
accordingly the soaring path of the bird during the
6-second head gust kawing the same air displacement
as the original 3-second gust. The length of this dotted
path, to scale, is, of course, 6x 35 or 210 feet.
Similar paths are drawn for 5, 4, 3, 2, and 1 second
gusts, disclosing, by the numbered dotted curve passing
through their extremities, that the best head gust
from the point of view of rise is the one having a
duration of about 24 seconds and making a soaring
path at 45°, and, therefore, corresponding to a gust
of strength 32-2 ft. p.s. p.s.

The slope of the best path is a/ways 45°, and the
time is merely incidental. When the gust is of
strength @ the soaring path slopes at an angle a
having tan a—a/g, or sina=a//a®+g°. Now, the
vertical ascent in the gust of duration ¢is V.Zsina,
and therefore Vta/ja *+¢°. From formula (29),
t= /(2s/a). Hence, the ascentis V. aJ(zs/a)/Ja +2°
This, being proportional to a/z/(a’+g°%), is greatest
when a =g, that is, when the horizontal gust is of the
same strength as gravity and, as a consequence, of the
strength that makes the soaring path slope at 45°.

The descending paths for the rear gust, drawn from

point B, on the assumption that it also keeps to the
D
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same displacement of go feet but has various durations,
are exact copies of those for the head gust, and show
that to minimise the descent the rear gust should be of
either very short ov very long duration.

We can now generalise from fig. 14 as to the
asymmetry of the gust that will give the constant-
headway bird some soaring effect.

If the head gust is a very weak one, the nearest
asymmetry for soaring consists in a rear gust of longer
duration and weaker. As the head gust is made
stronger and stronger the above rule becomes less
definite, till, with a head gust about equal to gravity,
or 32°2 ft. p.s. p.s., the nearest soarable asymmetry
consists in a rear gust that is of less duration and
stronger than the head gust. When the head gust
is very much stronger than 322 ft. p.s. p.s., the nearest
. soarable asymmetry consists, decidedly, in a rear gust
of still shorter duration and still greater strength than
the head gust.

It will be easily seen that the asymmetry giving the
bird positive soaring when it flies from right to left
gives it just as much negative soaring, or beats it
down, when it flies from left to right.

This kind of soaring appears to demand so much
asymmetry in the gusts that it is surprising to find
it may be of more than academic interest. It is
notorious that an aeroplane, long after it has left the
ground, climbs to higher levels more readily when
flying against the wind than when flying with it
Seeing that the man and the machine are the same
for both directions, and the wind, as a mere bodily
movement of the atmosphere, does not enter into the
question, ke phenomenon is inexplicable on any other
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assumption than that the gusts ave asymmelrical.
Since aeroplanes do not usually fly when the gusts
are as strong as gravity, or able to raise winds of
30 m.p.h. in 14 seconds, we may infer, from fig. 14,
that the gust accelerations in the direction of a wind
are usually stronger than those returning in the
opposite direction. It is probable good pilots have
the instinct for seeking steady headway in preference
to steady pose, but the above inference does not rest
entirely on that assumption, because the pilot has the
same habits in both directions of flight.

Delay Soaring

Many birds soar in practically straight courses, as
viewed from above, and with such indifference as to
the direction of their course at a given time that both
wheeling soaring and asymmetric soaring are ruled .
out of court. Yet, they rise and fall to the gusts,
and, without doubt, to the head gusts and rear gusts
respectively. Hence, we must assume each of these
birds finds some means of enhancing its rises to the head
gusts relative to its falls to the rear gusts, so that, 7z
itself, itacts asymmetrically to gusts that may themselves
be symmetrical. This most important kind of soaring
is called delay soaring, for reasons that will soon be
made apparent. For birds, it is probably less in favour
than wheeling soaring, but aeroplanes have such high
speed and inferior capacity for wheeling about, to say
nothing of their desire to progress from place to place,
that delay soaring is perhaps the only kind they are
likely to cultivate to any degree.

Assuming the gusts are symmetrical, it has already

been laid down that the non-wheeling but soaring bird
D2
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must increase its rise to the head gust, or decrease its
fall to the rear gust, or do both, and that it cannot do
these by keeping to the virtual levels or constant-
headway non-soaring paths.

In fig. 15 the relative gravity diagram and virtual
level are shown for the 3-second gust of 20 ft.
p.s. p-s. Since the bird flying at A, with headway V,
must not keep to the virtual level, let it take any path
such as AP, and arrive at the point P, at the end of
3 seconds, with an increased headway due to the
relative gravity AD. Since, during the gust, the
relative gravity and virtual level stand to the bird in
precisely the same relationship that common gravity
and the true level do when the air is calm, the
frictionless bird at P can steer back to the virtual level
perpendicularly along PY, or along any other path,
and arrive at the virtual level with the same headway
it had at A. In particular, it may choose to steer up
the truly vertical path PQ, and so arrive at Q with its
common headway V.

But, in rising up PQ it is only doing work against the
AB component of the relative gravity, that is, against
common gravity ; and so, at the end of the 3 seconds,
it may turn up PQ and rise the height PQ, or ZQ
above A, with complete indifference as to whether the
relative gravity AD and gust DB exist or not.
Hence, if during the head gust the bivd, starting with
headway V, arrives at any point P in the air, it may
rise, after the gust ceases, to a height corrvesponding to
that of a point, divectly above P, on what was the
virtual level, and arrive theve with its original headway
V. The height of rise may consequently be determined
by a simple graphical construction.
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To make Q as high as possible, P must be as much
to the left as possible, a fact which can be discovered
or confirmed by another process of reasoning. When
the bird arrives at P, its greater headway denotes that
it has been given kinetic energy relative to the air at
the expense of a fall in the direction of common gravity
AB, and also at the expense of a 4orizontal fall in the
direction of the pure gust “gravity” BD. Now the
former has to be given back to common gravity, foot
by foot, as the bird steers up PQ after the gust, but
the latter is a surplus gift of energy available to do
extra work against common gravity. To make the
rise as great as possible that surplus energy must be
made as great as possible by making the “fall,” in
direction BD, as gr»eat as possible while the gust DB
is in action.

Starting the bird to the right at A, so as to develop
the similar argument for the rear gust, we see that to
minimise the loss of height, Z,Q,, the horizontal
travel of the bird from A must be made as smal/ as
possible. The bird ought to wheel round to obtain
ZQ again, but that would only bring us back to the
case of wheeling soaring in combination with delay
soaring. Discussion of soaring necessarily resolves
itself into discussion of the standard cases, and it may

1 If gravity did not exist, a bird would be able to keep up a considerable
average speed of progression, in the manner of delay soaring, by heading
horizontally straight into the head gust, turning at right angles (up,
down, or across) during the succeeding rear gust, heading into the next
head gust again, and so on. If the bird had no friction it could, in this
way, build up an snfinite headway and average absolute speed, for each
head gust would add a definite increment of headway, (¢ x 4), which would
be retained during the succeeding rear gust owing to the bird turning at
right angles to that gust. If it wheeled right round it could develop infinite
headway at double the rate corresponding to the above process, but that
would be wheeling soaring.
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be left to be understood how they may be combined
by a bird, in various degrees at different times. Pure
soaring of any one type is the exception, not the rule.

The problem now is to find the path AP, assumed
straight in the first instance, that gives the greafest
travel to the left.

In fig. 16, easily recognisable parts of fig. 15 are
again drawn. Now the strength of the relative gravity
AD, in any direction from AD, is—just as it would be
for common gravity—proportional to the cosine of the
angle the direction makes with AD. Hence, the polar
cosine curve represented by the circle ABD, drawn on
AD as diameter, gives the vector from A representing
the strength, a,, of AD in any direction.

When the bird at A, of headway V, falls in any
direction from A under the influence of any acceleration
a,, the distance s it moves from A is given by the
usual formula :(—

s=Vtt+a i 2
which, with ¢£=3 seconds and V = 35 ft. ps,
becomes :—

s=105+4ia,

The 105 feet part of s is represented in fig. 16 by
the circle F, of radius 105 feet, to scale, drawn round
A; and putting 32'2 for @, we get 145 feet for the
second part of s in the particular direction AB, a
distance that is set off in the length AC. Now, the
4%a, part of s is, in any direction, proportional to the
acceleration @, in that direction, and, therefore, pro-
portional to the corresponding vector from A to the
circumference of the circle ABD. Hence, the circle
ACE, passing through the two cerfain points A and C,
and centred on the line AD, so as to be a copy, on the
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proper scale, of the circle on AD, represents, by the
distance of its circumference from A, the 44a, part of s
in any given direction.

Adding the distance vectors, from A, of circle F and
circle ACE we get the value of s in any direction shown
by the distance from A to the circumference of the
thick-line cam-shaped figure. The farthest point of
this to the left is P, so AP is the straight path giving
the greatest rise above A, after the gust, and Q—the
point in the virtual level immediately above P—is at
the height to which the bird attains in regaining its
normal headway.

If the bird is made with a less and less V, the circle
F shrinks, and the cam-shaped figure shrinks till it
coincides with the circle ACE. The best path is then
AG instead of AP, so the greater the headway of a bird
the less steeply it has to dip down to the head gust to
pursue its best delay soaring path. Great headway,
at last, appears to advantage.

If the gust were to be tried weaker and weaker, after
the reduction of V to zero, AD would close up to AB,
and the circle ACE would finally agree with the dotted
circle passing through A and C, and centred on AB.
Though, owing to the virtual level being almost co-
incident with the true level, the amount of soaring is,
in this case, microscopic, what there is of it is still at
its best when the path AH, which dips down at 45°, is
taken by the bird. Thus, ¢4e less the V of the bird, and
the feebler the gust, the move steeply the bird should dip
down to the gust. This only confirms that tke birds of
greater headway are more suited for this soaring, and
it is a significant fact that the heavier birds do prefer
straight-ahead soaring to wheeling soaring, and when
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a bird suitable for both kinds is executing the former
it often shrinks its wings to set itself for a greater
headway.

It is probable the shrinkage of the wings during the
head gust (to facilitate the advance into the gust) and
expansion during the rear gust (to facilitate support
without advance) are general methods adopted by
delay soaring birds to get the utmost soaring effect,
but the possibilities in the bird's alterations of its
constants as a glider, during the gusts, are beyond the
scope of this work.

The point | is interesting, because, although A] is
not the best soaring path, yet, it represents the simple
delay policy of merely steering level during the gust,
and the rise JK, at the end, is not much inferior to
ZQ. The point L is interesting in being at the height
attained when the bird simply pursues the virtual level
path AL, 105 feet long, as it was at first assumed to
do. The height of Q above L, therefore, represents
the advantage to the bird of dipping down the delay
path AP during the gust instead of keeping constant
headway in the virtual level.

It is just as well to mention, that, if AP be made to
curve towards P in the direction of the horizontal the
point P may be pushed a little more to the left, but so
little that it is usually not worth the trouble of finding
out how much.

Everything, thevefore, goes to show that dipping
down a little to the head gust (so as to delay rising)
is the best policy of the bird.

In fig. 14 the path AP is drawn parallel, and (to
greater scale) equal, to AP of fig. 16. At P the bird
attains a headway of about 124 ft. p.s., and the point
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Q, vertically above P and on A A produced, is at the
height attained after the head gust, on regaining the
original headway V. The bird then has time to travel
a very short distance horizontally till the rear gust
commences, when it turns down the virtual level RS
to avoid losing headway. From the soaring point of
view the bird would do better not to do this, but to
reduce its headway so as to stand still in the air and
avoid forward movement as much as possible. But,
Jor reasons of stability, we must assume the bird
does not willingly reduce its headway much below
normal.

As a matter of fact, many delay soaring birds do
apparently risk this loss of headway to the rear gust,
for the sake of the gain in soaring effect, and they are
often being embarrassed by the rear gust being longer
or stronger than they anticipated. At such moments
they have to flap to maintain their headway. Z7%e
Slapping energy they thus willingly expend per minute
is probably far less than the soaring emergy they obtain
by continually risking the loss of headway, and aero-
planes may possibly find ways of expending an average
of, say, 5 horse-power, intermittently at the rate of
40 or 50 horse-power, at such well-judged moments as
to obtain from the gust energy an average of perhaps
10 to 20 horse-power. Swallows flutter very frequently
in their soaring in a way suggesting they are regularly
having to extricate themselves from the lost headway
condition, as part of their soaring policy.! Delay soar-
ing, in its limit, is thus seen to be somewhat of a com-
promise with stability.

! There is, of course, another and prosaic explanation of a deal of this
fluttering, —the bird is catching an insect.
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In fig. 14 the rise in the gust cycle, obtained
by the delay soaring, is the height of S above A,
but a bird cannot pursue the sharp-cornered path.
The actual path may be somewhat like the thick
dotted line, which, repeated, gives a path resembling
fig. 16, L.

When the bird has friction the path is tilted nearer
the true level, like fig. 16, 11., but, more than in any
other soaring, the shape of the path s greatly alteved,
the waves being made lower in amplitude. In fact
friction makes this class of soaring so difficult that it
is doubtful if there is any of it worth the mental effort
of obtaining by a bird or aeroplane that has not a
better gliding angle than 1 in 5. The general reason
is that the head resistance prevents the bird or
machine “falling” into the head gust gravity to
acquire the store of kinetic energy to subsequently
carry it up against common gravity. On the other
hand, there is reason for believing that this soaring
may utilise the short sharp gusts, or minor irregularities
of the atmosphere, with T less than 6 seconds, that the
other kinds of soaring cannot utilise. The aggregate
energy ready to hand in these numerous little irregu-
larities, and obtainable, probably, by frequent delayed
jerks in the angle of incidence of the wings, may be of
very considerable amount. .

Since the author knows that a damped aeroplane
which dips down momentarily to head gusts can
already be easily constructed and, with care, be put in
tune with the prevailing average gust character of a
given wind, the realisation of sufficient soaring to azd
flying is a proximate possibility full of practical interest.
(See Chapter XII.)
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COMBINED SOARING

Delay soaring may be profitably combined with
every other class of soaring except uniform wheeling
soaring, which is a pure form quite unique in admitting
of no improvement when the bird has the usual friction.?
In fig. 10 and fig. 11 the rises are greatly increased if
the bird dips down in each half gust cycle, before
ascending. Delay soaring may also be combined with
the structure gust soaring soon to be described.

! If the bird had no friction it could refrain from rising for an hour, while
continually gathering a headway capable of giving it an enormous rise at
the end of that time, and a greater final elevation than if it had soared
uniformly for the whole time. Notice, for example, in fig. 14, that the
6-second path A,PQR gives a greater rise at R than twice A|A,—which
would also be a 6-second path, but for steady soaring.

Note.—Nothing has been explained with reference to soaring by upward
and downward acceleration of the air. A bird that had no friction would
be able to obtain a great deal of soaring effect from such accelerations,
but, with the friction birds actually possess, it can be shown that the
soaring obtainable of this kind is practically negligeable. It can also be
shown, however, that some of the best soaring birds, that is those having
the best gliding angles, do obtain what is possible of this soaring effect
when they are pursuing the policy defined on page 88.



CHAPTER IV
STRUCTURE GUSTS

WHILE, in all cases, the gust is measured by the
acceleration of headway it impresses upon the flying
object, the acceleration may be caused in other ways
than by an absolute acceleration of the air at the
point where the flying object is placed.

Referring to fig. 17, let us suppose the machine is
flying in some direction which need not be specified,
at a point in the air where the velocity v of the
air is represented by the vector AG. And let us
suppose that, owing to the machine moving across
the air, it finds itself, one second later, at a place
where the air has a velocity represented by the
vector AE. Now, the vector change in velocity
between AG and AE is GE, and this change has
occurred in one second. Hence, EG is the accelera-
tion of headway impressed upon the machine as a
consequence of its moving across what is called the
“velocity structure” of the air.

Drawing AC equal and parallel to EG, and AB
downwards 322 units in length, the relative gravity
is found to be AD, and the machine, if ordinarily
self-righting, commences to right itself with respect
to this gravity, in the manner that has already been

explained in Chapter II. Since the structure gust
a4
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CA alters in magnitude and direction with every
change in the magnitude and direction of the head-
way of the machine, as well as with every change
of place, the word *commences” must be included
in the above statement, the complexity it suggests
being, unfortunately, inherent in the case. If the
machine had been flying in the opposite direction
(still unspecified), so as to change vector AE to AG,
the dotted construction finding the relative gravity
AD, would have been employed. It will be remem-
bered, the relative gravity of a pure acceleration gust
did #o¢ depend on the direction of flight.

COMPRESSION STRUCTURE

One simple example of velocity structure in the
atmosphere consists in the air farther and farther to
the right of a given particle having a greater and
greater velocity to the left, the alteration in velocity
being, say, a, ft. p.s. per foot distance to the right. It
is evident the air particles of this stream are closing
together very much as the particles of a stretched
length of elastic close together when we allow it to
contract, on which account it is called ‘compression
structure.” The term is not necessarily meant to
imply the air is really being compressed in volume,
because the particles may be being extruded trans-
versely of the axis of the stream, just as in the case
of the elastic. If we select one particle in the stream
and refer velocities to that, the particles to left and
right are moving inwards to right and left, respec-
tively, towards that selected particle, and at a velocity
V.a, ft. p.s.,, where V is a distance in feet from the
selected particle. It follows that a flying machine,
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of headway V, flying either left or right in the stream,
will have a positive acceleration of headway or head
gust V.a, ft. p.s. p.s. impressed upon it, and, therefore,
be able to soar in estker direction.

This is illustrated for a compression structure in
fig. 18, where a,=013 ft. p.s. per foot distance left
and right from A. The bird is supposed to have
a headway V of 50 ft. p.s., so that V.ay, or the strength
of head gust created by the bird in flying eztker left
or right from A, is 650 ft. p.s. p.s. The relative
gravities, and virtual levels AF and AF, (bo¢% pointing
upwards) for left and right flights respectively, are
found in the usual way.

But there may also be, and usually will be, a true
acceleration of the air at A (such as that in fig. 3),
in addition to the structure gust. This will add its
vector on to the vector of the structure gust (fig. 18),
and so tilt the virtual levels AF and AF, to the
positions AF; and AF,, respectively, and to an
extent depending on the strength of the acceleration
gust. It will be seen, therefore, that it is characteristic
of compression structure to make the virtual level surface
of the trough-like or concave form FAF, or F,AF,
encouraging soarabilsty in both divections from A.

ExPANSION STRUCTURE

If the air right and left of A is moving away
from A, just as it was in the last case assumed to
be moving towards A, we have what is called
‘“expansion structure” (fig. 19). If @, the increase
in velocity away from A per foot increase in distance
left or right from A, is again o'13 ft. p.s., the bird
of headway V of 50 ft. p.s. will obviously create a
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rear gust for itself of strength V.e, or 50xo0°'13, or
6'50 ft. p.s. p.s., in flying esther left or right from
A. The virtual levels are then found to be AF
and AF,, for left and right flying respectively, so
that soaring is made negative, or downward, for flight
in esther direction. An additional acceleration gust
at A tilts the pair of levels AF and AF, into the
dotted positions AF, and AF,, and if it is stronger
than the structure gust it may produce positive soar-
ability in one direction while making the negative
soarability worse in the other direction; but it is
evident that expansion structure always bends the
virtual level surface at A into the roof-like or convex
form FAF, or F,AF,, detrimental to the soaring in
etther direction from A.

If it were not for these expansion structures it
would be possible to say that some degree of soaring
is perpetually possible in the atmosphere, for, apart
from them, the air is always accelerating more or less
in some direction at every point, and so creating a
flat virtual level plane at each point, one side of which
(up which the bird may choose to steer) always points
upwards. But, since expansion structure often bends
down both sides of this virtual level, so as to bend
down even the higher side below the true level, ¢
often happens that, for several moments, soaring is
tmpossible in every divection of flight from a point.

STrRUCTURE GUST SOARING

A Standard Example

Fig. 20 illustrates a standard example of structure
gust soaring. In the middle view is shown, in plan,
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a funnel-shaped chasm or cafion out of which issues
a wind. The wind velocity v is over 5o ft. p.s. at the
extreme right, but the chasm is so widened that the
velocity is 6°44 ft. p.s. less, per hundred feet to the left,
travelling out of the chasm. The slowing down is,
of course, due to substantially the same volume of air
passing successively through each section in one second
of time, while having wider and wider sections to pass
through. The chart at the top of fig. 20 is drawn
to show the velocity v at each section of the chasm.

A bird of headway V=50 ft. p.s. is supposed to
glide into the chasm, from the left. ~Since it is rushing
from nearly calm air into a head wind of nearly
35 m.p.h. at the narrow end of the chasm, it scarcely
needs formal argument to show the bird will rise in
preventing increase of headway, and when it wheels
round in the narrow part and goes back, formal
argument is again hardly necessary to show it may
still rise in keeping constant headway, seeing that
it is starting the return with an absolute velocity of
nearly 100 ft. p.s. (e, V+v), and charging down
upon air which is at rest at the extreme left.

The absolute soaring path is shown in the elevation
view, and the way it is derived is indicated in fig. 21,
in a relative gravity diagram that refers to the 200-
foot ordinate or section of the chasm.

As the bird proceeds into the chasm, while preserv-
ing its constant headway V of 50 ft. p.s., it crosses the
200-foot ordinate with an absolute velocity relative to the
cliff sude of (V—v) ft. p.s., where v is the right to
left speed of the wind at that point. Now v is
there about 19 ft. p.s.,, so (V—v)—which may alter-
natively be read off the top chart—is about 31 ft. p.s.
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But the v curve of the chart shows that the slowing
down air is compressing from each side upon the air
particles at the 200-foot ordinate, and with a difference
of velocity of 644 ft. p.s. per 1oo-foot run left or
right. Hence, the bird of headway 50 ft. p.s. is creat-
ing, by reason of its headway, a structure head gust of
Y% X 644 or 322 ft. p.s. p.s. That determines, in
fig. 21, BE and the relative gravity AE; AB being,
of course, common gravity. But the air at the 200-foot
ordinate is also accelerating to the right in slowing
down its movement to the left. It is slowing down
6'44 ft. p.s. per 100 feet it travels; but, as its v is
there only 19 ft. p.s.,it is really accelerating to the
right at only {2 x6°44. or 1-22 ft. p.s. p.s. This
acceleration gust, for such it is, determines EE, of
fig. 21, and so the final relative gravity' AE,. The
line AF, 50 feet long, to scale, and at right angles to
AE,, is therefore the soaring path and velocity vector
relative to the air,” that results, and setting off FG
19 feet long to represent v, we find AG, the absolute
velocity vector of the bird in the direction it pursues
relative to the cliff wall. This direction determines the
direction of the length of path AB in the elevation view

1 If we wish to obtain the result straight away, without troubling to
build it up synthetically, we may notice, that, the air per hundred feet to
the right along the chasm has 6-44 ft. p.s. greater velocity to the left, so
that, if the bird could be instantaneously reduced to a hard, smooth, con-
centrated mass, its (V- v), or 31 ft. p.s., absolute velocity, would give it
an acceleration of headway of yi%; x 6'44, or 2°00 ft. p.s. p.s. This 2-00 ft.
p.s. p.s. is af once BE,;, or (BE - EE,), or (322 — 1'22) of the synthetic
process of fig. 21. This simple method lumps the component gusts
together into a kind of composite structure gust relative to absolute co-
ordinates, still giving, however, an acceleration of re/ative headway.

2 Seeing that the path is slightly upward, the velocity structure gust is
slightly weakened ; but as the change depends on the cosine of a small
angle, the necessary correction is quite beneath notice.

E
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of fig. 20. Itslopes upwardsat 1 in 10, and, it happens,
the absolute path has everywhere else the same slope,
because it has been so arranged, for simplicity, in this
particular example. Fig. 21 also shows, on its left-hand
side, how the slope of the path on the return journey
(again 1 in 10) is determined, and it is expected
the construction will be understood without a full
description. ,

It is by no means unlikely that the soaring of
Professor Langley's famous buzzard, at ‘‘one spot,”
in the ‘aerial torrent” between the banks of the
Potomac River, was of this variety. Nature cannot
often arrange things so conveniently, and birds
have a deal of curiosity ; it is therefore possible that,
in its constant repetition of its soaring, the bird was
revealing an inquiring mind of its own kind some-
what in sympathy with that of its distinguished
observer.

It will be noticed that there is an acceleration gust
associated with the structure gust all along the
chasm, and it is very difficult to see how there can
be an example of a pure horizontal structure gust,
for more than a single instant of time, for a flying
machine.

When the wind is blowing into the chasm it must be
avoided by the soaring bird, because the air is then
expanding. The bird will suffer just as much negative
soaring, or loss of height, as it before obtained of
positive soaring, or gain of height. Expanding
structures are probably the principal sources of those
remous which aviators find associated with cerfazn spots
of land, as over certain parts of aerodromes, and which
seem to take away the support from machines flying
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rapudly through them.! Structure gust is found in
great variety of form, and the chasm example is only
one of the simplest forms. Delay soaring may, as
usual, be combined with fig. 20, and considerably
increase the rise obtainable.

' Model aeroplanes are little disturbed by structure gusts, because of
their inferior speeds. Balloons, having no headway, do not feel them
at all, but only feel the pure acceleration gusts. A balloon, drifting through

the chasm of fig. 20, will tilt at each point solely in accordance with the
acceleration gust at the point.

E2



CHAPTER V
THE AMOUNT OF SOARABILITY IN THE WIND

PassinG over fig. 22, we have, in fig. 23, 1., a diagram
showing, radially, the magnitude and direction of the
velocity of a wind during 12 seconds. This wind is
constant in magnitude, for all the radii represent, to
scale, v =10 ft. p.s., but it steadily boxes the compass.
It is, of course, one of the winds permitting uniform
wheeling soaring, but, at the moment, attention is not
being drawn to that fact.

Consider, now, the first second of time. The velocity
changes from the radius vector between the figures 12
and 1 to the radius vector between the figures 1 and 2.
Hence, according to the resolution of velocity vectors
by triangles, or parallelograms, the velocity added—in
vector sense,—during the first second, is represented in
magnitude and direction by the line forming section 1
of the circumference of the circle. Similarly, section 2
represents the acceleration during the next second, and
so on ; and it follows that the whole circumference of
the circle divided by the whole time, or 27v/T, is the
average acceleration a of the wind. In other words,
a =(27v/T) or the average length of the circumference
of the wind velocity-vector diagram traced per second,
as measured on the velocity scale.

In fig. 23, I1., is shown a less regular wind velocity-
52
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vector diagram, but just the same reasoning applies, so
the average acceleration of the wind is again the total
length of the traced line divided by the total time.
The total length is 58 on the velocity scale, and, the
time being 12 seconds, the mean acceleration is 58 + 12,
or 4'8 ft. p.s. p.s. Now, thisis (4-8/32°2) of 32.2, or }th
of g, so the wind of this diagram is able to raise a
frictionless bird up an average slope of 1 in 7, or keep
level a bird having an effective gliding angle of 1 in 7,
—assuming the bird utilises all the constant-headway
wheeling soaring effect the wind is proved to contain
(It may contain much more soaring effect.)
We thus have the following rule :—
Having obtained a velocity-vector diagram

for the wind, for a time T seconds, find the

total length, according to the v scale, of the

path traced by the pen, and divide by Tto find

the mean gust acceleration. On dividing g,

or 32°2, by this mean acceleration, the result

will be the # of the gradient, 1 in #, represent-

ing the minimum degree to which any perfect

wheeling soaring bird may obtain soaring

assistance from the wind gusts of the particular

wind.

Fig. 25 is a copy of a velocity - vector diagram
actually taken during 60 seconds of a N.E. wind that
was blowing at Pyrton Hill, on 13th October, 1910.
The original was published in the Government
Advisory Committee’s Report for 1910-11, in connec-
tion with Memorandum No. 35 by Mr J. S. Dines, M.A.
The total length of the path traced by the pen isabout
440 ft. p.s., according to the radial velocity scale, and,
the time T being 60 seconds, the mean gust accelera-
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tion is 440+ 60, or 7°3 ft. p.s. p.s. Then, 322+ 73
being 4°4, the given wind was able to help a wheeling
soaring bird to the extent of a gradient of 1 in 4°4.
That is to say, it would have kept a frictionless bird
soaring up a gradient of 1 in 44, or have kept level
a bird with an effective gliding angle of 1 in 4°4.
This helps to dispose of doubts as to whether there is
sufficient gust energy available in winds, especially
when it is seen later that the velocity-vector diagram
only shows with certainty the soarability available by
the pure acceleration gusts, and leaves out of account
structure gust soarability of two kinds (horizontal and
vertical), each of which may yield as much again in
soaring effect. Delay soaring is also left out of account.

Referring again to the more open diagram of
fig. 23, I1., we know that each section, 1, 2, 3, etc., of
the path represents the magnitude and direction of the
gust acceleration during its particular second of time.
But the wheeling soaring bird has to fly agasns¢ the gust
acceleration, and at a constant headway of, say, 30 feet
per second. Now, on drawing twelve equal short lines,
each 30 feet long, to scale, and in succession drawn in
the opposite directions to the sections of fig. 23, I1., and
each one commencing at the end of the last one, we
shall find that we only reproduce, to some scale, the
shape of the velocity-vector diagram, but turned round
180°. Therefore, the best wheeling soaring patk of the
bird, relative to the air, as viewed from above, ts of the
same shape as the velocity-vector diagram. (Asa matter
of fact this is not strictly true, the resemblance is only
a close one. There is a difference in shape owing to
the sections of the vector diagram not all being equal,
but the difference is not marked enough to affect the



The Amount of Soarability in the Wind 55

present argument.) For similar reasons, the wind
vector diagram of fig. 25 represents, substantially, the
best path of the wheeling soaring bird, relative to the
air, to obtain all the proved soarability in that wind.
But it is beyond belief that even the quick-manceuv-
ring swallows could thread such a path in only 60
seconds. Hence, a good deal of the 1 in 4°4 soarability
of that wind must be unavailable. However, the
exploring point was only 36 feet above the ground,
and there is room for hope that, if it had been, say,
200 feet high, where birds really do start soaring, the
diagram might have been less tortuous, without
necessarily being of less total length. The 96-foot
tracings of the Government Blue-book do not support
this hope very much, but the soaring would be less
difficult if some of the extreme jerkiness of direction
could be traced to the instrument, in accordance with
the suggestion in the Memorandum.

To compensate, there are, as has been suggested,
several reasons why the air may have been more
soarable than is expressed by the gradient 1 in 4°4.
In the first place, the bird may combine delay soaring
with the wheeling soaring ; that is to say, it may delay
rising and falling to the fluctuations of the gust. In
the second place, the diagram takes no systematic
account of structure gust. For example, in fig. 23, (1.,
section 1 may be as shown because it is either
lengthened or shortened by a structure gust created by
the exploring point having velocity structure passing
over it! The next section may also be lengthened or
shortened in like manner, but the probability of random
selection shows that a number of such sections are

! The exploring point is virtually Aying relative to the air.
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unlikely to have their average made either longer or
shorter by the structure gust effect. This is equivalent
to saying the wind velocity-vector diagram gives the
mean acceleration gust only. But the unrevealed
structure gust is there in the atmosphere, making
something considerably better than the 1 in 44
gradient express the real soarability of the air. There
is room here for a deal of investigation. What we
appear to require knowledge of is the average
difference of velocity of air particles one foot apart
in various directions from the direction of the accelera-
tion gust. Probably, to determine average structure
gust, a number of exploring points, say seven, ranged
in a circle of about five feet radius round a central one,
and each determining at the same time its own velocity-
vector diagram, will have to be used. The diagrams
will almost certainly have to be dotted with time-spots.

Some instruments that have been used for measur-
ing wind gusts only show the fluctuations of wind
velocity in the same direction as the wind, and the
charts, instead of being radial vector diagrams, are of
the ordinary rectangular variety with wind velocity
ordinates against time absciss®. All the soaring
definitely proved by such a diagram is evaluated by
adding together the heights of all its mountains, and
depths of all its valleys (at #2g/¢ angles to the abscissz),
as measured by the velocity scale, and dividing by the
total time T seconds. This gives the average accelera-
tion in the line of the wind, and it is probably only
about half that which would be disclosed by the full
radial vector diagram.

It may be gathered from the above remarks that
the gustiness of a wind cannot be properly expressed by
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velocity, or even by the width of fluctuation of velocity.
Foraeronauticalpurposes the mean gustiness is measured
and expressed by the mean acceleration, and the maxi-
mum gustiness ts measurved and expressed by the maxi-
mum acceleration.'! A wind may vary from 20 to 60
miles an hour, but if it takes ten minutes to do so, no
aviator will experience a gust. Acceleration bears just
the same significance for the aviator that wind velocity
bears for the constructor of factory chimneys, bridges,
ships, and earth-bound structures liable to wind
pressure.

! Itis an interesting pursuit to devise an instrument to give a direct

reading of the mean (or maximum) gust since first being exposed to the
wind.



CHAPTER VI
THE PATH OF THE WIND

In fig. 23, 1., the radius between 1 and 2 is the mean
velocity of the wind for the one second between 4 and
1} seconds from the start; therefore, the radius repre-
sents the displacement of the air, in both magnitude
and direction, during that one second. The same is
true all round the circle. Hence, starting at a point
1 in fig. 22, and drawing lines equal and parallel to the
successive radii of fig. 23. 1., the patZ of the wind is
determined. It is circular, in this case, as might have
been anticipated. Figs. 22 and 23 I. being of similar
shape, and related as described, it is evident that v/»
in one is equal to a/v in the other, and therefore that
a=v'[r. Thisis the familiar expression for centripetal
acceleration, used in connection with centrifugal force
and in connection with uniform wheeling soaring.

In a corresponding manner the irregular wind path
may be drawn for fig. 23, 1., or even fig. 25—after it
has been provided with time-spots; but wind paths
so derived, other than the circular one, are not very
reliable, because structure gust perturbations of the
instrumental record, and certain other effects, are
not allowed for.

1 Actually, “the path of the wind” means little ; every particle moves
differently. The velocity-vector diagram only gives the path on the as-

sumption the wind moves in one mass.
58
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Just as the circumference sections of the wind dis-
placement-vector diagram of fig. 22 give, in magnitude
and direction, the radii vectores of the wind velocity-
vector diagram of fig. 23, so also do the sections of
the latter give, in magnitude and direction, the radii
vectores of the wind acceleration-vector diagrams of
fig. 24. The sections of these diagrams, again, give
the rate of change of acceleration in ft. p.s. p.s. per
second, for which the author proposes the term *sud-
denness” of the gust *‘Suddenness” measures the
liability of a gust to produce oscillations in a flying
machine, just in the same way that acceleration of the
wind measures the liability of the wind to produce
oscillations in ships, factory chimneys, bridges, or
other earth-bound bodies. Colloquially, one may say
that all the derivatives of the wind, in their relationships
to earth-bound bodies, are *“ moved one up” for flying
machines.

In figs. 22 to 24 whole seconds of time have, of
course, only been used for simplicity for the time
intervals in the arguments. In cases where the dia-
grams are very much curved the reader may use
shorter intervals, say tenths of a second, afterwards
using the factor 10 at obvious points in the reasoning.
The limit of this method, with infinitely short intervals
of time, is the completely satisfying mathematical proof
of each proposition.



CHAPTER VII
MECHANICAL ANALOGIES TO SOARING

In fig. 26, 1., is shown a light wooden track, and a ball
or marble rolling upon the track. To make the ex-
periments instructive, an appreciable amount of friction
should be introduced into the rolling of the marble, as
by covering the track with deep plush, the pile of
which the marble has to crush as it rolls. The track
is placed on a polished table and pulled to and fro, and
in order to eliminate friction the underside is covered
with felt, baize, or velvet.

To make the ball roll it is necessary to tilt the track
at an angle called the angle of repose, or angle of
friction, usually designated by ¢ ; that is, to tilt it until
the component of gravity down the track is just greater
than the opposing friction. It is evident, therefore,
the ball rolls when gravity makes an angle ¢ with the
perpendicular to the track surface.! After measuring
the angle ¢ to be 1 in #, say 1 in 5, assume we place
the track level again, and the ball near the right-hand
end. If we now accelerate the track to the right with
an acceleration of }th gravity, or 644 ft. p.s. p.s.,

! For solids, the ratio of the frictional resistance along the track to the
force pressing the object upon the track is constant, independently of the
magnitude of the latter force. Angle ¢, therefore, in no way depends
upon the strength of gravity.
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this impresses upon the ball an equal and opposite
acceleration 7e/ative to the track, that, combining with
gravity, produces a resultant acceleration tendency, or
resultant »elative gravity, AB, at the critical angle ¢
with the track. This, of course, entirely supersedes
common gravity so_far as the track and ball are con-
cerned, and the ball, accordingly, rolls ‘‘ downhill” to
the left, »elative to the track.

In plain language ;—by hurrying the track (air) to
the right, we can make the ball (bird) travel to the left,
relative to the track (air), at steady velocity relatively
to the track (headway), in spite of friction (head re-
sistance). This is clearly analogous to the frictional
soaring along AF in fig. 5.

In fig. 26, I1., the experimenter is in a tramcar, with
a pendulum, a large aquarium bowl of water, and a
1 in 5 light model glider. When the car is at rest, or
even in sfeady motion (wind only), these pieces of
apparatus act in the familiar manner; but if the motor-
man accelerates the car to the right at 6'44 ft. p.s. p.s.
(a gust of that strength), the pendulum will tilt itself as
shown ; also, the surface of the water will tilt; the
experimenter will have to lean back to keep his
balance ; and, lastly,—assuming the rear door of the
car is closed to confine the air—the model glider,

! Acceleration to the right, of course, includes the case of slowing down
of the tramcar’s movement when it is running to the left. Acceleration
throughout this work is used in its vector sense in which it is independent
of the velocity at a given moment. A body may have any vector velocity
and asy vector acceleration at one instant of time, and when it moves in
a circle the two are at right angles. The popular obsession that a slowing-
down wind is not an accelerating wind, from such points of view as soar-
ing, must be discarded by students of soaring, and the fact that the
increment of velocity may come from the left, or right, or any other direc-
tion, must be thoroughly understood.
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launched from front to rear, will glide or soar parallel
with the floor of the car. The whole car, in fact, will
be found to have become a little world with a gravity
of its own tilted at an angle of 1 in 5 to that outside.!
If the driver switches on suddenly, so as to alter the
acceleration suddenly (say in one-tenth second) from o
to 6°44 ft. p.s. p.s., everything will be found to start
oscillating—pendulum, water, and g/ider. That is
because everything is left momentarily ‘“out of
place” as regards the new gravity, and in swinging to
its new position of equilibrium overruns that position
in 2 way easy to understand in the case of the
pendulum. The passenger, moreover, will complain
of “jerk,” and the glider will have reason to complain
of the 64'4 ft. p.s. p.s. per second ‘ suddenness” of
the gust.

When the car is stopping, the glider will soar in the
opposite direction, but if the glider is launched in the
wrong direction for soaring it will descend sharply, as
if the supporting power of the air had vanished. It
will then be, in effect, travelling down AG of fig. 5,
instead of up AE, with the further loss of gradient due
to friction, of course, added.

In fig. 27 is shown a round tea-tray, witha hollow
rim, mounted on a square board, though this board is
not really necessary. Everyone knows that a marble
placed in the rim of such a tray may be made to career
wildly round by merely shaking the tray round in a
surprisingly sma// circle; even when the tray is kept
flat upon a table, to eliminate accidental tilting, At

! Gliding fish in the aquarium may also soar, éw? only if the walter is
roofed in so as to kave no free surface. If this is not done, the water
simply tilts parallel to the virtual level, so that the fish, swimming parallel
-thereto, can get no nearer to the water-surface.
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. a pinch, this experiment may be performed with so
simple apparatus as a pill in a round pill-box.

In fig. 27 the tray’s centre is moved round the circle
of radius 7, centred at ), and every other part of the
tray is moved round a circle of the same size and in
the same direction at any given moment. At the
instant shown the tray is moving east with a velocity
v, so every part of the tray, including the place A
where the ball stands, is, at the moment, being ac-
celerated south with acceleration 22/7, or, alternatively,
#(27/T)’, where T is the time, in seconds, of the
circling. The ball (bird), therefore, has an equal and
opposite acceleration tendency relative to the track
(air), that has the component AC, in the flight path.
This just equals the negative acceleration tendency
due to friction (head resistance), and so the ball (bird)
moves at steady headway.

If the ball lags behind at K, the component AC,
becomes as strong as AC, and therefore greater than
friction, and Aurries the ball forward to catch up with its
revolving equilibrium position as at A. If the ball, by
chance, lags behind L, the AC, component is weaker
than friction, and the ball, as a consequence, lags yet
further behind, the defect gets worse, the experimenter
loses touch with the ball, and the “soaring” is apt to
end itself. The arc AL represents the *“working
zone” of the model, and it is easy to acquire the
knack of keeping the ball included within that zone;
just in the same way that the soaring bird keeps itself
in similar relationship to the circularly moving air.

The model has many points of interest, but some
of them have little connection with soaring, and will not
be mentioned here. The dot-and-dash circle through
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O is the polar sine curve showing, by its distance
from O, the AC, momentary acceleration component
in different directions from O ; and the arc round O, of
radius equal to friction, cuts the polar sine curve in
two points defining the working zone. The working
zone narrows if the speed of the tray is reduced with
» constant, or if its circle of movement is reduced
with T constant, showing that, as in the case of the
bird, there isa certain #(27/T)* below which * soaring ”
cannot be maintained. In starting, the headway is
necessarily small, and therefore T large. The tray
has then to be moved round in a large circle to make
»(27/T)* equal to friction. As the headway increases
and T gets less, » may be reduced to minute dimensions,
till the experimenter’s skill is overtaxed, or confused,
by the furious pace. He then increases »and reduces
T to widen the working zone and make it move round
more slowly, and the slowing-down ball soon drops
behind into step again.

When the edge of the trayis pressed against a wall, M,
it can only be reciprocated in a straight east-and-west
line, but with very little more vigorous movement the
‘““soaring "' may still be maintained. This illustrates to-
and-fro circular soaring, and if a long narrow tray with
circular ends is used, or even a long oval tray, simple
to-and-fro soaring may be illustrated.

Those who wish to make these models more im-
pressive may use a track that spirals upwards, and, if
they are skilful in operation, they may even employ
one that spirals irregularly, crossing and recrossing
itself like a scenic railway. These forms are of no
more scientific value than the simple flat tray except,
perhaps, so far as the skill required to operate the
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“‘scenic railway ” form suggests the amount and kind of
skill the z»regularly soaring birds themselves have to
exercise.

One lesson these models teach:—It is far more
important to fee/ the relationship between the ball
(bird) and the track (air) than to see it. If the tray is
of very light wood, and the ball is heavy in comparison,
the civcular soaving can be conducted quite as well with
the eyes shut, and without conscious control, as it was with
the eyes open, because ¢ke reaction of the ball can be felt
On the other hand, if the track is very heavy and the
ball very light, the model must be /ooked at closely in
order to maintain the soaring. Birds, no doubt, fee/
their soaring relationship to the air as well as see it,
and the reputed dozing of the albatross, when soaring,
is not altogether incredible.

In fig. 28, I., a simple undulatory track is shown, and
by suitably pu//ing such a track the ball upon it may
be worked from one end to the other. Now, ¢4zs does
not necessarily prove anything more than fig. 26, for it
is perfectly obvious that the operator may be pulling
the track to the right with little greater acceleration
than he did in fig. 26, but taking care to start the ball
with sufficient headway to surmount the waves. The
model, in fact, only begins to demonstrate something
fresh when, 7n consequence of the waves, the ‘‘ soaring”
is effected with a reduced displacement of the track,
while, when the ‘“soaring” is effected with no final
displacement at all, the model illustrates what it is
generally supposed to do,—straight-ahead soaring by
means of a reciprocating gust. The model, accord-
ingly, to be convincing, ought to be anchored to a
mean position, by rubber bands or by steel springs, as

F
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shown in fig. 28, I., permitting an emergency displace-
ment of about one wave-length each way. The best
plan of all is to make the wavy track an endless circular
one of about 10 feet circumference, pivoled, like a wheel,
at its centre. The experimenter then undertakes to
maintain the ball in continuous *soaring” without
making one complete rolation of the track round its prvot.
The circular shape is, of course, merely an artifice to
make the straight-ahead ‘‘soaring” endless, and the
model must not be supposed to illustrate any kind of
circular soaring worth mentioning.

The necessary reciprocating movement when such
a model has symmetrical waves will be found to be
asymmetrical, and to a very noticeable degree if the
track (being covered with plush having a deep pile)
is made to offer considerable frictional resistance
to the ball's movement. The reasons are similar to
those under which the bird is unable to soar when
the gusts are symmetrical and it itself keeps to the
constant-headway symmetrical path, as it did in fig. 13.

Experiment will usually determine an asymmetrical
wavy track, like fig. 28, I1., which will allow the ball
to be kept in steady movement, one way, by a steady
symmeltrical oscillation of the track, though, for the
reverse direction of flight, the jerkiness, and difficulty of
keeping the ball ““ soaring,” are likely to be increased.

When the model of fig. 28, 1., is used to keep the
ball “soaring” by asymmetrical jerks, 7 z/lustrates
asymmetrical soaring ; but when its track is shaped as
in fig. 28, I1., to allow of soaring by symmetrical jerks,
1t tllustrates delay soaring.

It is practically impossible to construct any simple
mechanical representation of structure gust soaring.
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As has been pointed out by Mr Lanchester,
mechanical models fail to resemble soaring in one
respect,—they act on the principle of the gust (move-
ment of the track) suiting the bird (ball), instead of on
the reverse principle. For this, and other reasons,
they are not very reliable guides to knowledge in the
detai/s of the phenomenon of soaring.!

! Itis perhaps a mistake to lay so much stress on the models illustrating
soaring that the student thinks of the models to the exclusion of the
soaring.  They illustrate certain mechanical principles underlying

soaring, and as soon as these are understood attention should be with-
drawn to the soaring itself.

F2



CHAPTER VIII

VELOCITY SOARING

IN connection with acceleration soaring it was re-
marked that the up and down accelerations only
contributed to the soaring so far as they resulted in
an upward displacement or velocity of the air. The
soaring thus suggested consists simply in the air
as a whole moving upwards, with or without a
horizontal component of velocity, as fast as the gliding
bird is compelled to lose height re/atzve to the air.

For example :—A bird having a best gliding angle
of 1 in 5, and a gliding headway of 254 ft. p.s.,
loses 5 ft. of its height relative to the air, every second.
It is obvious, therefore, that if the air rises at 5 ft.
p.s., the bird will remain at constant height above the
ground. In the very popular view this is held to
explain a// soaring, and to see a soaring bird is,
mentally, to see a rising column of air, and be intolerant
of any evidence or argument tending to unsettle this
rather too simple explanation.! The question will be
returned to later.

1 At least, this was so up to the end of 1911. After that, the present
author began to read and hear the usual distorted popular expositions of
the views he had then published, rendered appropriatively in the first
person singular. Such lectures and writings, mutually destructive of
inaccuracies, are a useful part of the interesting natural process of the
dissemination of new truths or point6s8 of view.
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STATIONARY SOARING

Let us suppose we have a glider for which the best
gliding angle and headway are 1 in 5 and 20 m.p.h.,’
respectively. In a chart (fig. 29) having radial lines
at various slopes, and arcs furnishing a scale of miles
per hour for the lengths of the radii, put a spot on the
1 in § sloping line, at a distance, from the corner O, of
20 m.p.h., on the radial scale. Then, the radial line
from O to that spot represents the best headway
velocity vector of our glider.

In future, for brevity, such a point and vector on
the chart will be expressed, in an obvious notation, as
being the machine vector (5, 20), and, as a machine
vector, it is always measured downwards from the
right-hand top corner O.

The pilot now steers the glider steadily down a
1 in 4 gradient, and finding the headway is 25 m.p.h.,
he sets off the machine vector (4, 25), and so on for
other gradients, to obtain for the glider the full
characteristic headway curve shown. Theoretically,
the curve continues within the best gliding point, as
shown dotted ; but no pilot can balance the machine
in these glides, so the curve must be regarded as
ceasing at the point (5, 20). Again, the curve goes
far down in the other direction, but cannot be used
because of the steep pose. The curve may be assumed
to cease, at that end, at the point (2, 36); that is, at
the gradient of 1 in 2.

Now, seeing that stationary soaring must consist
in equilibrating or matching the machine’s vertical
and horizontal velocity components, or its whole
vector headway, by the velocity of the wind, it is
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evident a site is wanted where the wind offers a
great range of gradients to select from, and nothing
better for this can be thought of than the side of a
hill, such as that shown in fig. 30, the gradient of
which varies from 1 in 2 at the centre to level at
the top and bottom, as marked by the small figures
along its profile. The stream-lines of the wind passing
up the hill are shown in a, 4, ¢, d, etc.,, and the
loci of equal gradients on the stream-lines are shown
by the arched curves marked 1 in 3, 1 in 4, 1 in 5,
etc. Each arched curve twice crosses its contained
stream-lines, and points in the soaring space above
the hill will be referred to, in an obvious notation,
as point (43, 4, lower), or (43, 4, higher), according
to whether the point lower or higher up the hill,
on stream-line &, where the gradient is 1 in 4%, is
being referred to.

It is no use trying for complete stationary soaring
on the hill, with our glider, unless the wind velocity
is 20 m.p.h. up the hill, because that is the leas¢ head-
way vector of the glider. With less wind velocity
the glider must zrevitably advance. On the other
hand, it is no use trying stationary soaring when the
wind exceeds 36 m.p.h., for if it is 37 m.p.h. the
only machine vector that can equilibrate it is one
for a steeper pose than is permissible in the machine,
or steeper gradient than is to be found in the wind.
The glider will zrevitably be carried back over
the hill.

We will assume the pilot likes his machine to fly
down a 1 in 4 gradient relative to the air in order
to have the slight margin of control, in the 1 in 5
direction of working his e¢levator, that he will be seen
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to stand in need of. He will then have to wait till
the wind rises to 25 m.p.h., as seen by the machine
vector (4, 25) of fig. 29.

Suppose, now, he takes his stand on the hill at
the point (s, &, higher) in the 25 m.p.h. wind. The
wind vector-——measured radially upwards—is then
(5, 25) of fig..29; but there is not a single machine
vector available that will not give him a resultant
absolute velocity into the ground, except machine
vector (5, 20), which gives the resultant velocity of
5 m.p.h. shown by the line (5, 25) to (5, 20)
This velocity, unfortunately, causes the glider to
vanish over the top of the hill. The rule under
which the resultant absolute velocities are determined,
is as follows :—

Knowing, in fig. 29, the downward head-
way vector of the machine, as its elevator is
set at a given moment, and knowing the up-
ward vector for the wind around the machine,
join the lower ends of the vectors to complete
the triangle of velocities. Then, the length
of this closing vector and its direction from
the end of the wind vector to the end of the
mackine veclor, represent, respectively, the
magnitude and direction of the resultant
absolute velocity of the centre of mass of the
machine. 7e dirvection of this velocity must
not be expected to bear any essential relation-
ship with the direction of pose.!

The glider will be carried over the hill, in like
manner, until the start is made from a point as low
down the hill as (4, a, higher), where equilibrium

! The direction of pose is approximately that of the machine vector.
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between the two vectors, and therefore stationary
soaring, just becomes practicable.’

Notice, therefore, by similar reasoning, that the
very highest point on the hill where soaring is at all
possible is w#kere the hill's gradient is equal to the
very best of the machine, or 1 in 5, at the point
(5, @, higher), and (see fig. 29) wken the wind velocity
is 20 m.p.h. As the wind increases, the highest
soarable point travels down the hill, to vanish at the
point (2, ) when the wind is 36 m.p.h.

We have seen that, with the wind velocity 25
m.p.h., stationary soaring can occur at the point
(4, @, higher); but suppose the pilot now chooses a
lower point, say (3, @, higher), and also chooses to
keep close to the ground, although this is not quite
his wisest policy. The wind vector for the machine
is, at the start, (3, 25), and the machine vector giving
a resultant velocity in the direction of the ground
slope, in order to keep from rising, is (3, 30). The
resultant itself is (3, 25) to (3, 30), or 5 m.p.h. just
above the grass, and the pilot cannot prevent the
5 m.p.h. forward movement if ke refuses to rise. Even
with liberty to move as he likes the pilot cannot move
away from (3, @, higher) with less absolute velocity
than 2 m.p.h,, directed about 50° upwards, for that is
the skortest resultant that can be drawn, in fig. 29, from
the wind vector (3, 25) to the machine’s vector curve.

We are assuming, however, the glider keeps close
to the ground, so that, as it goes forward, it is soon at
the point (2}, @, higher) with wind vector (24, 25) and

!In this marching down the hill the wind vector has obviously been
changed from (5, 25), through (43, 25), to (4, 25), where its extremity first
intersects the characteristic headway curve.
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machine vector (2}, 32}), giving resultant (24, 25) to
(23, 3234), or 74 m.p.h. parallel with the ground.
Similarly, at the point (2, 2) the velocity over the
ground is 11 m.p.h. After that point the velocity
decreases till 2¢ becomes zero at the point (4, a, lower).
Thus, once the glider gets at all within the stationary
soaring point (4, @, higher) and insists on skimming
the ground, it cannot be prevemted from advancing
to the point (4, @, lower), where it finds it can again
accomplish stationary soaring. But inertia will carry
it past (4, @, lower), say to (43, a, lower). Now the
resultant, parallel to the ground, of (43, 25) of the wind
and (43, 23) of the machine, is 2 m.p.h. up the hill,
so the glider, having overrun (4, @, lower), wi//
commence to return to settle to ils stationary soaring at
that point. That is a very beautiful automatic arrange-
ment, but great numbers of experimenters, finding
the machine beginning to go back over the ground,
take fright, and desperately put an end to the soaring,
usually by digging the nose into the ground in the
instinctive but mistaken view that they have to gather
speed. They do not realise that coming to rest and
the backward movement over the ground are perfectly
safe, seeing that the pose and headway are both in
order. Of course, it is hard to steer with confidence
when travelling backwards up the hill, but that merely
reveals the initial unwisdom of clinging so closely to
the ground.  °

Since the attainment of stationary soaring in the
25 m.p.h. wind necessitates the machine being set as
for a 1 in 4 glide in still air, we will assume the pilot,
content to forgo his liking for the ground surface,
takes his stand at point (2, @) with his machine set for
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an ordinary 1 in 4 glide. The wind vector being then
(2, 25), and the machine vector being (4, 25), the
resultant velocity is line (2, 25) to (4, 25), or 6 m.p.h.
at 70° upwards. When this velocity has carried the
machine to the 1 in 2} arched curve, the resultant has
become changed a little to the line between (2§, 25)
and (4, 25), and so on, causing the upward path of
the machine to curve slightly through the points near
where the stream-lines and arched curves are osculatory
to each other. If the machine, through inertia, goes
too far, say to the 1 in 5 arched curve, the resultant
becomes the downward velocity of the line (5, 25) to
(4, 25), and the machine returns lto settle at the 1 in 4
arcked curve. That is to say, the machine, set for a
1 in 4 glide, a/ways finds itself in equilibrium, as
regards inward and outward movement, at the 1
in 4 arched curve, and consequently ftends fo hover
of itself on that curve in a kite-like manner. Here
again, numbers of experimenters, finding themselves
leaving the ground at the point (2, ), lose confidence,
and steer down, and finding they must steer down
very much to keep from going aloft (about 1 in 2),
resolve to terminate the experiment in any violent
manner that suggests itself, and blame the wind for
‘“upsetting” them. On fixing the elevator of the
glider as for a 1 in 3 glide, and putting on a light
artificial load, they are surprised to find the glider
starts an excellent slow glide on its own account,—
it has no nerves.!! The experimenter, when himself
controlling the machine, should collectedly allow
himself to float up at the normal pose, or, if he prefers

! Sometimes, the experimenter will find it floats gently enough, on its
own account, at the end of a couple of ropes.
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it, keep low, but without being alarmed at the steep
pose necessarily accompanying this action at the
commencement.

If he starts at other points on the hill, with the
machine set for a 1 in 4 gradient, he will also move
nearly straight up in the air till he reaches the 1 in 4
arched curve. The paths are approximately parallel
to the middle one, and are easily determined in similar
manner.

Now, in rising as described, the experimenter may
fear being blown back over the hill. Suppose, there-
fore, he starts from the middle point (2, 2) with the
deliberate intention of moving back as much as
possible.  With wind vector (2, 25), the machine
vector giving the most backward resultant is (5, 20),
so, in the direction (2, 25) to (5, 20) the machine
commences to move. The path, after the next arched
curve, is seen to change to the one (24, 25) to (5, 20),
and so on, giving, as a result, the path from (2, a)
curving over the top of the hill. The gptional paths
from (2, &) are thus seen to range from forwards
along the ground, to the backward curved path just
mentioned—a most satisfactory range. These back-
ward paths are also drawn for many other points, and
those near (4, @, higher) are naturally the ones to
which the interest of danger attaches, as will be shown.

Suppose the experimenter happens to be at point
e over the top of the hill. This corresponds to the
wind vector (o, 25), and the most forward resultant
velocity he can obtain is about 20 m.p.h., from ( o, 25)
to (2, 36), at about 65° downwards. The path is
indicated by arrows in fig. 30, and will be seen to just
take him safely within the 1 in 4 arched curve, after
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which he may steer as he likes. But, #f tke experi-
menter once gels into the black space over the top of the
hill, his soaring is at an end, for he cannot possibly
dive into the 1 in 4 arched space before reaching the
ground. He must at once dive to the ground and land
his machine, accepting the steep pose and high speed,
accompanying such action, as the least evil that can
befall him. If he once gets behind the hill he will
have to land moving tail first over the ground.!
Though the black space is the positively dangerous
space, the whole of the rear part of the arched curve
should be avoided on account of the inconveniently
vigorous movements of the elevator required to
correct for trifling deviations from the stationary
soaring condition.

With the aid of fig. 29 and fig. 30 it is, accordingly,
easy to obtain indications of the best policy to pursue
to be successful in this class of soaring. First choose
a long, smooth, sloping hill, with a profile roughly as
shown in fig. 30, and with a steepest gradient of about
1 in 2}, or a little steeper. On a day when the wind
is blowing up the hill at a speed about 25 per
cent. in excess of the least gliding headway of the
glider being used, take up position at the steepest
point of the hill, and float off the ground. Do not
prevent yourself floating up under a vain hope of
staying afloat where you are and at natural pose,—that
is impossible, as has been shown. Therefore, allow
yourself to float upwards; but you will find you have
practically complete control over the direction in which
you move, and the safest plan to adopt is to steer

! Unless he prefers the alternative of landing with the wind, at a
dangerously great absolute speed over the ground.
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upwards at about 30° from the point you started from,
and keep to that line. Acting on these instructions
in the example of fig. 30, the machine will at first point
steeply down, as for a 1 in 3} glide.! But it will have
a headway of about 29 m.p.h., and an absolute velocity
of about 54 m.p.h., and as it rises to stop at the 1 in
4 arched curve its pose will reduce to that for a
1 in 4 glide in still air. So long as the experimenter
has steered up the 30° path, and kept to it even
when coming to rest, he may have confidence the
flattening out of pose and coming to rest relative to the
ground do not arise from the upturning of pose and
loss of headway he properly holds in dread. Yet,
winds will die down, and he cannot then ignore head-
way and keep in the 30° path. He must, therefore,
resolve to keep to the 30° path only so long as this is
consistent with proper headway ; but whenever he feels
his headway become reduced below about 20 to 25
m.p.h. he must steer below the 30° path, and forwards,
even if his doing so terminates the glide—as will
inevitably be the case when the wind sinks below
20 m.p.h.

As the wind dies down, the arched soaring curve
extends owtwards to the 1 in 5 curve by the time
the wind has sunk to 20 mp.h. For a little less
wind velocity the 1 in 5 arched curve is merely
distinguished by being the locus of the smallest
absolute velocity in the machine, where the machine
seems as if it is on the point of becoming
stationary, but just fails to do so, and then proceeds

1 Reason :—In fig. 29, a resultant line from the point (2, 25), and
parallel to the 30° path in fig. 30, cuts the headway curve in point (34, 29)
and is of length corresponding to 54 m.p.h.
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onwards and downwards with increasing speed.
With strengthening of the wind, on the other hand,
the pilot will find that keeping to the 30° path
involves moving backwards and downwards, till,
when the wind velocity has risen to 36 m.p.h., he
will find himself deposited on the ground at the
point (2, @) from which he started. This will be
accomplished quite safely, provided he expects it,
and does not confuse the backward movement with
loss of headway. It is a curious fact, to be noted,
that the increase of the wind sk»inks the soaring
space, and tkhe maximum dimensions of the soaring
space occur with the weakest wind that will just
make the soaring possible.

The above advice presumes the experimenter
knows how to balance a glider, but if he does not,
he had better take up position near the point
(4, @ lower). Stationary soaring on a 30° path is
there practicable just above the ground, but usually
only for a few moments at a time, because the
variations in the strength of the wind cause the
stationary point to advance and recede along the
surface of the hill. The inexperienced pilot will
not be prepared to follow these movements, and
the absence of air-space below him will make the
following of the movements actually require more
skill than high up in the 30° path. As skill in
balancing is acquired the start may be made further
and further back, till, at last, the 30° path from the
centre can be taken.

Since the machine tends of itself to remain at the
proper arched curve, it might be thought the pilot
need not touch the controls beyond keeping the
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machine facing the wind. Theoretically, in a steady
25 m.p.h. wind, if the machine could be set exactly
as for a 1 in 4 glide, that would be true, but the
elevator cannot be set exactly as for a 1 in 4 glide.
If set even as near as 1 in 399, a study of the
vectors in fig. 29 shows the machine will gradually
creep round the 1 in 4 arched curve till the ground
is reached at (4, a, lower). If the machine be set at
1 in 401, it slowly creeps round the arched curve in
the opposite direction, till the dangerous black space
is reached at the back. Though the pilot is necessary
to keep these movements in check, his doing so
requires less conscious effort than, say, the keeping
of a cylindrical bottle in the centre of a tea-tray
held in the hands, the bottle being rolling on its side.
It is also easy to deduce that, in the 25 m.p.h. wind,
the pilot can never execute a closed path either
wholly inside, or wholly outside, the 1 in 4 arched
curve, but he can always execute a closed path inter-
sected by that arched curve. The semi-automatic
character of the soaring is due to these peculiarities.

As a means of remaining poised in the air, in a
strong wind, stationary soaring cannot compete with
a man-lifting kite, because the latter is not confined
to a small locality. It cannot compete at all with the
captive balloon when the air is calm. It can, accord-
ingly, only be of interest to sportsmen, and those who
have reasons for making experiments with motor-less
aeroplanes.

Birds do not practise stationary soaring to any
noticeable degree, and probably for two principal
reasons :—(1) The places where it is most easily
executed are long bleak hills where the bird has no
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wish to hover. (2) The times wéen it is practicable
coincide with the existence of strong winds, when a
bird can find all the soarability it wants anywhere it
likes to fly.!

In fig. 30, several streams of arrows are drawn
passing from the right downwards. These are useful
in indicating, approximately, the most downward
optional paths for the machine at any point witkin
the 1 in 4 arched curve, and the most forward
optional paths owfside the 1 in 4 arched curve. The
other streams of arrows, passing from left to right,
indicate the most rearward paths possible within
the 1 in 4 arched curve, and the mwost upward paths
outside the 1 in 4 arched curve. The wind is sup-
posed to have a velocity of 25 m.ph. The wind
has not, in reality, the same velocity everywhere
above the hill, but the modifications of the general
conclusions arrived at are not worth troubling about.

It hardly needs pointing out that the experimenter
in this class of soaring has to fly in a strong wind,
and, consequently, to have a machine designed for
the utmost stability in disturbed air. This does not
necessarily mean that power of ‘ running all by itself”
which represents stability in the popular view, but
the power of making its own adjustments to defeat
the disturbing influence of a sudden change in the
wind. To distinguish what is meant, and give the
poor word “stability ” a rest, we may say the machine
must be designed with the utmost “flyability "—a

! As will be pointed out later, birds may be presumed to fee/ the air
in soaring, and a form of soaring which can be shown to depend entirely
on sight, and not touch, is not likely to be recognised by their soaring
instinct.
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somewhat inelegant but, it is hoped, expressive enough
term.! (See Chapter XIII.)

GENERAL VELOCITY SOARING

Though stationary soaring is not adopted by birds,
there is, as has been mentioned before, a common
impression that the general soaring of birds is semply
due to each bird keeping in a homogeneous upward
wind. Such a conclusion is only too easy to arrive
at.—Here is a bird gliding but not getting any closer
to the ground,—what more natural than to suppose
the wind is just carrying it upwards as fast as it
tends to sink? The simplicity of this explanation is
more apparent than real, as will now be shown.

Suppose a homogeneous column of air, 100 yards
in diameter, is moving steadily upwards at 7 ft. p.s,,
and there are two similar birds, one inside that column
and one outside it. The bird inside the column, which
bird we will assume has a common gliding descent
of 5 ft. p.s., relative to the air, knows, as it starts
from the ground, that it is inside the column, because
it can see the ground receding at 2 ft. p.s. But the
sight test fails at perhaps 200 feet height, and birds
are seen to soar up to 2000 feet or so. The sight
test fails for the same reason that a man slowly
drifting at sea, in a row-boat, cannot tell immediately
whether he is approaching to or receding from a quay
wall a couple of hundred feet away. The bird is
worse off than the man because its eyes are nearer
together, and judgment of approach or recession of
the ground necessarily depends on the binocular

! A weight carried in front, on outriggers, is one of the simplest additions
that may be made to promote this “ flyability,” (Chapters XII. and XIIL.).
G
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parallax. /¢ is impossible for the bird to feel that
it is in the column of air, for ils flight relative to
the air, and the magnitudes and directions of all the
Jorces acting upon i, are identically the same as
when 1t is oulside the column of air. The bird can
no more be dynamically conscious of its soaring, as
by its sense of touch, than can a fish be when its
aquarium is carried steadily upwards in a lift.
Fig. 31, I, illustrates a 1 in 5§ bird of headway
254 ft. p.s, and so of normal descent of 5 ft. p.s.,
gliding level in consequence of there being an upward
wind velocity CD, though any of the dotted winds
having the same upward component will also keep
the bird level. Notice that the downward pointing
of the bird, and the forces acting, are precisely the
same as they are during gliding in still air. In
fig. 31, III.,, the bird is seen soaring upwards by the
aid of an upward-wind of 10 ft. p.s.,, but it should
again be noticed that the pointing of the bird, and
the forces acting, are absolutely normal. The effects
of winds of 10 ft. p.s., in other directions than the
vertical, are also shown by dotted lines, but the pose
of the bird, and the forces acting, never alter. For
comparison, the same bird is shown in the corre-
sponding acceleration soaring in fig. 31, II., and fig.
31, IV. It will be seen that the diagrams of forces
—copies of the diagrams of accelerations—are, in
these cases, tilted, and so also are the poses of the
bird. These comparisons will again be referred to,
later.

Since the bird, when higher up than 200 feet, cannot
detect that it is in the upwardly moving column, either
by means of sight or by means of touch, pure upward
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velocity soaring, or soaring by means of a komogeneous
upwardly-moving column of air, must be regarded as
impracticable, except close to the ground, where, as it
happens, upward winds are not usual. But the bird can
always detect, by a sudden jerk, the moment of passing
out of the boundary of the column, and this fact gives us
a clue to the true nature of the nearest possible soaring
to that which has just been pronounced impracticable.
The assumption that there may be a column of air,
100 yards in diameter, with a sharp boundary, moving
upwards, is not true to Nature. An upwardly-moving
column of air will usually have a fast-moving central
axis, and less and less upward velocity away from that
axis, so that it will be hard to say where the boundary
lies. Now, if a bird is in the vicinity and heads
straight for the axis, it will find itself in an wpward
structure gust, for it is moving from a place where the
air has one velocity upwards to a place where it has
a greater velocity upwards. The conditions of fig. 2,
therefore, obtain. There is no doubt the bird can
sense the direction of flight, at each moment, that
gives the maximum upward pressure, and therefore
head directly for the centre of the upwardly-moving
column of air. But, having reached the centre and
crossed it, it will, for similar reasons, find itself moving
in a downward structure gust (refer to fig. 3) with the
support of the air seeming to fail. This it will
instinctively evade by turning round, and, again
sensing the direction of maximum upward gust, it
will again charge the central axis of the column.
Thus, 7t will come to dwell near the centre of the
upwardly-moving column, and therefore be carried

upwards by the column.
G2
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In general soaring of this character the bird keeps
wheeling about to keep hunting after the directions
of maximum upward gust, and this most natural action
automatically causes it to dwell within the upwardly
moving palckes of air more than within the downwardly
moving patches. The popular view that soaring may
be obtained from up-currents is thus justified, but not
so far as it claims that this soaring is essentially
simpler, and more obvious, and universal, than hori-
zontal acceleration soaring.

That the uniform wheeling soaring of the tropics
is acceleration soaring, and not up-current soaring, is
indicated by the fact that the bird usually poznts
horizontally, or even wupwardly, like fig. 31, Il or
fig. 31, IV,, as if drawn by an invisible tractor screw,
and nof downwardly as in fig. 31, I., and fig. 31, I1L
This observation, when made, is conclusive.! The
uniformity of the soaring can also be shown to render
the up-current explanation improbable, while the way
all the circumstances of the soaring agree with charts
like fig. 8 constitutes almost irresistible evidence
against the up-current explanation. Finally, direct
observations have often been made showing the
absence of an up-current where the birds are soaring.
It would add greatly to the knowledge of this subject
if someone would send up amongst the soaring birds
a small captive balloon (say about a yard in diameter),
and observe its movements through a low-power
telescope with cross-wires in the focus of its eyepiece ;

! Mr Wilbur Wright, in his paper read many years ago (1903), explained
careful observations he had made to show the wings of the soaring
buzzards pointed upwards at about 5° angle of incidence. These did »o¢

support the up-current theory ; they are the very observations required
to support the horizontal gust theory.
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or, alternatively, photograph the balloon once a second,
with a fixed camera. The author believes the balloon
would be found to be executing loops of about 20 feet
diameter in about a dozen seconds or so. Observations
of the spiral manner in which narrow chimneys deposit
their smoke plumes in the atmosphere indicate, to some
degree, the fact of the air having such circular move-
ments in calm, hot weather; but chimneys are too
near the ground to furnish evidence of great value.!
11t is rather curious that (at least so far as the author is aware) the
uniform movement of clouds across the sky is taken for granted. Have
no observations been made to determine fluctuations of velocity having

a period of about a dozen seconds or so? Balloons have been observed in
the manner suggested for clouds, but not at close enough intervals of tiine.



CHAPTER IX
THE POLICY OF THE SOARING BIRD

THE many varieties into which soaring may be ana-
lysed creates a desire to see general soaring reduced
to some simple, comprehensive, straightforward policy
on the part of the bird.

Referring to fig. 5, AE is the best soaring path in
the virtual level, and to keep in that path, from
instant to instant, the bird has simply to use its
“elevator,” at all times, to keep constant headway (that
keeps it in the virtual level), while using its “rudder” to
find the steepest upward pose (that finds the path AE).
In adopting this policy the bird is using its sense of szg#¢,
and in the continuous unidirectional gust (unknown to
Nature), only the apparent direction of the ground
can distinguish the path AE from the path AG or any
other path in the virtual level. But, as regards each
JSresh gust, the sense of louck will always commence the
soaring, for the bird has simply to steer to the side
from which it fee/s the gust pressure come, and use
its *“ elevator ” to keep constant the headway. As fresh
gusts are always commencing, or adding themselves to
the existing one, the bird keeps itself in a perpetual
state of commencing fresh soaring, and so obtains a
good average soaring effescét. This policy carries the
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bird through all the wheeling soaring up to fig. 12, and
avoids the non-soaring condition of fig. 13.

Asymmetric soaring, positive and negative, usually
surrenders itself, whether wanted or not, without any
definite policy ; but delay soaring requires the simple
natural policy of charging as fast as possible into the
head gust to obtain a good rise at the end. The
combined policy of the bird to obtain both wheeling
soaring and delay soaring is thus seen to consist in
wheeling about to keep heading the gusts, and charging
" as fast as possible into each head gust when it is at its
strongest, and steering up with more or less of a jerk
when it is at its weakest. Nothing could be imagined
more natural and in accordance with the instincts of
either man or bird in comnection with obtaining the
utmost lift from the gusts.

It is easy to see that the same policy captures the
available structure gust soaring in combination with
the pure acceleration soaring. When the bird seeks
out the direction of the head gust from instant to
instant, and delays rising, it is solely concerned with
the head gust as a head gust, without reference to its
causes. For example, in fig. 20, the bird is simply
flying, each moment, in the direction of the maximum
head gust.

The above simple policy will not secure the
stationary soaring of fig. 30, but we have the
significant fact, mentioned before, that birds are
rarely, if ever, noticed practising stationary soaring.
Since soaring birds probably act by the sense of touch,
a soaring in which the force reactions are absolutely
the same as in still air must remain unrecognised by
them.
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General velocity soaring, or that soaring effect
obtainable by dwelling nearer the centres of the
upwardly-moving patches of air than away from them,
is accessible to the bird by a simple policy depending
on the sense of touch. The bird has only to wheel
about to hunt after the direction which, at each instant,
gives it the maximum sense of upward gust or pressure
from below.

Therefore, the grand policy of the soaring bird,
that, in proportion to the bird’s manceuvring capacity,
obtains all the available soarability in the air, consists in
wheeling about to seek, at each instant, the direction of
the maximum upward head gust, and at the same time
delaying rising and falling to the increases and decreases
in the strength of the head gust.



CHAPTER X
COMPARISON OF SOARING AND NON-SOARING BIRDS

In the discussion of soaring flight it was shown that
the bird can only obtain soaring effect in proportion
to its allowing its path through the air to be dictated
by the wind gusts instead of by its own wishes. Now
birds may be divided, broadly, into two classes;—
(1) those that employ their time flying short distances
from place to place; and (2) those that live in the
air on a grander scale, make flights of long duration,
and have no particular wishes as to the direction of
flight from moment to moment so long as they keep*
afloat. The first class naturally contains the non-
soarers, and the second class the soarers.

A good representative of the first class is a wood-
pigeon. Such a bird's average flight is one of a few
hundred feet from one tree to another, and it cannot
find it worth while waiting five minutes or so till a
favourable gust will allow it to pass from one tree to
the other without flapping. Then, when it is under
way, it cannot trouble to execute loops and turns in
a path that it cannot be sure will terminate at the
tree to which it is wishing to fly. Finally, the short
flights, with frequent rests, make it unnecessary for
such a bird to economise its strength. There is,
therefore, every reason fogg wood-pigeons having the
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habit of flying straight to their goals, without any
noticeable attempt at soaring.’

A good representative of the second class is the
albatross. This bird has been forced, by the struggle
for existence, to seek its living cruising over the
oceans, and practically living in the air. Economy
of muscular energy is practically a necessity, and it
is easy to realise how, in past ages, the first rudi-
mentary development of an instinct for soaring would
be cultivated, by natural selection, till it reached the
present stage of development, at which it is main-
tained. Since, for obvious reasons, except at the
moment of picking up food, the albatross is indifferent
as to the exact path it takes through the air, it can,
and no doubt usually does, take almost the best
soaring path possible from moment to moment.
Taking advantage of the opportunities around it, its
speciality is soaring close to the surface of the sea,
by the air disturbances due to the waves. This is,
of course, a form of structure gust soaring; but the
albatross by no means neglects the other varieties
of soaring, which it demonstrates to great perfection
when at a considerable height above the sea.?

Very perfect soaring is also practised by the birds
which have to keep afloat over the great hot plains
of the earth, that are, in a sense, solid oceans. The

1 In past evolutionary times, during the millions of years that have
formed the race of wood-pigeons, these birds, far more than in present
times, have lived in perpetual fear of birds of prey. Only strong muscular
ﬁight in directions determined by their own necessities, without regard to
soaring, has been serviceable to them.

? So seldom is the albatross reported to be seen flapping, that it may
be suspected of a kind of wheeling soaring on a very grand scale, in
which it avoids, from day to day, the regions (such as dead-calm regions)
with meteorological conditions unfavourable to soaring.
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evidence seems to show that the air over these hot
plains is often in the jelly-like oscillatory state of
movement referred to in Chapter III. of this
work, and the speciality of the birds is uniform
wheeling soaring merging into to-and-fro wheeling
soaring, and aided by up-current velocity soaring.
The birds, to suit the conditions of their existence,
are of very light weight per square foot, and low
headway, a type that would be unable to contend
with the stronger winds of our English climate.

In Northern Europe, soaring birds are not con-
spicuous, because the strong winds, as has been
suggested, make it necessary for the birds to be
rather heavy per square foot, and of considerable
headway. This makes them unable to capture a
great deal of the wheeling soarability of the air, and,
as a consequence, their speciality is delay soaring
in boisterous weather, aided, to a moderate extent,
by wheeling soaring and velocity soaring. To this
class belong the gulls, and, to a lesser degree, the
swifts and swallows. The reason for the swallows
being soaring birds, though living locally for half
their lives, is not far to seek. Great numbers that
fall below a certain standard of soaring ability are,
every year, killed by fatigue, or drowned in the seas,
during their migration. It may be pointed out that
delay soaring, involving a lagging reaction to the
gusts, is precisely the kind likely to be discovered
by, and perpetuated in, a race of birds subjected to
the same fatigue test as the swallows.

Intermediate between the gulls and the wood-
pigeons are the rooks, which seldom soar without
flapping, but show considerable discretion, at times,
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in availing themselves of the more pronounced aerial
disturbances.

It will be understood, that, because a bird, even a
wood-pigeon, is flapping, it must not be assumed to
be not soaring at all. The two modes of flight are
supplementary, and it would prevent soaring being
relegated too much to the background if  were to
be regarded as the fundamental mode of bird flight
(the air is never quite still), aided, according to
necessity, by flapping.



CHAPTER XI

HUMAN SOARING

In the absence of anything like complete data as to
the structure of the atmosphere, in any locality and at
any particular time, it is difficult to predict how far
human soaring may be developed. Wheeling soaring
depends, as shown, on manceuvring power, and there is
small hope of aeroplanes or gliders ever being manage-
able enough to secure as much wheeling soaring as the
birds obtain from the gusts. The highest type of
wheeling soaring is the uniform soaring of the chart
of fig. 8, and few gliding pilots could undertake to
turn circle after circle in about 12 to 15 seconds, such
as the chart suggests is necessary in this soaring.
The tortuous character of fig. 23 suggests even greater
difficulties in the way of general wheeling soaring.
However, it must be remembered that, in fig. 5, the
path AE is only the édest path in the virtual level;
those several degrees to either side, into and out of
the paper, being little inferior. It thus comes about
that a glider steered on an average straight course,
without making any loops, might obtain a fair amount
of wheeling soaring aid from the gusts by simply
swerving left and right to the side on which the
virtual level happens to be tilted up from moment

to moment. The expert pilot who does not trouble
93
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about formal science will be acting in the correct sense
if he keeps steering to the side from which the wind
gusts seem to attack him. What he calls the *“ wind,”
in this connection, will really be the element of wind
added (in veclor sense) to the wind, that is, acceleration
and not wind; but, so long as the pilot acts correctly,
terminology is a detail.

If he wheels about, not only to the side from which
the wind seems to attack him, but, in addition, to the
side from which the wind seems to attack him in an
upward direction, he will secure a certain amount of
upward-current soaring in his wheeling soaring.

If only a pilot could cultivate the habit of systemati-
cally delaying rising to the head gusts, he would, no
doubt, obtain very considerable aid to flight of the delay
soaring variety ; but, with present-day machines, in
weather in which soaring is possible, the pilot’s atten-
tion is so much engaged in defeating the attempts of
the sudden gusts to disturb his balance, that he has no
time to cultivate the more refined art of soaring. That
may be remedied in time.

Stationary soaring, of the kind described in connec-
tion with fig. 30, is already easily practicable with suit-
ably constructed gliders, but, compared with general
free soaring, it is of little interest. It is likely, how-
ever, to prove a convenient means of getting afloat
and obtaining practice in the general free soaring.



CHAPTER XII

AUTOMATIC STABILITY AND SOARING

PracticaL LiNEs oF DEVELOPMENT

It will be seen, in fig. 1, that the first stabilising im-
provement suggested for the aeroplane is the conver-
sion of the wavy path AH into the damped path AL
Now, the common way of damping the aeroplane is to
add a large tail surface or empennage. This, however,
only defines the path AH more obstinately than before,
unless the empennage is made with considerable spread
in the fore-and-aft direction (eg. placed in apteroid
aspect), when there is a resistance to making very
sharp turns »e/ative to the air.! It is often overlooked
that the air itself is sometimes turning sharply, and
then this damping becomes a source of disturbance.
Seeing that AD (fig. 1) is, in effect, gravity, and AB
a component which is balanced, at the moment, by the
lift of the aeroplane? it is evident that the straight
line AC will not be left if the headway, as the cause of
the lift, be kept constant. One way of doing this is

! The “washed-out ” ends to an aeroplane’s wings often co-operate with
the tail empennage to produce a very effective combined empennage of
the kind in which there is a surface near the body of the machine, also
travelling edgewise through the air. The two have a considerable moment
relative to each other, and some power to define a straight path relative
to the air. (The improved flight of dastered models is a related subject.)

? This is, of course, the familiar static or force point of view, but
employing AD as gravity.

95
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to provide a propeller D (fig. 32, I.) that will give a
backward thrust to check the tendency to increase of
headway.! This propeller is entirely wind-driven as a
wind-driven fan, and it acts as a damper by the simple
process of resisting, through its fly-wheelage, change in
its speed of rotation.  This resists the too rapid changes
in the headway of the aeroplane, and so resists the de-
creases and increases of headway that determine the
descents and ascents of the wavy path AH (fig. 1).
The device absorbs very little power in steady flight,
because it is then only running idly as a wind-motor
specially designed to have as small a no-load loss as
possible.? When the headway of the aeroplane is
changing, the fan does dissipate energy, and there
would be good reason to doubt its power of damping
if this were not so.

A fan of somewhat less size, but equal damping
effect, may be employed when it is mounted, as shown,
at a height above the main plane, so as to have a
leverage by which to fu»x the main plane gently as if it
were a huge elevator. The designer of such appliances
has to pay great regard to the principle of maximum
advantage in design. That is to say, because some fly-
wheelage, or inertia, or constancy of speed somewhere
is a good thing to have, it does not follow that the
rule of “the more, the better” applies. So also with

! At this point, the fan’s up-turning action upon the machine is not
referred to, but only its augmentation of the head resistance as the
machine tries to gather speed. For the moment, consider the fan D no#
elevated.

2 The fan has thin smooth blades of symmetrical section and constant
pitch throughout. It is also journalled on ball bearings so that it shall
normally run as near to zero-slip speed as possible. Fly-wheel masses,

the addition of which should not be overdone, may be added near the
blade tips.
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the height of this fan. As regards combinations of
things, it often happens that several combinations will
give equally good results, but each best combination is
exceedingly difficult to discover.

One advantage of the elevated fly-wheel fan is that it
helps to extricate the aeroplane from the dangerous
situation in the downward rear gust of fig. 4, by pulling
forward the top of the aeroplane, for a few moments,
as it tends to lose headway, until the violence of the
gust has abated. These are just the moments when
the common elevator controls are power/less to do like-
wise, owing to the decline of headway.!

When such elevated fan is fitted specially with a view
to soaring, it has the singular property of causing the
aeroplane to tend to keep in the constant-headway
virtual level from moment to moment, and of doing
so in a damped dead-beat manner as regards the
changes of pose. For example; if the aeroplane,
in fig. 5, is moving along AF when the gust attacks,
the fan will quickly place the aeroplane in the path
AE, and without oscillation. So far as this is done
automatically, the pilot who is striving for wheeling
soaring has no more left to do than to steer right
and left to seek, from instant to instant, the steepest
upward pose, or, alternatively, to head into the gusts.

Referring back to fig. 1, and again viewing it from the
familiar statical point of view with AD as gravity, the
turning up into AH depends on the lift growing greater
than AB under the influence of the increase in speed,

1 The elevation of the fan, though increasing the damping of the free
oscillations, also gives rise to disturbances of pose in rear gusts and head
gusts. These disturbances are advantageous in rear gusts jeopardising
the headway ; in head gusts they are easily compensated for by the down-

dipping effect of pp. 98, 99, etc.
H
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exactly as stated before. But, though the lift can be
kept down by resisting the increase in headway, it can
alternatively, or additionally, be kept down &y decreas-
ing the angle of incidence of the lifting planes. A way
of arranging this was described by the author in an
article on “ Longitudinal Stability in Gusts,” in Aero-
nautics' of February, 1912. Described here in a briefer
and more general manner, the method consists in
placing a centre of mass W (fig. 32) forward of the
machine to make it front-heavy, and counteracting this
by an up-steering effect due to a springily-mounted
elevating plane,® T. Owing to the springy tail frame
ensuring the up-steering plane T being pressed upon
with a substantially constant force by the air, it becomes
impossible for the centre of mass to be pulled away
from the straight path AC (fig. 1). The least increase
in lift on the main planes simply tilts the planes round
the centre of mass, and reduces their angle of incidence ;
or, in an alternative view, it turns the main plane and
the tail in a down-steering sense relative to each other,
to just the degree necessary to prevent the centre of
mass being pulled up from its level path.*  7ke action s,
in kind and degree, that of an ideally vigilant aviator.*

When the rigid portion of the machine has a retreat-
ing centre of pressure with decreasing angle of in-
cidence, or a permanent down-steering tendency, or a

1 Reprinted on page 117.

2 In the drawings of fig. 32, the springy tail is supposed to be constructed
of cane. A front elevating plane can be used, if preferred.

3 Because, of course, the endeavour to pull up the centre of mass is
the cause of the bending of the machine. (See Article I11., pp. 123, 124.)
The machine is supposed to have no moment of inertia.

¢ This may seem an extravagant statement, but, as a matter of fact, it is

a compliment to an aviator to say he succeeds in flapping his elevator
as correctly as this automatic appliance.
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negative righting tendency,—these are various ways
of saying the same thing,—the machine dips down to
the head gust; and it is now possible to add a sdw-
acting, overtaking, righting tendency—indispensable
even when disturbance is substantially eliminated—
and so obtain a self-righting machine which, in
gusts, takes paths like AL (fig. 1) instead of paths
like AI. This machine, consequently, realises the
improvement indicated on page 7. The necessary
slow-acting righting tendency is easily provided by
a small “slow-fan,” F (fig. 32), arranged to wind up
or let down an elevator, under the influence of ex-
cessive or defective headway, respectively. With such
arrangements added in a somewhat exaggerated degree,
the machine tends to pursue the delay soaring path like
that shown dotted in fig. 14, and the author has found
that, besides improved stability, a certain degree of
automatic soaring, as an aid to flight, is already practi-
cable when such devices are properly designed in ac-
cordance with the principles underlying their action.

Though the author refers to appliances of his own
invention, they are only mentioned as simple examples
of practical methods of satisfying the stabilising con-
ditions revealed by fig. 1 to fig. 5, and some of the
soaring conditions referred to later. Other simple
appliances functioning similarly, if known, may be
substituted as examples, but it would not do to discuss
them in these pages.

Fig. 32, 1., shows, diagrammatically, the general
appearance of the more simple models employed by
the author in connection with these studies. The fan
F is a small piece of thin wood-veneer bent into the

form of a fan of such exceedingly long pitch that the
H2



100 Aeroplanes in Gusts and Soaring Flight

blades are nearly edgewise to the wind. The fan is
mounted on a double cotton thread or cord which it
twists and shortens under the influence of the relative
wind, and so winds up, and keeps in adjustment, the
springy rod carrying the tail plane.

For flying in still air the fans D and F may be
removed, and the tail-rod be made rigid, for zke practical
problem of stability vaniskes in still atr. Many models
will also run quite well in some gusty air, without the
damping fan D, and some light models have even
been made to run well with on/y the damping fan D,
and no fan F, and no central tail.?

The chief principle underlying the model is that of
having a yzelding connection between the elevator and
the main plane, and it is obvious the tail plane may be
rigid and the main plane be made to yield. This is,
no doubt, the underlying motive in those machines
designed with flexible rear edges to the main planes,
but it does not seem the principle can be carried to its
logical conclusion when only pa7¢ of the lifting surfaces
yields. Moreover, whenever this principle is carried
out thoroughly, so that the machine has the momentary
negative righting tendency for gusts, a slow adjusting-
fan F is practically indispensable to give the machine

1 These models should not be launched from the hand, but from a
proper launching device that allows them to run several feet, at proper
headway and pose, before release. A common rigid model is put in
proper relationship with the air immediately it is released at proper pose
and proper headway, but the model of fig. 32, I, requires, in addition, that
the fan D should be rotating at full speed, and the fan F be fully wound,
but not over-wound. Hand launching may be resorted to if there is a good
deal of air space, below the launching platform, in which the model can
“set” itself, but if a model shows it requires, say, 100 feet travel and 20
feet drop in which to “set” itself, it is futile thinking to shorten these by

darting it at high speed, or up at the sky. The result is merely an erratic
path, which may be explained but is not at all satisfactory to view.
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a slow, overtaking, positive righting tendency. (See
pp- 127 and 153.)

In fig. 32, Il., a standard monoplane is shown
robbed of its neutral empennage, which is replaced by
a springily-mounted tail T with adjusting fans® F,and a
fixed supporting tail plane M,. Each of these auxiliary
planes may be about half the area of the original
empennage, and, having equal and opposite steering
effects in normal flight, they may be regarded as
the equivalents of the removed empennage. If|
however, this construction results in M and M,, con-
sidered together as ome rigid, compound, main plane,
having a positive righting tendency, a weak negative
righting tendency should be formed by tilting the
plane M, to a greater angle of incidence, and at the
same time cutting down its area. The area removed
may be added to T. In general, the angle of incidence
of M, must be greafer than that of M. 7hke pilot s
left with kis original flap elevator E for occasional use
so far as the automatic arrangements do not always
act as he wishes.

Now, planes M, and T are not only equivalent to
the empennage, in ordinary flight, but are equivalent
to the empennage and the pilot, in disturbed air.
A head gust, for example, squeezes M, and T towards
parallelism, and, therefore, turns the equivalent empen-
nage in a down-steering sense. Seeing that the
exciting cause is the refusal of the weight W to be
suddenly raised when T is preserved constant by the
springiness, it is clear the down-steering of the

! One or more at each side of the propeller’s draught. They are very
simple, and in three or four lies complete security in case of breakdown
of any one.
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equivalent empennage is an exact substitute for that
down-steering of the elevator E, which the pilot would
otherwise have had to execute. Since E is a flap,
and the tail fuselage is raised by the automatic action,
E will be tilted, by the wind, with respect to the
machine, but without the pilot’s intervention, and
only on account of its moving to remain znactive.
If the pilot keeps his hand passively on the control
lever of E, he will find Azs hand actuated by the
elevator.

The experimenter is not under the necessity of
applying this control in full degree, at first, if he does
not wish, to his standard machine, as may be seen by
supposing M, to be turned slowly to zero angle of
incidence, at the same time that the fan-cord F is
gradually slackened till T flaps out uselessly in the
wind. The aeroplane is then back in its original fixed-
empennage condition, and, in disturbed air, the elevator
E will again have to be vigorously operated by the
pilot, much to his dissatisfaction.

The damping fan (like D) may not be a verynecessary
addition to this aeroplane if the propeller is large, and,
as usual, driven by a heavy rotary-cylinder engine
having a good deal of fly-wheelage. The existence of
the special stabilising properties of these engines is
partly accountable for their popularity for aeroplane
work. Not only does the fly-wheelage help to steady
the speed of the propeller, but the large amount of
power required to whirl the cylinders against air-
resistance also helps to steady the speed of rotation.
The cylinders of some engines are said to take one-
fifth of their horse-power to whirl them round, or
about one-fifth of the full-load torque of the engine.
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Since this torque sinks with the square of the speed
of rotation, while the mean indicated engine torque
keeps fairly constant, or even increases, a fall in speed
of rotation automatically releases a torque available
for driving the propeller to prevent the speed of
rotation falling as much as it otherwise would have
done. The speed of rotation is correspondingly
steadied when it tends to increase,—the cylinders
demand more torque to whirl them round.

Multiple-propeller schemes, with several engines, are
at present coming into fashion with designers, and
they certainly tend to promote propeller stability. It
may plausibly appear, that, to have the second propeller
positively driven by a heavy (and expensive) engine,
must be better than only adding fly-wheel effect ; but
too powerful and sustained a thrust, and a too rapid
and sustained increase of thrust with decrease of head-
way, are liable to promote a kind of instability referred
to by the present author in an article, ‘‘ Propellers as
Disturbers of Stability,” in Aeronautics® of September,
1911. Moreover, power-driven propellers cannot be
appreciably elevated.

Fig. 32, 111, shows a glider of a form which has
been found very suitable for the stationary soaring?
described in connection with fig. 30. The glider has
an independent mass = (a 10-lb. bag of shot, for
example) carried in front, on outriggers. This is
compensated for by the yielding tail plane T, as
already described. The flap elevator E is under the
control of the pilot, but he has only passively to follow

1 Reprinted on page 109.
? And, to some extent, delay soaring, in which stationary soaring
provides opportunity for practice. That is one use of stationary soaring.
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its movements with his hand, apart from the deliberate
steering movements described in connection with fig.
30. As regards mere balancing movements of E, he
will find E actuates his hand, and not vzce versé. The
tail T is not absolutely necessary to a self-reliant pilot
who is confident he can maintain a steady downward
pressure, on E, and yield his control lever to changes
in the pull of E. Alternatively, E may be maintained
in position by springs adjusted now and then by hand,
and also, if desired for safety, by a fan F. The stabil-
ising action of the weight w exists, but to a very
inferior degree, if it is otherwise compensated for than
by an up-steering elevating plane.

An elevated, wind-driven, damping fly-wheel fan is
not always indispensable in the glider shown.

In some cases, two front masses w, one towards
each extremity of the wings, may be employed, so
that, acting as before, each one tends to warp the wing
on its own side in the event of a gust suddenly tending
todisturb the lateral pose. The most valuable practical
property of such side weights consists not only in their
themselves warping the wings, but in their prompting
the pilot to handle his lateral control correctly in
sudden gusts. He literally fee/s sudden changes in
lateral pose. When the tips of the wings are as shown
dotted in fig. 32, I.—a construction of itself promoting
lateral stability—the side weights may over-correct
for each gust, or tend to dip the side of the aeroplane
down momentarily into each side gust. This is
advantageous from the point of view of delay soaring,
as well as stability.!

1 Up-pulled rear flaps, similar to those of some Austrian machines, were
also adopted by the author, in 19og, as an aid to these arrangements.
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Avutomatic WHEELING SOARING

It has been suggested that, with a fan D (fig. 32,
[.) helping to keep the machine in the virtual level,
left and right turning to head the gusts should be
performed by the aviator when he desires to pursue
wheeling soaring.  But, whenever a fresh gust
commences, a glider generally heads into that gust
automatically. How far this may be relied on in
developing entirely automatic wheeling soaring the
author is not quite prepared to say. The question
is one of considerable difficulty. Continuous auto-
matic soaring up the path AE of the continuous
unidirectional gust of fig. 5 is, at least, absolutely
hopeless, because only the sense of sight, as a means
of directly perceiving the upward pose, can distinguish
AE from other paths in the virtual level, and keep the
machine in the path AE. But the obtaining of an
average wheeling soaring effect in fluctuating gusts is
not necessarily an insoluble problem.

CHAPTER XIl—continued

REPRINTED ARTICLES
I

PROPELLERS AS STABILISERS

Prefatory Remarks.—The following brief article, contributed by
the present author to F/ight of October 1st, 1910, was intended
to call attention, very simply, to the stabilising effect of propellers,
in disturbed air, so far as such propellers act to resist fluctuations of
headway. The stabilising effect of a wind-driven fly-wheel fan, such
as D of fig. 32, L, is of substantially the same nature as that of the



106 Aeroplanes in Gusts and Soaring Flight

power-driven propellers referred to in this article, but with additional
advantages due to the permissible elevation of such wind-driven fan.

A large propeller is advised, and, from the point of view of the
article, it is regarded as an irrelevant detail that a single power-driven
propeller beyond a certain size is not actually employable because of
the powerful lateral counter-torque upon the aeroplane. The trouble
is easily overcome by using two oppositely rotating propellers, and
then the advice as to size, etc., applies to each of these. There is
never any counter-torque with a wind-driven fan, on a frictionless
bearing, however large the fan may be.

It will not be overlooked that the rotary-cylinder engines, with
their considerable fly-wheelage and air resistance to the whirling
cylinders, already conform to some of the recommendations of this
article; and, as has been said on p. 102, the stabilising effect of
such engines is no doubt one of the causes of their superiority for
aeroplane driving. These engines, however, being heavy, are apt to
be credited with more fly-wheel effect than they really possess, for
their radii of gyration are not very great, and fly-wheel effect is
proportional to the sguare of the radius of gyration. A given weight
of fly-wheel is more serviceable when applied to an independent
wind-driven fly-wheel fan, because there is less restriction to its
change of speed, and consequent output of energy, in emergency.

The disadvantages of making the thrust increase too fast, or in
too sustained a manner, with loss of headway (as by using very
large, or several engines), are indicated in the article * Propellers as
Disturbers of Stability” (p. 109), following the one below.

The stabilising effect of the propeller upon an aero-
plane seems to be somewhat neglected, but perhaps
this is because in full-size aeroplanes, as at present
constructed, the stabilising effect is not so great as it
is in some of the lighter elastic-driven models.

An aeroplane is almost invariably given a certain
degree of automatic stability by first forming it so that
the centre of pressure moves forward with a diminution
in the angle of incidence, and then placing the centre
of gravity where the centre of pressure lies during the
desired steady flight. It is well known how the centre
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of pressure then moves forward, and steers the aero-
plane up if it tends to dive; and how the centre of
pressure moves backwards, and steers the aeroplane
down if it tends to sweep up. It is also well known
that such an aeroplane sweeps up to a sudden head
gust, and down to a sudden rear gust. Why the aero-
plane does not merely rise to a sudden head gust, but
also rotates in an up-steering sense, is, however, not
always made clear, for the head gust does not primarily
alter the angle of incidence to bring the centre of
pressure forward. The primary effect of the head gust
is to increase the lifting force upon the aeroplane with-
out rotating it, but once the aeroplane begins to move
upwards, without being rotated, it is moving more
edgewise through the air, and the angle of incidence
is reduced. The centre of pressure does z4ez move
forward, and the up-steering torque is produced as a
secondary effect of the gust.

It is evident that the disturbing effects of the head
gust and rear gust, upon the pose, are caused by the
changes in velocity relative to the air, and will be
prevented by anything which keeps the relative head-
way constant. Now this is exactly what the propeller
tends to do, for it is essentially an appliance for driving
the aeroplane at a certain speed through the air.

When the aeroplane is flying steadily, horizontally,
it shows that the propeller’s thrust is just equal to the
head resistance. If the relative headway then tends
to increase or decrease, in consequence of a head gust
or rear gust, the head resistance is increased or
decreased respectively, while the propeller's thrust is
decreased or increased. The alteration in relative
headway is therefore opposed.
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The features favourable to this form of stability, and
the reasons why, are :— °

(1) A Large Propeller.—This will drive the aero-
plane on very small slip, and therefore be likely to give
large changes in thrust for small changes in slip or
relative headway.

(2) Means for Preserving the Rotation of the Pro-
peller against Sudden Change.—This may take the
form of fly-wheel energy, especially in full-size aero-
planes. In elastic-driven models, friction in the pro-
peller bearing, or certain forms of inefficiency in the
propeller, will have the same effect. If, for instance,
the torque of the elastic is overcoming much resisting
torque independent of the slip of the propeller, the
speed of rotation will not vary greatly with changes
in the slip or relative headway.!

(3) A Light Aeroplane.—This enables a small thrust
to drive it, and the large propeller will be working on
still smaller slip than otherwise, and have its thrust
most sensitive to changes in slip or relative headway.
The light aeroplane is also rapidly accelerated, back-
ward and forward, by the small thrusts which act to
keep the relative headway constant.

These features are characteristic of most successful
elastic-driven models, and are little in evidence in the
heavy full-size aeroplanes, with their small propellers
without added fly-wheel effect.

The propeller-induced stability is primarily longi-
tudinal in nature, but, in most aeroplanes, lateral loss
of balance depends so much on loss of headway, that
the propeller indirectly aids the lateral stability also.

1 The rotary-cylinder engines, as has been mentioned on page 102 of
this book, comply, to some degree, with these conditions.
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From one point of view, the aeroplane, stabilised in
this manner, may be simply regarded as following the
longitudinal movements of the air so closely as to be
virtually always flying in calm air. The velocity
relative to the ground, it will be noticed, is made
variable to the degree the relative headway is made
invariable.

II

PROPELLERS AS DISTURBERS OF STABILITY

Prefatory Remarks.—This article, reprinted from Aeronautics of
September, 1911, contains a standard type of diagram (fig. 34) of
simple construction, but of great utility in the graphical theory of
the aeroplane. One use it may be put to is that of explaining the
self-righting property of a common rigid glider obeying the law of
constant attitude to its trajectory. Thus:—After reading the article,
it will be seen that the glider for which the diagram is constructed
cannot glide more level than AF, its common gliding path, because,
in the absence of the forward propeller thrust indicated by the
appropriate point on the circle AEHC, the glider cannot maintain
the speed and lift necessary to prevent its path (and pose) bending
down. Similarly, it cannot remain in a steeper downward path,
because, in the absence of the ¢ backward total thrust required” (see
circle), it will gather excessive speed and lift, and these will
necessarily cause the path (and pose) to bend upwards.

The article contains an implied caution against over-engineing
or over-flywheeling the propulsion of an aeroplane, and this caution
should not be overlooked, now there is a tendency for new machines
to be constructed with a view to obtaining a deal of the propeller
stabilising effect referred to in Article I., preceding this article.

In the aeronautical journals there has lately been
exhibited evidence that the influence of propeller thrust
upon stability is attracting attention. The following
graphical method of dealing with the subject has been
employed by the writer, and seems to bring out the
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essentials in a broad and comprehensive manner, from
the chosen point of view. Incidentally, it shows how
the thrust required by an aeroplane depends on the
inclination of its flight path.

CA = WEIGHT OF AEROPLANE
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F1G. 34. —The Thrust Diagram.

In the diagram (fig. 34), take any point A as a pole,
and draw the level line AB. From A set off the vertical
line AC, equal, to scale, to the weight of the aeroplane,
and on AC as diameter describe the circle ADC.
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Then, any length like AD, measured from A to the
circle ADC, represents the propeller thrust required
to overcome gravity to keep the aeroplane flying
steadily along AD, assuming the propeller to be fixed
with its shaft in the direction of flight and passing
through the centre of gravity of the aeroplane.

From A set off AE horizontally, equal to the thrust
required for steady horizontal flight, and join CE. In
the diagram, the gliding angle is supposed to be
I in 4, so AE is made exactly one-fourth of AC, and
the angle ACE exactly equal to v, the normal gliding
angle of the aeroplane, or to angle BAF obtained by
drawing the gliding path AF. On AE as diameter
draw the circle AGE. Then, any length like AG,
measured from A to the circle AGE, represents the
extra propeller thrust required to overcome the air
resistance, or drift force, during steady flight along AG.

On CE as diameter draw the circle AEHC. Then,
in any given direction AH, the length AH is equal to
the sum of AD and AG, and therefore represents the
total thrust required to drive the aeroplane steadily,
against both gravity and drift force, in the given
direction AH.

Let us suppose the aeroplane, while flying steadily
along AB, with thrust AE, to have that thrust in-
creased as much as possible, say, to A] about twice
AE, and yet be restrained from rising up steeper
paths.! In consequence of the excessive thrust, the
speed has now increased by about 40 per cent., and
the lift about doubled, so, if we gradually remove the

1 This restraint had better be imagined to be an inverted railway track
pressing without friction upon the centre of gravity of the aeroplane. Itis
horizontal at first, but removal of the restraint consists in slowly tilting it
up till the aeroplane ceases to press on its under surface.
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restraint, the aeroplane will gradually swerve upwards,
and the pose, under the law of constant attitude, will
follow the trajectory.

As the steepness of the path increases, the backward
pull of gravity increases, leaving a less surplus pro-
peller thrust to overcome drift force and keep up the
speed, which will consequently decline. So long as
the path is less steep than AK, where AK equals AJ,
and K is on the circle AEHC, the thrust, speed, and
lift! are all in excess of the values required for steady
flight, and the path becomes steeper; but, on the
other hand, if the path is steeper than AK, the thrust,
speed, and lift! are all insufficient for steady flight, and
the path becomes less steep. The path AK is thus
seen to be the stable, steady, flight path. But, in
practice, the propeller of an aeroplane increases its
thrust as the headway declines, so, in the above experi-
ment, the propeller thrust is likely to be an amount
KL in excess of AK by the time the path AK is
reached, under which circumstances the path must
become as steep as AM before steady flying becomes
possible. In some cases (they actually occur in models
only), the propeller thrust offered may follow such a
curve as JNHQ, just making contact with the total
thrust circle at H. The point H is then an unstable
point, for directly the slope exceeds AH, ever so little,
the propeller thrust finds itself greafer than required,
the aeroplane accordingly turns upwards towards the
zenith, and, moreover, it is not able to remove the
cause of its turning in an up-steering sense till it has
turned a complete somersault, and approached A#i
again from below.

! Related as cause and effect in the order named. ~

)
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It does not seem likely this kind of instability is of
much consequence in full-size machines, for the maxi-
mum horizontal thrust A], obtained with the present-
day engines and propellers, does not much exceed AE,
and increases very little as the aeroplane loses headway.
As a consequence, the propeller thrust curve sharply
enters the total thrust circle at a stable point like K,
and never emerges from the circle to form an unstable
point like H ; at least not within the quadrant BAC.

With very light elastic-driven models, on the other
hand, A] frequently exceeds AE, very much indeed at
starting, and then, owing to the enormous propellers
and vigorous maintenance of speed, the curve JHQ,
in some cases, not only fails to enter the total thrust
circle, but actually passes quite outside it. These
models are, in consequence, compelled to turn one or
more decided somersaults at starting, till the elastic
has run down sufficiently.

There are indications this kind of instability may be
reduced by placing the propeller at a height to give a
down-steering effect at steep poses, but a power-driven
-propeller, so placed, is inadvisable on account of the
vagaries of engines, and the question is one not easily
decided.

In all the above, stability has been considered as if
it consisted solely in the permanence of a straight path
in still air. It so happens the properties making for
instability of this statical variety, such as great size of
propeller and constancy of its speed of rotation, are the
properties making for stability of the higher dynamical
vamiety in which damping of oscillations, and freedom
from disturbance by gusts, are taken into account. The

latter ktnd of stability may be cultivated without the
I
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former kind of instability, by maintaining the propeller
speed, not positively, but by suitable fly-wheelage, which
gets exhausted under the comparatively prolonged
demand of an attempt to turn one of the somersaults
described. This is beyond the scope of the present
article, but is mentioned in fairness to the propeller,
which is usually far more a stabiliser than the reverse.
To emphasise the simple construction of the
diagram, free from distractions, assumptions were
made, leaving their justification to the present stage.
When an aeroplane, of weight W, flies steadily upward
at any angle like BAD, now called q, as indicated in the
little diagram near H, the backward pull of gravity is
easily seen to be Wsina.  But, in the circle ADC,
in which AC has been made equal to W, we know by
simple geometry that polar ordinates like AD are equal
to Wsina. Hence, any length like AD represents, as
assumed, the propeller thrust in direction AD, required
to overcome the pull of gravity down that flight path.
Again, when the aeroplane is flying steadily as just
described, the pull of gravity at right angles to the
flight path is clearly W cos q, and if the flight path is
straight, the lifting force opposing this must be exactly
equal. Now, for a rigid aeroplane, the ratio of drift
to lift is well known to be constant, and therefore
equal to one of its known values —the ratio of the
normal horizontal flying thrust to the weight, or alter-
natively, the ratio of the vertical descent to the
horizontal travel while gliding, as when the gliding
slope is said to be “1 in #” We have seen the lift

. A .
is W cosa, hence, the drift is — W cosa. Now, in
n

the circle AGE of the diagram, AE has been made
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:—‘W(actually 4W because of 7 having been taken
equal to 4), and simple geometry tells us lengths like

AG must then be iW cosa. Such lengths, accord-

ingly, represent the thrusts required to overcome the
drift forces for the corresponding steady flight paths,
as was assumed.

Still further, while the aeroplane is flying steadily
at the angle q, the total thrust required is the gravity

thrust plus the drift thrust, or (W sina+}lW Cos a).

Now, Iis easily seen to be tan 9, where v is
n

the ordinary gliding angle,* so the total thrust is
W (sina+tan vy, cosa), which is easily transformed

cc\)Z'y sin (a+7), the formula given by Mr MacAllan

to

is a constant,

in the August Aeronautics. But
cos

so the total thrust is proportional to the sine of an angle
measurable round A, and is therefore capable of repre-
sentation by a circle through A, like the other thrusts.
Since AC is the only thrust in that direction, C is evi-
dently a second point on this total thrust circle, and since
AE is the only thrust in that direction, E is evidently a
third point on the total thrust circle. Hence, the circle
is the circumscribed circle of the right-angled triangle
CAE, which, as everyone knows, is the circle having
CE as diameter, or the circle AEHC, as was assumed.

It seems relevant to comparisons of the helicopter
and aeroplane to find the steady flight path at which

the thrust equals the weight. Since AC is equal to
12
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the weight, drawing the dotted arc CTS, centred on
A, and cutting the total thrust circle in S, plainly de-
termines AS as the path required. Angle CAS is
obviously twice angle CAU, or is 27, and, therefore,
the angle BAS, or the “a” for AS, is (90’ —2y). In
the diagram this angle is 62 degrees, and to make it 45
degrees the normal gliding slope would have to be made
as bad as 1 in 2§. It might as well be mentioned that
the least possible flying thrusts, for straight paths, occur
when the propeller is fixed at the upward angle y to the
trajectory.! The flying thrusts are then represented by
a circle on AT as diameter, but the trifling economies
in thrusts are outweighed by other little disadvantages.

The speed has been said to decrease with steepness
of path, and the exact speed may be found as follows.
When the path is straight it is an indication that the
lift force and the opposing component of gravity are
in equilibrium, and the latter has already been stated
to be Wcosa. Now, since the aeroplane obeys the
law of constant attitude, the lift force is only pro-
portional to V# where V is the velocity, so, conversely,
V is proportional to the square root of the lift force.
Hence, when the aeroplane flies steadily upward at
angle q, the speed is the normal horizontal speed, in
which a is zero, multiplied by «/cosa.

In a complete discussion the paths would have to
be traced into all the quadrants of the diagram, but
outside the angle FAC the interest is more of an
entertaining than practical nature.

1 One Way of seeing this to be True.—Draw the triangle of forces for
weight (direction and magnitude do#% definite), air reaction R (at angle
(a+7) to the weight), and for thrust T, at angle 4 to the flight path, as
directed above. Itis evident this T is, for every triangle, at right angles
to R, and so the skortest possible for all flight paths. It is also easily
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IT1

LoNGITUDINAL StaBILITY IN GUSTS

Prefatory Remarks.—In Chapter II., in connection with fig. 1,
there was given an abstract explanation of the disturbing effects of
longitudinal gusts, upon an aeroplane ; and, on page 7, it was pointed
out that the usual positive self-righting tendency should be abolished,
or even reversed, at the onset of a gust. In this chapter, on page 98,
in connection with fig. 32, means of effecting the required momentary
reversal of the positive self-righting tendency were described in
general terms, but a closely reasoned argument was not given in
support. Such an argument is accordingly provided in the following
article, reprinted from Aeronautics of February, 1912.

It will be seen this article deals with the aeroplane, not as an
abstraction, but as actual aeroplane surfaces combined to form a
tangible glider, and relative gravity is ignored. All points of view,
however, lead to similar conclusions.

There is no doubt that a glider or aeroplane can be
made stable in calm air, but several writers have now
pointed out that the means commonly taken to stabilise
the machine in calm air are the means whereby the
stability is disturbed in gusty air.!

Natural Stability

What is generally known as ‘natural stability ”
depends on forming the planes of the machine with
a longitudinal dihedral angle, or placmg them in a
permanent up-steering relationship, or, % any case, on
forming the machine so that its centre of pressure
moves forwards or backwards with a decrease or

seen to be, on that account, W sin (a+ ), and so represented by the circle
on AT in the diagram, as stated. That reaction R is at constant angle
(90+7) with the flight path is, of course, assumed in this.

1 The general abstract explanation is contained in Chapter II. of the
present work.
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increase, respectively, in the angle of incidence. In
itself, this only gives the machine a righting tendency,
and the stabilising scheme usually owes its complete-
ness to the damping effects of head resistance and
resistance to rotation of pose.

Natural Stability in Gusts

In fig. 35 is shown an ordinary biplane machine
having the usual longitudinal righting tendency obtained
by means of a rigid neutral tail plane carried behind.
The mass is supposed to be concentrated in the black
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spot, so that the machine has no appreciable moment
of inertia, as is most favourable to stability. When
the machine is flying steadily, horizontally, the down-
ward force W due to gravity, acting at the centre of
mass,! is exactly equalled by the upward lift force L
of the air, acting at the centre of pressure, which
centre of pressure is vertically above and near the
centre of mass. When a head gust attacks the
machine the headway is increased and, with that, the
force L is increased to a value greater than W. The
machine then commences to rise while keeping a level
pose, but as soon as it combines any upward movement
with a forward movement, it finds itself moving more

1 A better term than “centre of gravity,” because all its properties do
not depend on gravity.
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edgewise through the air, and so has its angle of
incidence reduced. The centre of pressure then
—and not before—comes forward, and causes the
pose to rotate in an up-steering sense, as the
machine rises. The machine consequently sweeps
upwards in a curved path and, if the gust is a severe
one, the machine may even come to rest with its tail
pointing downwards—a decidedly dangerous state for
it to be in.

The upward sweep of the machine after the change
of headway is thus seen to be primarily due to the
increase in L, and on general mechanical principles
it is evident, that :—

No load W can be carried in an undis-
turbed level path unless L be kept constant,
and equal and opposite to W, independently
of variations of headway.

The problem of steadying the machine has thus
been narrowed down to finding a means of keeping
L constant independent of headway.

Solution by Wind-Tunnel Experiments

Let us now retire to a wind tunnel with a model
of one of the main planes affixed to a central fuselage
by which it may be held in experiments (see fig. 36).
The main plane is supposed to be of the kind in which
the centre of pressure does not move with changes in
the angle of incidence, and the mass is supposed to
be concentrated in the black spot at the centre of
pressure. The problem of making L keep practically
equal to W, for a great range of wind velocities, now
suggests its own solution, which is simply to pivot the
model forwardly as shown in fig. 36. The only effect
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of an increase in the wind speed is then to make the
model tilt a little round the pivot, as it trails out flatter
in the wind and so automatically reduces L to renewed
equality with W,

But the solution is not complete, for, when the
wind suddenly increases, the mass has to be accelerated
upwards into its new position, and during this accelera-
tion L must exceed W. Moreover, in the free air,
a pivot can only be represented by a centre of mass.
We are, therefore, prompted to make the changes
shown in fig. 37, where the mass is moved to the pivot,
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and the load is furnished by a massless spring force
instead of a weight force.  When the wind now
suddenly increases in velocity the plane af once takes
up its new position, for there is no mass to be acceler-
ated, and L, accordingly, remains quite constant, even
from instant to instant. It is true the pull of the
spring increases with its extension, but the spring is
to be taken so long that the increase in pull, for the
small extension really occurring, is insensible. If
the wind velocity is made very low the model slopes
steeply downwards from the pivot, and the constancy
of L can no longer be claimed; but the fact is not
altered that there is a great range of velocity for which
L is practically invariable, instead of varying, as usual,
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with the velocity sguared. It would be unreasonable
to expect the lift to persist with no wind at all.

The real defect of fig. 37, as an aeroplane, consists in
its giving no lift force at the centre of mass to balance
the weight W, for force S cancels all force L. An
aeroplane, free in the air, insists on the resultant lift
being above the centre of mass and equal to W;
therefore, fig. 37 must be further modified. Since S
and L have equal and opposite moments about the
pivot, which pivot is now also the centre of mass,
their resultant, even if it be zero, as in fig. 37,
necessarily passes through the centre of mass, in
accordance with well-known principles of mechanics.
The next problem, therefore, is only to give the
resultant some upward magnitude, seeing that its
position and upward direction look after themselves.

Noting that the magnitude of the upward resultant
is (L—S), it is evident that the resultant lift can be
made nearly equal to L itself, merely by placing the
spring S further and further from the pivot, because
the force S, necessary to balance the moment of L
about the pivot, becomes a less and less fraction of
L as the spring is so altered in position. But the
arrangement with a spring like that in fig. 37 is not
very glider-like in form, and all the properties of a
far-distant spring S, with the advantage of a more
glider-like form, are obtainable by attaching a long
springy tail rod,! as in fig. 38, pulled down, near its
end, by a force T, by means of the cord wound on

! The tail rods used in experiments have generally consisted of thin
strips of close-grained wood, so springy that a strip as long as the glider
easily bends into a circle without breaking. The fuselage, in the drawing,

is a little too short for the best results, and the cord C (referred to later)
is also too short. (Fig. 32, I, of this work has better proportions.)
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the clamped drum P. In fig. 38, T is less than
one-tenth of L, because T is more than ten times as
far as L from the pivot, and the resultant of L and
T, or Lg, which equals (L —T) and acts upwards at
the pivot, is very nearly equal to L itself.

It must be thoroughly understood, from this point
onwards, that, with such a springy tail rod, the force
T is made a practically invariable force for a very
great range of wind velocity, because the change in
bending of the tail rod, that such change in wind
velocity occasions, is a very small fraction of the total
bending of the tail rod from its relaxed position at B.
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Above the model is shown a cord C, which may be
twisted by a somewhat stiff milled head M, to adjust
the initial bending of the tail rod and so adjust the
constant force T, for purposes soon to be explained.

Let us now suppose the cord C is relaxed by means
of the milled head M, and that the wind in the tunnel
is set at 10 miles an hour. The model has no appreci-
able weight outside the centre of mass, and as it trails
out in the wind, and tightens the cord at P, a force T,
a force L about ten times T, and a resultant L; about
nine times T, all come into existence. Since C is
relaxed, Ly will probably be decidedly less than W, so
that the model will not lift at its pivot; but by tighten-
ing C, by means of M, the force T may be increased,
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and since T, and nothing else, determines L and Ly,
the resultant Ly may be gradually brought to equality
with W, so that the model does just lift or float at its
pivot. Such lifting may be detected if the pivot holes
are made short vertical slots.

The Constant Lift Property

A very extraordinary observation may now be made,
which is as follows :—On increasing the wind velocity
from 10 miles an hour to any practicable limit, say
50 miles an hour, no appreciable increase in lift will
be observable at the pivot, as measured by a spring
balance applied to the pivot. This is because the
constancy of T, for the various headways, determines
the constancy of L and therefore the constancy of
(L —T), or resultant Lg, for all the headways.

Completion as a Glider

It will be noticed that fig. 38 is not yet a self-contained
glider, but the final step is easy to take, consisting,

Fic. 39.

simply, in attaching a plane to the end of the tail rod,
large enough to enable the force T to be derived from
the air itself (fig. 39). The springiness of the tail rod
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will still look after the constancy of force T over a
great range of headway.

Bekaviour as a Free Glider

The model of fig. 39 is now adjusted to just float in
the wind of 10 miles an hour, and keep floating with-
out sensible increase in lift for all greater wind velocities,
which it will do with no perceptible change beyond a
slight deflection of the two planes, in a down-steering
sense, relative to each other. If it is then gently
lifted off its pivot and projected horizontally in the
open air, at a very kigh speed, it will be observed to
move almost perfectly 4orizontally until its speed has
declined somewhat below 10 miles an hour. More-
over, if while moving at, say, 20 miles an hour it meets
a considerable head gust, or rear gust, it will neither
leap up nor descend to the gust, for Ly keeps constant
despite the change of keadway.! All the gusts do is to
slightly tilt the body of the model about the centre of
mass, which latter pursues a sensibly straight path, as
indicated in fig. 40, path I.  The centre of mass is thus
seen to be what physicists sometimes call a ‘steady
point.”

Such models, of which type the writer made many
in 1909, fly very much as a heavy-headed arrow might
be expected to fly if gravity were annihilated in our
atmosphere.

! Notice that the fan F (referred to later) is not in operation in this
experiment. When fan F is in operation, the above property may only be
looked for when the glider is attacked by a sudden transient gust afzer being
launched. A hand-launched model is virtually attacked, while at rest, by
a most intense head gust of about 300 ft. p.s. p.s. (say 40 m.p.h. headway
given in }th second), followed by no return gust. These conditions, of

course, represent nothing ever met with in actual flight, and therefore,
nothing to provide against.
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An Avrtificial Aviator

Though the model has the above satisfactory
property, it has a drawback in having very little prefer-
ence for a gliding path of one slope rather than
another.? Also, the particular gliding angle it does
settle down to is so sensitive to M as to be hardly
adjustable thereby, and landing shocks nearly always
derange the adjustment. The model, in fact, though
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it is freed from momentary disturbance of pose, wants
a small aviator to stand by M, and adjust the average
flight path now and then. An artificial aviator, for
models, is easily provided in the small fan F (a mere
wisp of thin wood veneer, or even stiff paper in very
small models) arranged to twist and shorten the cord
C, which is made a double cotton thread or cord,
according to the size of the model. When the average
path becomes too steep and the model, as a conse-
quence, moves too fast, fan F winds up the tail to steer

! The righting effect of a common glider, from a steep plunge, depends
on two causes. (1) The gravitational component opposing the lift is
reduced, so the machine would swerve upwards even if its speed remained
constant. (2) The speed is accelerated as the machine points downwards
and the lift force is increased with the square of the speed. The machine
would therefore have swerved upwards even if the gravity component
opposing the lift had remained constant. The first cause, which is very
weak in the vicinity of the stable position, but is fortunately nof a cumula-

tive cause provocative of oscillation, is the only one operative in our
constant lift model. (In fig. 44 draw a constant lift circle of radius Pc.)
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level, and it lets down the tail, in a corresponding
manner, if the model travels up too steeply.

Fan F re-introduces Gust Disturbance

Now fan F has only brought back the old righting
tendency, fortunately too sluggish to be much abused
by sudden gusts, but still able to make the model
mount up, to some head gusts, to a degree that might
as well be abolished. So far, the centre of pressure,
where the lift force acts, has been assumed to be con-
stant in position for all angles of incidence; but if the
main plane is so cambered as to have its centre of
pressure retreating with decrease in the angle of
incidence,! the model has curious properties added to
it, including a correction for the disturbing effect of
fan F.

Dipping down to Head Gusts

Let the model with the new main plane be mounted
in the wind tunnel, as in fig. 39, but without fan F in
action, and let the model be arranged, as before, to
just float at the pivot in a wind of 10 miles an hour,
and with the lift force corresponding in position and
magnitude to L,, in the figure. Now let the wind
velocity be increased to, say, 15 miles an hour. As
the flexible model straightens out, and the angles of
incidence of both planes decrease, the centre of pressure
of the new main plane retreats, say, to the position
(exaggerated) at L,;. But the moment of L, about
the pivot will balance that of the constant force T;
hence, L,; must be about two-thirds of L,, (it is about
one and a half times as far from the centre of mass),

1 Alternatively, a second fixed down-steering plane M, (fig. 32, I1.) may
be combined with the main plane.
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and therefore, Ly at the pivot, which is (L,;— T), must
diminish to less than W, and the model will descend at
its pivot. The greater the wind velocity, the more L
moves to the right, the less it becomes, and the more
the model tends to sink. On the other hand, if the
wind be reduced below 10 miles an hour, L approaches
the pivot, and increases in magnitude, and the model
consequently tries to 7zse at its pivot.

This model will not fly stably without an aviator,
for as soon as it commences.to dive, and gathers head-
way, it tends to dive all the more ; but with an aviator,
or fan F, this tendency is easily counteracted, and the
up-steering impulse fan F promotes to a sudden head
gust, and the down-steering impulse of the model apart
from fan F, may be arranged to cancel each other, and
make a model which travels very well indeed.

Connection with Soaring

If the above anomalous behaviour to gusts be ex-
aggerated, as by using a strongly cambered main
plane, we have a model which, even with a fan F,
dips down momentarily to head gusts and up moment-
arily to rear gusts (fig. 40, path I1.). This action is of
great interest in connection with attempts to produce
automatic soaring of the kind called *delay soaring,”
but the reasons why belong to the subjeet of ““soaring
flight,” and not to that of *stability” (Chapter III.
page 35).

Application to a Common Glider

Let us suppose this stabilising principle is to be
added to the already existing glider of fig. 35, with as
little alteration as possible and with a view to making
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further discoveries. Since the tail plane of fig. 35 is
neutral, its removal (weight assumed insignificant)
does not effect the mere eguiltbrium of the central
part of the machine when flying in calm air. The
central part is re-drawn in fig. 41, where W =300 lbs.,
is supported by Ly =3001lbs. Now W is at the centre
of pressure like W of fig. 36, so we must create an
independent forward ‘steady point,” as by carrying a
20 lbs. weight w, 10 feet in front, on outriggers. But
this makes the machine front-heavy, so to balance w
an elevating plane is fitted at the rear, which, in accord-
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ance with the principles established, must be a yielding
plane (such as a flap) furnishing only a constant down-
ward force T = 10 lbs,, just sufficient to balance w only.
The total lift Ly of the main planes will now have to
be (w+ W + T)=330 Ibs.

With this machine the aviator may glide in still air
provided he keeps a constant pull of 10 lbs. (or geared
equivalent) on the control lever of the elevator, and
corrects, if necessary, for slow undulations.

Stability in Gusts

Now let a head gust attack the machine. The lift
L at once increases and lifts the central part upwards.
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But w is left behind, downwardly, because its starting
to move up obviously depends on T increasing, and
that increase the aviator does not permit, for he yields
his control lever directly he feels the extra pull
Hence, the machine only rocks about w as a “steady
point” that travels horizontally, and with the slight
tilting of the main planes the excess in Ly soon vanishes.
The flight is then very much like fig. 40, path I, only
that w, and not the main mass, is the horizontally
moving steady point.

In keeping w steady, by responding to the changes he
Jeels in the pull upon the elevator, the aviator will find
his elevator control lever in constant movement in gusts,
but it will practically be a case of the elevator working
the aviator, and not the reverse, as it may appear to be.

An Artificial Aviator applied to the Glider

The necessity for following the elevator in all its
movements may be done away with by putting springs
S1 Ss S; in the cords actuating the elevator, so as to
leave to the aviator only the adjustment of the average
pull, now and then. Even this average pull may be
made self-adjusting, to a great extent, by adding the
small fan F, corresponding to fan F of fig. 39. The
aviator is still left with the duty of maintaining the
mean pull of 10 lbs,, to avoid making a dreadful dive,
but another spring, attached to his control lever, would
relieve him of that duty also.

Effect of Moment of Inertia

In saying the machine of fig. 41 will rock about w,
the principal mass W is assumed to have no moment

of inertia round its own centre. If W has considerable
K
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moment of inertia, w wz// rise and fall, though its rising
and falling may be minimized by using a main plane
with a retreating centre of pressure, and by placing w
further forward. On the ather hand, there does appear
to be a construction in which the reactions are so
balanced that the two masses tend to rise and fall
together, so as to give a flight path similar to path III.
in fig. 40. In this case constancy of path is sacrificed
to constancy of pose. Moment of inertia, however,
generally complicates the problem, and tends to pro-
duce unsatisfactory performance in #zmanned machines.
Usually, it develops oscillations, which have to be
damped out by the aviator or by special auxiliary
appliances.
Conclusion

This article is written chiefly to create interest in
simple methods of obtaining longitudinal stability by
elimination of gust disturbance, instead of by actively
fighting the gusts or by simply trusting to the fixed
longitudinal dihedral, and it is not intended to discuss
the matter in all details. For instance, all gusts other
than those in the line of flight have been ignored.!
Again, the means of obtaining sufficient lateral stability
to enable the longitudinal stability to be studied have
not been entered into.

Nevertheless, it has been sufficiently demonstrated
that there are methods whereby an aeroplane may be
made to traverse sudden head gusts and rear gusts
without perceptible disturbance of path, and with
practically no disturbance of pose.

1 This particular piece of apparatus, without special inertia effects, is

somewhat less serviceable in eliminating disturbance by the up and down
gusts than by the longitudinal gusts.



CHAPTER XIII
“ FLYABILITY’ AND ‘‘STABILITY "’

Ir we send forward a tricycle without a rider it will
remain upright, but if we do likewise with a bicycle its
remaining upright, even for a few moments, is very
improbable. Consequently, according to this test, the
tricycle is a stable vehicle and the bicycle is not. But,
to most men, the bicycle is the more »Zdeable and more
pleasant vehicle, and its inability to travel by itself is
not regarded as a proof of its inferiority as a man-
carrying vehicle.

So, in the case of the aeroplane: If we take a
suitably built aeroplane with practically no moment of
inertia, and start its engine, it may fly and stabilise
itself in still air, but it might not be liked by a practical
aviator. The machines preferred by the practical
aviators will usually be found to have appreciable
moments of inertia, and very often no! be able to travel
of themselves, even in still air, without the controls
being attended to. It appears, therefore, that while
the conventional stability of an aeroplane consists in
its power of flying without intervention by the pilot,
yet, in practice, the pilot recognises something else in
his machine to be of more importance, which, for want
of a better word, may be called ‘flyability.” This

does not mean to say that stability is not an advantage,
131 K2
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but that, when it is a case of one or the other, the
pilot prefers this “flyability ” in the same sense that
the cyclist usually prefers the ‘rideability ” of the
bicycle to the stability of the tricycle.

The distinction between stability and flyability
appears to depend on the fact, that, while moment of
inertia beyond a certain small limit has the property of
amplifying the free oscillations of an aeroplane, yet 7z
has the overlooked, or discounted, property of resisting
sudden changes of pose by sudden transient gusts, and
so relieving the pilot of a deal of rapid and tiresome
elevator flapping. It does impose upon him the duty
of damping down the slow free oscillations, but that is
a far less arduous duty than the one he has been
relieved of.

It is exceedingly likely that, for an aeroplane, the
elimination of sudden gust disturbance is a more im-
portant and immediately attainable improvement than
any other, because it represents an improvement in
the flyability by which the practical aviator naturally
judges the machine, and requires little more than a
proper placing of the masses. If conventional stability
can be added at the same time, so much the better,
but ke two things are so distinct that they must not be
tested by each other. The eliminatory trials for all
proposed improvements, therefore, should not be con-
fined to models; some assured improvements to full-
size manned machines may quite spoil a given model.

Towards the end of 1911 the author gave some
publicity to the improvement obtainable by placing the
weight of an aeroplane somewhat forward, so as to
bring a downward air pressure upon the rear flap
elevator. He was rather startled to hear at once of a
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series of fatal accidents of that ‘‘mysterious” and
‘““‘unaccountable” nature in which the aeroplanes had,
while flying smoothly, turned nose downwards and
travelled straight at the ground. Now, if a pilot
possessing a standard machine makes such small and
inconspicuous alterations in the distribution of weight
relative to the wings as will bring a downward pressure
on the elevator, and feels confident of keeping that
pressure on the tail, by hand control, and yielding the
elevator at the right moments, he will certainly find a
great improvement in the flyability of his machine, but
decidedly not in the pure stability, and ke takes upon
himself a great risk. The Tisk is, of course, that, in
a moment of absent-mindedness, he may release his
control lever.! The slow-fan F (fig. 32), with its
spring connection with the tail plane, is, of course, to
do away with this risk, and not only does the fan add
the wanting stability, but, in addition to other advan-
tages, it would rescue a machine from a vertical dive
even if launched in that position.?

Whenever multiple masses are to be used in improv-
ing the flyability of a machine, and, in spite of
objections, a test is ventured on in model form, hand-
launching must not be employed. The reasons for
this prohibition are simple :—The function of such
masses is to preserve the steady flight of the machine,
but, when the machine is hand-launched, it cannot be
launched free from an initial rotation in one direction
or another, and the masses then tend to preserve, if
not augment, this rotation.

! The risk is only of the same kind as that confronting a bicyclist, but with
the difference that the aviator cannot lose his balance with impunity.

% It is necessary to say “even if launched,” because of the improbability
of such machine being disturbed into the vertical position.



CHAPTER XIV
THE NATURE OF GRAVITY

WHEN the author first introduced the relative gravity
point of view, regarding flight phenomena, its universal
acceptance was delayed by its name and its apparently
conflicting with the very proper belief in the substantial
constancy of common gravity. Subsequently it was
realised, more and more widely, that common gravity
was not supposed to alter, but only that which dynami-
cally stands for gravity in the relationship of the
machine to disturbed air. To many, however, a
difficulty still arose in an almost superstitious reverence
for common gravity as something above the laws of
cause and effect, and an inability to regard it in its
dynamical aspect owing to never having had reason
for regarding it as anything but the force of one pound
which acts upon each one-pound weight. It seems
advisable, therefore, to write a few words upon the
nature of gravity, for the fact that even ordinary
gravity is not quite immutable, but is itself a “relative
gravity,” may dissolve some belated prejudices.

To the average man, gravity, as regards a given
object, is ““ the attraction of the earth upon the object,”
and the direction of gravity is the direction in which
the object ‘“weighs” when supported. He so far
relies on its constancy of strength that he will buy and

134
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sell things for his living after weighing them on a
spring balance, and so far on its constancy of direction
that he will erect steeples and other costly structures
that would collapse with a change of a few degrees in
the direction they weigh upon the ground. It is only
during a severe earthquake that man's trust in the
apparent constancy of gravity is betrayed. During
such an earthquake the ground has an acceleration
represented by a rotating acceleration vector, and the
effective direction of gravity varies very much like the
variations in the directions of the connecting-rod of an
inverted-type vertical steam engine. Many men then
give up the attempt to ‘“stabilise” themselves, and
roll on the ground. The only thing that remains
steady is the heavy mass of the seismologist’s seismo-
graph, or earthquake recorder, and it does so for the
same reasons that the front masses of fig. 32 remain
steady in gusts, or ‘earthquakes” of the air.!

It is not to be expected anyone can say whether
gravity varies or not till it has been identified by some
distinctive property of a quantitative hature, and when
it is examined at London, with this end in view, it is
found to have the distinctive property of adding
322 feet per second to the velocity of a falling body
in every second it is falling. In other words, it im-
presses upon bodies at the earth’s surface an accelera-
tion of 32°2 ft. p.s. p.s. »elative to the ground.

Though it is readily appreciated that gravity is the
prevailing acceleration tendency of all bodies re/ative
to the ground, the converse proposition—that the ac-

! In earthquake countries, buildings are built to yield in their founda-
tions. To build them with the ordinary rigid stability we are familiar with
in England is fatal to their security during an earthquake.
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celeration tendency of bodies relatzve to the ground
is gravity —is practically unrecognised, except by
astronomers, and those who think of the phenomena
around them on a cosmical scale. The proposition is
true even when put more generally, thus :—

The acceleration tendency of one body
relative to another, or the impressed accelera-
tion of the one body relative to the other,
defines the effective gravity of the one body
relative to the other.

This is, of course, the principle underlying all the
phenomena in the tramcar of fig. 26, II. Use of the
principle is usually avoided by clumsy statical methods.

Let us now deal with the general belief that common
gravity does not vary, not to show the belief is un-
justifiable,—for the variations can barely be detected
by the finest instruments that can be made,—but to in-
dicate the non-absolute nature of gravity, and show the
variations are, even now, of some practical importance
in the affairs of men who have dealings with the sea.

In fig. 33, I, E is the planet earth, assumed, for the
present, to be a homogeneous sphere without any
rotation. The fundamental gravity due to the earth
alone is represented, for each point of the ground sur-
face, by the vector AB, 322 units in length, directed
to the centre of the earth. 7%af is, at each place,
absolutely constant in magnitude and direction. But,
near the earth is a satellite M, and M accelerates E,
as a whole, to the right with a certain acceleration CB,
so that BC is the equal and opposite acceleration of
object A, relative to the ground, due to the pull of M
upon E. The vector BC is, accordingly, applied to
the end of each AB vector to give, so far, the resultant
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relative gravity AC. But AC need not be drawn yet,
because there is another vector to be taken account of.
The satellite M not only pulls E, but it pulls the
object at A towards the centre of M with an accelera-
tion CD, expressed by :—

co-(E¥Y xcs.

The vector CD, therefore, represents the accelera-
tion tendency of any object at A, due to the pull of M
upon the object, and, when applied to the point C, it
yields the ordinary resultant relative gravity AD.
Notice that CD has to be drawn, in each case, not
pointing at M, but parallel to AM. When the direction
AD is thus found all round the planet E, and a con-
tinuous “virtual level” is drawn at right angles, or
orthogonally to AD, we discover the shape that an
ocean covering the whole earth would assume. The
tides are, of course, nothing but the perpetual strivings
of the sea to keep itself level with respect to the chang-
ing direction of gravity as the earth and planets move.
The moon, when nearer and plastic, had tides raised
upon it by the earth’s interference with its own gravity,
but these huge tides stopped the moon’s rotation in
the same way a thick or viscous syrup half filling a
bottle will abruptly end the rolling of the bottle. That
is why the moon keeps the same face to the earth, and
the evidence indicates the now hardened moon is egg-
shaped, with its longer axis pointing to the earth.
Not only does the ocean tilt, but the earth’s surface
tilts. Refined observations have lately indicated that
the land surface at the equator rises and falls nearly
eight inches twice every day. In fig. 33, 1., the moon
produces the two acceleration vectors BC and CD,
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but the sun also produces two similar vectors, likewise
every other planet, and the rotation of the earth adds
a centripetal acceleration vector of some strength near
the equator. Ordinary gravity, therefore, is not quite
so constant as it seems, and is z/self a complex relative
gravity with the sea as its changing virtual level.

If the moon were to come nearer and nearer to the
earth, the variations of gravity would cease to be of
only academic interest, the tides would submerge the
continents, the earth and moon be disrupted, and few
people would be left to doubt the underlying relativity
of gravity and its essentially dynamical origin.?

The cause of the acceleration that constitutes the
fundamental gravity is, of course, absolutely unknown,
but it need not be known for purposes of physical
calculation. Meckanics is purely a science of relations,
JSounded on experience.

1 Quantitatively, the effects are so small that the solar and lunar actions
together do not vary the weights of bodies at the equator by more than
one five-millionth part of their ordinary weight. This is about 20 lbs. in
the weight of a liner like the Olympic. The centrifugal effect at the
equator, though great (about 150 Zozns for the Olympic), is uninteresting
because constant at each place.

2 Corresponding changes in gravity are likely to have been the ruin of
the moon. Parting from us 1,000,000,000 years ago, it commenced, being
small, to cool four times as fast as the earth, while being driven away in
accordance with the dynamics of our tidal friction. When only so far
away as, say, 25,000 miles it commenced to harden, to a great depth, into
the exceedingly egg-shaped, non-rotating, equilibrium figure corresponding
to such nearness (see fig. 33, I.). On receding further, it tried to lose its
extreme egg-shape, but the enormous, structural, negative-tidal stresses
set up, cracked it, and maintained a frightful volcanic activity. The
“ cracks,” where the light-coloured internal magma has welled up, are, no
doubt, the volcanic dykes of the conspicuous bright ray systems of the
craters Tycho, Kepler, and Copernicus, many of which pass right across
the visible hemisphere, regardless of the most gigantic surface formations.
The earth and moon fought each other for a stable home-made gravity
and peaceful habitability, and the earth won by remaining plastic till it
had driven the moon to a harmless distance.



CHAPTER XV

THE ANALOGY BETWEEN SHIP STABILITY AND
AEROPLANE STABILITY

IN the last chapter (XIV.) the tides were seen to be
due to the ocean, after the manner of liquids, tending
to set its surface at right angles to the effective gravity.
This proposition may be inverted, and when we see
the surface of a fairly mobile frictionless liquid tilted,
and in a state of free oscillation, we may assume that
the relative gravity, or gravity of the tilted surface
water in its relationship to the water immediately below,
is at right angles to the surface.

In fig. 33, I1., is shown a portion of the wave surface
of the sea, and a ship is shown riding upon the surface
in various positions relative to the waves. At B and
D, midway down the slopes of the waves, the relative
gravity is approximately as shown in the little relative
gravity diagrams, in accordance with the proposition
laid down in the last paragraph. Now, if the ship has, in
a calm sea, a righting tendency with respect to common
gravity, it will exercise the same righting tendency with
respect to relative gravity in the disturbed sea, and will,
consequently, tend to swing so as to keep at right angles
to the local water surface. To minimize the tendency
to tilt with the water surface, the righting tendency
must be made as weak as possible consistent with

139
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sufficient strength to preserve the average or still-
water upright pose of the ship, for it is obvious the
ship cannot be allowed to have no righting tendency
atall. So far, there is a strong analogy between the
ship and the aeroplane in connection with fig. 1, and
the analogy continues still further. It may be
mentioned that shipbuilders are quite aware of the
desirability of having only a moderate righting
tendency, and do not strive to have the centre of
gravity of a ship as low as possible, as popularly
supposed, or ‘‘bottom-heavy,” as it is called.! Aero-
plane designers have been somewhat slow to learn the
corresponding fact that they must not strive to make the
automatic forward movement of the centre of pressure,
or “veeing” of their planes, as great as possible.

If the ship, with its moderate righting tendency,
has a smooth circular bottom, it will, in righting itself,
swing past its proper position and continue oscillating,
and if the waves only time themselves to accord with
these oscillations, as they are cerfain to do sooner or
later, the ship will have the oscillations augmented so
as to heel past its critical angle and capsize.* The
remedy is, of course, damping, and this is usually
effected by employing a rectangular bottom, and
adding large bilge-keels. It may be noted, however,
that, like the empennage of an aeroplane, these bilge-
keels do not damp the adsolute oscillations of pose of

the ship, but only the oscillations of pose relative fo

! A fact to which Sir George Greenhill made reference in the Govern-
ment Advisory Committee’s Report, 19og-10, page 30.

% Such augmentation of the aeroplane’s oscillations by a succession of
gusts has not been discussed ; the first thing is to understand and eradicate
the disturbance by one gust. In the same way, discussions as to the
recovery of pose after being upset should not be allowed to take precedence
over discussions as to prevention of the initial upset.
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the water surface, or virtual level. In one sense they
are disturbers of pose, because they bind the ship to the
water ; but since sea waves do not often tilt more than
15°, and the bilge-keels resist the ship’s tilting being
more, they are a considerable advantage. In the case
of the ship, dead surfaces may effect the damping,
because it has no lateral velocity ; but the aeroplane,
having to move forward, should have a damper that
damps with respect to a mean velocity—that is to say,
it should have a fly-wheel fan or equivalent.

So far as the author is aware, no attempt has ever
been made to stabilise a small ship by giving it a
slight negative righting tendency kept in check by a
gyroscopic control (such as Mr Brennan’s) operating
either directly or through balancing planes immersed
in the water. The ship would have to have a smooth
bottom, and the experiment would be very interesting.
Such a ship might ride the waves like C, D, and E
(fig. 33, I1.), but it is not at all certain that it would be
more comfortable than one riding the waves like A, B,
and C, because the up and down accelerations are part
of the discomfort of ocean passengers, and no one can
suggest any means of eliminating their effects. It is
also possible the horizontal accelerations might be
found a greater source of discomfort in a non-tilting
ship! than in one that tilts to the waves in a natural

1 The usual view, no doubt, is that “fiddles” would not be required on
such a ship, and personal stabilising problems would not exist. The
contrary is probably the case, seeing the ship does not then swing to the
“relative gravity ” at the water surface. The ship in which fiddles could
be dispensed with would be, theoretically, the one which kept itself at
right angles to the water surface in a dead-beat manner, and the disagree-
able rollers will be found to be those which are not content to do that,
but add their own free oscillations to those of the water surface. They
want more bilge surface or other destroyers of their own free oscilla-
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dead-beat manner. For somewhat similar reasons it
is likely that an aeroplane held quite unyieldingly to
one pose would not be a success as regards comfort,
and with that statement the analogy between the ship
and the aeroplane has been taken as far as profitable.!

tions. Impeded rolling weights, or water zside the ship, will help, but
these, again, do not damp the absolute oscillation, as too often assumed,
but only the relative oscillation, as it is better they should do. Gyroscopes
can be made to resist the absolute oscillation, but the advantage of so
employing them is doubtful both on ships and aeroplanes, as suggested
in the text.

1 There is, however, one more analogy of some interest. A ship is
usually lost when it gets amongst breakers, not only because it touches
ground, but because its righting tendency is worse than useless when the
water surface (virtual level) tilts suddenly and at a much steeper angle
than the 15° of the open sea. A ship may complete a life of twenty years
without ever being steered into breakers, but an aeroplane has to be
designed for frequently encountering “breakers” which, being invisible,
cannot be avoided. The ‘“breakers” of the air are places where the
relative gravity and virtual level are extraordinarily tilted more than go°,
and especially where they are tilted 180° or more (fig. 3).




CHAPTER XVI
THE SELF-RIGHTING PROPERTY IN STILL AIR

IT has been taken for granted, throughout this book,
that the reader is acquainted with the common self-
righting property of a glider in still air, but a chapter
dealing with the subject may be useful for reference,
and make the book more self-complete.

The self-righting property is remarkable in being so
easy to comprehend informally, or intuitively, that an
explanation not based on intuitions suffers from the
defect of appearing unnecessarily long and tedious.

AN INrForMAL PracticaL ExPLANATION

The following is given as a frankly informal explana-
tion that is not, however, believed to be in any way
misleading.

In fig. 42 is shown a common glider, with a neutral
tail, in three poses: (I.) steeply downwards, (II.) as
for a normal glide, (I11.) horizontal. When launched
downwards, as at I, it is evident to anyone, by a legiti-
mate enough intuition, that the up-steering relationship
of the fixed planes must cause the glider, as it gathers
headway, to turn towards a more level path and pose.
When the glider is launched horizontally, as at 111, it
is just as evident, that, so far as it continues horizon-
tally, without a tractive force, it must lose headway,
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and, consequently, permit the heavily-loaded main
plane to sink down relatively to the unloaded tail plane,
with the result that the glider turns downwards.
Seeing that there is an up-steering effect increasing
with steepness of pose, and a down-turning effect in-
creasing with the horizontality of pose, there is naturally
an intermediate steady pose and glide, as at II., in

F1G. 42.

which the two effects are so balanced that one effect
is ready to prevail over the other, to restore the
balanced pose and glide, in the event of a deviation
accidentally taking place.

This self-righting property, or ‘“ natural stability ” as
it is usually called, always depends on the planes, or
parts of the planes, being arranged in an up-steering
relationship, and on a forward weight being arranged
to balance the up-steering effect in the desired normal
pose and glide. The plain, flat, ballasted glider is no
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exception, for the better support accorded to the front
part of such obliquely moving glider, as compared with
the rear part, shows at once that the front and rear
parts are already, without special construction, existing
in an up-steering relationship. A few experiments
with a note-paper glider are convincing enough as to
the ordinary sufficiency of the above explanation.

A ForMAL GRrapHICAL EXPLANATION

The following more thorough explanation will be
found to differ from the last one in resting, not upon

A
e I

e

Fi1G. 43.

intuitions, even quite legitimate ones, but upon those
principles of mechanics and geometry which are as
far as we can or need get behind intuitions.

In fig. 43, the glider is shown with its centre of mass
proceeding down a trajectory indicated by the great
arrow. [t is supposed to have its centre of mass co-

inciding with the centre of pressure of the main plane,
L
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so that, as will be seen, the tail will ordinarily be kept
neutral, asat I. For, suppose the tail should tilt away
from the trajectory, as at II. Then, while the tail is
so tilted, the pressure which must come upon the top
surface of the tail plane will press it back into the
trajectory. The more general reason, however, is that,
when the glider is tilted, as at II., the resultant of L
and T is a force R, forward of the centre of mass, so
that the moment of R about the centre of mass causes
the axis of the glider to be turned into the trajectory.
Similarly, when the glider tilts as at III., the resultant
of T and L is a force R bekznd the centre of mass, and,
therefore, again acting to turn the axis of the glider
into the trajectory. It will be seen, therefore :—

The glider tends to preserve constant atti-
tude to its trajectory in consequence of the
resultant air pressure upon the whole machine
being prepared to move away from the centre
of mass, in the right direction' to restore the
constant attitude, in the event of a deviation
taking place.

No reference has been made to gravity, and none is
intended, for, contrary to the common opinion (even
expressed in some text-books), gravity is not concerned
in the constancy of attitude with respect to the trajectory.
Gravity determines the trajectory, but that is another
matter. When, in fig. 43, 1. and III,, the force R was
said to turn the glider about its centre of mass, refer-
ence was implicitly being made to the principle in
mechanics which may be stated in the following
words :—

! A cautious form of wording, because up and down movements of the
centre of pressure may be made to assist.
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When a body in space is pressed upon by
a force acting not through the centre of mass,
but to one side of it, the force rotates the
body with a torque or couple corresponding
to the moment of the force about the centre
of mass. (It also happens that the force
accelerates the centre of mass as if directly
applied thereto.)

Gravity acts through the centre of mass, and, con-
sequently, can have no moment about it. Those who
bring gravity into the law of constant attitude usually
mislead themselves by drawing their figure, corre-
sponding to fig. 43, horizontally only. The constant
attitude to the trajectory, however, is just as well
preserved when the glider is directed at the ground;
more than that, it is just as well preserved when the
glider is directed horizontally, at high speed, upside
down. Gravity acting upon the centre of mass affects
2ts trajectory, but that, as has been said before, is a
different matter from the attitude with respect to the
trajectory, and must not be confused therewith. If
gravity disappeared, suddenly, constant attitude to the
trajectory would continue, but the trajectory itself would
become a perfect circle, such as has been referred to
on pages 11 and 12, (g/ider assumed frictionless).

If the glider is now pivoted accurately at its centre
of mass, and placed in a wind tunnel, not only may the
constant attitude property be verified, but, with suit-
able measuring instruments, the following additional
property may be established :—

For every headway of the glider there are
produced two rectangular components of the

wind pressure upon the glider ;—a lift force L
L2
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at right angles to the trajectory; and a drift
force D, or head resistance, along the tra-
jectory. These two forces botk increase with
the square of the headway, so as fo preserve
a constant ratwo, n. (In the glider of fig. 44,
n is supposed to be equal to 4, so that
D=}L.)

Now that the properties of the glider have been
ascertained, it is convenient to forget its shape, and,
regarding it only as a heavy point possessed of the
ascertained properties, proceed to construct the diagram
of fig. 44.

In fig. 44 take a point or pole P, from which the
glider may be imagined to be launched in any direc-
tion, and from which radial force ordinates may be
measured. On a vertical diameter from P, equal, to
scale, to W (the weight of the glider), draw the circle G,.
Then, the distance from P to the circle G,, in any
direction, represents the gravitational tractive force G
down the flight path having the same direction. Proof :
—Calling a the angle of the trajectory with the hori-
zontal, the distance from P to the circle G, is, by a
well-known and simple theorem, equal to W sina,
where W is the diameter of the circle G,. But, in
any of the little force diagrams, say diagram III. (fig.
44), it is evident the gravitational tractive force G is
also equal to Wsina. Hence, the circle G, indicates,
as stated, force G for any given trajectory.

On a horizontal diameter from P, also equal, to scale,
to W, draw the circle A,. Then, in any direction from
P, the distance to this circle represents the gravita-
tional anti-lift force A for the corresponding trajectory.
Proof:—Bythewell-known simple theorem, thedistance
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from P to this circle A, is, in any direction a, equal to
W cosa. But, in any of the little force diagrams, say
1L, it is evident the anti-lift force A is also equal to
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F1G. 44.—The Lift Diagram.

W cosa. Hence, the circle A, indicates, as stated,
the anti-lift force A for any trajectory.

On a horizontal diameter from P, draw the circle
marked ‘}A,” exactly one-quarter the size of circle
A,, (» is equal to 4 in this glider). Then, any distance
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from P to this circle represents, for a trajectory having
the same direction, the drift force D at the moment
the glider—with a view to keeping in the trajectory,
tf possible—is launched, in the trajectory, at such
speed that the lift force L exactly equals the anti-
lift force A. Proof:—At the moment of such
launching (e.g. see diagram IIL.), the force D, which,
by the established property of the glider, is }L, must
be 1A, because L and A are then equal. Therefore,
the circle marked }A,, which indicates }A, necessarily
indicates the commencing force D, as stated.

On a vertical diameter from P draw the circle L,
exactly four times (z.e. = times) the size of the circle
G,.! Then, any distance from P to circle L, in the
direction of any given trajectory, represents the value
to which the lift force L tends, so far as the glider
does not leave that trajectory. Proof - —If the glider
be started in any trajectory, say the 30° trajectory,
and, if necessary, be kept to that trajectory by a
frictionless guide, it will accelerate its headway till
the force D becomes equal to G. But, by the
established property of this glider, force L is always
equal to 4D, and, therefore, equal to 4G when D
equals G. Hence, circle L, being four times circle
G,, indicates, as stated, the value to which the lift
force L always tends to set itself in any trajectory.

It is now a simple matter to see why the glider is
self-righting with respect to a gliding path about 14°
downwards in this example, that is, with respect to
the path Pc passing through the intersections of the
circles. For, suppose the glider is launched down a

! Notice, for it will be required later, that PB is now » times the
diameter of circle G,, or circle A}, and so equal to sW.
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steeper path than Pc, and at the speed which makes
the lift force L equal the anti-lift force A (or circle A;)—
with a view to the glider keeping in the steeper path,
if possible. Under these circumstances the force G (or
circle G,) is greater than D, or L, or }A (or circle {A,),
so that the glider must accelerate and commence in-
creasing its lift force L from the present value equal to
A (orcircle A,) to the value 4G shown by the circle L,.
Then, with L exceeding A, the glider is compelled to
turn towards the path Pc in which L and A may
remain in equilibrium. Similarly, if the glider is
launched more horizontally than Pe, G (or circle G,) is
less than the commencing D (or circle }A,) ; the glider
loses speed to bring its lift force to the value shown
by the circle L,, and this L, being less than A (or circle
A)), the glider is compelled to turn downwards, again
towards the path Pc. Thus, the glider is self-righting
with respect to the path Pc. .
Since L, is a semicircle upon PB, the angle PcB
is a right angle; and since A, is a semicircle upon
Pe, the angle Pce is a right angle. Therefore, e. ¢,
and B are in one straight line, and the figure has
the following simple geometrical properties :—
(1) Triangles ecP, PcB, and ePB are
similar triangles.
(2) The angles ePc and PBe are equal, so
that, to find the slope of Pc with respect to
the horizontal, it is only necessary to find
the slope of Be with respect to BP.
Now the slope of Be with respect to BP is Pe in
PB,'or Win zW (% is 4 in the figure), or 1 in #. Since,
by (2) above, this is the slope of P¢, it follows that

1 See footnote, page 150.
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the equilibrium gliding path, with respect to which
the glider rights itself, is at a slope of 1 in 2 with the
horizontal, where # is the L/D ratio of the glider.
This is the familiar result which may be derived,
alternatively, from the diagrams I., II., IIl., and in
various other, but less comprehensive, ways.!

It will be seen that the glider owes its self-righting
property to the lift curve L, passing outside the circle
A, with steepening of the pose; that is to say, it
owes its stable equilibrium in the path Pc to the curve
L, passing outside circle A,, as stated. But its mere
equilibrium it owes solely to the curve L, crossing the
circle A, in point c. Now a// rigid 1 in 4 gliders have
the curve L, circular, precisely as shown, and there
seems no possible exception; but the flexible glider
of fig. 39 (page 123), of the type that decreases its
lift with increasing headway (when the fan F is
clamped so as neither to twist nor untwist), will,
for reasons easy to discover, give a lift-force curve
of the type of L, (fig. 44), crossing the A, circle in
three points, a, ¢, and 4, so that such a glider has
three equilibrium gliding paths, Pa (nearly level pose,
with the machine practically * pancaking”), Pc (normal
pose), and Pé (at a very steep pose). Now, though
the mere equilibrium in path Pc¢ is the same as it was
for the rigid glider (diagram Il. is just the same), the
equilibrium has been made unstable instead of stable.
That is to say, if the glider deviates a little down-
wardly or upwardly from P, it tends to deviate more,
and, as will be seen, find for itself the stable path P4

U Be careful to distinguish demonstrations that Pc is merely an
equilibrium gliding path, from demonstrations that it is a szab/e equilibrium
path, or path to which the glider tends to return after any deviation.
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or Pa, respectively. Suppose, for example, while
flying steadily down P, it deviates ever so little in the
direction of P4. Then, lift force L (curve L;) having,
under the influence of the increased headway, diminished
to less than the anti-lift A (circle A,), the glider is
compelled to turn more downwardly until path Pé,
where the L; curve passes outside the A, circle, is
reached. If, on the other hand, the deviation from P¢
had been in the direction of Pa, the excess of the lift
(curve L,) over the anti-lift (circle A,) would have
made the glider deviate. further, till the direction Pa
had been reached, where the excess lift is seen to
vanish. The crossing point @ owes its existence, of
course, to the fact that only to a limited (though as
much as is desirable) extent can the flexible model
be made to zncrease its lift with diminishing headway.

This flexible model can only be made a stable
model with respect to the path Pc by allowing the
fan F (fig. 39) to operate and overtake the negative
righting tendencies, for that fan determines an L,
curve, in fig. 44, passing outside the A, circle at the
point ¢, though, by way of improvement, not passing
outside so rapidly as the L, circle passed outside.
It will be seen the L, curve controls the glider in
sudden gusts, and as that curve keeps the lift nearly
independent of headway, the sudden gusts do not
disturb the glider about the mean pose. The changes
of mean pose, with the slower gravitational changes
of headway they occasion, are controlled by the fan F.

When the flexible model, apart from its fan F, is
said to be unstable in path Pe, it should be clearly
understood this refers to instability of direction of the
trajectory, and not to instability of direction of pose
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with respect to the trajectory, (corresponding to the
constant attitude property of the rigid model). In
respect to keeping itself behind the centre of mass,
the flexible model is far superior to the rigid model,
because the latter has the centre of mass too much in
the midst of the rigid portion. However, so far as
absolutely s¢z// air is concerned, the flexible model
constitutes an unnecessary improvement.

ExpLANATIONS TO RECEIVE wiTH CAuTIiON

An explanation of the self-righting property, that
has become so common as to be almost the standard
explanation, consists in first drawing a diagram
corresponding to fig. 43 with a horizontal instead of
a downward, or any other, trajectory. (Turn the
page so as to bring the path of fig. 43 horizontal.)
The next step is to say, that, if the glider pitches
into the pose of II. or III, the coming forward
or retreating, respectively, of the centre of pressure’
(where R acts) causes the pose to be turned back to
the horizontal trajectory. (Sometimes gravity is
brought into the question of this turning of the pose,
but that has already been criticised, so we will assume
gravity is not mentioned in the above explanation.)
The explanation as to why the glider maintains a sub-
stantially horizontal path is then regarded as complete.
To an uncritical view it may appear so, but, actually,
all that has been offered is the explanation of why the
glider keeps constant attitude to its trajectory, and by
drawing that trajectory horizontally the suggestion, and
suggestion only, has been made that the complete

! Or, for the less general case of the neutral tail model, the existence
of pressure on the upper or lower surface of the tail plane.
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explanation has been given. The imperfection in
such explanation is, therefore, nearly always revealed
by re-reading the explanation with the diagram turned
to point, say, 60° downwards, when it will be found to
“prove,” in the same sense it before proved anything,
that the glider maintains z4e 60° path.

It is too often overlooked that the ordinary migra-
tion of the centre of pressure is only one means to an
end. It exists to place the aeroplane in such relation-
ship to its trajectory that it travels substantially head-
first therein,—mot¢ necessarily at constant attitude, that
is a particular and not altogether desirable attitude
of the rigid machine,'’—and so that the lift becomes
excessive if the machine dives down and gathers
headway due to gravity. It should also exist so that,
if the headway is 7apzdly increased by a gust, the lift
should #of increase, and that is where the rigid
machine is at fault. How a machine may be made
to travel substantially head-first in its trajectory,
increase its lift for the slower rates of increase of
headway due to downward deviations of pose and
path, and yet decrease its lift for the rapid rates of
increase of headway due to violent head gusts, has
been sufficiently indicated in Chapter XII.

OSCILLATIONS

As has been mentioned before, oscillations, par-
ticularly cumulative oscillations, though the bane of
the theoretical student of the aeroplane, and of the

! Which pilots, happy in applying the term ‘“natural stability” to the
common righting tendency of their machines, spend most of their time
in annulling, or over-annulling, in gusts. Over-annulment, having been
called “ anticipation of the gust” is supposed to be impossible to imitate
by automatic arrangements.
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man who wishes to make good self-flying models, are
not sources of trouble to a practical aviator. With
fig. 44, however, it is easy to trace the main causes
of the oscillations, and in a rather interesting manner.

When the rigid glider is launched down the 30° path
P1, at such speed that the lift force L equals the anti-
lift A (circle A,, point 1), it rights itself to the path
Pc, as already described. But, owing to its previous
steep pose, it has by then acquired an excessive head-
way that makes the lift force equal, say, to P2 instead
of P¢, and, consequently, makes the path and pose
continue to deviate upwardly. As the path points more
upwardly, the glider loses headway and lift, till, at
the pose and path represented by P3, the lift no longer
exceeds the anti-lift A (circle A,, point 3), and the
pose commences to return to direction Pc. But, when
the pose and path are again correct, the glider has
so lost headway, by reason of its recent upward pose,
that the lift, instead of being P, has only such a value
as P4, and, as a consequence, the downward turning
must continue. The glider then gathers headway
and lift, and at some such pose and path as Pj the
lift again equals the anti-lift A (circle A,, point 5),
and a return to the normal pose and path Pc
commences. :

In fig. 44, point 5 is nearer to ¢ than point I, and,
on the next round, point g than point 5, so that the
dotted spiral indicates, by its converging on point ¢,
that the oscillations dze down. The spiral expressing
the changing relationship between pose and lift force
is usually of this converging type if the mass of the
glider is concentrated, but, when the glider has a con-
siderable longitudinal moment of inertia, the spiral is
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likely to be a diverging one, so that the oscillations
not only refuse to die down, but tend to increase
cumulatively, if once started.! The reasons are rougkly
as follows :—

On the glider being launched as before, in the
circumstances of point 1, the angular inertia delays
the turning of the pose, so that, when the pose is
normal, the headway and lift are greater than before,
and the point 2 further from ¢. The mere fact of
point 2 being further from ¢ would cause point 3 to
be further from ¢, even if the glider could be reduced
to its concentrated mass state; but, as it actually has
considerable up-turning angular momentum at point 2,
point 3 is carried still further from ¢. Now that point
3 is further from ¢, point 4 would be further from
¢ even if the glider had no angular inertia; but, as it
has considerable angular inertia acting to delay the
return to normal pose and thereby to increase the
loss of headway and lift, point 4 is still further
removed from ¢. With point 4 further from ¢, point 5
would naturally be further from ¢, even if the glider
had no angular inertia ; but, since the glider has con-
siderable down-turning angular momentum at point 4,

! For simple gliders, and small/ oscillations, the conditions for increase
of such oscillations can be determined by analytical methods, but the
conclusion must not be jumped to that they go on increasing in amplitude
without limit, or that the spiral of fig. 44 continues diverging. There
are indications that, for a glider with concentrated mass, the spiral is
converging; and, as angular inertia (or moment of inertia) is added, the
spiral becomes a more slowly converging one, till, with a certain amount
of angular inertia, the spiral converges only to a small closed figure round
the point c. The glider now shows the property of éncreasing very small
oscillations from the equilibrium glide, and decreasing very large oscilla-
tions. Practically, these sensitive gliders cannot be made to glide, because
sympathetic lateral oscillations confuse the flights. The closed figure
round ¢ enlarges with further increase of angular inertia.
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point 5 is pushed still further from ¢. With the
angular inertia operating as described, it is only to
be expected that more than a certain amount will
cause the point 5 to be further from ¢ than point 1,
and so prevent the spiral converging, and the oscilla-
tions from dying down.

The dampers of these oscillations—head resistance,
empennage, and the fly-wheel fan D (fig. 32, I.)—have
been mentioned in Chapter XII.

The flexible model of fig. 39, when it has the L,
curve of fig. 44, but has not the slow fan F (fig. 39)
in action, has no tendency to oscillate about the
path Pe, but it has such tendency about the paths Pa
and P4. Owing to such oscillations, the pose Pa is
rather difficult to obtain experimentally, the glider
being disposed to oscillate so as to pass the path Pc¢
and find the path P4, which it prefers. The suitably
proportioned slow-fan equipment (F of figs. 32 and
39), in giving a mean stability to the path Pc, super-
imposed upon its momentary instability, adds so little
tendency for the machine to oscillate after it is once
“set” (see footnote, p. 100) that, in many cases,
angular inertia may actually be added to steady the
pose of the machine between the gusts.



CHAPTER XVII
FORMULZE RELATING TO CIRCLING

WHEN the bird is circling in uniform wheeling soaring
(fig. 6), all its impressed accelerations relative to the
air are precisely the same as if the air were still and
the bird were being pulled forward by a propeller (fig.
31, IL). In other words, the propeller and the air
acceleration are merely alternative (or supplementary)
modes of obtaining a flying thrust relative to the air.
It follows that formule (1) to (14) are variously appli-
cable to an aeroplane circling in still air, but since, for
an aeroplane, the straight flight headway V,is of more
importance as a fundamental constant than the gliding
headway V, and the banking angle { of more import-
ance than T, tke formule include more than necessary,
and may be simplified.

For a circling aeroplane (see fig. 6) of gliding angle
I in #n, or y degrees, we have :—

I
cos?y

(l+;:72>=(l+tan2‘y)= (30)

In formula (7) we used the fact that the velocity of
an aeroplane is proportional to the square root of its
weight upon the air, and we may again use that fact
in the following formula :—

\Z

V= cosy” or Vi=Vicos’y. . . (31)
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With (30) and (31) and (14), formula (8) may be
reduced to'!:—
= V/2
“gsing’

R (32)

The above, working backwards from the complex
to the simple, is a little laborious, but tkere s another
way : Anyone inspecting formula (8), or the detailed
soaring chart® in Aeronautics of December, 1911, or
the converging process for calculating R suggested in
Aeronautics of November, 1911, will notice that R has
a definite minimum when T = o0, as marked on the soar-
ing charts, and certain values at other banking angles,
as marked on the soaring charts. Now, when the pro-
peller, instead of the motion of the air, furnishes 999
per cent. of the acceleration component AC that
balances the drift force (as stated in the Aeronautics
article referred to), the case is, from the point of view
of equilibrium, that of a frzctionless aeroplane, with »
infinite, and V and V,equal, circling in uniform wheel-
ing soaring. The right-hand sides of formule (1) to
(4) all vanish with # infinite, and formula (5) is inde-
terminate and of no account. Seeing that »—formula
(4)—is now zero, and AC neglected, and putting V,
for the actual headway, formula (6) may be written
(see fig. 6) in the modified form :—

AD,=VJ/Rsing) . . . . (33)
and, in the manner of the line preceding formula (13) :—

V2= V,?A—glﬁ . . . . (34)

! When the aeroplane has considerable size compared with V, (the
distance it ordinarily flies in one second), R is somewhat greater than the
value given in formula (32).

2 Reproduced in fig. 8 and the Plate facing p. 20.
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From these two formulz it follows, simply, that :—
— sz

gsing’

A yet simpler plan is to deal with the question on

its own account, without regard to soaring. Thus:—

Noting in fig. 6 that BL=V}?/R, it is evident

that tan { or (sin{/cos{)=V,/(¢gR), from which,

R=V_ 2 cos{/(gsin{). But V}/V S =AB/AL=cos{
Hence, as before :—

. again (32)

\4

R=gsiﬁ{ )

When the result to be aimed at is seen, and put in
the form sin {=V?/(Rg), it is evident that formula (32)
may be written down if we can find a plausible-looking
right-angled triangle with the angle { a side 2R
opposite { (where x is some velocity we choose to
identify with V), and a hypotenuse called g. Such a
triangle is readily obtained, on paper, by the simple
process of ignoring that the pilot must increase the
speed and thrust of the aeroplane when he travels
round the level circle of radius R, with banking angle
to correspond. It is evident, then, that the lift AL
could be said to continue equal to AB or g, and the
horizontal centripetal component equal to V//R, sv that
sin{=V/}/(Rg). This is very seductive to one who
might like to obtain formula (32) anyhow, by a short
cut, but the process is grossly in error in reasoning
about a circling aeroplane for which the upward com-
ponent of the lift is only Wcos{. In figures, this
means that a 1o0oo-lb. aeroplane banking at 60° is
absurdly assumed to be circling with a vertical com-
ponent of the lift equal only to 500 lbs. Yet, formula

(32) is derived and it is correct! That is a geometrical
. M

. again (32)
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accident of the kind that can occasionally be made use
of when you know the result to aim at; but it is so
ready to hand, in this case, that the reader is cautioned
against any plausible derivation of formula (32) that
does not pay regard to the physical necessity of the
speed being increased.

Seeing that W/cos ( is the effective weight of the
machine upon the air, when circling, (evident from AL
of fig. 6), we have, if £ be the mechanical strength factor
of safety of the circling aeroplane :—

W/cos { AW
or

cos {{% . . . . - (33)

As an example, this allows an aeroplane with factor of
safety 6 to bank as steeply as 80°; but anything near
that should be avoided, since only another 5° adds
greatly to the stresses.

In order to give the increased lift of W/cos (, when
banked at angle { the machine must have its propeller
thrust increased in the same proportion. Consequently,
if an aeroplane engine is capable of giving no more
than £, times its normal flying torque, we have : —

1/cos {4
or

cos C{k—ll . . . . . (34)

Usually, £ of formula (33) is about 6, while £, of
formula (34) is not often greater than about 2-0.
Hence, (34) gives the practical/ limit of circling, as
determined by limited engine torque, in the condition
that cos {4} or {$60°. However, 45° is a good limit
for pilots to adopt, like the birds.
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The thrust factor, for a given banking angle, is given
by formula (34) in the form 4 =1/cos{ Now the
normal thrust is W/x, so the thrust when banking in
circular flying is W/(zcos{). This is only another
way of saying that the effective # of a circling banked
aeroplane is, like that of the soaring birds, degraded
from the normal » to z cos {.

Again, writing V,4/ cos v for the V of the line but
one preceding formula (14), we get, where {is limited :—

TigV,/JKn_tm- R 1))
giving
IA/2 S
5712 /sin{tan{

Limiting { to 45° and 60° T is limited to not less
than V, /4:3 and V,[6°3, respectively; or, for a 50 ft.
p-s. (34 m.p.h.) machine, T, the time of steering in a
circle, must not be made less than 8 to 12 seconds,—
preferably not less than the 12 seconds.

It will be seen, therefore, that a process of ringing
the changes on the formule in this work, particularly
those connected with uniform wheeling soaring, is
capable of disclosing many interesting points of which
the above are only examples. The same is also true
of the methods of this work.

T«



APPENDIX

AVIATION DISASTERS

SINCE the body of this book was sent to the press, the aviation
disasters which have occurred have attracted an unusual
amount of public attention. They have generally been
characterised by the machine, while flying fairly steadily,
commencing a dive that ends in a head-first collision with
the ground, and the pilot, as might be expected, seldom sur-
vives. Such a disaster may, in some cases, be due to failure
of a wire or bolt, or the bursting of a propeller or engine; but
when, during thé continuous repetition of such disasters,
special causes are invoked almost every time, there must be
a more fundamental cause which the designer cannot lightly
undertake to remove from the next machine. The accidents
will now be discussed as due to three principal causes, separ-
ately and in combination.

DISASTERS CAUSED BY FRONT-HEAVINESS

This cause has already been referred to on pages 132 and
133, and it is hardly necessary to add anything further. The
pilot who privately improves his machine, in one respect, by
flying with a down-pressed rear flap elevator (z.e. receiving
the air on its upper surface) must be quite aware of the risk
he is running, and also know how to avoid it.

DISASTERS CAUSED BY AN INVERSE STABLE ATTITUDE

This cause is of great interest and importance. It is that
sometimes described, for rough purposes, as “getting the air
on the top of the planes.” The object of the following dis-
cussion is to indicate how it is that the recovery of pose is, in
many cases, an absolute impossibility to the pilot.

164
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When the machine is travelling steadily and horizontally
at 1. (fig. 45), the lift L and weight W are necessarily in
equilibrium, as shown, assuming the propeller thrust and head
resistance are, as usual, acting horizontally through the centre
of mass of the machine. Now, when the aeroplane curves
downwards, as at Il it is a cerzazn indication that the lift

Fic. 45.

force has diminished to less than the weight; and when the
turning, as in these accidents, continues through I1I. and IV.
to the straight path at V., it is cersazn that the lift has become
not only less than W, but less than zero—in fact, negative. On
no other condition can it be balancing the negatzve anti-lift in
V. Itremains, therefore, to be shown how an aeroplane, flying
at [, may start flying with a negative lift impossible to change
into a positive lift by any manipulation of the elevator.
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Let us take as an example the simple, flat, ballasted glider
of fig. 46, but without the elevator e, and pivot it accurately
at its centre of mass, in a wind tunnel, as shown.! It will then
be found that, besides having the usual property of flying in
the normal or direct stable attitude, as at L., it will, if just
forced past the unstable neutral attitude II., suddenly turn to
the snverse stable attitude IV., and keep to that. In IV, it
will have precisely the same lift as in I., but negative or
downwards.

Let us now fit the small manually-operated flap elevator ¢
to the rear of the glider, and proceed again with the wind-
tunnel experiment of fig. 46. In I, with the elevator
flapping loosely and so neutral, the glider is in the normal

+L » Wind.

or direct stable attitude, as before; but, on turning the
elevator, as in II., the attitude of the glider may be made
to become nearly neutral with respect to the relative-to-air
path of the centre of mass. We will assume the elevator—
either through restricted size, or restricted movement, or both
—is only powerful enough to bring the glider nearly neutral.
The glider is now in a delicate state, and should the wind, as
by a sudden tilting of the wind tunnel, be given a slight
downward gust, the glider will swing from the attitude II. to
the extreme #nverse attitude 111, passing through the stable
inverse attitude I'V. because the elevator is held in its extreme
down-steering position instead of flapping freely. The ele-
vator may now be moved to change attitude III., through
attitude I'V,, to attitude V., buZ no furtker, for the same reason

! The wind tunnel need not be horizontal ; it is only drawn so for con-
venience. The attitude effects described always take place with reference
to the relative-to-air flight path of the centre of mass, whatever direction
it may be in. That mus¢ be understood, as in Chapter XVI.
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that it was powerless, without the aid of a gust, to change
attitude II. to attitude III. or IV.

Suppose, now, that this machine is the one flying at L. in
fig. 45, and suppose that, in the common act of balancing, the
pilot has it near the critical condition of II. (fig. 46). If, as
is certain to happen sooner or later, a slight downward gust
chooses to attack at this moment, the inverse attitude of III.
(fig. 46) is almost at once established, with great downward
stress on the planes, and the machine will begin to take the
downwardly curved path I, I1., II1,, etc. of fig. 45, if not first
broken by the downward stress (see — L in 111. of fig. 46). The
pilot now turns his elevator in an up-steering sense, but he
can do no more than reduce the inverse attitude and lift of
I11. (fig. 46) to the attitude and lift, stzll inverse and negative,
of V. (fig. 46). That is to say, he can do no more than
straighten somewhat the downward path I,I1,, 111, etc. (fig. 45)
without being able to reverse its curvature! He becomes,
consequently, a helpless spectator of his own fate.

When the machine lands, and the pilot, who was perhaps
under the false impression “the control jammed,” is dead, there
are those who may see in strained controls, broken wings, torn
fabric, and deranged details the primary causes of the disaster,
whereas they are probably merely secondary effects due to
the desperate actions of the pilot, and to the extraordinary
speed and stresses in the machine.

In some cases the pilot may be, and, apparently, sometimes
has been, saved by a second, but fortunate, rear gust attacking
while the machine is diving down in attitude V. (fig. 46). In
. other cases, the elevator has been just powerful enough to
overcome the inverse attitude V. (fig. 46). In both these cases,
however, the machine, travelling swiftly down in attitude V.
(fig. 46), experiences a sudden jerk into attitude V1. (fig. 46),

1 Assuming the pilot can do so well as make the negative lift negligible,
the radius of path R musz be Vg at I, and V2/(gcosa) at I, I1I., etc,,
where ais the angle of the trajectory. The path can easily be drawn, with
all essential accuracy, for a specified machine, by a combined graphical
and arithmetical step-by-step process that suggests itself when the attempt
is made. The path is no parabola, such as it would be, of course, in a
vacuum.
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accompanied by a sudden turn on to a level and upward path,
and this may break the wings, or produce the irregular dis-
ordered flight which the pilot finds so difficult to steady.

But, it may be objected, the pilots are not flying simple,
flat, ballasted gliders. That is quite true, but a great number
of the rigid machines now made on casual principles will, if
tested in model form, in a wind tunnel, be found to have stable
inverse attitudes as well as their direct ones, and of so marked
a character that the elevator controls provided are barely
powerful enough to change the inverse into the direct attitude,
in emergency. In general, these machines are characterised
by circularly cambered main planes, small elevators, and
cambered, instead of flat, fixed tail planes, but they cannot be
detected by inspection alone. The only detection possible is
that furnished by the disaster which, sooner or later, may
await such a machine, or, preferably, the detection furnished
by a test of an accurate model placed in a wind tunnel.!

By modifying the camber of the planes, even at the loss,
if necessary, of aerodynamic efficiency, designers may make
a rigid machine have no actual inverse stable attitude, but
they will find some difficulty in preventing such near approack
to the condition that the machine is not involved, at times, in
a deep downward dive with an unsatisfactory and dangerous
recovery.

The flexible glider of fig. 39, in maintaining constant posi-
tive lift and allowing nothing to make the lift suddenly
negative, is obviously as far removed as possible from the
kind of disaster caused by a machine having an inverse stable
attitude with negative lift.

DISASTERS CAUSED BY THE PILOT'S WEIGHT ON
HIS CONTROLS

If a pilot, flying in still air, chooses to steer in a quick up-
and-down wavy path, he will discover that, whenever he points
down or up, he has little perceptible tendency to slide forward

! Perhaps the submission of a test model to, say, the National Physical
Laboratory will, after the decline of empiricism, be regarded as a matter-
of-course procedure of the constructor of acroplanes.
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or backward, respectively, in his seat, though, if observant, he
will notice he feels heavier when in the troughs of the waves
than when on the peaks. Sometime, however, especially in
more gusty weather than he has been accustomed to, he may
find himself weighing very strongly forwardly on his seat, and,
in some cases, disaster may follow the unusual circumstance.

In this case, we are concerned with a relative gravity, but
the znternal one ; that is, the one of bodies within the machine
relative to the machine, and not of the machine as a whole
relative to the air.

In fig. 47, a machine flying steadily at I., in still air, chooses
to steer down through angle q, into the position II., and, we

e
b
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Fic. 47.

will assume, so quickly that the headway has not had sufficient
time to increase appreciably. In position I. a pendulum, as
an indicator of the direction in which things tend to weigh
relative to the machine, tends to hang truly vertically, as
shown, but in II. this is not the case.

Assuming—to avoid an appearance of begging the question
—that the pendulum is in some non-central position A,
common gravity impresses upon it an acceleration AB, or g,
relative to the machine. But, on drawing AC atright angles to
the trajectory, and CB parallel to the trajectory, we find CB, or
£sin g, to be the acceleration of the machine down its trajectory.
Notice that no correction is yet required for head resistance,
because the propeller thrust, in balancing the head resistance
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at the presemt headway, is making the machine virtually
frictionless.

Now, in having the acceleration CB, the machine is im-
pressing upon the pendulum bob an equal and opposite
acceleration BC relative to the machine. (Inordinarylanguage,
it is tending to leave the pendulum bob behind to that degree.)
The resultant of AB and BC, or the “gravity ” of the pendu-
lum bob relative to the mackine, is AC, which is gcosa, and,
obviously, at right angles to the machine. Thus, since the
pendulum bob, and, of course, the pilot too, weigh upon the
machine in the ordinary direction wistk respect 2o the floor, tilt-
ing may seem of no moment ; but suppose the pilot should
dwell a little at the pose a. In this case, the machine increases
its headway, and, through that, increases its head resistance
and decreases its propeller thrust so that the rate of accelera-
tion of the machine, or BC, shrinks first to Bi, then to B2,
and so on, while the direction of the resultant gravity relative
to the machine changes from AC, through A1, Az, etc., to
approach AB. That is to say, the pilot, if not strapped or
otherwise anchored to his seat or the frame of the machine,
but if at the same time gripping one of some types of control,
may, before he realizes, find himself weighing forward upon
the control with C1/AB, C2/AB, etc., of his ordinary weight,
and so forcing the machine into a steeper and steeper pose of
increasing danger. Disaster may follow.

The remedy consists in strapping the pilot in his seat, in
giving him proper abutments in the frame to take his weight
and suitably altering the method of manual control.

Though the pilot has been assumed to start the weighing
upon his controls by dwelling too long in a downward pose,
those who have followed the earlier parts of this book, con-
nected with Chapter II., will easily see that a prolonged head
gust, in causing a horizontal machine to be virsually travelling
downhill (fig. 1), may start the diving accident just as well as
actual tilting.!

Since, in fig. 47, the pendulum’s first tendency is to tilt
with the machine into the direction AC, it will be seen that
a great deal of the endeavour made to employ pendulums to

! See “ Unpractical Lines of Development” (p. 172).
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‘“hang down” and maintain pose by tilting elevators is waste
of time. On “second thoughts,” so to speak, the pendulum
does begin to tend to hang down AB, but, so far as it is
successful in that, it has the disturbing effect in gusts referred
to on pages 7 and 8, when AB (fig. 47) is superseded by the
machine-to-air, or external, relative gravity (figs. I to 4).

COMBINED CAUSES OF DISASTER

Seeing that a rigid machine having inverse stability of
attitude is liable to dive at the ground, without hope of
recovery, and that a front-heavy machine, held in check by
manual control, is liable, on release of the control, to the same
disaster, it might be thought that the inverse stable machine
must be made doubly dangerous by putting its weight more
forward; but, in point of fact, the forward placing of the weight,
while contributing the risk of the pilot relinquishing his
controls, actually reduces the risk of the air acting continuously
on the upper surface of the machine, so long as the pilot
handles the controls. This may be explained as due to the
inverse centre of pressure being less able to get so far in front as,
and further than, the centre of mass, and thereby automatically
maintain a negative lift.

The pilot’s weighing upon his controls necessarily always
acts adversely, whether alone or in combination with other
causes of the diving disaster.

Aviation disasters now occur with monotonous regularity,
one serious injury for so many thousand miles flown, one
death for so many more thousand miles flown (about a
millionth of the distance one may travel on a tube railway or
motor-car). These are probably the fira/ constants of the
rigid fluctuating-lift type of design in conjunction with the
average human skill. The moral is obvious.



UNPRACTICAL LINES OF DEVELOPMENT
(Suggested by page 170. See its footnote.)

IN connection with the causes of aviation disasters, it will be seen that the
pilot’s weighing forward upon his controls, in a head gust, at once suggests
itself as a plausible means of producing that momentary down-steer, at
the onset of a head gust, which the author has advocated, for stability,
when used in conjunction with a slow, overtaking, up-steering effect able
to avert the diving disaster. So far as the mass effect is concerned, the
corresponding invention suggests itself in four classes :—

(1) A small mass, either sliding or suspended pendulum-wise, and
connected to the elevator in such sense that, on weighing forwards, it
down-steers the elevator. This is in the contrary sense to that hitherto
so popular with pendulums, the deliberate object being to give a quick-
acting negative righting effect. The mass being small will have to set in
action a compressed-air motor to operate the elevator, supplied with air
from a well-stored receiver, fed by a compressor driven by an engine.
Alternatively, hydraulic or electrical relay systems may be used, but the
house-that-Jack-built kind of arrangement cannot be avoided when a
small mass is employed.

(2) A large mass, such as the pilot or the engine, free to slide or swing
and directly operate the elevator in a down-steering sense when it (the
mass) weighs forward. This is a far more promising scheme to develop
than No. 1.

(3) A concentrated mass carried at a height above the main plane, as,
for instance, at a height above the main plane of the model of fig. 32, I.
This has, in some forms, been tested by the author with varying, but not
very noteworthy, success, as an auxiliary improvement. It has advantages
over No. 2.

(4) Placing the centre of mass of the machine, as, for instance, the
centre of mass of fig. 32, I, at a suitable height above the centre of
resistance, as well as forwards. This has, in some tests, done very nicely
on an otherwise defective machine, but it has never made a very good
machine appreciably better.

Of the above, No. 4 is really the root-invention, in the same sense that
the underhung load is the root-invention of all common pendulum schemes.
The variant types, Nos. 3, 2, and 1, particularly the house-that-Jack-built
No. 1, are, in the above order, less and less likely to improve on No. 4 in
any detail without adding worse vices peculiar to themselves.
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If we assume any one of the above is employed to copy the right degree
of down-steering effect in a head gust (which it cannot actually do), it
only provides for the * flyability ” of the machine, and gives liability to the
diving disaster of the weighing-upon-the-controls variety. Stability re-
quires the addition of a supervising or overtaking control, such as that of
the slow-fan equipment, to which there is no conceivable alternative other
than the old pressure plate facing the relative wind, and up-steering the
elevator with increase in the headway. This may be employed in four
ways :—

(a) A small pressure plate may be used connected through powerful
relays to the elevator (usual objections).

(6) A larger pressure plate may be used connected directly to the
elevator.

(¢) A large pressure plate may be used carried above the main plane of
the machine, as at the top of the mast of fig. 32, I.

(d) The centre of mass of the machine may be lowered so that the
centre of head resistance alone may constitute itself an equivalent of the
pressure plate.

But, the reader may exclaim, to have the pressure plate scheme (¢) or
(d) nullifies the mass scheme, and obviously nullifies the mass scheme
No. 4! Thatis perfectly true, and the root-inventions No. 4 and (d) bring
to the surface an underlying law that is inherent in the obfuscating
combinations :—You can have the mass effect, or you can have the
pressure plate effect, but you cannot easily have both; that is, you
cannot have the mass effect to act momentarily in the down-steering
sense, and yet be overcome by the pressure plate acting in the opposite
sense as necessary for stability.

The facts are, that, the forward weight of the author’s, as proposed in
Article III., pages 117-130, is the wunigue, constant lift, constant path,
solution by mass effects, and the slow-fan equipment is the unigue simple
solution of the essential overtaking, supervising effect.

However, nothing but educational good can come of attempts to
develop inventions of the above class, and so far as they imitate the
actions of the parent methods, and are simple and reliable, they mus¢
improve, to some degree, the stability of their aeroplanes, and so give rise,
probably, to an epidemic of such schemes, rivalling that of the common
pendulum schemes. There is now, in these matters, a smouldering fire
of concealed effort and knowledge (positive and negative) within the
aeroplane industry, particularly abroad.
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Absolute acceleration of air, vector sub-
traction of, 4.

— and relative paths compared, 27, 30.

— displacement of air in a gust, deter-
mined, I0.

— orbit, radius of, in soaring, 20, 22, 30.

— path in a gust determined, 9, 10.

— soaring path, 27, 30, 48-50.

— velocity of soaring bird, 48, 49.

— velocity rule in stationary soaring, 71.

Acceleration, some general references
to, 2, 4, 5, 12, 13, 16.

— absolute, and its vector subtraction, 4.

— actual or real, compared with im-
pressed, 3.

— air always in state of continuous
change of, 16.

— at right angles to path, 12, 18.

— a vector quantity, 3.

— balanced, 12,

— centripetal of air (absolute), 17.

— — of bird (relative), 18.

— direction, magnitude, etc., 3, 16, 17.

— downwards, 2, 3, 4, II.

— gust additional to structure gust, 46,
49, 50.

— horizontal, of air, 16 (see Gust).

— impressGed (usually of headway), 2,
3,4, 0.

— — dueto gusts,question for finding, 4.

— — forwardly by propeller, air, or
gravity, 18, 159.

— — measure of, 3.

— is independent of velocity, 61.

— of air, and soaring, 16.

— of air, equal to g, 12; for soaring, 33.

— of gravity identifies it, 135.

— of headway, 2, 3, 6.

— of track of soaring ball, 6o.

— of wind, to determine its average,
52, 53. .

— real or actual, compared with im-
pressed, 3.

— relative to air, 4, 6.

— rule or formula in soaring, 16.

— soaring is the rule, 16.

— tendency, see Chapter II. generally, |

and pages 1, 3, 4, 6.
— tendency, relative, of air and body, 1.
— — first proposed as measure of gust, 2.
— triangle of, 6.
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Acceleration, up and down components
in soaring, 16.

— upwards, 2, 3, 4, IO

— vector turns round compass, 17.

Actual or real acceleration compared
with impressed, 3.

— headway, 14, 19, 21.

Advanced design for lateral stability,

8.

Advice regarding stationary soaring,
74-78.

Aerodromes, causes of their remous, 50.

Aermg:a‘a, 20, 98, 103, 109, 115, 117,
160.

— reprinted article on ‘‘Stability in

susts,” 117.

Aecroplane (see al/so Machine).

— already steady, with pendulum, 8.

— automatic appliances with, 101-103.

— constructed for delay soaring, 42.

— design with dihedrals, pendulums,
gyroscopes, etc., 7, 8.

— helicopter comparison with, 115,

— in gusts, 6-14.

—-light one and propeller-induced
stability, 108,

— narrow planes and small size in, 11,
19. 160.

— righting tendency of, 7, 8, 143-158.

— ship analogy with, 139-142.

— steeply flying (virtually), 6.

— stresses in, during gusts, 13, 14.

— upside down, I1.

‘“ Aeroplanes and Gusts,” article in
Flight, 2.

Air accelerates always in some changing
direction, 16,

— calm appearance when some birds
soar, 17.

— centripetal acceleration of, 17.

— displacement or velocity upward, 16.

— disturbed, I, 2, 11.

— gain of height relative to, 16.

— particle at centre of relative orbit, 18,

— — its displacements, 10.

— — moves in a circle, 17.

— propeller, or gravity impressed
forward acceleration, 18, 159.
Albatross and inducements for soaring,

90.
— reputed dozing while soaring, 65.
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Albatross, selection of soarable regions,

90.

Aloft, conditions in soaring for keep-
ing, 15.

Amount of soarability in wind, 52-57.

— — — rule for, §53.

Analogies, mechanical, to soaring, 60-
6

7.

Analogy, ship stability to aeroplane
stability, 139-142.

Analytical methods, oscillations and,
157.

— — suggestion for disturbed air, 1.

Angle, dihedral, very little advised, 7, 9.

— of banking, 18, 21.

Anticipation of gusts and automatic
imitation, 1§5.

Application of stabilising principle to
glider, 127.

Aquarium in lift, and soaring fish, 82.

— in tramcar, 61, 62.

Articles of S. L. Walkden, ‘ Aero-
planes and Gusts ” (#/ight), 2

— — reprinted, 105-130.

Artificial aviator on model, 12§, 129.

— — on glider, 129.

Ascent, mode of soaring bird’s, 15,

— rate of soaring bird’s, 24, 28.

Asymmetric reaction of soaring bird to
gust, 35.

— soaring, 32-35.

— — illustrated by track model, 66.

— — policy of bird in, 87.

Asymmetry of gust best for soaring,

34.

Atmosphere, block of it turning, 17.

Author and realisation of delay soaring,
42.

Author’s article in Flight, ** Aeroplanes
and Gusts,” 2.

‘¢ Longitudinal
Gusts,” 98, 117-130.

— — ‘“Propellers as Disturbers of
Stability,” 103, 106, 109-116.

— articles in deronautics, 98, 160,

— — reprinted, 105-130.

— beliefs on balloon movements in
soarable air, 85.

— — on pendulums, etc., 8.

— references to own appliances, 99.

— success in stabilising apparatus, 13.

— views appr%priated in popular ex-
positions,

Automatic anticipation of gusts, 155.

— arrangements on aeroplane, 101-103.

— character of stationary soaring, 73-
74, 78-79. L. .

— control, partial applications possible,
102,

— — to glider, 103.

Stability in
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Automatic (‘‘ natural ”’) stability as dis-
turber in gust, 106, 107, 118-119.

— stability and soaring, 95, 104, 127.

— wheeling soaring, 104.

Average acceleration of wind, to deter-
mine, §2-53.

— gust, 8, 56.

— pose, and righting tendency to give
it, 7.

— structure gust, to determine, 56.

Aviator, artificial, 125, 129.

Backward movemem in stationary soar-

Bag :F shot as front-weight stabiliser,
103.

Balanced accelerations, 13.

— forces and accelerations, 4, 12.

Ball soaring by acceleration of track,

, 05.

Ballasted glider, self-righting of, 144.

Balloon movements to test soarable air,
84, 8s.

— structure gusts do not affect, 51.

Banking angle while circling, 18, 21.

— — limit for soaring birds, 22.

Behaviour of constant lift model as a
glider, 124.

Beliefs, author’s, on pendulums and
gyroscopes, 8.

Best soarable head gust, strength of, 33.

— soaring path, slope of, 33.

Bicycle and tricycle, stability compari-
son, 131, 133.

Bird, asymmetric reaction to soar in
gusts, 35.

— asymmetric soaring policy of, 87.

— centripetal acceleration of, 18.

— feels more than sees its soaring, 81.

— frictionless one soaring and gliding,

15.
— gliding property, 18.
— grand policy in soaring, 88.
— impression as to soaring by up-

current, 81.

- inscolumn of air, directions of forces,

2.

— keeping aloft, 15.

— may discover delay soaring by
fatigue, 9I1.

— perpetually in state of commencing
fresh soaring, 86.

— policy when soaring, 86, 87.

— rate of soaring ascent, 24.

— soaring in apparent calm, 17.

— that flies short distances, 89.

— that makes long flights, 89,

— wheeling to keep in head gust for
soaring, 16, 17.

Birds, comparison of soaring, 89.
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Block of atmosphere turning circularly,

17.
Breakers of sea and air, 142.
Brennan’s gyroscope as a ship’s stabi-
liser, 141.
Broad view suggests improvements, I1.
Buzzard, soaring of Professor Langley’s,
explained, 50; Wright’s, 84.

Calm air, apparently, when birds soar,
17.
Cautionregarding righting explanations,

154.

Centre of mass, absolute path, 10,

— — and of lift must coincide, 121.

— — as a ‘‘steady point,” 124.

—_— bg““ term than centre of gravity,
8.

— — represents a pivot, 120.

— of pressure, forward movement of,
etc., 7, 106, 119, 146, 155.

— — made to retreat, 126.

— — object of its migrations, 155.

— of relative orbit, particle at, 18.

Centrifugal force determined graphic-
ally, 58.

Centripetal acceleration of air, 17; deter-
mined graphically, 58.

— — vector of soaring bird, 18.

— perturbation of soaring path 25.

Change of pose, to determine, 9.

— of acceleration, if quick, never dis-
continuous, 16.

Characlenst:c headway curve of glider,

Cucle, atmosEhere turns in, 17.

Circling, banking and actual headway
in, 21.

— formule relating to, 20, 159.

— time of, 21, 163.

Circularly moving soarable air, 17.

Circular orbit, absence of error for, 29.

— track for endless model of svaring,

—turn-ing of bird to keep soaring,

17, 18
— wheeling soaring, to-and-fro, 27.
— — — — its limits, 30.

— winds resisted by ground friction, 22.

Climbing against wind, ease explained,

Clouds, fluctuations of velocity, 85.

Columns of rising air, birds in, forces
acting, 82.

Combined and pure soaring as rule and
exception, 38.

— delay and wheeling soaring, 55, 87.

— — and structure-gust soaring, 43, §I.

— — and other soaring, 43.

— soaring, policy of bird in, 87. |

Common gravity (see Gravity, common).

Comparison diagrams of soaring (fig.
31), 82.

— helicopter and aeroplane, 115.

— of accelerations, real and impressed, 3.

— soaring and non-soaring birds, 89.

— straight and circular to-and-fro soar-
ings, 30.

— uniform and to-and-fro circular soar-
ings, 30.

Compass, acceleration turns round, 17.

Completion of constant-lift glider, 123.

Components up and down of accelera-
tion, for soaring, 16.

Compression structure allows soaring
either direction, 46, 48.

— —of a_ir, 45, 49.

Concave righting path and stresses, 13-
14.

Concentrated mass as test of a gust, 4.

Conclusions as to eliminating gust dis-
turbance, 130.

Condition for asymmetry of soarable
gust, 32.

— for non-soaring defined, 31.

Confusion of wind and gust accelera-
tion, 32, 94.

Connection of down-dipping model and
soaring, 127.

Constant attitude, its cause, gravity not
concerned, 146, 154.

— — law obeyed, 111.

— headway in simple soaring, 15.

— — avoids disturbance of pose, 96.

— — by means of propeller, 107.

i — -lift property and glider, completion

of, 123.

— — model as free glider, 124.

— — rule for non-disturbance of path,
119,

Continuous straight uniform soaring
impossible, 17.

— whc6elmg soaring by a varying gust,

Control by automatic means, 95-130.

— by elevator depends on headway, 13.

Co ordinates replacing true vertical and
level, etc., 11

Correction for error of circular orbit, 29.

Cosine curve, polar, showing strength
of gravity, 38.

Counter-tor: 0gue of propeller, corrected,
105-1

—of wmd driven fan, non-existent,

105.
Curved righting path in gust, 7.
Damped paths and damping (see¢ Chap-

ter II. generally), 7, 8, 9, 12, 13.
Dampers of oscillations, 158.
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Damping empennage of two surfaces, 95.
— as source of disturbance, g5.

— of ship’s oscillations, 140, 141, 142.
Dangerous gusts, 13.

Decreasing lift design for head gusts,

155.

Deﬁni{is,on of soaring flight, 15.

Delay soaring, automatic, 42, 127.

— — birds discover, by fatigue, 91.

— — by birds of boisterous climates, 91.

— — combined with structure gust soar-
ing, 5I.

— — described, 35.

— — exemplified by track model, 66.

— — policy of the bird, 87.

Derivatives of wind for fixed bodies and
flying machines, 59.

Descent to rear gust, to minimise, 34.

Design, advanced, for lateral stability, 8.

— author’s apparatus improving, 13.

~— broad view and improvements, 11.

— present lines of dihedral, of weights,
of keel surface, 9.

Designed and tried aeroplanes, and
natural selection, 7.

Designers of pendulum stabilisers, 8.

— caution regarding principle of maxi-
mum advantage, 96-97.

Development, practical lines of, 95.

Dihedral angles, pronounced positive,
to be avoided, 7.

— — little, advised, 9.

Dimensions, vectors alter in three, 16,

Dines, J. S., wind-vector diagrams, §3.

Dipping down and headway of soaring
bird, 39.

— — is best soaring policy, 40.

— — laterally to side gusts, 1o4.

— — to head gusts, 98-99, 104, 126.

Direction of a gust (se¢ also Gust), 2-3.

— of air acceleration not constant, 16.

— of glide in virtual level, 15.

— of gravity, 8, 10.

— of relative path and pose, 9, 10.

Displacement equality of gusts, 32.

— reduced, is essence of track model
demonstration, 65.

— upwards, machine or air, 10, 16.

— vectors of machine and air, relative
and absolute, 10.

Disturbance by gusts (sec Chapter I1.),
7, 8, 11.

— — eliminated, 130.

— of dampers, 95.

Disturbed air, 1, 2, 11.

— paths, 9, 11, 13, 14.

Disturbers of stability, propellers as,
106, 109-116.

Disturbing effect of natural stability in
gusts, 106-107, 118-119.
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Downward acceleration, 2, 3, 4.

— gust, 2, II, 12, I3.

— structure gust and soaring, 83.

— turning in a gust, 12,

Dozing of albatross while soaring, 65.
Drift Forces in trajectories, 150,

— force thrust, 111, 114.

— to lift ratio, 18.

Dynamics, graphical, 4.

Earthquakes, gravity, and gusts com-
pared, 135. .
Easier climbing against wind explained,

34-35-

Eddies disturb by means of empennage,
12.

Effective gliding angle or # in circling,
2

Effect of moment of inertia, 129.
Effort, bird rising without, 15.
Elastic-driven models, their somersaults,

3.
Elevated fly-wheel fan as damper, 96,

97.
— power-drivenpropeller is inadvisable,
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Elevating plane springily or yieldingly
mounted, 98, 100, 101, 103, 104.

Elevator control depends on headway,
13, 97.

— wagging and operation, and by bird,
8, 14, 15.

— working the aviator, 129.

Elimination of gust disturbance, 130,132.

Empennage of two surfaces for damp-
ingr 12: 95'

— powerful, allows eddy disturbance,
12.

Endless circular track for model of soar-
ing, 66.

Engines as stabilisers, 103, 106, 108.

Equality of displacements of gusts, 32.

Equilibrium paths of glider, 152.

Expansion structure, 46, 49.

— — spoils soaring either direction, 47.

Experimenter in tramcar, 61.

Explanation of righting, formal graphi-
cal, 148.

— — informal practical, 143.

— — caution as to, 154.

Fall, horizontal, into a gust, 37.
Fan, slow, induces some gust disturb-
ances, 126,
— wind-driven, asa damper, 96, 97, 104.
— — as a stabiliser, 105.
Fatigue, bird discovers delay soaring by,
1

91.
Feeble gust, connection with dipping
down, 39.
N
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Feeling soaring relationship is important
in models, etc., 65.
— — — and seeing it in stationary soar-

ing, 8o.
Fighting gusts by elevator wagging, 8,

130.

Fish, gliding and soaring, 62, 82.

Flap elevator, 101, 132.

Flapping simultaneously with and to
gelp soaring, 15, 23, 92.

— intermittently to aid soaring, 41.

Flaps, up-pulled lateral, 104.

Flexible glider, ethbnum of, 152,

153.

— model, oscillations of, 158.

— planes, 100.

Flight at constant headway, 15.

Flight, author’s articles in, 2, 105.

Fligh: in disturbed air and still air, 1.

— In level soaring, 1 5.

— in still air, 1, 13, I

— problems and quesuons (see Pro-
blems), 2, 4

— relative to air (ne Chapter I1. gener-
ally), 6, 9.

— soaring, 15-43 (s¢e Contents).

‘¢ Flyability ” and front weight, 81.

— and ‘“stability,” 8o, 131-133.

Flying steadily in gust, and stresses, 13.

Fly-wheel fan as aid to wheeling soaring,
97.

— — as damper and stabiliser, 96, 97,
104, 105, 158.

Forces, balanced, 4.

Foresléortened (sine law) soaring paths,
28.

Formal graphical explanation of right-
ing, 145.

Formula for soarable air, 16,

— — — corrected for banking effect, 18.

Formulz relating to circling, 159-163.

Forwardly impressed acceleration by air
propeller or gravity, 18, 159.

Friction and gravity, soaring if neither
existed, 37.

— arranged for models illustrating soar-
ing, 60, 62.

— detrimental effect on delay soaring,
42,

— of ground, interference with circular
winds, 22.

— wheeling soaring in absence of, 43.

Frictionless bird soaring, 15.

Frontispiece referred to, 20,

Front weight and * flyability,” 81, 133.

— — independent form, 103, 104, 128,
135.

— — caution regarding, 133.

Function, harmonic, for g in disturbed
air, 11.

Fundamental mode of flight is soaring,
92.

General method determining impressed
accelerations, 4.

— principles, object of book, 1.

— velocity soari

cy o bll’d 88.

Glider, characteristic hcadwny curve, 69.

— properties of, 18, 147, 148.

— soaring in a tramcar, 61-62.

— used in wheeling soaring, 93.

— with artificial aviator, 129.

— with automatic control, 103.

— with stabilising principle applied,

— — — poli

127.

Gliding and soaring bird, 15.

— angle, best in birds, 20.

— — common and effective, 1§, 18-19.

— — effect on orbital radii, 20.

— — relationship to circling, 21.

Government Advisory Committee’s Re-
port and Blue Book, 53, 55, 140.

Grand policy of soaring bird,

Graphical constructions for soaring, 25,
29.

— determination of rise after a gust,
36-37.

— dynamics, 4.

— formal explanation of righting, 145.

— methods as to propeller effect on
stability, 109.

— statics, 3.

va;t.y (throughout Chapter II.), 3-4,

15.
— acceleration due to, identifies it, 135.
— allegiance of pendulum righting
effects to, 8.
— common, subtracted in vector sense,

4.

— feed of petrol during gust, 11.

— general definition, 136.

— 1s itself a relative gravity, 138.

— nature of, 134-1 35.1'2

— no cause of constant attitude, 146,154.

— produced tractive acceleration, 18,

— resultant relative (see Relative

gravity), 4, 6, 7, 11-13, I5.

— — — greatest, I3.

— — — horizontal, 12.

— — — vanishes, II.

— righting tendency pays respect to, 7.

— soaring when none exists, 37.

— strength of, 6, 9, 10.

— superseded by relative gravity (all
- Chapter IL.), 3, 4, 6, 15.

— thrust due to, 110, 114.

— tilted, 6, 8, 10.

- npslde down, I

— variations of common, 136.
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Greatest improvement for stability, 7.

— relative gravity, 13.

— rise after a gust, to determine, 37.

— stress, what determines it, 14.

Greenhill (Sir George) and *‘ bottom-
heavy ” ships, 140.

Ground, keeping close to, in stationary
soaring, 72.

— paths relative to, g.

Growing gust (Chapters IL.), 7, 9, 12,
13.

Gulls soaring, 91.

Gust (all Chapters L. and IL.), 1-14, 15.

— (se¢ also Measure of).

— absolute path in, determined, 9, 10.

— acceleration and structure types
together, 46, 49, 50.

— — downward, 11.

— — formula for soaring, 16.

— — in soaring, I§.

— — question for finding, 4.

— aeroplanes in, 6-14.

— and wind confused, 32, 94.

— anticipation of, automatic, 155.

— asymmetry for soaring, 32, 34.

— average, 8, 56.

— caused by other things than absolute
air acceleration, 44.

— dangerous class, 13.

— direction of (all Chapter II.), 2, 3.

— displacement of air in, 10.

— disturbance (all Chapter I1.), 7,8, 11.

— — eliminated, 130.

— — of slow-fan, 126.

— — of stability, 107.

— disturbing effect, general principles,
11,

— disturbs balance in soaring, 94.

— downward, 2, I1, 12, I3,

— — head, 13

— — rear, 12,

— energy available for soaring, 54.

— equal to g for soaring, 33.

— feeble, connection with dipping in
soaring, 39.

— fighting by elevator wagging, 8, 130.

— growing (all Chapter I1.),7,9, 12,13.

— harmonic (all Chapter II.), 7.

— — in soaring, formul for, 25, 28.

— head, 6, 13.

— — continuous for soaring, 16.

— horizontal, 6, 8, 9, 15.

— — head, 6.

— — for soaring, 15.

— longitudinal stability in, 117-130.

— mean effective soaring strength, 26.

— measure of, 1, 2-5.

— natural stability in, 118.

— of average period, 8.

— rear, 9, 12,
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Gust reciprocating harmonically in soar-
ing, 23-30.

—_ :eé)rcsentation by a line, 3.

— side, 8.

— stability in, 98, 117, 128.

— steady flying stresses in, 13.

— strength of best soarable, 33.

— — or magnitude of, 2, 3, IS5, 33.

—_— éo keep bird afloat uniformly, 15,
16.

— stresses produced by, 13, 14.

— structure, additional to acceleration,
46, 49, $o.

— — strengthened by headway, §.

— — term first used in book, 5.

— — variety, 5, 44-5I.

— sudden, 6.

— *suddenness,” 59-62,

— symmetry and non-symmetry, 3I.

— transient and extreme, 11,

— upward, 9.

— weak for soaring, 15,

Gustiness, instruments to measure, §57.

— expressible only by acceleration, not
velocity, §7.

Gyroscope, scope for, 8, 11,

— for ships and aeroplanes, 141-142.

Hand-launching and multiple masses,

133.

— of models inadvisable, 100.

— virtually an impossible gust, 124.

Harmonic acceleration, velocity, and
displacement, 26.

— function for gin disturbed air, 11.

— gust (Chapter I1.), 7.

— — for soaring, 23-30.

— — — formula, 25.

— — substitute for, 31.

Head gust, 6, 13.

— — best soarable, 33.

— — dipping down to, 126.

Headway (Chapter IL.), 3, 3, 5, 9, 12,
13, 14.

— acceleration of, 2, 3, 6.

— actual, 14, 19.

— and dipping down of soaring bird, 39.

— and stability while soaring, 41.

— and weight on air, 159.

— constant or uniform, in soaring, 15.

— curves, for a glider, 69.

— determines structure gust, §, 45, 49.

— glider’s properties at steady, 18.

— loss of, and prevention of loss, 13.

— necessary for controls, 13.

— rate of change by velocity structure
(Chapter IV.), 4, 44, 46.

— ratio of gliding and flying, 21.

— term used for velocity-relative-to-air,
2,

N 2
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Headway virtually too low in a gust, 8,

9.
Heavier birds prefer straight non-wheel-
ing soaring, 39.
— — soar in boisterous climates, 91.
Height, gain of, relative to air, 16.
Helicopter comparison with aeroplane,

115.
High speed and stability, 5.
— — detrimental to wheeling soaring,

72.

Highest soarable point on a hill, 72

Hill, danger of getting behind, in
stationary soaring, 70.

— highest soarable point on, 72.

— suitable for stationary soaring, 70.

Hole-in-the-air described and explained,
1T,

Homogeneous up-current soaring im-
practicable, 83.

Horizontal circular flying, formulae for,
19, 20, 21, 159-163.

— *““fall ” into a gust, and soaring, 37.

— gust, 6, 8, 9.

— — acceleration, 16.

— head gust, 6 (see Gust).

Hot plains of earth, state of air and
soaring over, 90-9I.

Human soaring, 93.

Impressed acceleration (usually of head-
way), 2, 4, 6

— — and real, 3.

— — due to gust, question for finding, 4.

— — forward or tractive, 18.

— — headway due to velocity structure,

44.
Improved disturbed path (Chapter IL.),

7.

Improvements suggested by broad view,
.

Inclination of path and alteration of
speed, 116.

— — and thrust required, 109.

— of propeller axis to minimise thrust,
116,

Independence of velocity and accelera-
tion, 61.

Inertia, angular, made use of, 158.

— moment of, its effect, 129,

— — resists sudden change of pose,
132.

Informal practical explanation of self-
righting, 143. .

Instruments for measuring gustiness,

57. .
Integration of rise in a harmonic gust,
25, 28.
Interest, practical, lost in unimproved
designs, I1.

Intermittent flapping as aid to soaring,

41.
Introductory Chapter I.—The measure
of a gust, I1-5.

elly-likeatmosphericoscillations, 22,91.
erks in incidence of wings as mode of
soaring, 42.
— of tramcar analogous to ‘‘sudden-
ness”’ of gusts, 62.

Keel surface to damp lateral righting, 9.
— —side-slipping or baunking inabsence
of, 18.

Lanchester, F. W., change of air velocity
with place and soaring, 4.
— — on mechanical models of soaring,

7.

Langley, Professor, his buzzard’ssoaring
explained, so.

Large propeller, why it stabilises, 107.

Lateral oscillations, sympathetic, con-
fuse flight, 157.

— righting tendency and its momentary
reversal, 8

— stabilising side weights, 104.

— stability in side gust, 8.

- up-EulIed flaps, when adopted, 104.

Launch, irregular, determining path, 10.

Level, true (Chapter I1.), 6, 15.

— uniform soaring, 15, 16.

— virtual, 6, 7, 12, 15,

— — as soaring plane, 15.

Lift acting to accelerate upwards rela-
tively to machine’s co-ordinates, 12.

— decreasing in a head gust, 155.

— diagram (ﬁg. 44), 149.

— — geometrical properties, 151I.

— forces for trajectories, 150.

— kept unaltered avoids disturbance,
97-98.

— to drift ratio of glider, 18.

Light aeroplane and propeller-induced
stability, 108.

Limits for to-and-fro circular wheeling
soaring, 30.

— — wheeling soaring, 27.

— for uniform wheeling soaring, 22.

— to wind velocity, 16.

Line, uniform soaring in straight, 17.

Lines of development, practical, 95.

List of symbols, 17.

Loading of planes reversed (sce Ap-
pendix), 14.

Longitudinal dihedral, 7.

— moment of inertia resists circling
commencing, 12,

‘‘Longitudinal Stability in Gusts,”
article, 98 ; reprinted, 117-130.
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Long-period pendulum, its uses, 8.
Loss of headway, birds soar without, 15,
— — rapid or sudden, 13.

Low headway, virtually, in gusts, 8, 9.

MacAllan, J. M., and the formula for
total thrust, 115.

Machine, stresses in, duringgusts, 13, 14.

— upside down, tI.

Magnitude (sec Strength).

Main plane yielding, 100,

Maintenance of headway, apparatus to
help, 13.

Mass, centre of, its absolute path, 10,

— concentrated, as detector of gust
accelerations, 4.

Mathematical methods modified for
disturbed air, 10.

— proofs use infinitesimal time inter-
vals, 59.

Maximum advantage principle in
design, 96-97. ,

Mean angle of rise in harmonic gust,
25, 28.

— effective strength of soarable har-
monic gust, 26, 28.

Measure of a gust, 1-5.

— —and date acceleration first ad-
vocated, 2.

— — necessity for defining, I.

— — of stresses during a gust, 13.

— or strength of a gust defined, 2.

Mechanical analogies to soaring, 60-67.

— strength and banked circling, 162.

Mechanics, a science of relations, 138.

Mechanism, lack of interest in un-
improved, I1.

Meteorologicalsoaringconditionssought
out by albatross, go.

Methods, analytical, for paths in dis-
turbed air, 11.

— and formulz of this work, ringing
changes on, 163.

— general, for finding impressed ac-
celerations, 4.

— mathematical, now published to
determine still air relative paths,
10, 14.

Migration fatalities may evolve soaring
birds, g1.

— of centre of pressure, objects of, 155.

Minimising descent to a rear gust,

-37.

Minor gust irregularities utilised in
delay soaring, 42.

Model aeroplanes unaffected by struc-
ture gusts, SI.

— — somersaults, 113.

Models, hand-launching inadvisable,
100.
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Models illustrating soaring, 60-67.

advice as to utility, 67.

— improved flight when battered, 95.

— mechanical, fail to represent soaring
details, 67.

— with artificial aviator, 125.

Moment of inertia amplifies oscillations,
132, 157-158.

— — effect of, 129-130.

— — preferred by aviators, 131.

— — resists circling or sudden change
of pose, 12, 132,

Momentary reversal of righting effect
desirable, 8, 9.

— uniform straight-line soaring only
possible, 17.

Moon, effects on common gravity, 137.

Multiple masses and hand-launching,

133.

Narrow planes of small size and circling,

11,

Natural stability, 117, 144, 155.

— — in gusts, 118.

— — — annulled, 155.

Naturesof gravity (Chapter XIX.), 134,
I

— of righting tendency, independence
of remarks upon, 7.

Negative and positive soaring, 34.

— righting tendency, momentary, 100.

Neutral surfaces in pairs for damping, 12.

— tail plane not enough fordamping, 12.

Non-soaring condition defined, 31.

— constant headway path, 32.

Note-paper glider experiments in right-
ing effects, 145.

Objects of this book (Preface), 11.

Olympic, liner, variations of weight, 138,

Orbit, absolute, in uniform circular soar-
ing, 20.

— bird’s centripetal acceleration in, 18.

— rel;tive, in uniform circular soaring,
18,

Oscillations, 155-158.

— absent with flexible model, 158,

— and effect of moment of inertia, 157,

— damping of, 113.

— easily damped by pilot, 132,

Oscillatory or undulatory path, 7.

Over-engineing and over-flywheeling an
aeroplane, 109,

Partial application of automatic control,
102,

Particle of air, acceleration and dis-
placement upwards, 10.

— — at centre of bird’s absolute orbit,
18,
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Particle of air moving in a circle, 17.

Path (see also Absolute, Damped, Dis-
turbed, Relative, Soaring, Undula-
tory).

— absolute, 9, 10.

— centripetal acceleration of bird in
relative, 18. )

— concave or curved, 7, 13.

— damped, 7, 9, 13.

— direction of, 9.

— disturbed (Chapter I1.), 7-14.

— improved forms, 7.

— of the wind, 58-59.

— oscillatory or undulatory, 7.

— radius of, 14, 19, 160, 161.

— relative to air (Chapter I1.), g, 10.

— righting, 7.

— truly level soaring, 15.

Pendulum, futile adding to show
direction of gravity, 7.

— forced to gay allegiance to relative
gravity, 8.

— general observations on, 8.

— in tramcar, 61.

— long-period, possible use, 8.

— quick-acting short-period no use, 8.

Perpetual soaring prevented by ex-
pansion structures, 47.

Petrol, gravity feed mterrupted, and
leakage, 11

Pilot, actions superseded, 98, 101.

— “‘anticipation” of gusts imitable,
155.
— his non-turning to avoid stresses, 14.
— instinct for steady headway, and
soaring, 35.
— moving slowly,
machine, II.

— operation of elevator and stresses, 14.

— rules for general soaring with glider,
94.

Pivot in free air is a centre of mass, 120.

Plains of earth, birds soaring over hot, go,

Plane, narrow and small, I1.

— neutral tail inadequate damper, 12.

— vertical, effective » in, 18,

Point, air always accelerating at every,
16.

Polar cosine curve shows strength of
gravity, 38.

— sine curve shows accelerations of tea-
tray model, 64.

Policy, grand, of soaring bird, 88.

— of soaring bird, 86-88.

Popular view of soaring partly justified,

separation from

4.
Pose, average, and righting tendency, 7.
— changes of, 9.

— direction of, g.

— disturbance of, 7.

Pose upside down, 11,

— turned over backwards, 12.

Position relative to air, 6.

Positive and negative soaring, 34.

Practical informal explanation of right-
ing, 143.

— interest of improved
machines, 11.

— lines of development, 95-103.

Prejudice against relative gravity prin-
ciple, 134.

Present line of design, progress along, 9.

Pressure, centre of, forward movement,
etc., 7, 106, 119, 146, 155.

Principles, general, 11.

Problems, educational and urgent, 8.

— of flight, real, are concerned with
disturbed air, 1

— — understood dynamically, 4.

Prompt righting tendency to be avoided,

types of

Propeller, alternative or supplementary
to air acceleration, 18, 159.

— as disturber of stability (article),
103, 106, 109-116.

—as producex of forward acceleration
tendency, 18, 159.

— as stabiliser (article), 105-109.

— counter torque and its elimination,
105.

—diregtion of shaft for least thrust,
116.

— elevated and power-driven, inadvis-
able, 113.

— its speed constancy and stability of
machine, 108.

— large size, why it stabilises, 107.

— promotes constant headway, 107.

— thrusts causing unstable paths, r12.

— — for banked and circling machine,
162-163.

Propellers, useof two, to destroy counter-
torque, 105.

Properties of glider, 18.

— — established in wind tunnel, 147.

Published still-air mathematical me-
thods, 10, 14.

Question determining impressed ac-
celerations, 4.
Quick-acting pendulums no use, 8.

Radii of horizontal orbits, bird, ma-
chine, air, 19, 20, 22, 30, 160, 161,
162.

— — — incorrect method, 161-162.

Radius of vertical circle or curved path,
12

Rate of change of velocity (sec Ac-
celeration), 2
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Reaction as an impressed acceleration,

4.

Real or actual contrasted with impressed
acceleration, 3.

Rear gust disturbance, 9, 12.

— — minimising descent to, 34, 37.

Reciprocating harmonic gust for soar-
ing, 23.

— — — and rotating vectors, 24.

Recovery of pose, discuss after preven-
tion of disturbance, 140.

Rectangular wind-charts, soarability
evaluation, 56.

Reduced displacement essence of wavy-
track model demonstrations, 65.

Relationship of soaring bird to air,
constant, 17.

Relative displacements of machine, 10.

— gravity, 4, 6, 7,9, 11, 12, 13, 15.

— — due to velocity structure, 44, 49.

— — horizontal, 12.

— — of track of mechanical soaring
model, 61.

— — tilted and strength altered (Chap-
ter I1.), 6.

— — upside down, 11.

— — vanishes, II.

— — viewing and interpreting its dia-
gram, 7.

— — what it is, 4.

— paths (Chapter I1.), 9, 10.

— — compared with absolute, 27, 30.

Relative-to-air acceleration, 4, 6.

— — — flying, 6, 14.

— — — orbit, central air particle, 18.

— — — paths, avoid sharp turns, 14.

— — — displacements, 6, 10.

— — ground paths, 9.

Remous over spots of land,
causes, 5c.

Representation of a gust, 3.

Reprinted articles, 105-130.

Resistance, prolonged, nut required to
vertical circling, 12.

Rest, dynamical view of body at, 4.

Resultant acceleration tendency, 6.

— relative gravity (se¢ Relative gravity,
and Gravity).

Retreating centre of pressure and
effects, 126.

Reversal of gust means reversal of
acceleration, 24.

— of righting tendency, 7, 8, 9.

Reversed loading of planes (Appendix),
14.

— stresses, 14.

Right anggles to path, acceleration at,
12, 18.

Righting effect of common glider, two
causes, 125.

their
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Righting, explanation to receive with
caution, 1§4-155.
— formal graphical explanation, 145-

154.
— informal practical explanation, 143.
— lateral tendency, 8.
— nature of, 7.
— paths (Chapter 11.), 6, 7.
— tendency, 7, 8, 143-158 (Chapter II).
— — giving average pose, 7.
— — improvement by momentary re-
versal, 7, 9.
— — indifference to nature of, 7.
— — of a ship and its effects, 139-140.
— — prompt, to be avoided, 7.
— — slow, as an advantage, 7.
— —8— lateral, momentarily reversed,

Rigid model, where at fault, 155.

— positive dihedral better absent, 7.

Ringing the changes on formula and
methods, 163.

Rise after a gust, finding the greatest,

7.
— — — graphical determination, 36.
— in a gust, integrations to find, 25, 28.
— — — mean angle of, 25, 28.
Rising column of air, theory of soaring,
68, 81, 84. & €
Rooks, their soaring abilities, g1.
Rotary-cylinder engines as stabilisers,

102, 106, 108,

Rotating vectors and reciprocating
gusts, 24.

Row-boat comparison with velocity
soaring, 81.

Rubber bands or springs to anchor
soaring models, 65.

Rudders, bird’s equivalents to, used in
soaring, 71.

Rule as to absolute soaring, 71.

— as to soaring, 1§, 16.

Seeing versus feeling in soaring, 8o,

Selection of soarable regions by alba-
tross, 9oO.

Self-flying models, 156.

— -righting (see a/so Righting), 144.

— — path of a glider, 1§1.

— — property explained by thrust
diagram, 109.

— — — in still air, informal explana-
tion, 143.

— — — — formal graphical explana-
tion, 145.

Separation of pilot, etc., from machine,
11

¢¢ Set," non-oscillation of machine once,

158.
— the getting ‘‘set” of a model, 100.
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Sharp turns to be avoided, 14.

Ship and aeroplane analogies, 139-142.

— rolling disagreeably, 141.

— most comfortable, 141-142.

Ship’s righting tendency and its effects,
139-140.

Ships and aeroplanes in ‘‘breakers,”

142.

Short-period pendulums, useless, 8.

Shrinkages of wings as aids tosoaring,40.

Side gust disturbance, 8.

— slipping requires keel-surface, 18,

Sight essential to some soaring, 105.

— test as to soaring or not, 81.

Simultaneous acceleration and structure
gusts, 46, 49, 50.

— flapping and soaring, 15.

Size of aeroplane concerned in circling,
11, 19, 160,

— of soarable air’s circle, 17, 19.

Skill wanted in soaring, suggested by
track models, 65.

Slope of best soaring paths, 33.

Slow adjusting fan for automatic stabi-
lity and soaring, 99, 100, 101, 127,

153.
Slow-fan and gust disturbance, 126,
127, 153.
— — and mean stability it gives, 158.
— — rescues machine from dives, 133,

153.
Small-size aeroplanes in circling, 11, 19,

160.

Smokeof chimneytestof soarable air, 85.

Soarability evaluated by rectangular
wind chart, 56.

— in wind, amount of, 52-57.

— — — rule to determine amount, §3.

— left out of account by wind charts,
54,55, 56.

Soarable air moves in circle, 17.

— — tests for its movements, 84-85.

— gust, conditions for asymmetry in, 32.

— regions selected by albatross, go.

Soaring, 2, 15, 16.

— albatross, 65, 90.

— amount in wind, §2.

— and flapping simultaneous, 15.

— — — supplementary, 23, 92.

— and non-soaring birds compared, 89-
92.

— and stability, automatic, 95.

— asymmetric variety, 32-35.

— automatic stability and, 95-130.

— — wheeling, 104-105.

— bird, dipping down connection with
headway, 39.

— — compared with non-soarers,89-92.

— — its grand policy, 88.

— — limit of banking angle, 22.

Soaring bird, policy of, 86-88.

— — wheels to continue soaring, 16.

— by accelerations is the rule, 16.

— by structure gusts, an example, 47.

— by upward air column, 83.

— — displacements or velocities, 16, 68.

— chart, construction described, 20.

— — redrawn for to-and-fro circular
soaring, 29.

— circularly, 17-27.

~— combined and pure varieties, 38-43.

— condition for not, 3I.

— continuously by varying gust, 16.

— — uniformly in straight line impos-
sible, 17.

— delay variety, 35-42.

— — — aeroplane for, 42, 127.

— favourite variety, 17.

- ﬂight, 15-43, 47-51,52-57, 68-92.

— — defined, 15.

— formula determining necessary air
acceleration, 16.

— — — air acceleration, corrected for
banking, 18.

— general velocity variety, 81.

— harmonic gust formula for, 25.

— human, 93-94.

— in absence of gravity and friction, 37.

— in either direction possible by com-
pression structure, 46-48.

— in level paths, 16.

— in straight line, 17.

— in symmetrical gusts, conditions for,

. 35-36. .

— in tropical countries, 17.

— in virtual level, 15.

— is fundamental mode of flight, g2.

— mechanical analogies to, 60-67.

— of anomalous automatic model, 127.

— path, Flan shape of, 54.

— paths for a series of equal-displace-
ment gusts, 33.

— — relative and absolute compared,
27-30.

— policy of bird, 86-88.

and, 88.

— relationship of bird kept constant, 17,

— relative orbit of bird, 18.

— space for stationary soaring, dimen-
sions of, 78.

— stationary variety, 69-81.

— stress in birds’ wings, 22.

— to-and-fro circular wheeling, 27-31.

— — — — limits of, 30.

— — wheeling, 23-27.

— uniformly by turning circles, 17.

— — in one direction, impossible, 17.

— uniform wheeling variety, 17-23.

— — — = limits of, 22.

— velocity variety, 68-85.



Index

Soaring, wheeling varieties, 15-30, 47-
51, 81-8s.

Solution of stability problem by wind-
tunnel experiments, 119-123.
Somersault, back, and means of resisting

it, 12-13.
— of elastic-driven model explained,

113,
Speed, high, connection with stability, .
— of ggopeller and effect on stability,
I

— variations with inclinations of flight
path, 116.

Spiral relating to oscillations of pose,
156, 157.

Stabilisers, propellers as, 105-109.

Stability and *‘ flyability,” 131-133.

— and headway compromises in soar-
ing, 41.

— and high speed, 5.

— and soaring, automatic, 95-130.

— conventional, no test of ‘* flyability,”
132.

— greatest possible improved path for, 7.

— in gusts, 128-129.

— — longitudinal, 117-130.

— in stationary soaring, 8o.

— in still air and instability in gusty
air often go together, 117.

— lateral, momentary reversal of, 8.

— ““natural,” in gusts, 117, 118,

— oftrajectoryand attitude are separate,
153.

— of ?Iarious kinds and effect of pro-
pellers, 113.

— problem vanishes in still air, 100,

— pro%ellers as disturbers of, 106, 109—
116.

— questions connected with, 2.

— solved by wind-tunnel experiments,
119-123.

Stable and unstable paths related to
propeller thrusts, 111-112,

Statics and dynamics, graphical, 3-4.

Stationary soaring, 69-81.

— — advice upon practising, 74~78.

— — as means to general soaring, 94.

— — automatic character, 73-74, 78-

9.
— — birds do not recognise, 8o,
— — close to ground, 72-73.
— — dimensions of soaring space, wind
effect, 78.
— — for practising delay soaring, 103.
— — requires stable machine, 8o.
— — use and interest of, 79.
Steady aeroplane ready for pendulums,

— ﬂig'ht in still air and gusts, stresses
for, 13.

185

Steady point, centre of mass as, 124, 128,

Steeply flying aeroplane, virtually, 6.

Steering out of and back to virtual
level, 36.

Still air flying, 10, 14.

— —and gusty air flying, contrasted
importance, I.

— — problem of stability vanishes in,
100.

—_— risghting property in, 6, 9, 143-
158.

— — stability often implies gusty air
instability, 117,

— — stress determinations for flight in,
14.

— — travelling and *‘flyability,” 131.

Straight non-wheeling soaring liked by
heavier birds, 39.

Strength of most soarable head gust, 33.

— of gravity, 6, 9, 10, 38.

— — shown by polar cosine curve, 38.

— of gust (s¢ce Measure of gust).

— — to keep bird afloat, 15, 16.

— or magnitude of a gust, 2, 3.

Stress, determined by pilot’s action, 14.

— greatest, of machine in gusts, 14.

— in disturbed air, means of explain-
ing, 2,

— in soaring bird’s wings, 22.

— measure of machine’s, in gusts, 13.

— reversal of machine’s, in gusts, 14.

Structure, compression, 45-46.

— expansion, 46-47.

— gust, 5, 44-51.

— — additional to acceleration gust,
46, 49, 50.

— — compression form, 45, 49.

— — dependson vectorheadway, 45,49.

— — expansion form, 46.

— — perturbation of wind-vector dia-
grams, 58.

— — soaring, 47-51, 83.

— — — and bird’s policy, 87.

— — — example, 47-51.

— — — mechanical analogy difficult,
66.

— — — of albatross, 9o.

— — — simpler method to determine,

— — the many varieties, 5I.

Substitute for a harmonic gust, 31.

Subtraction of vectors (see Vector sub-
traction).

Succession of gusts, discuss after effect
of one gust, 140.

Sudden gust, 6.

— loss of headway, preventive of, 13.

“ Sugdenness," example of, in tramcar,

2.
— of a gust, meaning explained, 59.
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Suggestions of obvious improvements,
11

Superimposed wind, reasons for ignor-
ing, 10,

Supersession of gravity, or level, or
vertical, 6, to, 15.

Supervising control of pendulum, gyro-
scope, etc., 8, I1.

Surfaces,8 keel, to resist side-slipping,
9, Io.

— neutral, in pairs as dampers, 12.

— tail plane, inadequate dampers, 12.

Swallows’ and swifts’ soaring, 9I.

Symbols, list of, xiii.

Symmetrical gusts, conditions for soar-
ing in, 35-36.

Symmetry and non-symmetry of soar-
able gusts, 31.

Table of limits of to-and-fro circular
wheeling soaring, 30.

— — of uniform wheeling soaring,
22.

Tail plane, neutral, inadequate damper,
12.

Tail rods, springy, used in experiments,
121, 123.

Tea-tray and marble example of wheel-
ing soaring, 62-63.

Tendency, acceleration (Chapter II.),
1, 3 4,6

—righéing (Chapter IIL.), 7, 8, 143-
I

Thrust and inclination of path, 109.

— diagram (fig. 34) and its uses, 109,
110.

— direction of propeller for least, 116,

— equal to weight, direction of flight
path for, 116.

— factor and banked circling, 162-163.

— to overcome drift force, 111, 114.

— total, to overcome gravity plus drift,
111, 115,

Tides show variations in gravity, 137,

139.

Tiltedsgravily (Chapter IL.), 6, 8.

— pose (Chapter I1.), 8.

Time-spots on paths and wind vector
diagrams, 9, 56, 58.

— T, of circling and banking angle,
163.

— — of circling in soaring, 17, 21, 22,

3. o

To-and-fro circular wheeling soaring,
27-31.

— — — — limits, 30.

— wheeling soaring, 23-27.

— — — limits, 27.

Total thrust, gravity plus drift, 111,
115,

Touch is the sense used by soaring
birds, 87.

Tractive forces for trajectories, gravita-
tional, 148.

Tramcar phenomena chiefly related to
soaring, 2, 61, 136.

Transient gusts, 11.

Triangle of accelerations, 6.

— of velocities, 52.

Tropical and hot countries, soaring in,
17, 84, 9o,

True level (Chapter II.), 6, 15.

— vertical, 8, 10.

Turning downwards of path, 12,

Turns, sharp, pilot should avoid, 14.

Two propellers abolish counter-torque,
105.

Underhung weight effect undesirable,

9.

Undisturbed path, rule for obtaining
design for, 119.

Undulations (se¢ Oscillations), 7.

Uniform soaring in straight line im-
practicable, 17.

— wheeling soaring, 17-23.

— — — limits of, 22.

Unstable equilibrium paths of glider,
152, 153.

Up-current and wheeling soaring con-
trasted, 84.

— soaring, homogeneous case impracti-
cable, 83.

Up-pulled lateral rear flaps first adopted,

104.

Upside-down gravity, I11.

— — turning of machine, 11.

— acceleration, 2, 4, 10.

Upward air displacement, or velocity,
and soaring, 16, 68.

— -column soaring by dwelling near
centre, 83.

— displacement of accelerating air, 10.

— gravity, II.

— gusts, o-I1.

— structure gust, and soaring bird, 83.

— velocity soaring occasional aid only,
16.

Upwardly moving air patches, soaring
by, 84.

Variations of common gravity, 136.

Vector acceleration alters in three |
dimensions, 16.

— — turns round compass, 17.

— addition of velocities, 52.

— displacements combined to find
absolute path, 10.

— of centripetal acceleration relative to
air, 18.
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Vector quantities, accelerations and
gusts represented as, 3.

— subtraction in finding impressed
accelerations, 4.

— velocity, and acceleration, advice
and caution, 61.

Vectors of relative gravity diagram, 18.

Velocity in a gust, ignored, 2, 5.

— of zir upwards small aid to soaring,
16.

— of wind, artificial notion of gust, 1.

— — limits for soaring, 22, 30.

— — no discontinuous changes, 16.

— relative to air (see Headway), 2.

— simple, ignored for rate of change,
2-3.

— soaring, 16, 68-8s.

—- — general, 81.

— — policy of bird, 88.

— — stationary, 69.

— structure at a point (Chapter IV.),
4 44.

— vector diagrams of wind, 52-57.

— vectors and soaring paths, 49.

Vertical circle, and resistance to turning
in, 12,

— dive, rescue by slow fan, 133.

— plane, eflective 7 in, 18.

— true, 8-10.

View, broad, suggests improvements,
1.

Virtual level, 6, 7, 12, 15.

— — as soaring plane, 15.

— — steering out of and back to, 36.

Wagging of elevators to fight gusts by
pendulums, 8

Warping of birds in soaring, 15.

Waves of sea, relative gravity of, 139.

Weak dihedrals advised, and reasons, 7.

— gust suits soaring, 15.
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do not support up-current theory of
soaring, 84.
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SUPPLEMENT

ON

LATERAL STABILITY

The Parent Principles and Types

SINCE an aeroplane always extends to the left and
right of its longitudinal axis, it may be regarded as
consisting, in principle, of at least two similar aero-
planes—a left one and a right one—flying side by side.

The following statement should then be allowable
without proof, since its truth is obvious enough from
first principles :—

In order that the whole aeroplane, travel-
ling steadily in straight, level flight, shall not
be disturbed in its lateral pose, or rotate
round its longitudinal axis, it is essential that
the lifts (more accurately the lifting moments)
of the left and right aeroplanes remain equal
to each other.

Since the attacks of gusts are the cause of the left
and right aeroplanes altering their lifts, and gusts are
characterised by accelerations of headway, the problem
of securing steady lateral pose is simply that of finding
two similar constant-lift aeroplanes and attaching them
side by side.

Now, in the type of aeroplane of fig. 39 (page 123),

suitably made without the slow-fan F, we already
189 o



190 Aeroplanes in Gusts and Soaring Flight

possess a constant-lift type of machine, and in fig. 48
two such machines are shown coupled together by
being quite freely hinged, at their forward edges, to a
long bar. The figure therefore shows, diagrammatic-
ally, a machine that, once started in its steady flight,
cannot be disturbed in its lateral pose, and it cannot
be disturbed in its longitudinal pose because the left

Fic. 48.

and right aeroplanes act in unison as a single constant-
lift machine of the type shown in fig. 39.

But, although the machine of fig. 48 is free from
sudden disturbance of lateral and longitudinal pose, it
does not necessarily constitute itself a completely self-
flying aeroplane. For one thing, it is not possible to
obtain two aeroplanes that give exactly equal constant
lifts, and if, for example, the left aeroplane is giving
a little less lift than the right one, the whole machine
will rotate left-handedly round its longitudinal axis, as



The Parvent Principles and Types 191

viewed from the rear. This rotation, however, will
obviously be prevented if, as a direct or indirect con-
sequence of such rotation, the right aeroplane is caused
to develop less lift than the left one, as in one of the
ways now to be described.

When the machine tilts to the left, it commences to
circle to the left; not so much in consequence of its
sliding down to the left (it may not be doing that at
all) as in consequence of the lift force having acquired
a component to the left. This component of the lift
first determines the curvature of the path,! and then
the machine’s proceeding head-first in that path, and
not crab-like, is determined by the side-view centre
of pressure having been designed, as usual, to the
rear of the centre of mass.

As the machine so circles to the left, the outer and
higher aeroplane, the lift of which we wish to have
reduced, has a greater headway than the lift of the
other aeroplane, the lift of which we wish to have
increased. All we require, therefore, is that the lift
of each of the two aeroplanes shall decrease with an
increase in headway, and correspondingly #ncrease
with a decrease in headway.

Now the model of fig. 39, when it was designed
with the retreating centre of pressure with decreasing
angle of incidence of the main plane, had this very
property of decreasing its lift with an increase in head-
way. The problem, therefore, of making the model
of fig. 48 tend to preserve a level lateral pose even if

! If the vertical component of the lift is still equal to the weight W
when the angle of lateral tilt is ¢, then the horizontal component is, of
course, W tan ¢, and the radius of curvature of the path, being such that
the centripetal acceleration corresponds to this force, is given by :—Radius
=Va¥(gtan(). Or formula (32) may be used :—Radius =V 2/(¢gsin ().

02
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the two aeroplanes are not an exact match to each
other, and the practically identical problem of making
the machine self-righting in its lateral pose when it
happens to be disturbed laterally, are both easily
solved by making each left and right aeroplane a
diminishing-l1ft machine corresponding to the one
described in connection with fig. 39.

The machine of fig. 48, therefore, is made to consist
of two diminishing-lift aeroplanes, so that, when the
whole machine tilts in its lateral pose, and circles as
a consequence, the outer, higher, and faster aeroplane
experiences /ess lift than the inner, lower, and slower
aeroplane, and the machine returns to its level lateral
pose. Incidentally, the converging spiral upsetting
path, characteristic of most simple rigid machines, and
due to the greater lift of the outer wing, is prevented
in this model of fig. 48 by being converted into a
diverging spiral righting path consequent on the level
lateral pose being restored.

Consider, next, the longitudinal stability of this
machine of fig. 48. Now that it consists of two
diminishing-lift aeroplanes, it will be evident that it
has been endowed with the permanent diving tendency
that requires compensating for, either manually or by
a slow-fan (see pages 127, 153). In fact, in discussing
the lateral stability, and explaining the lateral self-
righting, it was tacitly assumed that therc was such a
supervising longitudinal control.

Following the example of fig. 39, it might be thought
that the addition of a sgparate up-steering slow-fan to
each aeroplane of fig. 48 is all that is necessary to
ensure longitudinal stability ; but that way of securing
longitudinal stability would spoil the lateral stability,
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because it would cause eacZ aeroplane to have a slowly
increasing lift with increasing headway. Such increas-
ing-lift effect would, of course, annul and overpower
the diminishing-lift effect essential to the recovery of
lateral pose. We may, however (as alternatives to the
pilot’s supervision), put one or more slow-fans on the
machine, arranged to wind up the two yielding tail
planes szmultaneously, with equal forces, as is the case
with the connected fans, F, F, of fig. 48. Such an
arrangement will be seen to control the average longi-
tudinal pose of the whole machine, without interfering
with the independent dzfferentzal diminishing-lift effect
of the outer wing, compared with the inner wing, that
is required for the lateral self-righting effect.

Three-tatled Modification
Alternatively, a third aeroplane may be added at the

Fi1G. 49.

middle, between the other two, and this third aeroplane
may carry a yieldingly mounted tail that, being
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operated by a slow-fan (or a pilot), may control the
average longitudinal pose in the usual way (fig. 49).

If we wish to add separate slow-fans to the left and
right aeroplanes to strengthen the lateral self-righting
effect, we may do so, but each fan (F, in fig. 49) must be
only small and arranged to let dow# or pull down its tail
plane, instead of winding it up with zncreasing headway.

Other Modzfications of Parent Type

Several types of machine may be constructed em-
bodying the fundamental principles of those of figs. 48
and 49. Infig. 49itself, the transverse bar to which the

FiG. s50.

right and left aeroplanes are attached, instead of being
infinitely yielding like a hinge, may have a slight degree
of springy torsional stiffness that may assist the lateral
tail planes in maintaining the loading or air pressure
on the under surfaces of the lateral main planes.
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In fig. 50, a more distinct type is formed by making
the transverse bar still stronger in its torsional springi-
ness, so that it may entirely supersede the lateral tail
planes in keeping the main planes loaded with sub-
stantially constant or diminishing lifts. It is not easy,
in practice, to get the best results with this mode of
construction, even in entirely self-flying machines; while,
for purposes of lateral control and adjustment, whether
by pilot, gyroscopes, or other automatic means, it will
be understood, later, that this type is at a considerable
disadvantage in its absence of lateral auxiliary planes.

Intensified Warping Effects

In most well-constructed main planes, the warping
of the extremities requires considerable force, and, in
any case, a strongly determined warping effect, for a
given gust, is always preferable to a weak, indecisive
warping effect. In the modification of fig. 51, there-
fore, an intensified lateral control, of the same type as
the other described figures, is obtained by the addition
of auxiliary down-steering, up-pressed planes M,;, M,,
rigidly attached to the rear of the lateral main planes
so as to have a leverage over the main planes. It will
be noticed that, in fig. 51, the lateral masses have, by
way of variety, been moved back to practical coinci-
dence with the centres of pressure of the lateral main
planes,' but they still function as before, by reason of
being carried forwardly of the auxiliary lateral planes®
(particularly forwardly of the down-steering ones) and
forwardly of the centre of pressure, or transverse axis

! See page 266, claims 9 and 10; page 259, last two paragraphs, and

page 260, lines ;5 to 24.
3 See page 253, last paragraph ; and page 266, claim 11.



196 Aeroplanes in Gusts and Soaring Flight

of movement relative to the air, of each lateral main

FiG. 51,

plane and its rigidly attached auxiliary plane considered
together as one compound main plane.!

Fic. 2.

In fig. 51, the yieldingly attached tail planes may
have only so much downward pressure upon them as
may be necessary to aid the springy torsion of the

! See page 253, last paragraph ; page 266, claim 11.



Intensified Warping Effects 197

whole main plane in keeping loaded the lateral ex-
tremities, and, therefore, when the springy torsion
requires no such reinforcement, we discover the type
of fig. 52, in which the lateral yielding tails are dis-
pensed with. Though the springy torsion of the main
planes has directly superseded the springy lateral tails,
the reaction of the springy torsion has, of course, to
be sustained by a correspondingly greater downward
pressure on the central yielding tail plane. Instead of
regarding fig. 52 as a development of fig. 51, we may,
if preferred, regard it as a modification of fig. 50,
necessitated by considerable stiffness in the torsion of
its main plane.

Unpractical Ideal Types
In the illustrations, no more than three aeroplanes
have been shown joined together and flying side by

side, but it is easy to see that a real machine consists,
in effect, of an infinite number of left and right
aeroplanes flying side by side. Accordingly, in further
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carrying out the principles described, we should con-
struct a machine of the type of fig. 53, having three
constant-lift aeroplanes at each side of the central one.
In the limit, we should have to go so far as fig. 54, in
which there is a continuous main plane, a continuous
up-steering yieldingly-held tail plane, and a continu-
ous rigidly attached down-steering tail plane. Since,
however, the parts of these planes cannot be made to

FiG. 54.

function properly with respect to their corresponding
parts of the main plane without being infinitely flexible
transversely of the machine, the type cannot actually
be constructed.

Although not theoretically perfect, machines of the
types of figs. 49 to 52, but with continuous main planes,
can be made to satisfy all practical needs.

Non-disturbance round Vertical Axis

So far, steadiness of pose round the longitudinal
and transverse axes has only been considered, so there
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remains the question of steadiness round the vertical
axis.

When the type of model of fig. 48 (p. 190) is flying
steadily, and its right aeroplane is attacked by a head
gust, the head resistance of that right aeroplane tends
to increase. Owing, however, to the planes of that
aeroplane yielding, in conformity with its constant-lift
property, to lesser angles of incidence, the change in
head resistance may easily be very small compared
with the corresponding increase in an ordinary rigid
aeroplane for which the head resistance is proportional
to the sguare of the headway. The centre of head
resistance of the whole machine, therefore, has very
little tendency to move away from the longitudinal
axis, so the construction adopted to eliminate sudden
disturbance of longitudinal and lateral pose has, in
addition, practically eliminated sudden disturbance of
the directional pose or head-first movement with respect
to the vertical axis.

PracticaL DEVELOPMENTS

Although some laboratory and test models may
resemble them, the illustrations of figs. 48 to 54 are
chiefly diagrammatic, and useful in explaining underly-
ing principles.

In fig. 55 a more practical form is given to the
proposals. A biplane is shown having warpable main
planes, and in the rear of eac/ lateral extremity of these
main planes, and attached to it, is a tail frame® carry-
ing a rear flap elevator, T, that has normally to be

! The Zapered tail frames, convenient for the purpose of this illustration,
are not recommended except in machines with narrow planes of very great
aspect ratio. The parallel tails of the frontispiece and fig. 68 are usually
better.
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held, yieldingly, in an up-steering sense, with the air
pressing down on its upper surface. There being no
central elevator in this machine, and the centre of
mass or gravity being substantially coincident with the
centre of lift, the holding of the elevators, T, T, is
made necessary by the lateral auxiliary lifting or down-
steering surfaces, M;, M,, being rigidly attached to the
tail frames, in the rear of the centre of mass so that the
mass may be forwardly of them.

Each of the elevators, T, T, may be controlled
independently by hand, one by the pilot’s left hand
and the other by the pilot’s right hand ; butit is better
that the control should be arranged in one of a variety
of ways in which one hand and lever may simultaneously
operate the elevators differentially for lateral control,
and together for longitudinal control.

By way of example, one such simple control is shown,
to avoid its concealment, on the top of the main plane
of fig. 55, and it should be obvious how pulling the
hand-lever sideways, or right and left, operates the
planes T, T differentially for lateral control, and pulling
the hand-lever fore-and-aft operates the same planes
as ordinary elevators, for longitudinal control, without
interfering with the simultaneous lateral control. Return
wires from the elevators are advisable in this control,
and in fig. 55 these wires may be supposed to proceed
to reversed continuations of the control lever, and its
gear, below the top plane.

Although the machine, as shown in fig. 55, is not
self-flying, because of its permanent diving tendency,
the pilot who flies it, and holds the elevators to

! See page 260, third paragraph ; page 269, lines 9 to 13 and 22 ; page
270, lines 4 to 7 ; page 273, claim §; and page 253, lines 13 to 16.
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substantially constant reactions, will discover it has not
only longitudinally, but laterally as well, that form of
stability, or freedom from sudden gust disturbance,
that is better called “flyability.” (See Chapter XIII.)

It will be understood from the earlier pages of this
book, that the reason the aviator finds this machine so
steady in its longitudinal pose is that, in consequence
of the too-far-forward weight, and the elevators being
yieldingly held, every head gust forces up the main
planes round the centre of mass, and forces down the
yieldingly-held elevators about their hinges, so that
the pilot, feeling the pull of the elevators, and yielding
to it, is prompted to make, or rather allow, the exact
movement of the elevators that will cause the mass to
be practically undisturbed in its flight path. In that
way is the pilot enabled to sense, or be made Zactually
aware of, every endeavour of the air to disturb the
longitudinal pose, and of the correct movements to be
made, or permitted, to avert the changes of longitudinal
pose.

In a similar way, the machine enables the pilot to
sense, or be made tactually aware of, the endeavours
of the gusts to disturb the lateral pose, and of the
correct control movements to be permitted to avert
the changes of lateral pose. In detail, the lateral
operation may be explained as follows :—

It will be seen that, so far as the main planes are
freely warpable, each elevator T, through the down-
ward pressure that is maintained upon it, determines
the lift or loading of its own extremity of the main
planes, including plane M, that may be regarded as an
outlying part of the main planes. Now, by reason of
the mechanical connection between the two planes T
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and T (such as the cord connections shown in the
figure), the pressures on the two planes tend to equalise
themselves. Therefore, the lifts of the extremities of
the main planes, determined by the forces T, T, tend

to remain equal, and the machine to be undisturbed in
its lateral pose.

To take a particular example: in the event of a
head gust attacking the right-hand extremity of the
machine, it presses down the right-hand clevator T,
and so pulls up the left-hand elevator T, and moves
the pilot's control lever, and his hand upon the
control lever, to the right, to the degree necessary to
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equalise the pressures on the planes T, and also,
through them, the lifts of the two extremities of the
machine. The pilot, therefore, is prompted to make,
or rather al/ow, the correct movement of his lever
necessary to prevent change of lateral pose.

In practice, this self-warping is aided, and the pilot’s

Fic. 6.

touch is made more sensitive to changes of lateral pose,
by adding suitable masses, w, near the extremities of
the machine, and preferably forwardly of the lateral
centres of pressure. Such lateral masses also tend to
steady the absolute velocity of each extremity, and
have other advantages, but they are nof essential tc
the equalising-lift action, either in theory or practice.
In some cases, a machine is better without them.
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“Stabilsty” Additional to * Flyability”
Although the machine of fig. 55 is so exceedingly
flyable that a pilot used to the old non-diving, *natur-
ally stable ” machines would consider it possesses all
the stability he ever expected to have, yet it may not

be self-flying, and in certain circumstances is liable, as
a consequence, to disaster.

In the control diagram of fig. 56, the necessary self-
flying power, or stability, is provided for by the
addition of a slow-fan F, arranged to supervise the
average longitudinal pose in the manner already
described in this book. Lateral fans, F,, F,, are also
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shown supervising the Zaferal control by letting down
the lateral elevator T of the higher and faster wing
when the machine tilts and circles, but these lateral fans,
F,. F,, are more optional than the longitudinal fan F.
In view of all that has been written in this book about
the dynamical equivalent of gravity, in the relationship

Fi1c. 58.
of the machine to the air, being liable to sudden disturb-
ances of direction in gusts, it is scarcely necessary to
point out that no misguided efforts should be made to
strengthen, or make too prompt, such lateral righting
effects as that due to the lateral fans F,, F,.

Other Practical Types

In fig. 57 another practical type is obtained by
the addition of an elevating plane, on a central tail,
P
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employed to compensate for the more forward weight!
and relieve the lateral elevators in looking after the
longitudinal pose. As shown in fig. 57, the machine
is only an exceedingly flyable machine, and not
necessarily a stable self-tlying one. That is to say,
although it is incapable of being disturbed suddenly
by gusts, it is defective as regards means of preventing
slow and permanent changes of pose.

More complete stability and self-flying properties
are obtainable by the addition of the longitudinal slow-
fan control, F, shown in fig. 58, and the lateral slow-
fan control, F,, F,, also shown in that figure.

GeENERAL REMARKS ON THE TyPE EvOLVED

Although downwardly warped wing tips,® positive
and negative® dihedral angles, side resistances,* elevated
keel planes,® side masses,® flywheel fans,” gyroscopes,®
and similar arrangements have their uses as improve-
ments or modifications, and as such will be discussed,
it must always be realised that the machine of the
general type of fig. 55, with controls of the general
type of fig. 56, is t4e machine that possesses, in a
unique and wonderful degree, the essential property of
“flyability,” longitudinally and Zaferally, or, to use an
alternative expression, the property of factile stability
as distinct from the conventional and less essential
stability of complete self-flying.

1 See page 260, third paragraph.

2 See page 269, middle paragraph ; and claim 5, on page 273, etc.

3 See page 252, last paragraph ; also claim 8, on page 266.

4 See end of page 262 and top of page 263.

6 See pages 257 and 258 ; also claim 7, on page 266.

¢ See page 259, last paragraph ; also claims g and 10, etc., on page 266.

7 See page 254, and page 268 onwards.
8 See pages 260 and 261 ; also claim 14, on page 267.
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The pilot fee/s that type of machine in the same way
a bird may be presumed to feel its body, and he
controls it with little manual effort in disturbed air,
because he is required to do little more than yzeld his
levers to the machine's control of itse/f when sudden
gusts attack it.

The Most Distinctive Feature of the New Type

There is a great difference between the lateral
balancing elevators, T, T, of fig. 55, and the lateral
balancing flaps formerly employed. About the year
1909, as alternatives to directly warping the main
planes, they were made rigid, and auxiliary lateral
planes, flaps, or ailerons were introduced, but pulled
down on the extremity that had to be raised, so that
the flap at that extremity might @zrect/y increase the
support at that extremity.

The practice was a bad one, because the down-
pulled flap retarded the headway of the lower wing,
and, in some cases, this diminished the wing’s lift to
as great an extent as the down-pulled flap was intended
to add to the lift—unless the rudder was manually
operated to steer the machine away from the side
of the lower wing.

In Germany, some time later, a more rational method
was adopted, resembling the construction of fig. 1 (page
261) of the author’s patent 8531 of 1909, in which lateral
extensions or flaps at the rear extremities of the rigid
wings were operated so that the flap of the higher
extremity might be pulled #p to reduce the lifting
moment of that higher wing, and create a head resist-
ance to retard the wing and so further reduce its lifting

moment.  After the publication of the first edition
P2
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of this book, and the study directed to the author’s
patents, up-pulled flaps became almost universal.

Now such lateral balancing flaps have always acted
to produce the righting force ¢4emselves in lieu of wing
warping. The main plane has, in each case, been
made as rzgzd as possible, for any yielding in it
occasioned by the up-tilted flap in its rear would have
warped the wing to produce »zo7e lift at that extremity,
and thereby have annulled, more or less, the object—
reduced lift—for which the flap was tilted up. Fig. 55,
therefore, is markedly different from the old con-
structions, in that the auxiliary plane and the warpable
main plane constitute an aedventageous combination,
and the distinction is further emphasised by the fact
that each rear auxiliary plane is tilted in exactly the
opposite direction to that necessary in the old con-
struction in order to raise or lower its own side of the
machine.  For example, to lower the right-hand
extremity of the machine, the rear auxiliary elevating
plane is tilted in a down-steering sense. The pressure
that may be thus brought to bear on its #nder surface,
operating through the Jeverage of the tail frame, wazps
the main plane so powerfully to lower that side, that
the feeble dzrect action of the auxiliary plane to raise
that side of the machine is comparatively of no
account.

Rigid Lateral Righting Effects

While rigid constructions will not permit a machine
to possess those constant-lift, yielding properties which
are indispensable to steady flight in disturbed air, they
will permit a machine to have certain slow, self-righting
properties which may form par¢ of its stability in
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disturbed air, and these self-righting properties may,
with advantage in some forms, be embodied in the
yielding constructions.

DowN-PRESSED LATERAL SURFACES

In fig. 59, ., an aeroplane flying towards us, and
consisting only of left and right elements of main plane,
M, and M,, is supposed to be tilted up a little (too
little to show) on the side of its M, wing. For the
usual reasons, the machine will then proceed to describe
a curved path of some radius R, and the outer and
faster wing, M,, experiencing greater lift, the lateral
tilt will tend to increase.

An obvious way of obtaining an equal and opposite
tilting effect to the above is to turn the machine of
fig. 59, I., upside down, as in fig. 59, II., so that the
surfaces become down-pressed, negative-lift, non-
supporting surfaces. A combination, therefore, of
fig. 59, II, with fig. 59, I., will have no undesirable
self-tilting effect, but, unfortunately, it will also have
no lift, since the downward lift of fig. 59, II., exactly
equals the upward lift of fig. 59, I.

The problem of having the down-pressed surfaces
small enough to neutralise only a gortion of the upward
lifting forces, and yet be able to neutralise or compen-
sate the whole of the lateral self-tilting effect of the lifting
surfaces, finds its solution in placing the reduced down-
pressed surfaces at a great distance or leverage from the
longitudinal axis of the machine, as in fig. 59, I1I.

The Down-pressed Surfaces are a General Solution

That the above is a general solution of the problem
of obtaining a lateral self-righting effect in a main plane
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may be shown with the aid of fig. 59, VII. In this
figure, the machine is drawn tilted laterally through
the angle (, and, in order that it should, f possible,
continue circling without righting itself, it is made
to have such speed and lift L as make the vertical
component of the lift, or L,, exactly equal to the
weight W. '

The plane element M,, flying, in this rigid machine,
at constant angle of incidence, has a certain lift, say
K, Ibs., at unit headway, and therefore, as is well known,
a lift K,V? at any other headway V. But the headway
of M, is obviously greater than V,—the actual headway
of the centre of the machine—and equal to :—

vn<3£11{°_95_‘> L. @36)
Hence, the lift of surface M, is :—
KIV}(l +%cos {>2 .. . . (37)

Multiplying by #», we find the lifting moment about
the centre of mass is:—

2
Kl.V,2.r1(t+%cos{). .. (39)

Similarly, we find the opposing lifting moment of
the symmetrically placed plane element M, is:—

Kl.Vaz.rl(l - ;{1 cos {)2 . . . (39)

8
R
the radius of circling being /ess than R, instead of
greater than R.

which differs from (38) in the sign of =} cos { owing to
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The net righting moment due to the surfaces M, and
M, is obviously formula (39) minus formula (38), that
is :—

—4-%2-cost~Klr,2 . . . (40)

[f, now, there are only two positive lifting surfaces,
the minus sign in formula (40) confirms common sense
in showing that there can only be a negative righting
moment, that is, an upsefting moment ; but if there is
another pair of surfaces with constant K,, at distances
7, from the longitudinal axis (see fig. 59, VIL.), their
righting moment is similarly :—

v,2

-4 ] ccos { - Kory? . . . (41)

and the resultant righting moment, being the algebraic
sum of formule (40) and (41), is :—
Ve,

R cos (Rp2+Kt) . . . (42)

—4-

Now, even after K, and 7, have been fixed, formula
(42), unlike formula (40), can be made positive, but
only by making K., negative and greater than K;*;
and since »,’ is essentially positive, K,7* can only be
made negative by making K, negative; that is, by
making the /7 K, negative, or the surfaces D, and
D,, in the figure, down-pressed surfaces.

The condition that K,7*4¢K,»?® in association with
the still more fundamental condition (for a net lift)

2
that K,;<K,, becomes (<K,)»?<K;»? or r}{éiz—‘.
1
or 7>(1 x 7%), or 7">7 or:—
r,>r . . . . . (43)
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Main Plane of Many Elements

If the machine has three sets of surfaces instead of
only two, the net resultant righting moment is given
by the algebraic addition of ¢47ee formule of the class
of (40) and (41), so that formula (42) is superseded

v,2
-4 -RL ccos{(K,r 2+ Kor2 + Kyrg?) . . (44)

where K is the supporting effect per unit headway for
each third surface, and #; its distance from the longi-
tudinal axis of the machine. '

But a real machine has a great number of strips of
surface symmetrically disposed, in pairs, at a variety
of distances from the longitudinal axis. For such a
machine, formula (44) for the net righting moment
obviously develops into :— '

2
—4.%.COS€(K1712+K{22+ e +Knrn2) . (4’5)
That is :—
Vu2 2
-4 Focos(K) .. (46)

where the sign Z must be interpreted as meaning, as
usual, “ the sum of all such terms as.”

Practical Application to Down-pressed Surfaces

The practical meaning of formula (46) is conveyed
by figs. 59, IV., V., and VI. In fig. 59, V., is shown
a front view of a main plane that supports well at the
middle, but is actually down-pressed at the extremities.
In fig. 59, V., is a chart corresponding, as regards

1 Resembling the main plane of fig. 2 of patent 6051/10. ‘See page 271
and the references in the specification.
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width, to the span of the main plane, and, vertically, to
the quantities we have to plot vertically.

Dividing the 20-foot span main plane into foot-wide
strips from the longitudinal axis, the normal supporting
effect of each strip is supposed to be as plotted in the
curve L, for which normal headway has been taken as
the unit of headway. Since the height of each foot-
wide vertical strip of the curve L is the pounds support
of the corresponding strip of the main plane, the whole
area’ of the curve L above the horizontal zero line is
the whole supporting effect or positive lift of the main
plane, and the area of the curve L below the horizontal
line is the regatzve lift near the ends of the main plane.
In the example, the negative lift is satisfactorily small
in being only a small part of the difference between
the two, or of the net positive lift.

Multiplying the heights of the lift curve L by the
distances from the centre of the main plane, and
plotting the results, we find the curve L#, or curve of
lifting moment at each point of the main plane. This
curve of fizst moments of the lift is of little interest in
the present connection, beyond showing, by its equal
positive and negative areas, that the machine may be
in lateral equilibrium in normal flight, as might have
been guessed from the machine’s symmetry.

Multiplying the heights of the L curve by the sguares
of the distances from the centre of the main plane, or
multiplying the heights of the L#; curve by the
distances from the centre, we obtain, on plotting, the
L2 curve, or curve of second moments of the lift ; and

! The unit of area being, of course, a rectangle one foot unit of length
on the horizontal scale, by one pound unit of height on the vertical scale.
Vertically, in the diagram, multiples of ten are ignored.
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seeing that, with normal headway as the unit of head-
way, L becomes representative of K of formula (46), this
curve is clearly the curve of K,»?® for the corresponding
strips of main plane. The fact that the positive area
of this L»? curve above the horizontal zero line is just
about equal to the negative area below the horizontal
zero line shows, of course, that, for this main plane, the
Z(K,7?) of formula (46) is zero, and, therefore, the net
lateral righting moment being zero, the plane is ““ com-
pensated.” If we wish the main plane to be definitely
self-righting, the negative area of the L7® curve must
be made to exceed the positive area, as by placing more
down-pressed surface left and right of the machine.

We may, accordingly, consider the two following
rules established for a symmetrical main plane flying
head-first at constant angle of incidence; it being
understood they refer to a chart like fig. 59, V., drawn
for the main plane :—

(1) If the L curve (z.e. the lift curve) of the
main plain has greater positive than negative
areas, the main plane has the essential pro-
perty of giving a net lifting effect.

(2) If the L»® curve (ze. the curve of
second moments of the lift) has greater,
equal, or less positive than negative areas,
the main plane is laterally under - compen-
sated, compensated, or over-compensated,
respectively, and so will be laterally self-
tilting, neutral, or self-righting, respectively.

How the Lateral Compensation Varies in Flight

Fig. 59, VI, relates to a matter that can only be
properly explained by a prior reference to fig. 1
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(Plate 1), where DB is a side gust, and the machine is
flying straight away through the paper at the moment
at which the gust attacks.

Since AD functions as gravity, and BD as a com-
ponent, it is evident that the centre of mass of the
machine sfar#s to curve to the left in a parabolic path
having an initial radius of curvature given by R =V?/a.
Now, as the main plane wheels to the left, it will not,
if it is a compensated, constant-incidence main plane
like fig. 59, I'V., alter its truly level lateral pose, but
as it dives ““down” from the virtual level AF (fig. 1,
Plate 1), it will gather headway and a lift exceeding
AB, and therefore rise up a path such as Al If the
constant-lift means, which may be or include the
pilot’s personal control, are now added to the machine
to prevent the longitudinal disturbance up Al, such
means will, of course, operate by altering the angle of
incidence of the main plane in a down-steering sense,
so that, looked at from the front, the main plane may
appear like fig. 59, VI., instead of fig. 59, IV. Butin
fig. 59, VI., the down-pressed surfaces are seen to have
increased their negative angles of incidence, and to have
greatly increased in area at the expense of the lifting
surfaces that, so far as they are still existing, have de-
creased their positive angles of incidence. The main
plane, therefore, has changed from a merely compensated
one into a much over-compensated one, and will, accord-
ingly, in fig. 1 (Plate 1), and as it flies away, tilt up and
raise its /eft wing.

In order, therefore, for a main plane to be just
laterally compensated, by down-pressed surfaces, with
regard to the average side gust, it must normally
be somewhat #nder-compensated. This is fortunate,
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because the amount of down-pressed surface necessary
for universal full compensation, even when carried as
far as possible to the left and right of the longitudinal
axis, is usually a very serious detraction from the lifting
effect of its main plane. There is also nothing to regret
in this difficulty in obtaining strong over-compensation
by lateral down-pressed surfaces, for the further reason
that, in fig. 1 (Plate 1), this over-compensation would, as
a prompt lateral righting effect, act to turn the lateral
pose of the machine quickly through the angle CAF.
This is in accordance with the rule that too prompt
self-righting effects for still air become equally prompt
self-upsetting effects in disturbed air. (See page 7.)

Machines of the type of figs. 48 to 57, it may be men-
tioned, act in a very superior manner in the side gust DB
of fig. 1 (Plate 1). Since the extremities of the machine
preserve constant and equal lifts, the machine does not
tilt laterally as it wheels to the left; neither does it rise
up longitudinally from the truly level plane AC. In
figs. 55 and 57 the main planes are bent to have slightly
negative angles of incidence, or be down-pressed, at
their extremities. Such extremities may produce, or aid,
the slow lateral self-righting effect of the machine.?

THE PosiTive LATERAL DIHEDRAL ANGLE

To designers of the empirical school, nothing seems
more suitable for a lateral self-righting effect than a

! And they have another great advantage in that, when warped, the
extremity of the machine we are trying to lower by means of the warping
has its head resistance increased owing to the negative angle of incidence of
that extremity being increased. This increased head resistance retards
that extremity, and thereby tends to reduce the lifting moment of the wing
about the longitudinal axis, and so aid the restoration of a level pose.
These actions were referred to in patent specification 6051 of 1910. (See
pages 269 and 270.)
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»

considerable lateral positive dihedral angle, or “veeing’
of the main plane. It seems so obvious that such a
machine must bed down in the air in the same way as
a boat. When persistent trial shows it does not always
act as expected, it is given up for the declared reason
that “the air gusts are always getting under one or
the other wing and overturning the machine.” It is
in connection with this that designers often make their
first puzzled acquaintance with the fact that, whatever
apparently common-sense means they adopt to keep
the machine upright with respect to common gravity,
gusts take advantage of those very means to upset the
machine in accordance, of course, with the principles
formulated on page 7.

In fig. 60, 1., a main plane with a total dihedral angle
of 20° is shown flying towards us and tilted. It is
flying at such speed that the vertical component of the
lift, or L,, is exactly equal to the weight W. The
machine, therefore, pursues a level path, which, how-
ever, is necessarily circular under the influence of the
horizontal centripetal component of the lift, L,, that
finds its own equilibrant in the centrifugal force C,

Now the machine has been started so that, if it is at
all possible for it to continue in tilted flight, without
righting itself, or even without upsetting itself further,
it may so continue, so far as the condition of equilibrium
in both the vertical and horizontal forces is fulfilled.
But the equally important condition that the resultant
L and resultant of C and W shall pass through one
point is not fulfilled. So long as the two wings present
the same angles of incidence in the direction of the
flight path, the outer, faster, and higher wing must be
better supported than the inner, slower, and lower
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wing, and the centre of lift, L, moving oxtward/y from
the centre of mass, must act to increase the lateral tilt
in a progressive manner.

In order that the machine shall right itself, there
must exist means of making the inner wing lift better
than the outer wing, so as to bring the lift L zzszde the

centre of mass, or nearer the axis of circling; and it so
happens that all machines do inherently possess such
means of causing the dihedral angle to tend to right
the machine.

In an actual machine, each wing has /Zead resistance,
and the head resistance of the outer and faster wing
being greater than that of the other, the centre of head
resistance of the whole machine moves outwards in a
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similar way to the centre of lift. Then, as seen in the
plan view of fig. 60, 11., the outer wing is pressed back
or retarded, relatively to the other wing, into the
dotted position, so that the machine commences to fly
cornerwise with respect to its circular trajectory. But,
when the machine of fig. 60, 1., having the dihedral
angle there shown, is pressed back into the dotted pose
of fig. 60, I1., it presents, to an observer in the direction
of its flight path, the appearance of fig. 60, I1I., so that
the angle of incidence of the outer wing (as denoted
by its thin appearance) is reduced relatively to the
angle of incidence of the inner wing. The outer wing,
therefore, may, despite its greater speed, lift Zess than
the inner wing, so that the centre of lift where L acts
may not only be brought to the centre of mass, as in
fig. 60, I11., but actually be brought to the ldower side
of the centre of mass—in which case the machine is
self-righting.

With a given dihedral angle this self-righting may
be strengthened by increasing the head resistance by
dead resistances concentrated near the tips of the wings,
but, as stated before, only a wea# self-righting effect is
permissible in any machine,

Tie INVERTED DIHEDRAL ANGLE

Although not producing a self-righting effect, some
reference should here be made to the inverted dihedral
shown in fig. 61, L., with the forces as they act in the
absence of head resistance. When the head resistance
presses back the outer wing, and so causes the machine,
as viewed from the front, to appear as in fig. 61, II.,
the outer wing is obviously made to lift s¢z// better than
the inner one. and the machine, consequently, to be
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strongly se/f-upsetting.  Although in itself a self-up-
setting effect, the inverted dihedral has its uses in
combination with some more powerful self-righting
effects, because, in the churning of the air consequent

__Uxis_ of Y Circling

Fic. 61.

on the contention of the two opposed effects, the weak,
resultant, self-righting effect may be made to find a
certain amount of damping.

LATERAL RiGHTING EFFECTS BY VERTICAL SURFACES'®

In fig. 62, I, a tilted straight main plane is shown
flying towards us, circling, and of course tending to
tilt more because of the centre of lift being outside the
centre of mass. Now, as the machine is circling, the
outer wing tends to be retarded and pressed back, by
reason of its greater head resistance, until the torque

! Such as the elevated keel surface of patents 8531/09 and 6o51/10. See
pages 232 to 273 : and claim 7, on page 266.
Q
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so pressing back that wing finds itself equilibrated by
a counter-torque. If we now put on a central vertical
plane level with the centre of mass, as in the inset
view of fig. 62, I., and with its centre of pressure (for
small angles of incidence) a distance & in the rear of
the centre of mass, the resistance torque, pressing back
the outer wing, will soon find itself equilibrated by the
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F1G. 62.

pressure which it brings to bear on the inner side of
the vertical plane, behind the centre of mass, and this
pressure on the vertical plane will obviously operate
either to upset or right the machine according to
whether the vertical plane is below or above the centre
of mass in the side view of the machine.

The righting effect is illustrated in fig. 62, I1., where
the centre of pressure of the vertical keel plane is 4, feet
above the centre of mass, and & feet behind the centre
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of mass. The head-resistance force, H, multiplied by
its distance from the centre of mass,' is, as a torque,
equilibrated by the consequent pressure, S, multiplied
by 4, and the parts are so proportioned that S times 4,

FiG. 63.

exceeds L times the distance of L from the centre of
mass. The machine is then self-righting.
The perspective view of fig. 63 may perhaps show
the righting effect more clearly. In this view :—
H x AB,*=S x EF,

! In the figure, the distance of the force H from the centre of mass is
shown the same as the distance of the force L from the centre of mass, as
is likely to be the case with a plane similarly cambered from one extremity
to the other, but, generally, in a well-formed plane, the point B, (see
fig. 63) will be further out from A than the point B.

* By the distance AB, is meant the perpendicular distance or arm of
the force H about the centre of mass A.

Q2
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so that S=Hx(AB,JEF) . . . . (47)

Notice that considerable variations in the a»ez of the keel
plane do not effect S. If we double its area, the keel
plane will merely content itself with half the former angle
of incidence as it continues to comply with formula (47).

In order to increase S, H may be increased by
adding everywhere to the head resistance ; or AB, may
be increased by concentrating the head resistances near
the extremities ; or EF may be decreased—so far as the
risk of having the side-view centre of pressure at any
time in front of the centre of mass, with consequent
loss of head-first tendency, will permit.

The self-righting is now determined by the
condition :—

SxAF>LxAB . . . . (48)
so that, in addition to the means of increasing S, the
self-righting is increased by increasing AF, or by
decreasing AB.

The height AF may be increased up to about a
quarter of the span of the machine, but, beyond that,
other troublesome skew upsetting effects are brought
into action, that, fortunately, do not require investiga-
tion because there is no need to strain after a strong
righting effect that, in gusty air, would cause dzsturé-
ance of pose. (Refer to page 7.)

The length AB may be reduced by concentrating
the lift near the longitudinal axis, as by using tapered
wings; but turning the extremities to negative angles
of incidence effects this still better, and, at the same
time, by adding head resistance at the extremities,’ may
increase the head resistance arm AB,.

1 See page 262, last lines ; and page 269, last paragraph, continued on
page 270.
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Elevated Keel-plane Effects in Gusts

In some gusts, the elevated keel surface may, as an
ordinary righting effect, have a disturbing effect, but
there are other gusts in which it has a steadying effect.

In fig. 64, a head gust is supposed to attack the
right wing of the machine, flying in the strazght
trajectory, and so tend to lift it relatively to the other

Fi1G. 64.

wing, and tilt the machine. But, owing to that right
wing being at the same time pressed back relatively to
the other wing, an air pressure S is brought to bear on
the side of the elevated keel plane, and this air pressure,
operating through the leverage of the height AF, of
the keel plane, to keep down the right wing relatively
to the left wing, may, by suitable proportioning of the
parts, be made to counteract the lateral upsetting effect
of the average gust. Nevertheless, the elevated keel
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plane, unlike the constant-lift extremities (figs. 48 to 57),
is not recommended as a reliable general method of
combating sudden gust disturbance, but only as a
means of aiding the slow lateral self-righting effect of
a machine.

THE RiGHTING EFFECT OF LATERAL MaAsses!?

In fig. 65, 1., a tilted main plane is shown flying
towards us and circling with radius R. In order that
we may deal only with the kind of righting effect now
to be considered, the main plane is supposed to be
laterally compensated, so as to have its lift L remaining
at the centre of mass and exactly equilibrating the
resultant of the weight W and centrifugal force C, also
acting at the same centre of mass. There s, therefore,
no reason why the machine should not go on circling
indefinitely, without tilting more and without righting
itself.

Suppose, now, that the mass (or a part of it) at the
centre is suddenly divided into two equal parts that
are placed at the lateral extremities, as shown in fig.
65, II. The centre of mass (or centre of gravity) of
the whole machine is, of course, still located at the
centre of the machine, even in the extreme case of
there being no actual mass there, but the action of the
whole mass has been modified.

It will be noticed that the resultant of the downward
weight forces is still the force W at the centre of the
machine, and is therefore still equilibrated by L,, the
vertical component of the lift L. Now for the horizontal
forces.

1 See page 259, second paragraph and onwards; page 260, second
paragraph. See also claims g, 10, and 11, page 266.
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In fig. 65, 1., the centifrugal force was MRo* (where
M was the whole central mass), and this was equilibrated
by L,, the horizontal component of the lift L. In

__Oxis of ¥ Circling _

Fi1G. 65.

fig. 65, I1., calling the angle of tilt {, the centrifugal
force of the outer mass is, similarly :—

IM(R + 7, cos {)w?
and of the inner mass :—
IM(R - 7, cos {)w
Added together these become : —
M.R.0%,
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or just as in fig. 65, I. Hence, as regards magnitude,
the force L, st/ equiltbrates the total horizontal centri-
fugal force C, but, owing to the centrifugal force of the
outer and higher mass being greafer than that of the
inner and lower mass, the resultant centrifugal force
acts nearer the higher mass and above the force L, and
thereby produces a torque or couple operating to right
the machine. '

In this way, masses carried left and right of the
longitudinal axis of the machine have the property
of helping to right the machine. They also have,
in some circumstances, the less desirable property of
promoting lateral oscillations, but that is a far deeper
question, and, in any case, the property is not an
inevitable one.

Going a little more into details, the centrifugal
righting moment of the outer mass, about the general
centre of mass, is :—

IM(R + 7, cos {)w? . 7 sin
and the corresponding lesser upsetting moment of the
inner mass is :—
IM(R -7, cos{)w?. 7 sin¢
Therefore, the net righting moment is the difference,
or :—
Mr2w?.sin{.cos{ . . . . (49)

Now when the machine is in circling equilibrium
without reference to torques round the longitudinal
axis (that is with reference only to vertical and
horizontal forces), we know, from formula (35), but
with the sign of equality, that :—

T2= (zzvff/(sin ¢.tan{)
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from which :—

2
But (2_1r) is o,
T
Therefore, substituting this expression (50) for «* in

> 1. .,
formula (49), the net righting moment becomes : '—

Mrf(%y-sins{. LG

(z_">2=(vg_>2-sin(~tan{ ... (50)

In fig. 65, I1., an aeroplane of 30-feet span (»,=15)
has been assumed, and of normal flight headway
V of 44 ft. p.s. (30 m.p.h.). A mass of 15 lbs. is
supposed attached to each wing extremity, so that
M = 30 lbs.

The net righting moment is then, by formula

(51):— N
30x 1§2x (sff)'xsinsg

or
3615sin%¢ . . poundals-feet torque,

or, dividing by g, or 322 :—
112:3sin3¢ . . pounds-feet torque.
The polar curve in fig. 65, 11., shows the way this

1 The reader must not forget that this formula (51) gives the righting
moment only under the specified condition that the tilted machine has its
vertical and horizontal forces in equilibrium, the headway being such as
suits this condition. If that condition is not complied with, the machine
is in an evanescent unsteady state that does not itself concern an inquiry
as to whether, in the long-run, it may or may not tend to right itself to a
steady straight flight. Those who are aware that, as in formula (49), a
centrifugal righting couple ordinarily vanishes for a tilt of go°, must also
notice that, in the above example, the velocity becomes infinite for go°.
The resulting righting couple at go° is then of the form zero multiplied by
infinity, but has the precise finite limiting value of formula (51). For the
machine as a whole, the corresponding formula for the lateral dynamical
righting moment is I,(¢/V/)?sin3(, where I, is the whole moment of inertia
round the longitudinal axis.
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righting moment tends to alter for every angle of tiit
from o° to 9o°. It is not very powerful at moderate
angles of tilt, but that is rather in its favour.

It might be mentioned that if the lateral masses are
suitably arranged, as by being carried forwardly of the
lateral extremities of the main plane, the centrifugal
couple may be made to produce an additional righting
effect by warping the planes,! but such augmented
righting effect is usually not necessary, and often not
desirable. Such lateral placing of forward masses
may also aid the longitudinal stability, but for
longitudinal stability alone they may as well be placed
centrally, and be one mass.?

Lateral Gyroscopes?®

So far, lateral stability has been considered (1) from
the point of view of the elimination of sudden disturb-
ing forces in order to prevent sudden changes of pose,
and (2) from the point of view of the machine’s
possessing a weak self-righting tendency to supervise
the mean pose and prevent slow and permanent
changes of pose. In some machines, however,
further means of resisting changes of lateral pose, and
somewhat in the nature of damping, are desirable
improvements. Such means are ready to hand in
gyroscopic arrangements, applications of which are
shown in fig. 66, and the frontispiece.

In fig. 66, at the nearer corner of the main plane, we
see a gyroscopic fly-wheel that is kept spinning left-
handedly as viewed from above. Should the aeroplane

1 See pages 259 and 260. 2 See page 253.

3 See page 260, last paragraph; also page 267, claim 14. Lateral
gyroscopes are those used for lateral control, and are not necessarily
placed at the wing extremities.
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have that wing urged upwards, so that, as viewed from
the front, the whole machine rotates left-handedly
round its longitudinal axis, the fly-wheel is likewise
tilted left-handedly as viewed from the front. Now
when the fly-wheel, spinning as described, is tilted as
described, it tries, in accordance with its well-known
gyroscopic properties, to tilt down in front, and so

Fia. 66.

warp the main planes in the right sense to resist the
wing being urged upwards. A small fly-wheel,
however, no larger than an aviator would care to
carry at each wing tip, while capable of giving a
surprisingly large gyroscopic torque for its size, is
usually not powerful enough to warp the main planes
by direct action. It is better, therefore, to have the
gyroscope mounted in gimbals, as shown, and con-
nected to tilt a rear tail elevator of the class previously
described. In that way the gyroscope may be made
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to warp the main plane as powerfully as desired. The
action is then as follows :—

On the wing being tilted upwards, the gyroscope
nods forwardly, and thereby, through the crossed cord
connections,’ tilts the lateral tail plane in a down-
steering sense to the degree necessary to resist the
upward angular velocity of the wing.

A few simple calculations having reference to fig. 67
may give a still better understanding of the mode of
operation of this control.

If the moment of inertia of the fly-wheel is I, its
angular velocity of spin is ;, and the angular velocity
of tilt of the machine round its longitudinal axis is w,,
then, by the well-known rule, the nodding torque of the

gyroscope is :—
Twyo,.

1 As shown, the crossed cords would lock each other. In practice, to
avoid this, pulleys may be used, or segments of pulleys may be placed on
the arms. In any case, the illustrations are only diagrammatic.
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If the distance of the centre of pressure behind the
hinge of the flap elevator is 4, feet, the cord or link con-
nection is not geared, and the pressure on the elevator
is P,, we evidently have :—

Iw,w, =Py,

e e . (s2)

from which,

1e

et
1€

y

i3)

el

o 4 'y-
wheel radius of § of a foot, and runs at 10,000 feet
p.m. (167 f.p.s.) at that radius. Then, the moment of
inertia I is, in absolute units, 15x075*=8'44. The
angular velocity of spin, @, is the velocity of spin, in
feet per second, divided by 2w, or 167/628=26"5
radians per second. The distance of the centre of
pressure of the flap elevator tail behind its hinge, or
d,, may be taken to be § of a foot; the distance of the
elevator behind the warping axis of the main planes,
or d;, 15 feet; and the distance of the centre of



234 Aeroplanes in Gusts and Soaring Flight

pressure of the extremity of the main planes behind
the warping axis, or d;, 1 foot. Then, by formula

(53)—

_(844x265x 15> _
P, <W— wy = 4473 w, poundals,

or, dividing by g, or 32°2 :—
P,=‘;:—?23«,2= 139 0w, pounds.

That is to say, an angular velocity of lateral tilt of
one radian (about 60°) per second is resisted by a force,
at eack wing extremity, of about 140 lbs. Or we may
say, a force of about 2} lbs. is produced at each
extremity per degree-per-second rate of lateral tilt.

It will be seen from formula (53) that this gyroscopic
control sets up a resistance to tilting proportional to
the angular velocity of tilting, that is, proportional to
the »ate of tilting in degrees per second. This is a
contrast to mere dead masses, such as were shown in
fig. 48 and some subsequent figures, for Zkey only
resist angular accelerations of tilt. It may also be
noted, as part of the same contrast, that, whereas the
dead masses tend to conserve or keep constant an
existing welocity of tilt, the gyroscopic control tends to
conserve or keep constant an existing angular dzsplace-
ment of lateral pose.

It is chiefly owing to this fact that the gyroscopic
control shown is such a good damper of the lateral
oscillations, for the machine is acted upon, even n dis-
turbed air, exactly as if it were in a still fluid inter-
penetrating the air (like an ether) and related to fins
upon the machine by a broadside friction proportional
to velocity. To complete this peculiar analogy, the fins
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must be regarded as non-operative and non-existent
as regards direct relationship with the common air.

The last sentence leads to further explanatory
remarks. There is no reason for surprise that when
the machine of fig. 66 is at rest, and the gyroscopes
not spinning, the elevator of the gyroscopic control
may easily be oscillated by laying hold of its rear edge ;
for the gyroscope, as a mere dead wheel, has compara-
tively little inertia round the horizontal axis upon
which its frame is journalled. But it is usually a cause
of surprise that even when the fly-wheel is rotating
rapidly, no more resistance to flapping the elevator is
felt than before, and though the correct inference is
easily drawn that disturbed air, in its dzrect action
upon the elevator, simply flaps the elevator so that
the elevator is as good as not there, as regards its
having any disturbing effect on the other yielding tail
actions, the zncorrect plausible inference has sometimes
been drawn that the gyroscope cannot, o7z occasion,
keep the elevator deflected with a strong air pressure
on its surface.

The reason the fly-wheel can be so easily tilted fore-
and-aft is that it has no cross-bearings, or complete
gimbals, to permit of the free left-and-right nodding
that is necessary to gyroscopic reaction. But when
the lateral tilting of the whole machine occurs, the fly-
wheel does find itself with the necessary cross-bearings
to permit of fore-and-aft nodding or precession, and
the gyroscopic torques manifest themselves. In the
example that was taken, an upward tilting of the wing
at one radian per second produced about 140 Ilbs.
alteration in the pressure on the wing extremity at
1 foot leverage from the warping axis, and therefore
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about 10 lbs. pressure was being produced on the
under surface of the flap elevator at its fifteen times
greater leverage from the wing. It is curious to note
that, so long as the machine continues to tilt laterally
at the stated angular velocity, this pressure of 10 lbs.
is maintained on the flap elevator, and local air currents,
attacking the elevator, flap it up and down all the
while that the pressure of 10 lbs. is bezng maintained.

The means of driving the gyroscope is, to a great
extent, a mere detail, but not entirely so. Reliability
is naturally of great importance, and, in this respect,
the wind-operated driving fan shown in fig. 66 excels.
The fan is shown driving the fly-wheel through bevel
gear wheels and a flexible shaft. It is an improvement
on the drawing to have the fly-wheel dished, and the
top bearing placed in the hollow, so that the end of the
flexible shaft has no occasion to alter its place as the
gyroscope tilts.

The advantage of this wind-driving does not consist
solely in reliability, for the fans act to some extent as
fly-wheel-fan dampers of longitudinal pose, like the fan
D of fig. 32, I. (Plate IV.). Moreover, since each fan
acts to resist fluctuations in the headway of its own
wing tip, it resists those fluctuations of headway that
are associated with oscillations of lateral pose.! As a
consequence, the fans can be shown to assist in damping
the lateral oscillations of pose.

In some cases, a wind-driven fan may drive a
dynamo that generates electrical power for transmission
to motors forming parts of the gyroscopic fly-wheels.®

The gyroscopes in fig. 66 are shown connected by

1 See page 261, second paragraph.
2 See page 255, near its end, for a similar suggestion.



Lateral Gyroscopes 237

cords across the machine, so that each one helps the
tilting of the other. These connections are advisable in
order that the gyroscopes may not disturb the turning
of the machine. The cords are shown passing through
the body of the machine, where they may, if desired, be
operated in addition by manual or other controls,! and
even by a third horizontal or vertical* gyroscope, or
pair of gyroscopes, pivoted to tilt szdeways and operate
the elevators in 'such manner as to set up a damping
resistance to oscillations of longztudinal pose. Such
longitudinal gyroscopes are liable, however, to be so
carelessly arranged that they are a disadvantage, and,
when well arranged, they are a luxury beyond the
present requirements of an advance in stability.

GvroscoPE CoMBINED wWITH THE OTHER EFFECTS

In the frontispiece, a bolder and better design than
fig. 66 is shown diagrammatically. The tail booms
are parallel—the vertical hinged link in the rear being
quite as long as the distance between the main planes.
The steering pillar is moved backwards and forwards
to operate both rear tlaps together as elevators for
longitudinal control, and rotated with the attached
pulley for the simultaneous differential lateral control
of the flaps whenever the pilot wishes to use the flaps
to steer with or to interfere with the automatic lateral

! In alarge machine required to turn sharply, it is sometimes advisable to
have the gyroscopes, and their connected tail planes, so operable from the
pilot’s seat, because the gyroscopic control, if left to itself, resists the
necessary banking. The gyroscopes do so/ resist such tilting of them-
selves and their tail planes by zke pilof (see pp. xiv, xv of Preface).

? Not necessarily horizontal ; this gyroscope may have its plane of rota-
tion at right angles to the longitudinal axis of the machine, and the pivots,
of the frame in which it rotates, vertical, so that when the machine tilts

down or up, the gyroscope nods round this vertical axis.
R
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self-control of this type of machine. The weight is
disposed approximately at the centre of pressure or
lift of the central section of the main planes, because
it functions in the required manner in a head gust
by reason of its being carried forwardly of the fixed
planes M,—that are placed behind the mass in order
that the mass shall be forwardly of them—and for-
wardly of the centre of pressure or transverse axis of

Fic. 68,

movement of the main planes in conjunction with the
fixed planes M,.

Fig. 68 shows, diagrammatically, how such a machine
may appear while resisting an effort to tilt it left-
handedly (as viewed from in front), and also while
resisting an actual wveloczty of such tilting that it is
supposed to have acquired despite the appliances.
The machine may be regarded as being in a head gust
on its left side, and in a rear gust on its right side.

The constant-lift action of the two sides of the
machine, whereby, through the operation of the planes
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M, and T in relation to the mass of the machine, the
acceleration of left-handed tilting is eliminated by the
warping movement depicted in the drawing, need not
be described again.

But, in the drawing, the lifts L are »#o¢ shown equal ;
the left one is shown much less than the right one.
The reason is that the machine was supposed to have
acquired a left-handed wvelocity of tilt (as viewed from
the front). This, in the way already described, excites
the gyroscopes to deflect their respective tail planes
to reduce the lift on the left, and increase it on the
right, and thereby resist the acquired veloczty of tilt.

It may be remarked that every competent pilot
is now, though without viewing the fact that way,
using his warp so as to eliminate accelerations of tilt,
and resist velocities of tilt, and thereby copy, more
or /Jess skilfully, the less fallible actions of the automatic
lateral control described.

WHIRLING-TABLE TESTS

When a given aeroplane is required to possess lateral
stability, the designer stands in need of some method
of deciding when the machine has the desired properties.

In Chapter XII. we saw that the properties of a
machine with respect to longitudinal stability could
easily be investigated by wind-tunnel experiments.
Similarly, many of the properties of a machine with
respect to /Jateral/ stability may be investigated by
whirling-table experiments.

Take, for example, a model of the type of fig. 48
(page 190). On attaching its centre (centre of mass)
to the outer end of the arm of the whirling table by

means of a wuniversal or ball joint, and setting the
R2
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whirling-table arm in motion at about normal speed,
we shall be able to discover, by the outer wing gently
descending, whether the model possesses the necessary
slow lateral self-righting effect. If the outer wing does
not descend, we may ensure its doing so by such
means as adding suitable lateral down-steering surfaces,
like M,, M, of fig. 51, at the rear of each right and
left main plane.

The models of figs. 49, 50, 51, 52, 55, 57, 66, 68,
and the frontispiece may all be tested and adjusted in
a similar way. In figs. 55 and 57 the down-steering
planes, M;, M,, have to be turned more and more in a
fixed down-steering sense till the necessary gentle
sinking effect of the outer wing is obtained, the yield-
ing tails being, each one, at the same time springingly
held to counteract only the mean down-steering effect
on its own side of the machine.

Fig. 59, I, tilts violently in the direction of the
circular arrow when whirled round the axis of circling
of the whirling table, or axis, shown on the right of the
illustration.  Fig. 59, II., on the other hand, tilts just
as strongly in the opposite direction; consequently,
when the two are united, we get no tilting effect, but,
unfortunately, no net lift.

If the small down-pressed surfaces of fig. 59, III.,
have been properly arranged to compensate the whole
machine, it, too, will not tilt on the whirling table, but,
owing to the larger lifting surfaces, the model will
have a considerable net lifting effect.

On tilting the compensated model of fig. 59, III,
through any angle (| as in fig. 59, VII., the model will
remain content with that til. This is because, by
formula (42) or (46), the righting moment is zero for
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all values of { when once the sum of the terms in the
brackets has been made zero by suitable disposition of
the down-pressed surfaces. In this test, the model
must have no lateral moment of inertia, for if it has, it
will confuse our observations by tending to right itself
through the operation of a centrifugal couple,! in the
manner discussed in connection with fig. 65.

It will be obvious that the whirling table is very
useful for the practical adjustment of compensated
main planes of the types of fig. 59, IV. and VI,, the
curves of fig. 59, V., being left to look after themselves
—whick they will do.

So long as the machine is drawn forward by a
universal joint at its centre of mass, the dihedral
righting effect of fig. 60 is easily tested and adjusted
on a whirling table. The outer wing gently descends
when the adjustment is sufficiently correct, and, with a
given dihedral angle, this result is promoted by any-
thing that increases the head resistance of the ends of
the wings. (Down-pressed lateral extremities do this,
and give their own righting effect too.)

The whirling table will, of course, show the addi-
tional upsetting effect of the slight inverted dihedral
of fig. 61, and it is an interesting test to overpower
this by the elevated keel effect of fig. 62, Il., and of
figs. 63 and 64, for, in practice, such combination has
some advantages.®

The righting effect of the lateral masses of fig. 65,
I.and II., is easily tested by the whirling table, when

! Or, in the experiment, that particular centrifugal couple may be
exactly annulled by putting masses on the verfica/ axis to give it exactly
the same moment of inertia round the longitudinal axis that the transverse

axis has round the longitudinal axis.
2 See page 257 ; and claim 8, on page 266.
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the masses are added, for preference, toa previously
compensated main plane.

Finally, fig. 66 and the most complicated of models
may, as a general rule, be initially adjusted, for lateral
stability, by means of whirling-table tests. On the
other hand, the fundamental properties of the gyro-
scopic control, and the difference between its action
and that of the simple weights in resisting changes of
lateral pose, are better shown in a wind tunnel in
which the machine is pivoted around its own longi-
tudinal axis.

WiIND-TUNNEL TEsTs oF Gyroscoric CONTROLS

Let us take an experimental model of the type of
fig. 66, but with perfectly flat main planes and
auxiliary tail planes all arranged for zero angle of
incidence. The planes are supposed to be as freely
warpable as if they were hinged like those of fig. 48,
and a heavy mass (which may take the form of one of
the gyroscopic fly-wheels, #o¢ spinning in the initial
experiments) is placed at each lateral extremity, as
shown in fig. 66.

Let this model be now pivoted round its longitudinal
axis, in a wind tunnel, and let a strong wind be
directed upon it. If the model is at first horizontal in
its lateral pose, it will remain so, for the fixed tail
plane at each extremity keeps itself at zero angle of
incidence, as it trails out in the wind, and thereby keeps
the main plane also at zero angle of incidence. The
Sap tail planes, of course, have no disturbing effect.

Suppose, now, that we apply a mechanical torque to
turn the model round the longitudinal axis, This
torque will be resisted, but, so far as the model has no
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head resistance, only by the masses’ znerfia resistance
to accelerations round the longitudinal axis. The
planes, in consequence of their automatic warp, will
still travel, in all their parts, edgewise through the air,
and proceed in a spiral path relafively to the column
of air directed upon the model. If each wing of the
model has a head resistance, a component of that, and
that only, will direct itself against the rotating torque,
and equilibrate that torque when a certain speed of
rotation has been reached—sooner or later, according
to the magnitude of the masses. On/y the head resist-
ance, however, operates to limit the speed of rotation,
the masses themselves operate so/ely to limit the »ate of
ckange of the speed of rotation, or the angular accelera-
tion of rotation, for a given applied torque. They are
content with any existing steady speed of rotation, and
tend to prevent its change only.

Now let the gyroscopes be set spinning by their
wind-driven fans, and again apply the same mechanical
torque to turn the model round its longitudinal axis in
the wind tunnel. As the model gathers speed of tilting,
the gyroscopes additionally warp the main planes,
through the auxiliary tail planes acting with the
leverage of the tail frame, so that the planes no
longer travel edgewise, but present themselves at an
angle of incidence that tends to counteract or resist
the tendency of the machine to rotate round the
longitudinal axis. Since the resistance thus set up
to lateral weloczty of tilt is substantially proportional
to that veloczty of tilt, the model behaves almost exactly
as if the ends of its main planes were scraping the
sides of the wind tunnel with a friction force propor-
tional to the rotary veloczty of such lateral scraping.
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Since the gyroscopes resist velocity of tilt, the final
velocity of tilt that a given applied torque can produce
is much reduced when the gyroscopes are spinning,
and it should not be forgotten that when the gyroscopes
are not spinning, there is nzo /imz:f to the final velocity
of tilt, so far as the planes are perfectly warpable and
have no head resistance.

Further instructive experiments may be made by
attaching a spring to the perfectly warpable model, so
that the model may oscillate round its longitudinal
axis, in the wind tunnel, like the balance-wheel of a
chronometer.

On making a vacuum in the wind tunnel, the oscil-
lation period of such model may be, let us say, one
second with the gyroscopes not spinning. (With the
gyroscopes spinning, the oscillation period in the
vacuum would be somewhat increased by their dzrect
action, but that action is so comparatively feeble as to
be of little interest.) When the air is let into the wind
tunnel and directed, as a wind, upon the model, the
oscillation period still remains about one second, but
the oscillations will be found to die down more quickly,
because a component of the head resistance of each
warped extremity keeps resisting the angular velocity
of tilt. If the model had no head resistance, the oscil-
lations would not differ in any way from those in the
vacuum.

On now permitting the gyroscopes to spin, a great
contrast will be noticed ; the oscillations will be found
to have been made much slower, perhaps several
seconds in period, and practically dead-beat. The
model, in fact, will act laterally very much as if it had
been surrounded with a thick viscous syrup, or as if
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the extremities of its wings were scraping the sides of
the wind tunnel with a friction proportional to the
rotary velocity of scraping.

Now that, as was found before, is just how the model
acts in free flight. The lateral oscillations of adsolute
pose are resisted exactly as if the extremities of the
wings were continually making contact with and scrap-
ing the walls of an invisible wind tunnel with a friction
exactly proportional to the angular velocity of lateral
scraping.’

DiMINisHING LirT By INVERTED CAMBER AND
GEARING OF ELEVATORS

In most of the illustrations, the rear yielding elevator
is shown concave on the ugper surface that sustains
the downward air pressure, and, in many cases, this is
done for a deeper reason than mere efficiency. When
such a strongly cambered flap elevator is pressed back
by gusts to a smaller angle of incidence, its centre of
pressure tends to retreat further from the hinge, and
the total air pressure, as a consequence, to diminisk as
it continues to equilibrate the torque of a spring or
other substantially constant force. But the reduced air
pressure on the top of this elevator determines the
reduced loading on the main plane (or its extremity,
as the case may be) that is loaded solely by reason of
the downward pressure on the elevator. Thus, a
strongly reversed camber to such elevator may itself,
if we wish, cause or aid a machine, or each of its
extremities, to be a diminishing-lift machine, even if

! No friction of #Ais kind should be regarded as appertaining to the

Jorward movement of the extremity, as distinct from the lateral move-
ment round the longitudinal axis.
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the main plane has not a retreating centre of pressure
with diminishing angle of incidence.

This effect is illustrated in fig. 69. The arrows show
the forces of the weight w, the lift L, and the tail
pressure T, in equilibrium for the given machine, or its
extremity, for a headway of 30 m.p.h. On the slow-
fan F being clamped, and the headway being increased
to 40 m.p.h, the elevator is blown back to a lesser
angle of incidence, and, being strongly cambered, its
centre of pressure travels further from the hinge. But

at that further distance or leverage the pressure T,
equilibrating a spring S, is necessarily reduced, as
indicated by the lesser height of the arrow at the
figure “ 40 m.p.h.,” and since the lift L is determined
by the pressure T, the lift L is necessarily reduced by
this zncrease in headway from 30 m.p.h. to 40 m.p.h.
The position and magnitude of the force T, for other
headways, are similarly suggested by the numbered
curve drawn above the elevator, which curve resembles,
in its interpretation and effect, the curve that was drawn
above the main plane of fig. 39, page 123.
Alternatively or additionally, the diminishing-lift
effect is obtainable by gearing the spring S, or the
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muscle of the pilot’s arm, or other pulling device, in a
variable manner to the elevator, so that the pulling
device has a reduced mechanical advantage over the
elevator as the headway increases. In the one way
shown in fig. 69, a pulley on the axle of the elevator,
round which the cord is lapped, is cam-shaped, so that
the spring S has a less leverage over the elevator as
the elevator flattens out, and thereby induces a reduced
counteracting pressure on the elevator. This reduced
pressure on the elevator in turn determines a diminished
lift in the main planes, as an accompaniment to the
increase in headway. Instead of cam-shaped pulleys,
cranked levers and other mechanical equivalents may
be used to obtain effects of this kind.

It will be seen, therefore, that a diminishing-lift
effect may be secured in three ways that have been
disclosed :—(1) By having main planes, or main planes
in combination with rigidly attached planes, with
retreating centres of pressure with decreasing angles
of incidence. (2) By having yieldingly-held elevators
with retreating centres of pressure with diminishing
angles of incidence. (3) By having the device pulling
the yielding elevator, so linked, connected, or geared
to the elevator that the pull upon the elevator weatens
with increasing headway.

In general, it is not advisable to dispense with the
first method for obtaining a diminishing-lift effect, but a
thorough discussion as to when, and in what proportions,
to employ the various methods, especially when the
gyroscopes of fig. 66 and the frontispiece are used, must
be regarded as beyond the scope of this supplement.

In this connection, it might be observed that, while
simple “flyability,” or tactile stability, is easy to pro-
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duce by designing machines bearing ‘‘ rule-of-thumb”
resemblances to those suggested by the principles
described in this book, the production of a good
self-flying machine, having what is conventionally
understood by the word *stability,” requires a some-
what higher order of skill and knowledge in the
designer. Mere copying and obtaining resemblances
will not do; the designer must have a proper sense of
the importance of small changes in the design, and
understand the why and wherefore of all he is doing.

Classified Requirements for Complete
Self-flying Stability

Complete self-flying in an aeroplane, in disturbed

air, consists in :—

(1) The elimination of sudden changes of pose—an
indispensable fundamental property in any
machine.!

(A) Longitudinal.
(B) Lateral.

(2) The prevention of slow and permanent changes
of pose by the provision of a self-righting,
supervising effect with respect to a mean
pose.®

(A) Longitudinal.
(B) Lateral.

(3) Means of damping or resisting oscillations of

pose about the mean pose.®
(A) Longitudinal.
(B) Lateral.*

1 See page 253, first paragraph. 2 See page 253, first paragraph.
3 See top of page 254 and of page 255. * See page 261, first paragraph.
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MEgaNs oF FULFILLING THE REQUIREMENTS

The best ways of providing for the above require-
ments are as follow :—

(1a) The elimination of sudden change of
longitudinal pose is most easily brought about by
placing the mass (or a mass) forwardly of a main plane
(or other plane or planes) and maintaining the sub-
stantially invariable load or lift upon these planes by
means of the yieldingly-held rear flap elevator that
compensates for the forward mass (see figs. 39, 41, 55,
57, 66, the frontispiece, etc.).

(2a) Slow and permanent changes of longi-
tudinal pose are easily prevented by manual control
of the yieldingly-held flap elevator, at least in small
machines; but in large heavy machines on important
flights, and in all cases where the personal element in
control requires minimising, wind-operated slow-fans
(F in the various illustrations) and springs should be
used to keep the yielding elevator in adjustment (see
figs. 32, 39, 41, 56, 58, etc.).

(3a) Damping of the longitudinal oscillations
of pose may also be easily performed by personal
control in small machines, but the simplest automatic
means consists of a fly-wheel fan, such as the fan D of
fig. 32, I. (Plate IV.). More powerful but more com-
plicated gyroscopic means may be employed in the
future.

(18) Theeliminationof sudden changeoflateral
pose is most simply brought about by making each
lateral extremity of the machine automatically self-
warping, in a »e/iable manner, so as to preserve sub-
stantially constant lift at each extremity. The best
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way of doing this is to place a tail frame behind each
warpable extremity, carrying an up-pressed fixed tail
plane and a down-pressed yieldingly-held elevator.
Masses near the lateral extremities may be used to
aid this effect by their inertia (see figs. 55, 57, 66, the
frontispiece, etc.).

(28) Slow and permanent changes of lateral
pose are preventable by manual control of the warp-
ing, but the best automatic means consist in giving the
extremities of the machine a diminishing-lift effect
relatively to each other (see figs. 48, 55, 69, the fronti-
spiece, etc.). Other aids are:— (1) Down-pressed
surfaces near the lateral extremities (see fig. 59).
(2) A slight positive lateral dihedral angle (see
fig. 60). (3) Head resistances concentrated near the
lateral extremities. (4) An elevated keel plane (see
figs. 62, 63, 64, 66, etc.). (5) Masses placed near
the lateral extremities in order to give centrifugal
righting couples (see figs. 55, 57, 65, 66, etc.).

(38) Damping of the lateral oscillations of pose
may also be effected by manual control, but it is a
great relief, especially on large machines, to have it
done automatically by means of lateral gyroscopes
(see fig. 66 and the frontispiece). Fly-wheel fans at
the lateral extremities are also an aid to this lateral
damping, besides assisting the longitudinal damping.

It may be observed that directional stability round
the vertical axis is seldom referred to independently.
It is generally taken for granted that the machine is
provided with the usual head-first tendency, by having
the side-view centre of pressure, for small angles of
incidence on the plane of symmetry, to the rear of the
centre of mass.



BRITISH PATENT SPECIFICATIONS

Prefatory Remarks.—In this edition of this book
several references have been made to the author’s
patent specifications printed below, for in view of the
type of machines now being flown, and the present
trend of design, it is expected these specifications will
be of interest, and even prove indispensable knowledge.
The patents will be seen to be master-patents as
regards the mode of stability dealt with in the book ;
and in respect to the elimination of sudden disturbance
of pose by the adoption of a permanent diving or
down-steering tendency due to the forward placing of
the mass or a mass in relationship to a plane or planes,
there is hardly a machine built or flown, and flyable in
gusts, that is not liable under these patents. The parts
of the specification considered of special interest in the
present juncture are printed in italics, and in order to
appreciate the invention the reader should endeavour to
peruse the specification from the point of view of one
in the state of knowledge prevalent in the year 1909.
Since the complete stabilising of an aeroplane
necessarily consists in the complex co-operation of
several devices or elements of design (as suggested in
the first and second paragraphs of the parent specifi-
cation 8531/09) one or the other of which could be left
out without grave inconvenience or risk, the author
took proper precautions against such use of his inven-
tion, by the insertion of the third paragraph of the

parent specification. That paragraph was written
251
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especially with a view to circumventing attempts that
it was correctly foreseen would be made to employ the
means of preventing sudden changes of pose, particu-
larly longitudinal pose, without the more highly speci-
alised and more conspicuous means of preventing slow
and permanent changes of pose and damping oscilla-
tions of pose.

Although, as stated on page 2 of this book, the author
did not, till 1911, intentionally draw public notice to
acceleration or rate of change of headway being the
measure of a gust, it will be seen that these specifi-
cations suggested it, and took the fact for granted, in
a very matter-of-course way, in several places. The
specification 8531/09, and an anticipation of 6051/10,
were placed before the Government Advisory Com-
mittee on June 30, 1910, and a covering communi-
cation, written on the back of the specification, in
dividing gusts into those less than the gravitational
32°2ft. p.s. p.s., and those greater than 32°2 ft. p.s. p.s.,
further intimated that gusts were to be measured by
impressed accelerations of headway comparable with
those due to gravity.

N° 8531 A.D. 1909

Date of Application, No. 8581, 8th Apr., 1909
Complete Specification Left, 8th Oct., 1909
Complete Specification Accepted, 7th Apr., 1970

COMPLETE SPECIFICATION

Improvements in Aeroplanes and the like

I, SAM LEONARD WALKDEN, do hereby declare the nature
of this invention and in what manner the same is to be per-
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formed, to be particularly described and ascertained in and by
the following statement :—

The object of this invention is to obviate by automatically
operating devices changes of pose in aeroplanes, gliders and
the like, and thereby preserve automatically the stability of
movement of the apparatus through the air. Complete auto-
matic stability can be obtained if automatically operating devices
are provided whick obviate both sudden and slow changes of
longitudinal pose and sudden and slow changes of lateral pose
of the aeroplane.

While, however, completely automatic stability of movement is
thus the object of the invention, it will be understood that either
in lieu of or in addition to any of the various automatic devices
hereinafter described there may be used manually actuated or
other known devices adapted to achieve or promote the desived
result!

According to this invention sudden change of longitudinal
pose is prevented by means of one or more masses carried on a
main or other plane or planes forward of the transverse axis of
movement of such plane, e g. at the outer end of longitudinal rods
or frames which are preferably flexible in the vertical direction
and extend forwardly from the main plane or planes or from
an auxiliary elevating plane or planes. Owing to the inertia of
the mass or masses, a sudden downward or upward change in
the longitudinal pose of the aeroplane is opposed and tiis
inertia may also be arranged to produce a counteracting deflection
or deformation of the plane or planes to whick the mass or
masses may be attacked.?

! For example, the slow-fan and automatic devices for supervising the
mean pose and damping oscillations are scarcely missed by a pilot, on
short flights. A pilot may then content himself with the automatic
arrangements for obviating sudden changes of pose, and so reduce the
machine to one having a mass or masses too far forward (as judged by
previous practice) and requiring the elevator to be yieldingly held by
hand, in lieu of by the fan and spring, to compensate,

? For example : the pilot, or the engine, or a searchlight, or any weight
whatever, may be carried too far forwardly (as judged by previous practice)
relatively to a main plane or a fixed tail plane or both, and arranged, by
being compensated by a yieldingly-held elevator (by hand or otherwise),
so that its inertia, in the event of a sudden head gust attacking the

S
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Change of longitudinal pose in calm air and of average
longitudinal pose in gusty air is resisted by means of a wind-
driven continuously rotating fan or propeller which may be
of considerable power and which, according to one construc-
tion, is journalled at the top of a standard rigid with the
frame of the ship. The fan acts as its own flywheel (being if
necessary additionally weighted for this purpose) or is geared
with a separate flywheel which may also act as a counterpoise
to the fan and standard or may occupy any other desired
position on the ship. Change of speed of rotation of such a
fan is resisted by the flywheel effect and as a consequence
change in its translational velocity relative to the air is also
resisted. Since in calm air a change of longitudinal pose of
the aeroplane is accompanied by a tendency for the aeroplane
to gain or lose speed relative to the air according as the ship
sweeps downward or upward from the plane of steady gliding
movement, and since the fan in the manner described resists
sharing in the fluctuation in speed, a backward or forward
force is produced at the top of the standard opposing the
change in longitudinal pose by a properly directed torque
acting upon the ship through the leverage of the standard.

In gusty air only fluctuations in average longitudinal pose
with respect to a number of quick gusts are opposed in the
manner described, since there is no longer the required ordered
relationship between the pose of the aeroplane and the instan-
taneous rate of change of relative headway!

It will be seen that the fan acts primarily to counteract
change in the relative headway of the ship and this property
is of importance in conjunction with devices hereinafter de-
scribed for maintaining lateral stability which depend for their
efficiency on the preservation of relative headway.

The stabilising action of the fan does not depend wholly

machine, produces a counteracting nodding or downward deflection of the
main plane relatively to the yielding tail plane, that prevents the machine
rearing up as it otherwise would do. This action is substantially the same
as that of the weights ¢ in the example of fig. 1, page 261.

1 By which, of course, is to be understood that gusts are characterised
by accelerations or rates of change of relative headway impressed upon
the machine by independent movements of the air.
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on its preferred elevation for if placed Jeve/ with or even
slightly below the centre of mass of the ship the backward
and forward forces which it produces will still tend to damp
out fluctuations of relative headway, and owing to the inter-
dependence of fluctuations of pose and relative headway the
damping out of the latter is accompanied by the damping out
of the former.

When the ship is fitted with movable elevating planes the
fan may instead of, or as well as, acting on the ship as a
whole, be made in a variety of ways to turn the elevating
planes in an up-steering or down-steering direction as a
consequence of any increase or decrease respectively in
relative headway. The fan may for example be mounted on
a standard projecting from an elevating plane generally in an
upward direction, but downwardly in the case of some rear
elevating planes. A counterpoise may be applied to balance
the plane and fan structure about the axis of oscillation of the
plane, such counterpoise being if preferred a separate flywheel
driven by the fan. Or the standard carrying the fan and
counterpoise may be pivoted in any desired position on the
ship and suitably linked with the elevating plane or planes
which it is desired to actuate.

In some cases the fan may be made to drive its flywheel
through a differential gear so that when the fan gains or loses
speed relative to the flywheel the intermediate pinions of the
gear will be rotated one way or the other around the axis of
the driving and driven gear wheels and through suitable
linkage or gearing made to turn the elevating planes in an
up-steering or down-steering direction respectively. Any
mechanical equivalent of the differential gear may be em-
ployed. For instance, tke fan may drive a dynamo electric
machine usually acting as a genevator and supplying current to
a second dynamo electric machine usually acting as a motor in
driving the flywheel, and the current in the circuit, positive or
negative in direction according as the rotation of the fan is
accelerating or slowing, may be made to actuate any suitable
electro-magnetic device for turning the elevating planes in an
up-steering or down-steering direction respectively.

The main propeller of the ship may in similar manner act as
S2



256 Aeroplanes in Gusts and Soaring Flight

that form of the wind-driven fan above described in whick it is
placed substantially level with the centre of mass and resistance
of the aeroplane, and is not arranged to turn or deflect any
main or auxiliary plane. In this case the propeller is sub-
stantially the wind-driven fan with a. superimposed torque,
and consequent thrust, arranged so as not to disturb materially
its stabilising action.

I am aware that most propeller drives, especially those in
which the engine torque is steady and the propeller and the
rotating parts are heavy, must inherently possess to some
degree the property of a stabilising fan such as I have de-
scribed in that the propeller tends to thrust more or less
according as the ship tends to slow down or accelerate relative
to the air. I therefore do not claim such power-driven fans
as my invention apar? from an associated device or arrangement
whereby the stabilising property can be more effectively utilised.
I may, for example, fit an unusually heavy flywheel to the
propeller as distinct from the engine and couple the engine
with the flywheel and propeller through a free-wheel clutch
so that the stabilising action does not depend on the engine
speed being maintained. The heavy flywheel in this case also
serves on occasion to keep the propeller from a sudden in-
crease in speed due to increase in engine torque.

In all cases in which an elevating plane or main or auxiliary
plane is turned or deflected by the fan or other of the automatic
devices hereinafter described and is not self-centralising by air
pressure on the plane or by inkerent springiness, one or more
centralising springs may be used to determine a normal position
about whick the temporary movements of the plane take place

To prevent slow and permanent change of the longitudinal
plane of movement of the ship one or more fans of small
power driven by the movement of the air relative to the ship
may be correlated with an elevating plane or planes in such
manner that they tend to give a definite pose thereto for a
given speed of the ship so that an increase or decrease of this

1 For instance, when the mass or a mass of the machine is placed so
far forward as to require a yieldingly-held elevator to compensate, that
elevator may be held to its mean position by springs, and supervised by
hand.
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speed will cause the elevating plane to be inclined so as to
tend to steer the ship up or down respectively.

For example, such a fan may be arranged so as to tend to
wind a cord on a drum the other end of the cord being at-
tached to a vertically flexible longitudinal rod or frame ex-
tending rearwardly from the ship and carrying at its rear end
a small horizontal plane. Or a wind-driven fan or fans (which
may be damped by air vanes) may be set to wind or twist a
cord or cords connected with a fixed point at one end and at
the other end through a tension spring with another cord
lapped round a pulley on the axle of the elevating plane and
connected through a tension spring with a fixed point, or with
a hand-operated winding device by which the “constant” of
the apparatus may be varied to change the persistent pose of
the plane.

In order to preserve lateral stability the horizontal support-
ing plane or planes are constructed as substantially flat
surfaces without any vertical planes rising or depending or
extending forwardly or rearwardly therefrom so as materially
to arrest the lateral sliding movement of the centre of gravity
which arises when the ship tilts to one side or the other, and
as the rate of recovery is made to depend on the rate of this
lateral sliding movement of the horizontal plane or planes, the
latter are preferably constructed so as to increase the rate of
sliding by arching them slightly transversely (se. from wing
to wing) with the concave surface downwards—a construction
which also possesses other inherent advantages.! 7%is curved
shape is particularly advantageous when, as in one construction
according to this invention, the righting is effected solely by
means of an elevated longitudinal vertical plane whick is carried
on a standard or frame at a sufficient height not to interfere
substantially with lateral sliding. This plane, when it is
desired that the ship should by its means automatically
maintain its directional stability, extends so far rearwardly
that the centre of pressure is in rear of the centre of

! One advantage in view was the damping effect due to the churning of
the air consequent on the arched main plane trying, on its own account, to
slide in one path, but being forced by the elevated keel plane to take a
different path.
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gravity of the ship, but with manually controlled steering
devices this relation need not be observed. It will be seen
that the resultant wind pressure on the elevated plane due to
the lateral sliding of the main plane will act to restore the
lateral balance of the ship, but it may also act to turn the ship
about a vertical axis and make it wheel or circle to the side
it leans to.

If the ship circles towards the side to which it is inclined
the action of centrifugal force as well as the greater support
afforded by the air to the outer or elevated wing than to the
inner or depressed wing will militate against the righting of
the ship, and consequently the restoring force due to the
resultant wind pressure on the elevated plane will obviously
be more effective if the ship continues to move substantially
in a straight line than if it moves in a curve towards the
direction of inclination, but since the lateral sliding movement
may, if the ship’s headway be maintained give rise to a
resultant circling or wheeling movement of the ship as a
whole towards the side to which it is inclined, the restoring
force will in such circumstances be somewhat less effective.
The full righting effect possible of the elevated plane may,
however, be obtained if means are provided for automatically
turning or distorting the plane so as to increase as much as
possible the lateral pressure of the wind. This result may be
obtained by mounting a pair of wind-driven fans near the two
lateral extremities of the aeroplane and using the difference
in their driving torque consequent on the circling movement
of the airship (should such arise) to distort or turn the vertical
plane. For example, the two fans may be geared with winding
drums from which suitably guided cords are led to the front
end of an elevated plane which is rotatable about a vertical
axis. Or the two fans may drive the gear wheels of a
differential gear in opposite directions so that the inter-
mediate pinions move one way or the other round the gear
wheel axis according as one fan is moving faster or slower
than the other, and cords may be led from the moving pinions
or a drum geared to them to the vertical plane so as to
distort or turn the latter according to the movement of the
pinions.
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This differential rotation of the wind-driven fans may be
used to restore lateral balance in other ways apart from or in
addition to the distortion or turning of the elevated plane, as
for example by actuating a rudder by means of a pair of
similarly actuated cords so as to turn the ship towards the
direction away from which it is circling,! or by producing a
warping of the main planes by means of cords passing around
pulleys on the rear edge of the plane so as to raise one side
and lower the other, o7 0y actuating auxiliary elevating planes
S0 as to raise or lower one side of the ship relative to the other.
Any one or more of these equivalent devices may be brought
into action so as to restore lateral balance by means of wind-
driven fans which are caused to rotate at different speeds by
reason primarily of the circling movement which itself may
be due to the lateral sliding which is allowed or promoted by
constructing the plane or planes of the ship in the manner
proposed.

The lateral tips of the aeroplane may be weighted, such
weights acting to prevent sudden changes of wing tip velocity
and so retard circling and also to give a centrifugal righting
couple on such circling occurring? These weights may be
carried at the ends of forwardly projecting rods or frames
which are preferably vertically flexible.3

Sudden changes in lateral pose are prevented by means of
masses which are so disposed on the ship that, when the latter
suddenly tilts laterally, they operate to bring into action forces
which oppose the tipping movement, as for example by causing
warping of the main plane or planes or by operating auxiliary
planes or other devices adapted to counteract sudden lateral tilting.

1 Several aviation disasters have been characterised by the machine
making a prolonged, sharply converging spiral dive at high speed, and
it is on record that Lieutenant Parke made a remarkable recovery from
such a dive by having the time and presence of mind to “rudder”
outwards, contrary to advice for this emergency, and contrary to his first
action in the emergency. The above side fans actuating his rudder
would obviously have effected the required rudder movement for him, and
would have prevented many of the other disasters.

2 See pages 226 to 230 of this book.

3 It should be noticed that flexibility is quite optional, and in many cases
is not preferable.
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One way ! of affecting this consists in providing two heavy
metal balls which are carried by two vertically springy rods
projecting forwardly from the lateral extremities of the main
plane which is constructed so as to yield readily to warping
forces. If there is a sudden inclination of the ship, e.¢. so as
to raise the left side and depress the right, the lagging of the
masses due to their inertia produces a downward flexure of the
left wing and an upward flexure of the right wing, and so long
as headway is preserved this results in a rotary force
opposing the disturbing forces.

Further, since most aeroplanes tend to wheel towards that
hand to which they tilt, the masses in such cases produce a
centrifugal couple which not only helps directly to restore the
level position but also acts to increase the warping of the
plane.?

The tendency of the masses to depress the front of the ship
may be compensated by a small tail plane whick is preferably
carried on a vertically springy rod so that the main plane and
the tail are mutually dissociated to a considerable degree from:
the quick movements of eack other’

Although the masses may be disposed as above described
and may operate to produce an equilibrating warping of the
main plane, the masses may obviously be otherwise supported
and may be made to operate auxiliary planes. Further, instead
of using inert weights, small /lorizontal fywheels may be
substituted which are rotated by wind-driven fans generally and
preferably left-handedly on the left side and right-handedly on
the right as viewed from above so as to act gyroscopically by the
precession of the axes of the flywheels consequent on change of
lateral pose of the ship to produce or increase the torsion force
on the wings of the main plane or other equilibrating forces*

! Emphasis is laid on the “one way” ; the masses may be anything that
has mass, provided the mass is employed substantially as and for the
purpose described, and not in a manner previously known to practice.

2 See page 230 of this book.

3 That is to say, during normal flight the masses weigh down the front
of the aeroplane, apart from the compensation due to a yieldingly-held tail
plane that may be held by hand in lieu of the slow-fan and spring.

4 As dealt with in pages 230 to 239 of this book, and illustrated in
figs. 66, 67, 68, and the frontispiece.
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Instead of two or more flywheels a single small flywheel may
be used in this manner, but in any case the present invention
is limited by such flywheels being rotated by wind-driven
fans.

It is to be understood that suck fans, driving flywheels,
also act to assist the longitudinal stability of the aeroplane
by resisting changes in relative headway. Moreover when
placed towards the lateral extremities of the aeroplane they
assist the lateral stability by resisting change of relative
headway of the lateral extremities and by resisting, in
consequence, the commencement of the circling or wheeling

F1G. 1.—Patent 8531/09.

of the aeroplane which militates against the recovery of
lateral pose.

In fig. 1 of the accompanying drawings there are shown as
applied to a glider, automatically operative devices according
to this invention, by which such an apparatus or an aeroplane
or the like may be made automatically stable.

In this drawing there is shown a single main supporting
plane @ which may be flat but is preferably arched slightly
transversely with the concave surface downwards so as to
promote lateral sliding consequent on lateral tilting, particu-
larly when the lateral righting is effected solely by means of
the longitudinal vertical plane & which is carried on a vertical
standard ¢ at such a height as not to interfere materially with
lateral sliding.

Projecting forwardly from the front corners @' of the main
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plane are rods & which are vertically springy and carry at
their extremities heavy masses ¢ which operate not only to
counteract sudden change of longitudinal pose by increasing
the longitudinal inertia of the ship and by causing flexure of
the main plane but also sudden change of lateral pose by
causing warping of the main plane, one wing being down-
wardly and the other upwardly flexed.

Carried on the standard cis a fan or propeller f which is
mounted to rotate in a transverse plane and is of such size
as to be capable of generating considerable power. The
standard ¢ is mounted direct on the main plane at a point
preferably near the centre of gravity of the ship. Change of
the speed of rotation of the fan f is resisted by the flywheel
effect. and as a consequence change in its translational velocity
relative to the air is resisted. Consequently change of
longitudinal pose which tends to produce change of velocity
of rotation of the fan is resisted.

It is to be understood that the fan f need not be elevated
above the main plane as described, but may in some types of
ships be mounted substantially co-planar therewith, or may
even be slightly below the main plane; also, that the fan is
either itself weighted to act as a flywheel or is coupled with a
flywheel ; and further that tke main propeller itself may be the
fan, and although in this case the fan is primarily a power-
driven one, it may operate as an automatic stabiliser by
reason of its resistance to change of relative translational
velocity of air and fan just as may be done in the case of the
wholly air-driven fan. As shown in fig I, additional flywheel
effect may be obtained by weighting the tips /* of the fan
blades, or the fan may be geared with a flywheel, or preferably
two oppositely rotating flywheels /2

In order to ensure the full righting effect of the elevated
plane 4 when, consequent on the lateral sliding movement and
the maintenance of relative headway, the ship begins to circle
or sweep round as a whole towards the side to which it is
inclined, a pair of similar wind-driven fans g are mounted
near the lateral extremities of the aeroplane to rotate about
fore and aft axes. These fans themselves act to diminisk
circling by reason of the difference in pressure on their surfaces
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lo which circling gives rise} and they may also be geared
with the plane 4 in such manner that the difference of rota-
tion of the fans consequent on the circling movement of the
ship will by means of cords attached to the plane and
wound on drums driven by the fans turn or distort the
vertical plane 4 so as to ensure the maximum lateral wind
pressure thereon.

The fans g or another pair of wind-driven fans may also
be used to raise or lower one side of the ship relative to the
other and so restore lateral equilibrium by actuating auxiliary
DPlanes or flexible extensions suck as h,h of the main plane a.
These wing tips h also gperate to reduce circling of the ship as
a whole and consequently to increase the righting efficiency
of the vertical plane 4.

The preferred device for counteracting slow and permanent

. ”

< —J

Fi1G. 2. Fic. 3.
Patent 8531/09.

change of longitudinal pose consists in the wind-driven fan
Z which tends to wind a cord 7 on a drum £ and consequently
to tilt the horizontal tail plane s through the connection
of the cord with an arm # rigidly fixed to the rearwardly
extending and wvertically springy rod o carrying the tail
plane.

In the modified arrangement of wind-driven fan stabiliser
shown diagrammatically in fig. 2, the fan f is journalled
on a standard ¢ mounted directly on a forward tilting plane
a® and is geared with a flywheel /% carried by a depending
bracket and serving to counterpoise the fan so as to bring the
centre of gravity of the fan and its accessories co-planar with
the normal horizontal position of the plane @2.  The resistance

! An example of the lateral stabilising effect of dead resistances placed

towards the lateral extremities of the machine. See pages 219, 220, and
onwards to page 226.
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to change of translational velocity of the fan f causes the
plane «* to be tilted when the longitudinal pose is
disturbed.

In fig. 3, the standard ¢ is pivotally supprrted at & on
a bracket rigid with the main frame and balanced by a counter-
weight and is connected by a link ¢ with the front plane a%
The rear plane a® may be fixed or it may be linked with the
front plane @®> so as to be automatically tilted simultane-
ously therewith although not necessarily in the same sense
or to the same extent. As before, the plane or planes are
tilted when the longitudinal pose is changed on account of
the resistance to change of translational velocity offered by
the fan.

In fig. 4, the fan / mounted on a standard ¢ rigid with

~
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Fi1G. 4.-—Patent 8531/09.

the main frame, drives the flywheel /2 which is substantially
coincident with the centre of inertia of the ship, through a
belt and differential gear p. The intermediate pinions of the
differential are connected with the front tilting plane a® by
a link /3 in such manner that the resistance to acceleration
of the fan speed (as when the ship sweeps downwards) elevates
the plane and thereby counteracts the movement of the ship
producing this tendency to acceleration. This figure also
illustrates the device for opposing slow and permanent change
of the longitudinal plane of movement of the ship. A wind-
driven fan i operates to wind a multiple cord q which is fixed
at one end and at the other end is connected through a tension
spring ¢! with another cord p! which is lapped around the
axle of an elevating plane, such as a? and connected at its
other end through a tension spring ¢*> with a fixed point or
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with a hand-operated device by whick the tension of the springs
may be varied so as to change the persistent pose of the plane.

I am aware that it has been proposed to maintain the
normal longitudinal pose of aeroplanes in various ways, as by
varying the area of a head plane or planes automatically by
sliding one plane over another by means of a winch on which
vanes are mounted, or by tilting a balancing plane or planes
by means of a wind-driven fan the spindle of which is kept
normally vertical by means of a pendulum but is by suitable
gearing deflected through a greater angle with respect to the
pendulum than the ship itself assumes on its longitudinal pose
being upset. I am aware also that it has been proposed to
use power-driven propelling fans as automatic longitudinal
stabilisers by mounting them so that they automatically
assume an invariable position independent of the momentary
alterations in inclination of the ship as a whole, and to such
arrangements I make no claim, but

Having now particularly described and ascertained the
nature of my said invention, and in what manner the same is
to be performed, I declare that what I claim is:—

1. In aeroplanes or the like, wind-driven fans or propellers
mounted to impart a normally horizontal thrust to the ship
and operating as automatic stabilisers, substantially as
described.

2. In aeroplanes or the like, a wind-driven fan or propeller
having flywheel effect mounted to impart a normally horizontal
thrust to the ship and operating automatically to oppose
change of longitudinal pose or of relative headway, sub-
stantially as described.

3. In aeroplanes or the like, an elevated wind-driven fan or
propeller having flywheel effect mounted directly on the main
frame or on a main supporting plane or an auxiliary elevating
plane, substantially as described.

4. In aeroplanes or the like, an elevated wind-driven fan or
propeller which necessarily has flywheel effect and is mounted
either rigidly on an elevating plane or is connected with such
elevating plane or planes so as to tilt such plane or planes
automatically in a direction to oppose change of longitudinal
pose or of relative headway, substantially as described.
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5. In aeroplanes or the like, one or more wind-driven fans
or propellers operating by change of driving torque to prevent
slow and permanent change of pose or of relative headway by
warping or tilting an elevating or main plane or planes, sub-
stantially as described.

6. In aeroplanes or the like, a pair of similar wind-driven
fans or propellers mounted at opposite lateral extremities of
the aeroplane or the like and actuating differentially one
or more elevating wings or other planes, substantially as
described.

7. In aeroplanes or the like, a vertical longitudinal plane
supported at a height above and clear of the main supporting
plane or planes which main plane or planes are practically
clear of obstructions to lateral movement, substantially as and
for the purpose specified.

8. In aeroplanes or the like fitted with elevatea planes as
specified in the preceding claim, arching the main plane or planes
transversely (i.e. from wing to wing) with the concave surface
downwards, substantially as described.

9. In aeroplanes or the like, feavy masses concentrated at
or near the lateral extremities of the aeroplane and operating to
oppose change of wing tip speeds and also to give a direct centri-
Sugal righting couple, substantially as described.

10. In aeroplanes or the like, keavy masses concentrated at
or near the lateral extremities of the aeroplane and operating
to oppose change of pose by causing warping or turning
of a main or auxiliary plane or planes, substantially as
described.

11. In aeroplanes or the like, keavy masses concentrated at
the forward ends of longitudinal rods or frames extending
Jorwardly from the main supporting or other plane or planes,
substantially as described.

12. In the apparatus of the preceding claim, supporting the
masses at the forward ends of vertically springy rods or frames,
substantially as described.

13- In combination with the apparatus of the preceding
claim and of Claims 2, 3 and 4, a tail plane carried at the rear
end of a vertically springy rearwardly extending rod or frame,
substantially as described.
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14. In the apparatus of Claims g to 13, substituting for the
concentrated masses horizontally revolving wind-driven fly-
wheels, substantially as described.

Dated this 8th day of October, 1909.

ABEL & IMRAY,
Birkbeck Bank Chambers, London, W.C,,
Agents for the Applicant.

A.D. 1910

Date of Application, 10th Mar., 1910
(Patent of Addition to No. 8581, 8th Apr., 1909)
Complete Specification Accepted, 10th Mar., 1911

COMPLETE SPECIFICATION
Improvements in Aeroplanes and the like

I, SAM LEONARD WALKDEN, do hereby declare the nature
of this invention and in what manner the same is to be per-
formed, to be particularly described and ascertained in and
by the following statement :—

In the Specification to Letters Patent No. 8531 of 1909
I have described the application of wind-driven fans to
aeroplanes and the like as automatic stabilising devices and
two types of such fans are specified—one type having con-
siderable flywheel effect designed to resist changes of longi-
tudinal pose or relative headway in calm air, and average
changes in gusty air, and the other type to prevent slow and
permanent changes. In describing the operation of these
fans it was pointed out that #n gusty air the action of the
fans was to oppose fluctuations in average pose with respect
to a number of quick gusts, there no longer being in such
case the required ordered relationship between the pose of
the aeroplane and ke instantaneous rate of change of relative
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headway! Consequently the rapid changes of relative head-
way accompanying individual sudden gusts of a series of such
gusts must act on the fans to cause disturbances of the pose
of the aeroplane, even although the devices? for counteracting
sudden changes of pose resist such disturbances.

The primary object of the present invention is to improve
or modify the automatic stabilising devices described in the
above-mentioned Patent Specification No. 8531 of 1909 by
establishing a momentary opposition which may annul or
even overpower the disturbing action of the fans on the pose
of the aeroplane when these disturbances are consequent on
changes in relative headway so sudden as to be chiefly due to
gusts3

A secondary object of the invention is to help the aeroplane to
utilise some of the energy of the gusts for maintaining its flight,
by consistently delaying the tendency of the fans to preserve the
relative headway constant by their up- and down-steering in
the gusts.*

In carrying out this invention either or both types of fans
described in Patent Specification No. 8531 of 1909 may have
associated with them similarly wind-driven fans or equivalent
devices which are arranged in a like variety of ways to tilt or
otherwise operate the planes, but in the opposite sense, that
is to say so as to steer the aeroplane downwards for a head
gust and upwards for a rear gust. The continuously rotating
fan which is associated with the fan having flywheel effect is
preferably of greater tilting power than the latter for an
instantaneous change of relative headway, but having less

1 By this is meant, of course, that gusts, as arbitrarily varying impressed
accelerations of headway, conform to no such rules as the simple impressed
accelerations due to gravity alone—a further intimation that gusts are
measured by impressed accelerations of headway comparable with the
impressed accelerations, of headway, due to gravity.

2 Such as the “too-far-forward ” centre of mass.

3 Which was yet another intimation that gusts are impressed accelera-
tions of headway other than those due to gravity.

4 That is, to give the machine a tendency to obtain a certain amount of
the “delay soaring ” described on pages 35 to 42, that were written two
years after the above specification—itself necessarily based on prior
knowledge of an assured nature.
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- flywheel effect only retards or overpowers the action of the
other momentarily on the occurrence of a sudden gust.

Similarly, the other class of fan is arranged to be down-
steering to a head gust (and up-steering to a rear gust) but,
having less damping action than its associated up-steering
fan, it has temporarily and relatively enhanced power in a
sudden strong head gust.

As an alternative scheme, or in addition to the provxslon of
the momentarily overpowering fan or fans, the main supporting
plane or other plane or planes preferably* near the ship’s lateral
extremities may be designed to produce a tendency to down-steer
in head gusts which increases faster than any tendency to
up-steer, apart from that due to the stabilising fan or fans.
For example, when an elevating plane carried at the end of
a rearwardly extending flexible rod is provided as described
in the Patent Specification above referred to, such elevating
plane usually producing an up-steering tendency, a more
persistent down-steering tendency may be introduced &y so
Jorming the front edges of the lateral extremities of the support-
ing plane that the wind normally presses on their upper surfaces.
On a sudden head gust, the down-steering tendency increases
faster than the up-steering tendency, since the latter is
furnished by a surface which yie/ds in such a way that its
up-steering tendency increases 2o a less extent than if it were
rigid, until the up-steering fan ? has had time to tilt or set up
the rear yielding elevating plane.

Using the front edges of the lateral extremities of the aero-
plane in the manner above described has the additional
advantage of aiding the lateral stability by producing a right-
ing torque3 when the ship leans and circles to the side it leans
20, and if such planes are additionally warped by hand or other-
wise, espectally if more warped on the side requiving lowering,}

1 « Preferably,” but decidedly not necessarily, so far as longitudinal
stability alone may be in view.

% Or, under the clause on p. 253, the hand of the aviator, in lieu of the
fan, operating the yielding plane.

3 As explained on pages 209 to 217.

4 As a general rule, it is good practice to restore the lateral pose of a
machine more by lowering the higher side or aeroplane than by raising
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as by means of cranked levers, there may be no necessity to
steer the ship by a rudder to the side whick is being lowered, as
has been found necessary in known systems of warping the
planes.  Alternatively, instead of using the front edges of the
aeroplane, awxiliary down-steering planes may be used at the
lateral extremities with the same advantages.!

In the accompanying drawings fig. 1 shows diagrammatic-
ally an arrangement in which both types of stabilising fans
with their associated auxiliary fans are linked with a tilting
front plane, and fig. 2 shows diagrammatically a modified
arrangement in which the down-steering or auxiliary fans are
optional.

Referring to fig. 1, a is a front elevating plane pivoted

Wi
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F1G. 1.—Patent 6051/10.

A< o=

forward of its centre of pressure, and 4 a rigidly mounted
supporting plane; ¢ is a wind-driven fan which may be of
small power, but is either itself loaded so as to have consider-
able flywheel effect, or is geared with a flywheel, and 4 is a
larger fan which has less flywheel effect than the fan c. These
fans are mounted and linked with the elevating plane g, so
that fan ¢ tilts the plane @ to steer the ship upwards on the
occurrence of a head gust, while fan & produces a down-
steering effect. This down-steering effect momentarily reduces
or overpowers the up-steering effect of fan ¢, so that the up-
ward sweep of the ship on the occurrence of a head gust is

the lower side or aeroplane, because the raising of an aeroplane, or one of
the side aeroplanes, always involves a tendency for that aeroplane to lose
the headway upon which its lift depends, and bring about a change of
course of the whole aeroplane, as well as a general loss of headway.

1 Of which the planes M,, in fig. 55, are specific forms not disclosed
in this specification.
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retarded and, for a very sudden head gust, it may even be
preceded by a momentary downward sweep.

As shown in the drawing the fans ¢, & are journalled on a
normally vertical rod or frame ¢, the former above and the
other below a fixed fulcrum &' about which the frame ¢ can
rock in a fore-and-aft vertical plane. A link f attached to
the frame ¢ above the fulcrum may be connected directly with
an arm a! projecting upwards from the plane a or its pivot, or
as shown in fig. 1 it may be connected with this arm a!
through a floating lever & and a second link 4, this floating
lever being provided with means such as the guided handle g*
by which the plane a may be tilted by hand independently of
and without interfering with the action of the fans ¢, 4.

F1G. 2.—Patent 6051/10.

The wind-driven fan 7 which is of the type designed to
prevent slow and permanent change of longitudinal pose, is
arranged to wind or twist and so shorten the effective length
of a cord 7 connected at one end to a fixed point and at the
other end through a spring % to a point on the frame ¢ above
the fulcrum ¢'. This fan 7 is of greater tilting power than the
associated down-steering fan » and is suitably damped, as by
means of the air vanes /1. The down-steering fan », which
need only be of small tilting power and is comparatively
undamped, is mounted in a similar manner to the fan 7 to
wind or twist a multiple cord ;! connected through spring 4!
to a point of the frame ¢ below the fulcrum & .

In the modified arrangement of fig. 2 the up-steering fan ¢,
which may have small power but has great flywheel effect, is
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journalled at the top of a fixed standard » which may also
carry an elevated vertical plane o as described in the Patent
Specification above referred to, and the damped fan ¢ is
mounted to wind or twist a cord which is attached forward to
a fixed point and rearward through a spring £ to an arm
extending upwardly from a sufficiently flexible and elastic
rearwardly extending rod p carrying a rear elevating plane ¢
and also, if desired, a rudder or rear vertical plane ¢!. On
the occurrence of a head gust the fan ¢ and the fan 7 will both
act to steer the ship upwards, the latter by tilting the rear
elevating plane ¢ upwardly.

The temporary retardation or overpowering of these up-
steering tendencies may be effected by means of fans d, m
mounted as shown and corresponding in function and
character with the fans &, m of fig. 1, but in lieu of or in
addition to these down-steering fans the same temporary
down-steering effect may be obtained by providing the fixed plane
b with downwardly turned tips b! at its lateral extremities, the
effect of which on the occurrence of a sudden head gust will
be to make the ship sweep down or tend to sweep down
temporarily until the damped fan! has wound up the rear
plane sufficiently to overpower the down-steering effect of the
plane tips 6. Though only one central fan & is shown, two
or more may be used attached to the plane and nearer the
lateral extremities.

Having now particularly described and ascertained the
nature of my said invention and in what manner the same is
to be performed, I declare that what I claim is:—

1. The combination of a stabilising fan having flywheel
effect such as described in Patent Specification No. 8531 of
1909, with means adapted to oppose momentarily the tilting
or deflecting action of the flywheel fan on the occurrence
of sudden changes in relative headway, substantially as
described.

2. In the combination claimed in Claim 1, a wind-driven
fan of comparatively large power and small flywheel effect,
operating substantially as herein described.

! Or—under the governing clause of page 253in the parent specification
8531/09 —the pilot himself, in lieu of the fan.
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3. In combination with a wind-driven fan adapted to
oppose slow and permanent changes in relative headway such
as described in Patent Specification No. 8531 of 1909, means
adapted to oppose momentarily the tilting or deflecting action
of such fans on the occurrence of sudden changes in relative
headway, substantially as described.

4. In the combination claimed in Claim 3, a comparatively
undamped wind-driven fan of small tilting power operating
substantially as herein described.

5. In the combination claimed in Claim 3, down-steering
surfaces preferably at the lateral extremities of the ship,
substantially as described.!

6. The arrangement of apparatus according to Claims 2 and
4 in which the associated fans tend to tilt or deflect an elevat-
ing plane or main plane in opposite senses on the occurrence
of sudden changes in relative headway.

7. In conjunction with stabilising devices such as herein
described operating to tilt a plane or planes, means for tilting
the said plane or planes independently of and without
interfering with the action of the wind-driven fans.

8. The arrangement of stabilising devices substantially as
herein described with reference to fig. 1.

9. The arrangement of stabilising devices substantially as
herein described with reference to fig. 2, with or without any or
all of the wind-driven fans, c, i, m.?

Dated this gth day of March, 1910.

ABEIL & IMRAY,
Birkbeck Bank Chambers, London, W.C,,
Agents for the Applicant.

! The governing clause, page 253 (parent specification 8531/09), under
which the pilot or other known control may be functioning in lieu of the
fan, should not be overlooked.

2 And, under the governing clause (page 253) in the parent specification
8531/09, the fan 4 may be dispensed with, and especially may it be dis-
pensed with when the machine has a main propeller that may render
such fan less necessary, as explained in the parent specification 8531/0g,
page 255, last line and next page; and page 262, about line 23.



INFORMATION SUPPLIED TO THE
BRITISH GOVERNMENT

EARLY this year, in addition to other information, a hand-
drawn and hand-written copy of fig. 70, but with the dotted

A machine already having warpable tips

may be made more reliably self-warping by
the addition of a simple springy rod or
Srame, carrying the automatically yielding
plane T, at the rear of eack tip. In some
cases, especially if the original tip was not so
cambered as to be down-steering, the rigidly
attacked plane M, is advisable. The manual

control may remain, but it will be less used.

FiG. j70.
lines omitted, was forwarded to the Secretary for War, the
274
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Secretary of the Admiralty, and the Advisory Committee
for Aeronautics. In the copy sent to the War Office the
lower planes M, and T were not drawn, for if the main
planes are linked at their rear edges, the upper planes M,
and T will suffice to operate ozt the main planes of a
biplane, provided the main planes are not rigidly braced.

This sketch was forwarded to the Government because
they were then using the corresponding mode of longitudinal
stability, and possessed machines with warpable extremities
to which it would be no trouble to add such simple improv-
ing constructions as those suggested by fig. 70. Such addi-
tions would, of course, change their machines more or less
into three-tailed machines, and as substantially constant-lift
machines, independent of headway, they would be enabled
to fly satisfactorily at unusually low speeds.

At the same time, a hand-drawn illustration of similar
character to fig. 55, but without the control lever there
shown, and without any central tail frame or rudder, was
sent to each Government Department; and in the covering
communication, gyroscopes operating the planes T, T were
recommended.
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Absolute pose, 245.

— velocity, 203.

Accelerations, impressed, 252.

— of headway, 252.

— of tilt, 234, 239, 243.

Additional righting effects, 230, 250.

Adjustment, 241, 242, 249.

Advisory committee, 252.

Aeroplanes, constant-lift (se¢ a/so Con-
stant lift), 189, 190.

Air currents, 236.

Alteration in pressure, 233.

Analogy, 234.

Angle of incidence, 199, 211, 21§, 216,
217, 218, 220, 222, 224, 242, 243,
245, 246, 247.

— — zero, 242.

— of tilt, 227, 229, 230, 240.

Angular accelerations of tilt, 234, 243.

— displacement of pose, 234.

— velocity, 233, 245.

— — of gyroscope, 232.

— —of lilt: 232, 234, 235, 243, 244.

Annulment of centrifugal couple, 241.

Area of curve, 214, 215.

Aspen ratio, 199.

Automatic means, 195, 237, 239, 243,
249, 250.

Auxiliary planes, 195, 200, 242, 243.

Average or mean pose, 204.

Aviator (see Pilot).

Axis, longitudinal, 199, 209, 212, 213,
217, 224, 228, 229, 231, 232, 241,
242, 243, 244, 245‘

— of circling, 219, 240.

— of warp, 233, 234, 235.

— transverse, 195, 238, 241.

— vertical, 199, 241.

Balance-wheel, 244.
Ball-joint, 239.
Banking, 237.
Biplane, 199.

Bird, 207.

Body of machine, 237.
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Calculations, 232.

Camber, 223.

— invegted or reversed, of elevator, 245,
246.

Cam-shaped pulley, 247,

. Central tail, 206.

Centre of gravity (see al/so Centre of
;r;f.ss&, 226.

— of head resistance, 1 21

— of lift, 218, 220, 221,992’38.9

— of mass, 201, 211, 219, 220, 221,
222, 223, 224, 226, 228, 239, 241.

— of pressure, 195, 203, 222, 224, 233,
238, 245, 246.

Centrifugal couple, annulled, 241.

-— — or moment, 228, 229, 230, 241,
250.

— force, 218, 227, 228.

Change of pose (see Disturbance, etc.),
201, 203, 248, 249, 250, 252.

Chronometer, 244.

Churning of air, 221.

Circling or wheeling, 191, 204, 211,
216, 217, 218, 219, 220, 221, 226,
228, 240.

Clamped slow-fan, 246.

Classiﬁgd requirements for stability,
248.

Combination, gyroscope and other
effects, 237.

Common-sense means, 218.

‘‘Compensated” plane, 215, 216, 226,
240, 241, 242.

Compensating tail, 206.

Compensation, 215, 217, 240, 241.

— varying of, 215.

Component, horizontal, 218, 226, 227.

— or head resistance, 243, 244.

— vertical, 211, 218, 226,

Compound plane, 196.

Connections, cord or link, 201, 232,
233, 237, 247.

Constant incidence, 211, 215, 216,

— lift, 189, 190, 195, 199, 208, 216,
217, 226, 238, 249.
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Constant reactions, 200,

Control diagram, 204.

— lateral, 195, 200, 201, 204, 207, 208,
230, 232, 237.

— lever, 200, 202, 203.

— longitudinal, 192, 200, 201, 237.

— personal, 216, 237, 249, 250.

— self, 207.

Co-operation of devices, 251.

Copying, 248.

Cord or link connections, 232, 233, 237,
247.

Cornerwise flight, 220.

Counter-torque, 222.

Couple, centrifugal, 228, 229, 230, 241,
250.

Cranksed levers, 247.

Cross-bearings of gyroscope, 235.

Cross-cord connections, 232, 237.

Curved path, 209, 216.

Curves of righting forces, 214-215, 241.

Damping, 221, 230, 234, 236, 237, 248,
249, 250, 252.

Dead-beat, 244.

Dead resistance, 220.

Descending wing, 240, 241.

Designers, 217, 218, 239, 248, 251.

Developments, practical, 199.

Differential effect, 193, 200, 237.

Dihedral angle, 206, 217, 218, 219, 220,
241, 250.

Diminishing lift, 192, 193, 195, 245,
246, 247, 250.

Direct action, 208, 231, 235, 244.

Dircectional pose, 199.

Dished flywheel, 236.

Displacement of pose, 199, 234.

Distinctive feature of new type, 207.

Disturbance, elimination of, 199, 230.

— sudden, 190, 199, 201, 20§, 206, 205,
224, 226, 230, 251.

Disturbed air, 207, 209, 217, 234, 235,
248.

Disturbing effect, 201, 225, 235, 242.

Diving tendency (see Down-steering),
192, 200, 2§I.

Down-pressed surfaces, 209, 212, 213,
215, 216, 217, 240, 241, 250.

Down-pulled flap, 207.

Down-steering, 216, 232, 240.

— planes, 195, 200, 208, 240.

Downwardly warped tips, 206.

Downward pressure or lift, 196, 197,
201, 202, 209, 245, 250.

Driving of gyroscopes, 236.

Dynamical equivalent of gravity, 205,

— righting moment, 229.

Dynamo, 236.
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Edgewise travel, 243.
Electrical transmission, 236.
Element, plane, 211, 213.

. Elevated keel, 206, 221, 225, 226, 241,

250,

Elevator, rear tail, 199, 200, 201, 202,
206, 231, 233, 235, 236, 237, 239,
245, 246, 247, 249, 250.

— with retreating C. of P., 246.

Elimination of disturbance, 199, 230,
239, 248, 249.

Empirical designers, 217.

Ends of plane, 214.

Equal lifts, 202, 217.

Equalising pressures or lifts, 201, 202,
203.

Equilibiant, 218.

Equilibrium, lateral, 214, 218, 228, 229,
243, 246.

— longitudinal, 246.

Ether, 234.

Evanescent state, 229.

Extremities, 199, 201, 202, 203, 206,
213, 217, 223, 224, 226, 229, 230,
231, 234, 235, 236, 241, 242, 243,
244, 245, 249, 250.

Fans, slow (see Slow-fans, flywheel fans,
lateral fans, and longitudinal fans).

Faster wing, 204, 218, 219.

Fins, 234.

First moments, 214.

Fixed planes, 238, 242, 247, 250.

Flaps, 199, 202, 207, 208, 233, 235,
236, 237, 242, 245, 249

Flat main planes, 243.

Flexible shaft, 236.

Flight path, 201, 218, 220,

Fluctuations of headway, 236.

Flyability, 201, 203, 206, 247.

Flywhe6el, 230, 231, 232, 233, 235,
2

36.
— fan, 206, 249, 250.
Forward masses, 203, 206, 230, 249,
251.
Friction, 234, 243, 245.
Frontispiece, 237, 240, 247, 249, 250.

Geared connections, 233, 245, 246, 247.
General remarks on type, 206
— solution, 209.
Germany, 207.
Gimbals, 231, 235.
Government, 252.
Gravity, 205, 216, 218, 226, 252.
Gusts, 189, 199, 201, 202, 20§, 206,
207, 218, 216, 217, 218, 224, 225,
226, 238, 245, 251, 252.
U
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Gyroscopes, 195, 206, 230, 231, 232,
234, 235, 236, 237, 239, 242. 243,
244, 247, 249, 250.

— tested in wind tunnel, 242.

Gyroscopic torque, 231, 235.

Head-first, 199, 215, 224.

Head resistance, 199, 219, 220, 221,
223, 224, 241, 243, 244, 250.
Headway, 199, 211, 213, 214, 216, 217,

229, 246, 247, 252.
Higher wing, 204, 218.
Hinge, 190, 194, 201, 233, 237, 242,
245, 246.
Horizontal component, 218, 226, 227.
— pose, 242.

Ideal types, unpractical, 197.

Important flights, 249.

Impressed accelerations, 252.

Improvement or modifications, 206.

Incidence, angle of, 199, 211, 215, 216,
217, 218, 220, 222, 224, 243, 245,
246, 247.

Increasing lift, 193.

Inertia, moment of, 229, 232, 233, 235,
241, 243, 250.

Inner mass, 227, 228,

— wing, 218, 220.

Intensified warping effects, 195.

Invention, 251.

Inverted or reversed camber, 245.

— dihedral angle, 206, 220, 241.

Keel, elevated, 206, 221, 224, 225. 241,
250.

Laboratory, 199.

Large machine, 237, 249, 250.

Lateral auxiliary planes or elevators,
195, 204, 206, 240.

— change of pose, 248, 249, 250.

— control, 19§, 200, 201, 204, 206, 207,
208, 230, 237.

— equilibrium, 214, 218, 228, 229, 246.

— fans, 204, 205, 206.

— gyroscopes, 230.

— masses, 195, 203, 20€, 226, 228, 229,
230, 241, 242, 250.

— pose, 190, 201, 202, 203, 217, 219,
236, 242, 250.

— self-righting, 205, 208, 209, 215,
217, 221, 226, 240.

— stability, 189, 192, 216, 225, 230,
239, 242, 248.

— tail, 197, 232.

Level, 216, 217, 218.

— path, 218.

Leverage, 208, 209, 225, 235, 236, 243,
246, 247.

Levers, cranked, 247.

Liability under patents, 251.

Lift, 201, 203, 211, 212, 214, 215, 216,
217, 218, 219, 220, 221, 220, 227,
238, 239, 240, 246. .

— constant (see Constant lift).

— diminishing (se¢ Diminishing lift).

— downward, 209.

— increasing, 193.

— negative, 209, 214.

— upward, 209.

Lifting moments, 189, 207, 211, 214,
217.

— — curve of, 214.

— surface, 200, 209, 212, 240.

Loading, 194, 197, 201, 245.

Longitudinal axis, 199, 209, 212, 213,
217, 224, 228, 229, 231, 232, 241,
242, 243, 244, 245.

— control, 192, 200, 201, 206, 237, 246.

— equilibrium, 246.

— fan, 205, 206.

— pose, 190, 193, 194, 201, 206, 217,
236, 237, 249, 250, 252.

— stability, 192, 216, 230, 239, 248,

249.
Lower wing, 218.

Main plane, 199, 200, 201, 213, 214,
215, 216, 221, 226, 230, 231. 232,
233, 234, 238, 241, 242, 243, 245,
246, 247.

— — compensated, 21§, 241, 242.

Manual control (sec a/so Personal con-
trol), 237, 249, 250.

— effort, 207.

Mass, central, 227, 230, 238, 239.

— centre of, 201, 211, 219, 220, 22I,
222, 223, 224, 226, 228, 239, 241.

— outer, 227, 2283.

Masses, forward, 203, 230, 238, 239,
249, 251.

— lateral, 195, 203, 206, 226, 228, 229,
230, 234, 241, 242, 243, 250.

Master-patents, 251.

Mean pose, 230, 248.

Means of fulfilling stability require-
ments, 249.

Measure of a gust, 252.

Mechanical advantage, 247.

Models, 199, 239, 240, 242, 243, 244.

' Modification of parent type, 194.

— three-tailed, 193.

Moment of inertia, 229, 232, 233,
241.

Motor, electrical, 236.

| Muscle, 247.
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Narrow planes, 199.

Natural stability, 204.

Negative dihedral angle (sec Inserted
dihedral angle).

— incidence, 216, 217, 224.

— lift, 209, 214.

Net lift, 212, 215.

New typc, distinctive feature of, 207.

Nodding of gyroscope, 232, 235, 237.

Normal flight, 214.

Opposed effects, 221.

Osclllauons, 228, 236, 237, 244, 245,
248, 250, 252.

Outer mass, 227, 228.

— wing, 218, 219, 221, 222, 240, 241.

Parallel tails, 199.

Parent principles and types, 189.

— type, modifications, 194.

Patents, 207, 208, 213, 217, 221, 250,
251, 252.

Path, flight, 218, 220,

— level, 218.

— rising, 216.

Permanent changes of pose, 206, 230,
248, 249, 250, 252.

Personal control, 200, 216, 237, 249.
Pilot, 193, 194, 195, 200, 201, 202, 203,
204, 207, 216, 237, 239, 247.

Plane, compound, 196.

— down-steering, 19§, 200, 208.

— elements, 211, 213.

— rigid, 196, 200, 208.

— up-pressed, 250.

— yitelding, 196, 199, 208,

Polar righting curve, 230.

Pose, absolute, 24§.

— directional, 196.

— disturbance of (see a/so Changes of),
190, 206, 216, 230, 250, 252.

— horizontal, 242.

— lateral, 190, 201, 202, 203, 217, 230,
236, 242, 249, 250.

— longitudinal, 190, 193, 194, 201,
206, 216, 217, 236, 237, 249, 250,
252,

— restoration of, 217.

— tilting of, 191, 204, 209, 211, 216,
217, 240, 249.

Positive dihedral angle, 206, 217, 218.

— lift, 212, 214.

Practical application, 213.

— developments, 199.

— types, 206.

Precession (see a/so Nodding), 235.

Pressure, alteration in, 233.

— centre of, 195, 203, 222, 224, 233,
238, 245, 246.
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Pressure downward, 196, 197.

— on elevator, 233, 245, 246, 247.
Principles and types, parent, 189, 199.
Prompting of pilut, 201, 203.

Prompt righting, 205, 217. °
Properties, 206, 239, 242, 248.
Pulleys, 232, 237, 247.

Pulling device, 247.

Radius, 191, 211, 216, 226,

Radius of gyrauons, 233.

Rate of lateral tilt, 234.

Rear tail elevator, 199, 231, 237, 239.

Reliability, 236.

Requirements for stability, 248, 249.

Resemblances, 248.

Resistance, dead, 220,

— head, 199, 219, 220, 221, 223, 224,
241, 243, 250.

— side, 206.

— torque, 222, 223.

Restoration of pose, 217,

Resultant, 218,

— righting effect, 221.

Retarded extremity, 217, 220, 221.

Retreating centre of pressure, 191, 246,
247.

Return wires, 200.

Righting effects, 205, 208, 217, 220,
221, 224, 225, 226, 241, 250.

— — prompt, 20§, 217.

— — rigid, 203, 222, 223.

— — weak, 220, 221, 230.

— force, 208.

— moment or couple, 212, 213, 215,
228, 229, 230, 240, 241, 250.

— path, 192,

— self, 192, 208, 209, 220, 221,
240.

Rigid machine, 192, 195, 208, 211.

— plane, 196, 208, 200.

— righting effects, 208.

— tail plane, 233, 247.

Rising path, 216, 217.

Rudder. 207.

Rule of thumb, 248.

224,

Scraping analogy, 243, 245.

Second moments, 214, 215.
Self-control, 207.

Self- ﬂy;ng, 195, 200, 204, 206, 237,

Self- nghtmg, 192, 193, 208, 209, 21§,
217, 220, 221, 223, 224, 226, 230,

240.
Self-tilting, 209, 21§, 217.
Self-upsetting, 217, 221.
Self-warping (sec Warping).
Sensing disturbance, 201, 203.
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Side gust, 215, 216, 217.

— resistances, 206.

Sides of wind-tunnel, 243, 245.

Skew upsetting effects, 224.

Slow changes of pose, 200, 248, 249,

Too-far-forward weight, 201.

Torque, 221, 222, 223, 228, 231, 233,
235, 242, 243, 244, 245-

Torsion, springy, 194, 195, 196, 197.

I
|
| Torsional stiffness, 197.

252. Trajectory, 220, 225.
— fan, 189, 192, 193, 194, 204, 206, ; Transverse axis, 195, 238, 24 I.
246, 249. Turning of machine, 237.
— righting effects, 226, 230, 240, 248.
Slower wing, 218. ! Universal joint, 239, 241.
Small machines, 249. Unpractical ideal types, 197.
Sp;an, 214, 224, 229. Up-pressed plane, 250.
Spiral path, 192, 243. ' Up-pulled flaps, 202, 207, 208.
Spring, 244, 245, 246, 247, 249. Upsetting effect, 224, 225, 241.
Springy torsion, 194, 195, 196, 197. — moment, 212, 228.
Stability, classified requirements for, _ path, 191, 221, 222,
248. Upward lift, 209.
— g;ml:ral, 201, 203, 204, 206, 248, | Upwardly urged wing, 231, 235.
— lateral, 189, 192, 208, 225,230, 239, . Vacuum, 244.

242, 242. Variable pull, 247.
— longitudinal, 192, 230, 237, 239, ' ..“\',:ein;'f.“ of pf:nes’ 218.

248, 249. s A
— tactile, 201, 206, 247. ! Velo:;lz’ ::St-llt' 234, 238, 239, 243
Steadying effect, 199, 201, 203, 225. | verrical axts, 199, 241.
Steering pillar and steering, 237. — — distarbance round, 198, 199.

Stiffness, torsional, 197.
Still air, 217.
Straight trajectory or flight, 225, 229
gtrips of surface, 213, 214, 215.

udden disturbance, 190, 199, 201, 205, . . . _
oy 225 207, 226, 230, 219, 251, 252. ‘Varrl’g;g ghu;g); if,‘é;‘;‘;?“;ﬂ’, %

urfaces, down-pressed, 209, 212, 213, . , 201, 203, g

216, 217, 250, 241, zsot 123 ;363' 234, 239, 242, 243, 244, 249

— llthg.lzoo, 209. _ axiss 234, 235.
g;;:x::;é iffle'ct. 204, 248. Weak righting effect, 220, 221, 230.
Supporting effect, 213, 214. Weight, 201, 206, 211, 218, 226, 242,

Symmetry, 214, 2I5. i

— component, 211, 218, 226.
— surfaces, 221, 222,
Viscous syrup, 244.

Whlrz;?ng table, 239, 240, 241, 242.
%iclm:e::ﬁ:;li‘z)gém' 206, 247. E‘-lgfi'\'iznghgg}oscow. 236, 243.
— c;)mpensa'ling,.zo& ;T tunnel, 239, 242, 243, 244, 245.
— frame, 199, 208, 237, 243, 250. : V—Vi_ lets;s orfegyr:::?pes, 242.
 Blane, 193 106, 196, 197 202233, | Wing ted, 23

Tapcred'tail i'ramc's, 19'9. T ' — tip (see Extremities).

— wings, 224. . .
Test models, 199. Yielding constructions, 193, 196, 197,
Three-tailed modification, 193. 199, 200, 201, 207, 208, 209, 235,
Tilting of pose, 191, 204, 209, 211, 215, | 240, 245, 247, 249, 250.
216, 217, 219, 226, 235, 236, 238, Yieldingly -held elevators, 200, 201, 207,
240, 244. 247, 249, 250.
Tilt, angle of, 227, 229, 230, 240.
Tilted flight, 204, 218, 221, 226. + Zero righting moment, 229, 240.
— wing, 232. — angle of incidence, 242.

PRINTED BY NEILL AND CO., LTD., EDINBURGH.

——_ e, __ _ p——. o -








