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F this compilation should happily bring any new workers
I into the field of aeronautical experiment, the hopes of
the editor will be amply fulfilled.
To ask questions of Mother Nature is delectable.
If her answers be often non-committal, even such are lures
to lead us into better questioning.
This number of THE ANNUAL contains not much that is
new, but divers things which—to use the words of an old
compiler — ““ do now for their Excellency and Scarceness deserve

to be Reprinted.”
(3
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LEONARDO DA VINCI. 15

When without help of the wind the bird remains in the air

Without flapping its wings, this shows that the centre of its
Eravity is concentric with the centre of its mass.

The man in the flying-machine to be free from the waist up
that he may be able to keep himself in equilibrium as he does
in a boat, so that the centre of his gravity and that of the instru-
ment may set itself in equilibrium and change when necessity
requires it to the changing of the centre of its resistance.

NoTtz. — This paragraph refers to the figure of the man seen in Plate VIII.
Of course a supporting surface above the man is presupposed. The interval
between Leonardo’s writing and Lilienthal’s practical work is nearly four
hundred years. The former has clearly shown that he understood the sup-
porting power of aerocurves, and in this last paragraph he indicates a knowl-
edge of the fact that the chief difficulty which a soaring man encounters is
that of keeping his centre of gravity at all times in the right place. To
appreciate Leonardo one must understand Lilienthal. See Mr. Chanute’s
“Progress in Flying-Machines,” p. 285, line 30; and p. 286, line 1. — Ed.




































CAYLEY ON AERIAL NAVIGATION. 27

and before him a cross bar turning upon a pivot in its centre,
‘which being connected with the shafts of the parachutes by the
rods F and G, will enable him to work them alternately back-
ward and forward, as represented by the dotted lines. If the
upright shafts be elastic, or have a hinge to give way a little near
their tops, the weight and resistance of the parachutes will in-
cline them so, as to make a small angle with the direction of
their motion, and hence the machine rises. A slight heeling of
the parachutes toward one side, or an alteration in the position
of the weight, may enable the aeronaut to steer such an ap-
paratus tolerably well; but many better constructions may be
formed, for combining the requisites of speed, convenience and
steerage. It is a great point gained, when the first experiments
demonstrate the practicability of an art; and Mr. Degen, by
whatever means he has effected this purpose, deserves much
credit for his ingenuity.
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CAYLEY ON AERIAL NAVIGATION. 41
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WENHAM ON AERIAL LOCOMOTION. 113

through a marshy part of road, in which you expect the wheels
to sink in up to the axles, you may pass over much more easily
by increasing the speed. In both these examples there is a
greater weight passed over in a given time, and consequently a
better support obtained. The ice will not become deflected;
neither has the mud time to give way. At a slow speed the
same effect may be obtained by extending the breadth of the
wheel. Thus, suppose an ordinary wheel to sink ten inches, if
you double this width it will sink only five inches; and so on,
until by extending the wheel into a long roller you may pass
over a quicksand with perfect safety. Now, Nature has carried
out this principle in the long wings of birds, and in the albatross
it is seen in perfection.”
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128 THE AERONAUTICAL ANNUAL.

at forty miles than at twenty, and so on, with an increasing
economy of power with each higher speed, up to some remote
limit not yet attained in experiment, but probably represented
by higher speeds than have as yet been reached in any other
mode of transport — a statement which demands and will re-
ceive the amplest confirmation later in these pages.”

Since Samuel Pierpont Langley has, beyond any question,
been the first to discover, to state, and to prove this great law
of the economy of high speeds, the editor feels justified in nam-
ing it Langley's Law.





















WISE UPON HENSON. 133

which it descended, but rose again, and a landing was made in
Henderson, Jefferson County, N.Y. The time occupied in
making this journey was nineteen hours and fifty minutes, and
the distance traversed 1,150 miles, or 826 in an air line.”*

Twenty years later, in 1879, Mr. Wise again ascended from
St. Louis, this time in the “ Pathfinder.” He was last seen
to pass over Illinois in a northeasterly direction, and is sup-
posed to have perished in Lake Michigan. James Glaisher
wrote of him: ‘“In America Mr. Wise is par excellence the
aeronaut; he has made several hundred ascents, and many
of them are distinguished for much skill and daring. He also
appears to have pursued his profession with more energy and
capacity than has any other aeronaut in recent times, and his
‘ History of Aerostation’ shows him to possess much higher
scientific attainments than balloonists usually have. In fact,
Mr. Wise stands alone in this respect, as nearly all professional
aeronauts are destitute of scientific knowledge.”

1 Appleton’s Cyclopa:dia of American Biography, Vol. III., p. 602. See also Vol. VI.,
p- 581,
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164 THE AERONAUTICAL ANNUAL.

times approximately horizontal; in watching their conduct I
have not learned how to make an entirely satisfactory machine,
yet I belicve that I have gained some ideas which may have
value in determining future methods of experimental work.
Knowing of no source of information such as I have needed,
my apparatus and methods have been of the crudest kind.

Figure 2.

AA, a block of pine wood §in. long { inch thick. B, string attached to kite
string. CC, a slow-match. DJ), a strip of spring sheet-brass rolled over a pencil
into a cylinder which binds the slow-match slightly so that the latter may be moved
back and forth. EE, the string which sustains a soaring-machine. Small slow-
match in ordinary winds burns about § of an inch per minute. By adjusting the
length of the match the string will be cut when desired.

Having altered my dcsign after every trial, I can now offer to
experimenters the drawing of an instrument which will, I think,
be useful to them in beginning a serics of investigations. It
involves no new principle, but as the result of experiment it is
proportioned in such a way that it will soar sustructively.

Whatever the merits or the faults of the design may be, its
dimensions are given, and any one may test it. (See Fig. 3.)
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T HE profits of this edition of THE ANNUAL —if any —
will be given to the Boston Aeronautical Society to
be added to its Experiment Fund. (See page 86.)
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NOTE. — Mr. Chanute not having yet had leisure to prepare
the text to accompany his computations, has somewhat reluc-
tantly conscnted to the present publication of this first part.
He intends soon to follow it with the mathematical demon-
stration, and this may be published in a Supplement to the
Annual. — Edistor.
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minimum of undulation. Energy may be given to the machine

by carrying it to a height.
Prize E. For the best self-propelled machine.

The rules given are general ones only ; the interpretation will
rest with the judges. Details will be given later.

The committee in charge reserves the right to postpone the
time of the competitive trials.

The foregoing stands approved.

Signed,
WiLLiIAM H. PICKERING,
ALBERT A. MERRILL,
JAMES MEANS,

Executive Committee of the Bostom Acronautical Society.
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118 THE AERONAUTICAL ANNUAL.

Still another advantage which may come from the practice
of kite-making should be carefully noted. In constructing
large kites the difficulties of securing the requisite strength,
rigidity, and lightness of framing are precisely the difficulties
which, among others, are to confront the designers of flying-
machines. Hence it is quite evident that kite men are in a
position to give direct aid to flying-machine men by their tests
of materials for surfaces, frames, and stays, and of the various
methods of light and strong construction.

It is hoped that experimenters, young and old, will be led
to compete for the prizes mentioned on another page.'

——— e —

1 See article entitled The Boston Acronantical Socicty's Experiment Puzd.
























126 THE AERONAUTICAL ANNUAL.

away two lightning rods on its way. Upon examination 1
found every mcasurement distorted, everything stretched out of
shape, and nothing but a complete overhauling could make it
fly again. The sticks were intact. It was merely a case of
stretching all along the line until all those proportions upon
which a good kite depends were lost. If any material can be
found which will not stretch when cut on the diagonal, and which
will not form too deep “ bags” under heavy wind pressure, a
kite of this plan could doubtless be made of great service, but it
demands a very strong wind.

Noutk. — These experiments were conducted at Sharon, Mass., during the summers
of 1892~95. Those described in the following article during August and September,
1895.













































Plate XV.

SIDE VIEW OF CENTRAL FRAME OR BACKBONE.

UNDER SIDE OF THE SAME,

CROSS 4 OF EACH
SECTION CELL.
afe s e
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' Brace & Corner prece

Brace see

WORKING DRAWINGS OF LAMSON'S MODIFIED HARGRAVE KITE.
See perspective view in Plate X!V,
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WORK ON THE GREAT DIAMOND. 137

to the writer to have a number of serious defects.! First, it is
too difficult of control for the average operator, when in the air.
Second, it has no elastic rear edges to assist in forward propul-
sion. Third, the ribs and frame-work, as well as the body of
the operator, present a too large and too rough surface to the
air, impeding the necessary forward motion against the wind.
(A bicycle rider soon learns by experience what a powerful
effect even a moderate wind has in making his progress labo-
rious.) In using the Lilienthal apparatus, the experimenter is
soon assured of the ample supporting effect of the air, but the
novice feels quite helpless to guide the machine. It is also
very difficult to get a good send-off. As Lilienthal says, *“ Con-
fidence and skill must be acquired by muc/ practice.”

1 At the time of writing, perhaps Mr. Lamson had not seen Lilienthal’s latest design.
The next will probably be better, and so on. Sic iur ad astra.— Ed.












SCREW PROPULSION BY FOOT-POWER.

By SaxuxL Casor.

THE device I am constructing for propulsion by ariel screws
is especially intended for utilizing the force of the legs as in the
bicycle, but may be applied to the motion imparted by an ex-
plosion or steam motor, utilizing the reciprocating movement
of the piston much as the push of the leg is applied to the
treadle of a wheel. The machine is shown by a sketch in which
GH represents an aeroplane fastened to upright hollow pipes

¢ H

KL, at the bottoms of which are the ball-bearings XX, which
carry in them the shaft AB. Upon the light shaft AB, prefera-
bly hollow, which lies in the direction of the propulsion desired,
is rigidly fastened a sprocket wheel C, of as small dimensions as
is compatible with the size of the shaft. Over this a sprocket

(141)












EDITORIAL.

Please address Communications to

THE EDITOR OF THE AERONAUTICAL ANNUAL,
BACK BAY P. 0.,
BOSTON, MASS., U.S.A.

Note ExcePTION. — From June 15 to Oct. 1, 1896, address :

YORK HARBOR,

MAINE, U.S.A.
Cable address: JASMEANS, BOSTON.

The publishers have remaining a few copies of the Amnual for 1895.
Price, postpaid, One Dollar.

To ANTIQUARIAN BOOKSELLERS. — The Editor is making a collection of
old books, pamphlets, and prints relating to Aeronastics, and he will be glad
2o Aave guotations of prices of amy such.

EXPERIMENTERS IN ALL PARTS OF THE WORLD
ARE INVITED TO SEND, FOR PUBLICATION IN
THE NEXT NUMBER OF THE ANNUAL, CONCISE
ACCOUNTS OF THEIR EXPERIMENTS.

Contributors will kindly note the following:

1. The Editor is not to be held responsible for rejected manu-
scripts, drawings, or photographs.

2, In describing experiments, contributors are requested to
send photographs and a/so working-drawings of those pieces of
apparatus which they consider their best.

3. Well-illustrated descriptions of experiments with the fol-
lowing kinds of apparatus are especially desired:

Soaring-machines. '

Self-propelled models.

Kites.

Motors.

Screw-propellers.

(145)


















EDITORIAL. 151

drawing as one of a variety of stable forms, and he thinks it
may be useful to his readers. Of this there can be no doubt.

The experiments which Mr. Millet has made, and which are
described in his article, are sure to arouse the enthusiasm of
kite-flyers, and to lead many to test the Hargrave kite. Mr.
Millet has often said that he considers the Australian a far more
advanced kite-designer than any other whose experiments have
been reported.

Further light upon the Hargrave kite is thrown by Mr. Lam-
son, who has experimented with it and modified it as described
on preceding pages.

In the last pamphlet which Mr. Hargrave sent to The Annual
was the following table, containing the dimensions of five cellular
kites similar to those described by Mr. Millet. Although this
table has already been published by “ The American Engineer
and Railroad Joumgl," it is so sure to be useful that it is here
appended:

! | | Distance
from the for-
Di the forward i
Length of | Breadth of | Depthof | Distance the forward o, ;. p o¢| Lifting sur-
Kite. between |cell to the face of the
each cell, | each cell, cell. the cells. |point of at- ﬂuziim. Kite.

tachment of]
Ithe kite
'string.

«| 1R 11in. | s . oin. 1ﬂ.loxin.‘ aft.1in. | 1ft. 7in. | glbs. 70z. | 38.5 8q. ft.
1 " 11 " s " o o« 1 a“ ‘ol‘ “” ' 2 “ ‘ " 1 ‘“ 7 " s " " " ﬁ.s "
| ‘ “" s " 2 " 3 “" 9 “" 8 (1] ® “
. 2 “" 6 o 6 [ 6 " 2 “ 3" " 3 " 6 “" F] “” 3 “ 9 " () " 65 “"

3 3% q" 8 1% 10y ¢

H U OoOw»

.| 3% 6% 9" o P u| 4“0 24 10 144 8 ¢ % .

THE TAILLESS KITE. — Mr. William A. Eddy, of Bayonne,
N.J., was one of the first men in this country to give serious
attention to the development of the kite. For several years he
has advocated its use for the exploration of the upper air.

For the past two summers Mr. A. Lawrence Rotch, the
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the kite from E to A. Therefore, the distance SD corresponds
to DA. The distances, however, are never exact, since the
point S, or rather the knot at S, should be shifted up and down
in the wind to the extent of an inch or two, or until experiment
has decided the true position.

For winds of 3 to 6 miles an hour AC should be 14% of
BD longer than BD, and spruce sticks # X § inch should be
used.

Cloth should be used for all kites exceeding six feet in diam-
eter. The best calm-wind flyers are of paper, which is lighter
than cloth. Every fraction of an ounce in weight counts
heavily in very light winds.

Nine Eddy kites produced a pull of 115 lbs. at Blue Hill
Observatory; viz., three kites 9 ft., three 6 ft., one 7 ft., and two
5 ft. in diameter. An altitude of about 3,000 feet was reached
by the top kite. Sixty-five mid-air photographs have been
taken and printed.

WiLLiaM A. Eppy.
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A SIMPLE instrument for measuring the angle at which a kite
flies may be made with the following materials: A piece of
pine board 16in. X 5 in. X % in.,, two screw eyes such as
are used in the backs of picture-frames, a weight of two or three
ounces, and a piece of string. Screw the eyes into the upper
edge of the board near the ends; these are for sights. Near
what we may call the muzzle sight, make on the board a grad-
uvated quadrant. Drive a small nail at the centre of this
quadrant, and attach the string, whichis to be weighted at its
lower end. Look through the sights at the horizon and see
that the string hangs at zero on the quadrant. Cut away
enough wood so that the string may hang at 9o°® when the
sights point to the zenith.

When a kite is observed through the sights, the string will
show the angular altitude on the quadrant.

A REEL about a foot in diameter, fitted with a brake and
screwed to a wheel-barrow, is useful to the flyer of kites.

In high winds he needs a mallet, some stakes, and a lashing,
lest the barrow make leeway.

IF you make kites, you will find a constant use for spruce
sticks. Clear and straight-grained spruce is surprisingly strong.
On no account touch anything but the finest quality. At the
beginning of the season you can easily have some boards
sawed into strips such as you nced, and if you are thus supplied
much time will be saved.

SAID Mrs. Lecks to Mrs. Aleshine, “ Black stockings for
sharks.” It’s a poor rule that won’t work any way you want it
to, therefore it may be added, Black cloth for kites. You can
see a black hawk farther than you can a white swan. Think,
too, of the sensitive plate which is the retina of the camera.
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tions. If the divergence is great, it is probably due to lack of
bilateral symmetry in some or all of the kites, although varia-
tions in wind currents cause some divergence.

.

IF a kite is unsteady in its flight, it does not necessarily fol-
low that it is not well designed and constructed. A study of
air currents will help the kite-flyer to understand the movements
of his kite,

Most eccentricities of kite-flight are the effects of one of
these three causes:

(1) Irregularity of the wind.

(2) Distortion of the kite.

(3) Faulty designing.

SPEEDS IN MILES PER HOUR REDUCED TO
FEET AND METERS PER SECOND.

5 miles per hour 735 ft. per sec. 2.235 meters.

10 « « « —_ 14% [ T RT3 — 4.470 “«
15 ““ “« “ I 2]% . “« “ — 6_705 “«
20 ¢ ““ “ — 29!/./5 “« “« “ J— 8_941 ““
25 “ “« ““ p— 36% . “ ““ pu— 11.176 ““
30 “«“ “ “” P 44 ‘“ “” “” . l3.4II ‘"
35 . “ “«“ J— 51% ““ .« [{ J— 15.646 “
40 “«“ ““ “« [ 58% “ “ “ —— 17.882 “«
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50 “ «« “« —_ 73% “ 6« R 22.352 “«
SS “« [ [ — 805,3 @« J— 24.587 “
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EXPERIMENTS IN MECHANICAL FLIGHT. 25

immediately followed by one in which the same aerodrome rose
at a considerable incline and fell backward, with scarcely any
advance after sustaining itself rather less than ten seconds,
and these and subsequent attempts showed that the problem of
disposing of the wings so that they would not’ yield, and of ob-
taining a proper “ balance,” was not yet solved.

Briefly it may be said that the year 1895 gave small results
for the labor with which it was filled, and that at its close the
outlook for further substantial improvement seemed to be
almost hopeless, but it was at this time that final success was
drawing near. Shortly after its close I became convinced that
substantial rigidity had been secured for the wings; that the
frame had been made stronger without prohibitive weight, and
that a degree of accuracy in the balance had been obtained
which had not been hoped for. Still there had been such a
long succession of disasters and accidents in the launching that
hope was low when success finally came.

I have not spoken here of the aid which I received from
others, and particularly from Doctor Carl Barus and Mr. J. E.
Watkins, who have been at different times associated with me
in the work. Mr. R. L. Reed’s mechanical skill has helped me
everywhere, and the lightness and efficiency of the engines are
in a large part duc to Mr. L. C. Maltby.
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SCALE DRAWINGS OF LANGLEY'S AERODROME No. 5.
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return, further experiments were tried. On the 28th of Novem-
ber a flight was made which was more than three-quarters of a
mile in length, the time occupied being precisely one minute
and three-quarters. Mr. Frank G. Carpenter was a fortunate
witness of this, the longest flight ever made, and with Dr. Lang-
ley's approval he wrote a detailed account of it for the ¢ Wash-
ington Star” of Dec. 12, 1896. His article is interesting from
beginning to end.
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AERODROME No. g, ’g6.

DR. LANGLEY has two successful aerodromes, No. 5 and
No. 6; the former made the flights of May 6th and the lat-
ter that of November 28th. Plate II. gives scale draw-
ings of No. 5, and Plate IIl. shows a perspective view of
the same in flight. The weight of this, with fuel and water
sufficient for the flights described, is about 30 pounds. The
weight of the engine and boiler together is about 7 pounds.
The power of the engine under full steam is rather more than
one-horse power. There are two cylinders, each having a
diameter of 1} inches. The piston stroke is 2 inches. The two
screws are 39 inches from tip to tip, and are made to revolve
in opposite directions; the pitch is 1}; they are connected to
the engines by bevel gears most carefully made; the shafts and
gears are so arranged that the synchronous movement of the
two screws is secured. The boiler is a coil of copper tubing;
the diameter of the coil externally is 3 inches; the diameter
of the tubing externally is 3§ inch; the pressure of steam when
the aerodrome is in flight varies from 110 to 150 pounds to the
square inch. The flame is produced by the =lopile, which is a
modification of the naphtha ‘“blow-torch ” used by plumbers;
the heat of this flame is about 2,000 degrees Fahrenheit. Four
pounds of water are carried at starting, and about ten ounces
of naphtha. In action the boiler evaporates about one pound
of water per minute. Flights could be greatly lengthened by
adding a condenser and using the water over and over again,
but, as Dr. Langley says, the time for that will come later.

(29)
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Plate XVI.

OTTO LILIENTHAL.
Born 1848. Died 1896
" For thousands of years we human beings have racked our brains to unravel the mysteries of

fhght and we feel happy when we drink mere drops t:om the Fount of Knowledge, and here the
storks seem %0 run tiot in tn= art of flying, as if nothing in the world were easier.’” — See p. 89,






OTTO LILIENTHAL. 77

flight trusting only to incomplete and even sometimes erro-
neous observations; or else to undertake the task of deriving
the laws of the mechanics of flight purely theoretically without
resorting to any observations at all.

Both methods would naturally lead to erroneous results.
Lilienthal concluded to investigate' the whole subject by means
of exact experiment, examining scrupulously all the phenomena
to be seen in the flight of birds. He began by measuring — by
means of a long series of systematic measurements — the
amount of the resistance of the air which the bird’s wing has
to overcome when in motion.

These experiments and measurements were for a long period
made only by Otto Lilienthal, with the help of his brother.
They showed the important and new result, that the curved
wings, which nature, as we know, provides exclusively for her
subjects, have a much more effective form than the flat sur-
face hitherto so often constructed by men,

Besides this, Lilienthal was the first to point out the phenom-
enon which he thought was the probable explanation of the
action of birds in sailing flight; that is, the existence of air-
currents with upward tendency.

According to the observations made by Lilienthal these cur-
rents form on the average an angle of 33 degrees with the line
of the horizon.

Otto Lilienthal described the results of his numerous experi-
ments in his pamphlet of the year 1889, entitled “ The Flight of
Birds as a Basis for the Art of Flying.”

Shortly afterwards with the greatest zcal he again took up the
practical attempts at flying which he had begun so long before.
He had come to the conclusion that he could scarcely attain the
solution of the problem of flight in his study, but that he must
take the knowledge he had gained by observation and calculation
out into the open air, to test with the wind, and in thc element
for which it was made, the apparatus constructed according to
the theories he had developed. Theorizing alone would never
bring about success. Brooding over and calculating about
it would not bring one to the desired goal. One must draw


















OTTO LILIENTHAL. 83

and especially as mechanical engineer, he was able to build the
apparatus himself as he thought best fitted for imitating the
flight of birds. Third, he possessed great daring and physical
dexterity, so that he was in himself fitted for making cxperi-
ments in flying.

Therefore his memory will be faithfully cherished by all those
who have decided to labor on in the field of work which he
made his own.
























OUR TEACHERS IN SAILING FLIGHT. 91

The simplicity of the instruments with which nature obtains
these wonderful effects in flying gives us hope that we shall
come to a satisfactory solution of the problem.

Whoever needs incentive to labor with zeal ought to look up
the little village of Vehlin in Ostprignitz in mid-summer, when
the magnificent birds in their fine black and white garments sail
majestically overhead, and are seen against the blue of heaven
like emblems of liberty.
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TABLE OF NORMAL AND TANGENTIAL PRESSURES

Deduced by Lilienthal from the diagrams on Plate V1., in his
book ¢ Bird-flight as the Basis of the Flying Art.”

a y v a n [

Angle Normal. Tangential. Angle Normal. Tangestial.
—9q%...... 0.000 - 0.070 16°........ ©0.909 — 0075
—8%....... 0.040 <+ 0.067 17% . aeen 0.915 —os73
— 7% 0.080 <4-o0.064 || 18%........ 0.919 — 00pP
—6°....... 0.120 -~ 0.060 1% . 0venen 0.921 — 0064
— 5% .. 0.160 - 0.055 20%. ..., 0.922 — 0.089
— 4% 0.200 -+ o0.049 || 21°........ 0.923 — 0053
— 3P 0.242 +-0.043 || 22°........ 0.924 — oo}
—2C...... 0.286 <+ 0.037 23%...000n 0.924 — a0t
—1%....... 0.332 ~+ 0.031 24% i 0.923 — 003
0. ..., 0.381 <+ o024 26°%. ..., 0.922 — 003t

+ 1%, 0.434 -+ 0.016 26°........ 0.920 — 00z
+2%....... 0.489 <+ 0008 || 27°........ 0.918 — 0.02
4 3°...... 0.546 0.000 28°........ 0.915 — o016
+4°....... 0.600 — 0.007 20%. . .ennnn 0.912 — 0012
+ 5%...... 0.650 —oo014 || 30%....... o.910 — 0.008
4+ 6°....... 0.696 — 0.021 32% .000een 0.906 0.000
4+ 7% 0.737 — 0028 || 35%........ 0.896 + o010
+ 8°....... 0.771 — o0.035 || 40°........ 0.890 + owr6
“+9°....... 0.800 —o0.042 || 45%....u.nn 0.888 <+ 000
10°..... 0.825 —o.050 !l 50°........ 0.888 <+ 0023
1°...... 0.846 — 0.058 55% ..t 0.890 <002
12°...... 0.864 — 0.064 60°........ 0.900 -+ 0028
13°...... 0.879 —o0.07 || 70°........ 0.930 4 aop
14°...... 0.891 —o0.074 || 8°........ 0.960 <+ o013
15°...... 0.901 — 0076 || 90°........ 1.000 0.000


































SAILING FLIGHT. 127

ing in light breezes. My own observations of the rotary action
in wind currents are confined to a short distance above the sur-
face, and Mr. Maxim gives good reasons for doubting whether
this action extends to any great height in the air. It is worth
investigating, but until this is done it would be speculative to
base a new theory upon anything but ascertained facts.

Upon the whole, sailing flight cannot yet be said to be
accounted for in all its phases. Its full explanation requires
that it shall be shown how the bird extracts energy from the
wind, that the conditions assumed actually exist at the time
of the particular evolution considered, and that the manceuvres
of the bird will produce the observed result. This must be
supported by quantitative calculations based upon actual obser-
vations of the speeds of the wind and of the bird, the angles of
incidence with their coefficients, and the distances traversed
horizontally and vertically, so that a good deal more is required
than has yet been presented, in order to carry conviction.

It may be added that the simplest and most satisfactory
explanation thus far is that which assumes ascending columns
or trends of wind to exist at opportune times and places, but
that it does not account for the cases in which all obsecrvers
are agreed that the wind is horizontal.
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THE SCIENTIFIC VALUE OF FLYING MODELS.

THE ultimate object of aeronautical study and experiment is,
of course, to hasten the time when it shall be possible to con-
struct a practical flying machine.

There are some experimenters who think that the day of the
great achievement will come sooner if in the immediate future
we give the most of our time and thought to the development
of the motorless air-sailer. Others think that more rapid
progress will be made through the development of the self-
propelled aerodrome.

It is quite needless to attempt at this time to say who is
right; time will show us all that. Moreover, as stated in the
introductory note, whichever branch of work is seriously under-
taken by an individual, he may be sure that while working
upon his own specialty he is helping those engaged in the
others toward their common goal.

The supreme importance which attaches to the flying model
comes from the fact that experiments with it may be made to
lessen the number of risks of human life and limb. We have
now reached the stage of experiment where it is necessary to
use all possible persuasion to keep reasonably near terra firma
those persons who have nothing but the courage of ignorance

(161)
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