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KITE EXPERIMENTS AT THE WEATHER BUREATU.
By C. F. MARrvIN, Professor of Meteorology, U. 8. Weather Bureau (dated July, 1896).

In November, 1895, the present writer was directed by Prof.
Willis L. Moore, the Chief of the Weather Burean, to consider
the subject of devising kites and auxiliary apparatus for the
meteorological exploration of the upper air. The definite ob-
ject was to attain a height of at least 1 mile and, if possible,
10,000 feet or more, and to bring down continuous records
of temperature, moisture, pressure, and wind. A considerable
acquaintance with the present state of the art of making and
flying kites showed that hoth the form of the body of the
kite and the analysis of the action of the forces that atfected
it demanded fuller consideration than had hitherto been given.
In view of the rapidly increasing interest in this subject it
geems proper to lay before the cooperating ohservers of the
the Weather Bureau the results that have heen attained dur-
ing the past few months, in order that those interested in
the subject may in conducting their own experiments, profit
hy our experience.

With the advance of the science of meteorology, and es-
pecially with the progress in the development of the funda-
mental laws governing atmospheric phenomena, a growing
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need arises for accurate knowledge of the conditions of the
atmosphere with respect to its motion, temperature, pressure,
moisture, etc., not only near the surface of the earth but par-
ticularly in the higher strata, where the forces in action have
full scope and their effects are unmodified by such disturbing
influences as exist near the surface.

Meteorological stations have been maintained on lofty
mountain summits, in order to procure the desired informa-
tion, and many perilous balloon voyages have been made with
the express object of making accurate measurements of the
atmospheric conditions at all elevations. Some use has been
made of captive balloons, and within a few years remarkahle
results have been obtained in Europe by the use of free bal-
loons of small size equipped with automatic instruments.
Having no load of ballast to carry, these balloons when set
free shoot upward with great velocity and attain very lofty
elevations, whereupon, losing all effective lifting force by
reason of the expansion and overflow of gas incident to the
great diminution of pressure in the rarified strata of air, the
partially inflated bag falls to the earth after a comparatively
short journey. A notice attached to the balloon gives instruc-
tions respecting its digposition, and the finder receives a small
reward for its safe return.

It appears, however, that even bhefore halloons were in-
vented, Dr. Alexander Wilson of Glasgow employed tan-
dems of kites “to explore the temperature of the atmos-
phere in the higher regions.” I am indehted to Professor
Abbe for the following extract' giving an account of Dr. Wil-
son’s experiments, which, owing to their early date and com-
plete and interesting character, deserve special mention:

= * * * * * »

Among the more advanced students, who, in the years 1748 and 1749
attended the lectures on Divinity in the Unnelxxt\ was Mr. Thomas
Melvill, so well known by his mathematical tqlents, and by those fine
specimens of genius which are to be found in his posthumious papers,
published in the second volume of the Edinburg Essays, Physical
and Literary. With this young person Mr. W ilson then lived in the
clogest intimacy  Of several philosophical schemes which occurred to
them in their social hours, Mr. Wilson proposed one, which was to ex-
plere the temperature of the atmosphere in the hlchel regions, by
raising a number of paper kites, one above another, upon the same
line, with thermometers appended to those that were to be most ele-
vated. Though they expected, in general, that kites thus connected
miyght be raised to an unusual height, still they were somewhat uncer-
tain how far the thing might succeed upon trial. But the thought
being quite new to them, and the purpose to be gained of some nnpm-
tanwe they l)eg.m to prepare for the experiment in the spring of 1749.2

Mr. Wilson’s house at Camlachie was the scene of all the little bustle
which now became necessary, and both Mr. Melvill and he, Jlll\e dex-
terous in the use of their hands, found much amusement in going
through the preliminary “01L till at last they finished half a dozen
large paper kites, from 4 to 7 feet in height, upon the strongest, and
at the same time upon the slightest ('nnxtmctlon the materials would
admit of. They had also been careful in giving orders early for a very
considerable quantity of line, to be spun of such different sizes and
strength, as they judged would best answer their purpose; so that one
fine day, about the middle of July, when favored by a gentle, steady
Lreeze, they brought out their whole apparatus into an .ul]ommOr field,
amidst a numerous company, consisting of their friends and othels,
whom the rumor of this new and ingenious project had drawn from
the towun.

They began with raizing the smallest kite, which being exactly bal-
anced, soon mounted steadily to its utmost limit, carrying up a line,
very slender, but of strength sufficient to command it. In the mean-
time the second kite was made ready. Two assistants supported it

TExtract from Biographical aceount of Alexander Wilson, M. D, late
Professor of Practieal Astronomy in Glasgow, by the late Patrick
Wilson, A. M., Professor of Practical Astronomy in the University of
Glasgow. Pransactions of the Royal Society of Edinburgh, Vol.
Part II pp. 279297, 1825,

This memoir of Dr, W ilson, after being read at the Royal Society,
February 2, 1789, was withdrawn by its author for the purpose of mak.
ing some alterations upon it, and was never returned for publication.
It was found, however, among the papers of Mr, Patrick Wilson, and
is now printed with the consent of his family.

* As no public notice has hitherto been taken of this matter, though
Mr. Wilson had always some thoughts of doing so, it is hoped that the
following detail will not prove un.u,uep’ml)le or tedious to the reader.
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between them in a sloping direction with its breast to the wind and
with its tail laid out evenTy upon the ground behind, whilst a third
person, holding part of its line tight in his hand, stood at a good dis-
tance directly in front. Things being so ordered, the extremity of the
line belonging to the kite already in the air was hooked to a loop at
the back of the second, which being now let go, mounted very superbly,
and in a little time also took up as much line as could he supported
with advantage, thereby allowing its companion to soar to an elevation
proportionally higher.

Upon launching these kites according to the method which had been
projected, and affording them abundance of proper line, the uppermost
one ascended to .an amazing height, disappearing at times among the
white summer clouds, whilst all the rest, in a series, formed with it in
the air below such a lofty scale, and that, too, affected by such regular
and conspiring motions as at once changed a boyish pastime into a
sPectacle which greatly interested every beholder. The pressure of
the breeze upon so many surfaces communicating with one another
was found too powerful for a single person to withstand when con-
tending with the undermost strong line, and it hecame, therefore, nec-
essary to keep the mastery over the kites by other means,

This species of ®rial machinery answering so well, Mr. Wilson and
Mr. Melvill employed it several times during that and the following
summer in pursuing those atmospherical experiments for which the
kites had been originally intended. To obtain the information they
wanted, they contrived that thermometers, properly secured, and hav-
ing bushy tassels of paper tied to them, should be let fall at stated
periods from some of the higher kites, which was accomplished by the
gradual singeing of a match-line.

When engaged in these experiments, though now and then they
communicated immediately with the clouds, yet, as this happened
always in fine weather, no symptoms whatever of an electrical nature
came under their observation., The sublime analysis of the thunder-
bolt, and of the electricity of the atmosphere, lay yet entirely undis-
covered, and was reserved two years longer for the sagacity of the cele-
brated Dr. Franklin. In a letter from Mr. Melvill to Mr. Wilson,
dated at Geneva, 21st of April, 1753, we find, among other particulars,
his curiosity highly excited by the fame of the Philadelphian experi-
ment, and a great ardour expressed for prosecuting such researches by
the advantage of their combined kites. But, in the December follow-
ing, this beloved companion of Mr. Wilson was removed by death, to
{ll}e vast loss of science, and to the unspeakable regret of all who knew

im.

The limits of the present article preclude giving anything
like a full historical notice of the use of kites for scientific
purposes or for securing observations of the meteorological
conditions of the upper air. A few references only will be
given if with no other object than simply to show that the
application of kites to practical, useful purposes is by no
means a novel idea of the last few years, as some appear to
think. Mr. W.R. Birt' on the 14th of September, 1847, flew a
specially constructed kite at the Kew Observatory, in order
to test and demonstrate its usefulness in obtaining measures
of temperature, humidity, wind velocity, etc. The kite was
caused to assume a more fixed position in the air by restrain-
ing it by means of three strings secured to the ground at the
three corners of a comparatively large equilateral triangle.

Admiral Bach,” when in command of the Terror, used a kite
to obtain the temperature of the upper air in Hudson Strait.

Espy, in his Philosophy of Storms, p. 167, states that
“The Franklin Kite Club, at Philadelphia, have lately dis-
covered® that in those days, when columnar clouds form
rapidly and numerously, their kite was frequently carried
upward nearly perpendicularly by columns of ascending
air.” The existence, for brief periods, of strongly ascending
currents of air has also been repeatedly noticed in the
Weather Burean experiments,

E. Douglas Archibald® in England advocated the use of
“ A kite, or a series of kites flown tandem, that is, one above
the other” for showing the direction of air currents, and for
attaching thermometers, anemometers, ete., so that the con-
dition of the air in the upper currents could be determined.

Experiments of this character were first regularly begun
by Archibald® in November, 1883; the particular object in

1Phil. Mag., Vol. XXXI, 1847, p. 191. -

2 Quart. Journal, Met'l S8cc., Vol, IX, 1883, p. 63.

3 Probably about 1837.

4 Quart. Journal, Met’l Soc., Vol. IX, 1883, p. 63.
® Nature, Vol. XXXI, 1834-1885, p. 66.

view being to ascertain the increase of wind velocity with ele-
vation, Biram’s anemometers being attached to the kite string
for this purpose. The kites were diamond shape, with tails,
and were flown tandem. Flax string was first employed, but
acting upon the suggestion of Sir William Thomson, steel
pianoforte wire was substituted, on which Archibald remarks:

This I have found a great improvement on the string. It is double
the strength, one-fourth the weight, one-tenth the section, and one-
half the cost.

A summary of the results obtained by Archibald will be
found in Nature, Vol. XXXIII, 1885-86, p. 593.

Archibald also devised and made some use of a captivekite
halloon which hedescribed in Nature, Vol XXXVI, 1887, p.
278. This combination was designed to obviate the detri-
mental action of the wind on the balloon surfaces. As the
balloon kite has often been proposed asof great utility it will
be worth while to notice the results of Archibald’s tests. The
halloon had a capacity of 113 cubic feet; the octagonal kite
measured 7 by 9 feet. Twelve hundred feet of steel piano-
forte wire was paid out. Wind at Greenwich 12 miles per
hour. The angles of elevation were as follows: Balloon
alone, 38°; wire near ground, 18°. Balloon with kite, 41.5°;
wire near ground, 35°.

It is observed the effect of the kite was to increase the an-
gular elevation of the balloon 3.5° but the angle itself was
only 41.5°. Now, any good kite is easily capable of sustain-
ing 1,200 feet of steel wire so that both the kite and the wire
will have an angular elevation of at least 60° and 58°, re-
spectively. It appears,therefore,that under favorable condi-
tions the kite is able to help the balloon, but the balloon, on
account of the large surface exposed to the wind, will only
serve to drag down the kite to a much lower position than it
would attain alone. If little or no wind blows the balloon
alone is sufticient, and is only trammelled by the presence of
a kite. :

In 1890 William A. Eddy, of Bayonne, N.J., “began experi-
ments to determine the relations between the width and
length of the ordinary kite.” The object in view was “to
evolve the hest form of kite to be used in raising self-recording
meteorological instruments to a great height, because many
important problems in meteorology would be affected by in-
vestigations of the upper air currents.”” Beginning with star
and hexagon kites with tails, Mr. Eddy was led to thé re-
invention of the so-called Malay tailless kite, a form which
within recent years has, perhaps, been more extensively used
for scientific purpose than any other.

The kite experiments made at Blue Hill under the direc-
tion of Mr. A. Lawrence Rotch, have aimed particularly to
secure observations of the atmospheric conditions at as high
elevations as possible. The work appears to have begun in the
fall of 1894, Kites of the Malay or Eddy type were used at
first and other forms later. A number of actual records of
the temperature, pressure, and moisture contents of the air,
also of wind velocity, have heen obtained at various eleva-
tions up to something less than 4,000 feet, and the work
reflects much credit opon the proprietor of the observatory
and his assistants.

Probably the most remarkable modern inventor of kites is
Mr. Lawrence Hargrave, of Sydney, N. 8. W., Australia. Mr.
Hargrave contributed an important paper to the meeting
of the Aeronautical Congress, held in Chicago at the time of
the World’s Fair, 1893. In this paper were described models
of flying machines and of the peculiar cellular kites which
were afterwards greatly developed hy the inventor and have
since become widely known among kite experts. The de-
scription of the Hargrave cellular kitee, which appeared in
the American Engineer for April, 1895, p. 193, has brought
these kites to the attention of some of the experimenters in
the United States. In an article entitled “A Weather Bu-
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reau Kite,” in the WeaTHER REVIEW, for November, 1895,
the writer credited Mr. S. A. Potter with being “ the first in the
United States to successfully construct and fly kites of this
kind.” The Aeronautical Annual for 1896, which did not
reach the hands of the writer until after the article referred
to had been written, contained accounts of successful experi-
ments with the cellular kites hy both Charles H. Lamson and
J. B. Millet. The date of Mr. Lamson’s experiments is not
given. The work of Mr. Millet was done during August and
September, 1895. Experiments were also made at Blue Hill
with cellular kites in August, 1895, which were described in the
Boston Herald, August 19, 1895, and Springfield Republican,
August 21, 1895. It does not seem that this type of kite was
then regarded with much favor or that further experiments
with this form were actively pushed. Mr.Eddy also tried the
cellular kites, at first on September 1, 1893, and again in De-
cember, 1895, hut with unsuccessful results. He was finally
successful in flying the kite independently for the first time
on December 9,1895. Mr. Potter’s work can therefore scarcely
claim to be first in mere point of time, the results, however,
were highly successful and promising and this type of kite
at once superceded all other forms in the Weather Bureaun
work.

The kite experiments at the Weather Bureau were first
taken up by Mr. Alexander McAdie and Mr.S. A, Potter, only
semiofficially, however. The work hegan early in November,
1894, and was carried on wholly outside of office hours
and in addition to other regular duties. Nevertheless, owing
to the industry and skill of Mr. Potter a large number of
kites, mostly of the Malay type, were flown successfully from
time to time at Mr. Potter’s country residence. No methodi-
cal record of the progress of the work appears to have been
kept, nor were instrumental or other -accurate ohservations
made of the results attained. A small thermograph, con-
structed mostly of aluminum, was purchased during the fol-
lowing spring from Richard Bros., and records of air tempera-
tures at elevations of a few hundred feet were obtained on
several occasions during the ensuing summer. The thermo-
graph proved to be imperfect and ill adapted to the work.
On one occasion a tandem of eleven Malay kites was success-
fully flown. A suitable reel for controlling the string with
which the kites were flown was found indispensable, and a
very convenient and efficient affair was devised by Mr. Potter.

The work finally assumed the character of an official inves-
tigation only in the fall of 1895. Prof. Willis L. Moore, as
the new Chief of the Weather Bureau, at once recognized the
great importance of extending the observations of the Weather
Bureau into the upper atmosphere in order to advance the
knowledge of storm generation and improve the daily fore-
casts. Mr. McAdie being detailed for duty at the office in
San Francisco, Prof. H. A. Hazen, with Mr. Potter’s assist-
ance, was directed, on October 14th, 1895, to make experi-
ments for the purpose of devising amd perfecting an appli-
ance that might be used in ohserving the meteorological con-
ditions of the upper air. Subsequently, namely, November
18, 1895, the writer was also directed by Professor Moore, in
addition to his other duties, to investigate the problem of con-
structing appliances for carrying meteorological instruments
into the upper air. Professor Moore has himself proposed
two different devices as being possibly of use in the solution
of the problem in hand; namely, the combination of a kite
and balloon, by which the desired observations can be ob-
tained not only when the wind blows, but during calms or
when the wind is too light to make the flying of kites alone
successful, and a device constructed on the general plan of
what we may call a soaring top. In fact, a toy of this charac-
ter appears to have first suggested the idea to Professor Moore.
The toy consists of a thin metal or card-board disk, cut up into
a number of equally distributed radial gashes extending nearly

to the center. The surfaces are then twisted or bent so as to
take an oblique position, secrew propeller fashion, in reference
to the general plane of the disk. In fact, the disk resembles
very much a small fan wheel, such as is commonly seen on
electric fans. At the center the disk is fitted with a small
axle at right angles. A suitable holder is provided, and when
the disk is given a high speed of rotation by the unwinding
of a string from the axle, as in spinning a top, the disk lifts
out of the holder and soars to a considerable height in the air.
Such a device, on the proper scale, either started at high
velocity from the earth, or carrying its motor with it, may
possibly be made to accomplish the desired results.

Professor Moore’s aim has been to reach higher altitudes
than those which have been heretofore attained by ordinary
kites. Special funds were not available for costly experi-
ments with balloons or combination affairs; moreover, kites
themselves not only on account of their slight cost but also
hecause of their general effectiveness, seemed the most promis-
ing subject for the first investigations. The effort has bheen
therefore to develop the kite to the highest point of efficiency
and ascertain to what extent it can bhe utilized in reaching ele-
vations of from 1 to 2 miles or more.

The work at the present time is still in an experimental
stage as it were, but it is helieved enough has been accom-
plished to justify publishing preliminary results in the hope
that the progress already made in the Weather Bureau inves-
tigations wili stimulate to new efforts, and be helpful to the
geveral private experimenters independently at work on the
same problem, and if possible, therefore, hasten complete
success.

On scientific methods in kite investigations.—While the litera-
ture on kites describes an almost endless variety of forms and
shows some to have heen employed in useful ways, that is, for
drawing wagons, sleds in the Arctic regions, boats, etc., or for
other purposes and for securing meteorological observations,
of which latter use we have mentioned ahove a few cases
only, yet no writer seems to have fully discussed the action of
the kite from a scientific standpoint, or analyzed and ex-
plained the physical and mechanical principles involved
therein. Sir Isaac Newton is said to have taught the hoys
how to fly their kites, but if one desires to learn much about
the mechanics of a kite in action, & search in kite and aero-
nautical literature will prove fruitless, or nearly so; at least
such has been the experience of the writer in the partial
search that he has thus far been able to make. Some inves-
tigators in recent times, while spending years of work with
the avowed purpose of developing the kite for useful pur-
poses, have either assumed the deplorable attitude of discred-
iting the value of technical or so-called theoretical consider-
ations as applied to kites,or have struggled on by cut-and-try
processes in bligsful ignorance of the real character of those '
laws of nature whose operation they seek to control.

It is unfortunate, to say the least, that any investigator of
kites of the present day, having the benefits of modern ad-
vanced education, should entertain the scornful regard that
seems to he current with some for the *“theory” of kite flying,
especially when the history of applied science affords such
remarkable illustrations of the immense debt practice owes
to science. There could be no greater mistake than to con-
temptuously confound science with theory. No more striking
instance of the efficacy of scientific methods can be cited
than to outline and contrast the growth of the steam en-
gine and electric generators, motors, etc. Although Hero,
120 years B. C., described crude forms of heat engines, steam
engines did not begin to be really useful until about the
middle of the 17th century. For nearly 200 years there-
after the steam engine underwent a slow and tedious evolu-
tion, improving but little in the hands of men ignorant of the
laws of thermodynamics. In fact, those laws were quite un-
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known. Towards the close of this period such men as Carnot,
Joule, Clausius, Thomson, and others hegan to develop the
principles of thermodynamics, and Rankine, less than forty
years ago, with a master’s hand, applied these principles to
the practical problems in steam engineering. From this
point on the development was very rapid. What 200 years,
yes, 2,000 years, counting from Hero, failed to make of the
steam engine was etfected in a score of years when science
pointed the way. The steam engine came into existence and
underwent its slow and tedious development by bhlind experi-
mentation before the rationale of its action was known or
understood. The reverse is the case with electric generators,
motors, ete. All the principal elements of their theory had
been fully developed before the devices were invented. The
result is that almost the highest possible state of perfection
of these inventions was attained in a few years. Notonly was
the theory already available but it was developed and applied
at every point in the construction and operation of these won-
derful machines. The world now stands amazed at the mar-
velous rapidity of this growth. In the face of such facts as
these, can anyone fail to perceive the importance and adyan-
tage of formulating the physical laws involved in the opera-
tion of any of nature’s forces? Let us hope, therefore, that
thogse who seek to develop and perfeet the kite in order to
apply it to useful purposes will help first to formulate the
laws of all the actions involved.

The construction and flying of kiteson a large scale is purely
and only an engineering prohlem. It is simply a question of
stresses and strains, a question of the strength and resistance
of materials, of the operation and equilibrium of certain
well-defined forces. In fact, every element of the problem
comes within the domain of ordinary mechanics and physics.
Kites are amenable to development by the same engineering
methods as those that have produced such wonderful results
ag the Forth Bridge, the Brooklyn Bridge, the Eiffel Tower, the
Ferris Wheel, swift ocean steamers, those famous yachts May-
flower, Vigilant, Puritan, Defender,and others. Now that it
is desired to put kites to certain useful applications, it is
urged upon those who seek to effect this development that
they discard the primitive cut-and-try method and adopt
modern engineering methods. The cut-and-try method is
good in a certain sense; it is like nature’s method of *na-
tural selection,” but its operation is exceedingly slow. If
time enough is expended in constructing and testing all con-
ceivable kinds of kites, selecting the best, rejecting the infe-
rior, it is possible that a kite may be evolved approaching the
maximum possible efficiency, but the engineer has a short
cut to this result. He analyzes the action of the kite in every
detail ; the efficiency of every element is studied separately.
By these methods he is soon able to discover and lop off this
or that useless member, to increase the efficiency of others
and to introduce new members of peculiar and useful function.

When kites are used for carrying strings or ropes to inac-
cessible distant points, as from a stranded ship to the lee
shore, or when used for transportation, as in pulling wagons,
or towing boats, it is the object of the constructor to obtain
the greatest possible tension or pull on the string, as held by
the manipulator at the lowest end near the ground. But for
meteorological use we need to have the greatest possible lift-
ing power at the kite end. We must, therefore, develop the
vertical and diminish the horizontal component of the pull
on the string.

To be more specific, the kind of information needed, for ex-
ample, is: (1) What is the relative lifting power in a given
wind, square foot for square foot, of the single-plane kites, as
compared with the cellular kites ? (2) In cellular kites, (),
how near can the lifting surfaces be to each other without
detrimental interference? (b) How shorta distance may exist
between the forward and after cell without the one impairing

the effectiveness of the other? (¢) What length, fore and aft,
is the most ettectual for the sustaining surfaces? (d) What
is the most appropriate form and arrangement of the hridle,
not only to secure the most satisfactory action of the kite
under winds of variable force, but to likewise distribute the
strain upon the framework so that lightness, but yet not cor-
responding weakness of construction, may obtain? (3) In
general, for any kite, what is the best angle of incidence? (4)
What is the loss due to the pervious structure of the cloth, as
compared with paper or balloon fabrie, ete.? These are but a
few of the elements of the kite problem that need to be sepa-
rately studied and in respect to which the maximum possible
useful effects need to be developed and rendered available to
the kite builder.

The writer has been led to make these remarks bhecause so
little or none of this kind of work appears to be contemplated
by the several experimenters now independently at work try-
ing to render the kite useful for meteorological and other pur-
poses. Moreover, the above considerations should convince
one thata line of analysis seeking to develop all the elements
of kite behavior and formulate their relations is the shortest
path to the complete solution of the problem.

THE WEATHER BUREAU WORK.

A few remarks describing the management of kites will
enable the reader, unfamiliar with what we may call modern
scientific kite flying, to form an idea of how the work is car-
ried on. Details of the forms and construction of the kites
will he given later. The kites range in size from 6 to 10 feet
high, and are, therefore, easily carried about by one person.

The act of starting off or flying any of the larger kites is a
very simple matter, especially when the wind 1s favorable
and the kite a good flyer. With steady winds of about 15
miles per hour, the kite when faced to the wind will gen-
erally fly right up from the hand, sailing away and up-
ward at an angle of from 30¢ to 50°. It is necessary only to
keep the string under some tension as it is paid out. When
the wind is rather feeble, especially if very light at the sur-
face, it will generally be necessary for an assistant to carry
the kite off some distance to leeward ; seven or eight hundred
feet is often not too far. When a favorable puff of wind is
felt the assistant tosses the kite upward into the air. At the
same moment the string, if managed by a reel, is wound in
with sufficient rapidity to cause the kite to fly until fully
sustained by the wind. A reel for managing the string is
quite indispensable for extensive experiments, but in its
absgence it may be necessary in starting the kite in light
winds.to walk briskly to windward. It is almost impossible
to describe the means and artifices employed hy the skillful
operator in managing kites that fly badly, or in working a
kite up through strata that have feeble, fitful motion into
stronger, steadier currepts. Skill of this sort can he acquired
only by experience.

If any apparatus is to be carried it is generally tied to the
string below the kite or kites after the latterare in good flight
and produce a steady and sufficient strain on the string.

The tension on the string varies greatly when ouly one kite
ig flying, owing to the tumultuous and ever changing charac-
ter of the wind. These variations are very much less with two
kites in tandem 200 or 300 feet apart. With a tandem of
several kites the strain is naturally still more nearly constant.

The manner of flying kites in tandem is also very simple.
The kite to be added is first flown on an independent string.
A length of from 100 to 150 feet is generally sufficient. The
end of this is tied to the main kite line at the desired point.
The kite takes care of itself as string is paid out, although in
some cases from time to time during its subsequent flight
it may foul partly and temporarily with the main line.
If there are no points or projections on the second kite
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that can be permanently caught on the main line, then the
fouled kite will generally soon free itself. It ought to ride
ahove the main line except during momentary lulls of the
wind, and often owing to its own lack of perfect symmetry
and exact correspondence with other kites or to variations of |s
the wind, it will continuously tend to fly to the right or left.
Thus sevelal causes are seen to conspire which tend to make
the kite stand free of the main line. There is always, how-
ever, in tandem flying, more or less wasted ettort in the kites
pulling at variance with each other. This will he discussed
later.

The work done at the Weather Bureau by Mr. Potter in
flying kites prior to the beginning of the investigations by
the writer, consisted principally of tests of the Malay or Eddy
kite. Although this form of kite is well known a brief de-
seription will remove any uncertainty respecting its construc-
tion. The frame consists of two sticks of the dimensions
shown in Fig. 1. At the pointof crossing the sticks are lashed
firmly together with waxed string. The cross stick A Bis
howed backward by means of a string, as shown in the end
view, Fig. 2. The depth of the arch is best made about ;.of
the arc. A strong cord, 4 C B D, is passed around the frame
and securely fastened to theends of thesticks, soas toproduce
a perfectly symmetrical figure. The woven wire cord used for
hanging pictures, which will not stretch, is much better than
any kind of string for this purpose. Paper, calico, cambric,
or silk may be used for the covering, w hich is allowed to hag
slightly in order to improve the stablhty of the kite. -The
bridle 18 formed of a piece of stout cord whose ends are tied,
respectively, to the point on C D at which the sticks cross and
to a point near theend, D. The length of string should he such
that when the bridle is drawn taut and laid over against the
surface of the kite it will form the angle O B D, Fig. 1.
The kite string is attached to the bridle hy means of a
weaver’s knot near the point B. The exact position for the
best effect can be found only by trial. Mr. Potter sought to
improve upon this form of kite by substituting for the bowed
cross stick two sticks set so as to form a slight dihedral angle,
the effect heing to impart a greater degree of stability. With
the object of providing a degree of flexibility to the wings of
the kite for the purpose of easing off the strains due to gusts
of wind, Mr. Potter tried connecting the two cross sticks of a
dihedral angle kite by means of a spring. He also inserted
a spring of rubber bands in the bridle at D, expecting thereby
that the after part of the kite would tip up so as to partly
spill the wind and ease off the strain of heavy gusts. These
attempts to compensate for the gusty character of ordinary
winds met with but indifferent success, doubtless owing to
the difficulty not only of securing the proper proportions he-
tween the strength of the springs and the surface of the kite,
but of arranging that the spring should bend or elongate the
right amount for a given variation of the total strain. To
be effectual it is plain that springs for the above-mentioned
purpose must be nicely gauged for both the total strain they
must sustain and the flexture or elongation per unit strain.

Two sizes of cable-laid twine were used by Mr. Potter, namely,
a heavy twine, {5 of an inch in diameter, weighing about 3.5
pounds per 1,000 feet, and a lighter twine, 0.066 of an inch in
diameter, weighing ahout 1.2 pounds per 1,000 feet. The cord
was wound upon & large reel or flanged drum, about 18 inches
in diameter. The box within which this drum revolved was
firmly bolted to a low table with circular top, but in such a
fashion that the box could at any time be revolved in azimuth
upon the table top, so as to bring the reel in the proper azi-
muth according to the direction of the wind. The legs of the
table were firmly anchored to the ground. (See further de-
scription, page 121.)

These appliances were installed at Mr. Potter’s country
residence near Washington. The exposure was exceptionally

free from obstructions and in many respects very favorable
for kite experiments.

When the writer began his investigations of the kite proh-
lem in December, 1895, he therefore found much of the neces-

sary apparatus in readiness, and he takes this opportunity to

testify to Mr. Potter’s skill and experience,and his ability and
ingenuity in designing and constructing kites. As will ap-
pear in the following pages, Mr. Potter proposed and con-
structed two or three modified forms of kites, each of which
possessed more or less merit, and he had already been suc-
cessful with the Hargrave kite.

The foregoing brief account sets forth the principal fea-
tures of the status of the kite work of the Weather Bureau
at the time the writer was directed by Professor Moore to in-
vestigate the prohlem of securing meteorological observations
in the upper air. Whatfollows aims to set forth the progress
made up to July 1, 1896, in developing the kite.

As has already heen said the construction and flying of
kites on a large scale is purely and only an engineering proh-
lem. It is simply a question of stresses and strains, the
strength and resistance of materials; a question of the oper-
ation and equilibrium of certain well-defined forces. These
ideas have heen constantly in mind in my etforts to improve
and apply the kite to meteorological purposes. The results
presented helow aim to follow in some sort of logical se-
quence. Naturally the actual chronological succession of the
experiments was often illogical and the results fragmentary
in character.

The position a kite takes when poised in mid-air is the re-
sult of a condition of equilibrium of five different and wholly
independent forces: these are: (1) The pressure of the wind
on the kite surfaces. In this I mean to include every wind
force whatever, whether exerted upon the extended sustaining
surfaces or upon the relatively small ends, sides, edges of the
sticks and framework of the kite, the edges of the cloth, wire
ties, etc. The skin friction of the wind gliding over the sur-
faces, if considered, is to be ineluded here also. The resolu-
tion of this composite force into its several components and
the analysis of their separate effects is a question in itself.
(2) The attraction of gravity for the kite. (3) The tension
of the string at the kite, that is the restraining pull of the
line. (4) The attraction of gravity for the string. (5) The
pressure of the wind against the string.

Kite strings.—Inasmuch as the first requisites for kite flying
on any extended scale are a convenient reel and plenty of string
or line of adequate strength and quality to hold the kites, it
will he appropriate to first dispose of some exceedingly im-
portant questions relating to the string.

The properties of most importance in determining the fit-
ness of a given material for kite strings are (1) strength,
(2) weight, and (3) diameter of the cord, that is, the amount
of surface exposed to the pressure of the wind. Generally
this last factor—the action of the wind on the string—has
been quite ignored or, what is worse, if considered, has been
regarded as too small to be of any importance. Such is far
from heing the case, especially in lofty flights, in which case
we must deal with thousands of feet of line.

The size of string generally used in flying kites tandem
measures at least one-tenth of an inch in diameter. The area
of the longitudinal section of such a string equals a square
foot of surface for each 120 feet of running length, that is to
say, 44 square feet of surface to the mile. Even though the
exterior surface of the string has a rounded form, yet the
length we are obliged to deal with in a given case is so great,
and a great portion of the string is set at so steep an angle
across the direction of the wind, that we must not for a mo-
ment assume that the wind pressure on all this surface is too
small to be worth considering or that the string can escape
being depressed toward the earth by the wind to a very con-
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siderable extent. Every one perceives with the eye the very
great effects that gravity is able to produce on a long piece of
even very fine string, and we all know how great the tension
must he to stretch a long piece of string until it is even ap-
proximately straight. The actual disturbing force of gravity
1 operation in such cases is a very feeble one; much feebler,
indeed, than the pressure the wind may exert on the same
string. If one is skeptical of this statement let him try the
following simple but crucial experiment: Take several feet
of gilling thread, or similar fine string, such as would bé used
for flying small kites. Suspend this in a slack loop with the
ends on about the same level. If no wind is blowing, the
loop will hang in a vertical plane. If, however, the string he
suspended where freely exposed to the wind and so that the
loop hangs directly across the direction in which the wind
blows, the loop will no longer hang in a vertical plane, but
will be blown strongly to one side and assume a steeply-
inclined position. In fact, with string as light and fine as
gilling thread the loop will be blown out quite horizontally
with only a gentle breeze. In this experiment the wind and
the force of gravity are the only external forces, aside from
the reactions at the fixed supports, which affect the position
of the string. The wind acts horizontally, gravity acts verti-
cally, and the loop of string takes an inclined position inter-
mediate between the horizontal and vertical. If the two
forces are equal, the plane of the loop will be inclined 45° to
the horizontal. The observed fact that the string, in many
cases, i1s forced by even moderate winds to a much higher
angle than 45°71s very significant. It means that the pressure
of the wind on each elementary portion of the string is much
greater than the weight of an equal portion of the string.
The fact that the string in the loop is under very feeble ten-
sion, whereas a kite string is under great tension, does not in
the least alter the fact that the pressure of the wind on the
string is equal to or greater than the attraction of gravity.
Furthermore, the fact that the kite string hangs in the direc-
tion of the wind, instead of across it, can not annul the effect
of the wind, which in such a case is superimposed upon the
effect due to gravity, and quite escapes detection by simple
methods. In fact, the effect we observe with the eye is com-
monly regarded as due to gravity alone, whereas it is really
the effect of hoth gravity and the wind. The thoughtful in-
vestigator will derive a valuable lesson from a few experi-
ments of the above-described sort with strings of different
sizes.

Enough hag heen said to show that in selecting a kite string
the diameter of the string may be of even greater importance
than its weight.

The judicious selection of the kite string and the adoption
of correct methods for uniting its different portions, or for
attaching it to the kite, are impossible without a compiete
knowledge of the strength of the string itself, and of the
knots, splices, and other junctions employed.

The testing apparatus described below was hastily impro-
vised for service in the Weather Bureau work, but proves so
simple and useful that others may wish to make and employ
a similar one in their own work.

Two pieces of square steel, 4, B, Fig. 3, driven through
round holes in a flat bar of iron, convert the 4-foot bar
into a powerful lever with the knife-edge at A for a fulecrum,
and the edge at B for applying the force. The bent pieces of
flat iron, C, D, form at once the stirrup for transmitting the
gtrain from the knife-edge, B, and the jaws within which one
end of the string or wire to be tested is grasped. The clamp-
ing of the jaws 1s effected by means of a small independent
steel screw-clamp. These latter may be procured from dealers
in hardware or tools generally. The support for the lever is
most conveniently made of a stick of wood of the form shown
and adapted to be attached when required to the side of a

bench in such a manner that the long arm of theJever passes
obliquely over the top of the bench. The knife-edge, 4, is
arranged to be supported on suitable metal surfaces at the
top of the stick. At about 24 inches below the end, B, of the
lever, a projection is formed in the hoard. Two iron blocks,
E, F, provided with steady-pins and a clamp, constitute the
jaws for grasping the remaining end of a string or wire to be
tested. The edge of the projection at G has formed within
it a narrow slot or rabhet through which the string may pass,
while the plates, E, F, of the clamp abut against the lower face
of the projection. This arrangement admits of testing speci-
mens of considerable length. The necessary strain for break-
ing a specimen is easily produced by hanging any heavy
weight upon the long arm of the lever. I have employed, for
convenience, one of the Fairbank’s 50-pound standard weights.
In order to graduate the lever-arm so as to indicate the strain
on the specimen in pounds, a rude wooden scale-pan was sus-
pended from the clamp, C D, into which was placed objects
of known weight up to ahout 150 pounds, due allowance being
made for the pan. From the several positions of the sliding
weight, when just balancing the known weights, the complete
gystem of graduation for the lever is accurately determined.
By this device strains of something like 350 pounds can he
produced upon specimens to be tested. This is quite suffi-
cient for kite work. Tests of the strength of strings, wires,
knots, splices, etc., as given hereafter, were all determined by
means of the device described above.

To grasp a specimen so that it shall not slip nor yet be im-
paired in strength, did not prove to be very difficult. The
jaws of the clamps are comparatively smooth. To increase
the holding of these they were occasionally rubbed with pow-
dered resin. For testing hardened steel pianoforte wires it
was necessary in addition to rub the ends of the wire itself
with powdered resin, also to form a kink in the extreme ends
of the wire and grasp the wire in such a manner that these
kinks draw into the sharp angle formed by the slightly
divergent jaws of the clamp at one end. With these expe-
dients for grasping the wire excessive clamping was not nec-
essary, and only occasionally would specimens break at the
edge of or slightly within the jaws,

The following table contains information respecting the
properties of materials that may he employed for kite strings:

TaBLE I.—Properties of materials for kite strings.

2 .| ay
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No. 12 gilling thread......c.cooimiiiiiiiiiiiiiiiennn e 0.032 0.25 30 0.38
Cabledald tWine. ..o eereiecainiiiaiiiririaanresannens 0.065 1.20 62 0.78
Doceernrinnnnn. 0.100 3.8 160 1.2
5 0. 150 7.1 300 1.8
Phosphor-hronze Wire........covvveviiviiiiieiniiinesesn 0.028 2.5 80 0.34
AlUminum Wire....oveveeiiieisirersiriiiasiinironeins 0.0477 | *2.15 *48 0.57
Steol PIANo Wire....oiveiviniiiiiiiiiiiriiiieiiiaiiiiies 0.0°8 215 200 0.34

*Computed from general tables; not directly tested.

Tests of silk strings of suitable size for kites would form a
valuahle addition to this table, but specimens were not avail-
ahle.

From the table we see that aluminum, which many mis-
takenly regard as a peculiarly useful metal for almost every
purpose, is, in fact, the worst material of all for a kite string.
It is not only very much heavier, but thicker and more easily
broken than fine cable-laid twine. On the other hand steel
pianoforte wire is by far the strongest for the same weight
and the most slender of any of the materials tested. The
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tendency of metallic wire of any kind to kink and give
trouble on that account if employed for flying kites is by no
means serious and the little extra pains required to prevent
kinks and rusting, in the case of steel, is well repaid in the
great superiority of steel in every particular. The writer
at once substituted wire for string in December, 1895, and
its admirable fitness for the purpose is abundantly confirmed
by extended experience.

The steel piano wire selected for the Weather Bureau work
mesgsured about 0.028 of an inch in diameter. This is the
size generally employed for deep-gea sounding purposes. In
the use of wire a question of first importance is, how shall
it be spliced? In my early work the wire was spliced ac-
cording to the recommendations of authorities on deep-
sea-sounding. Disastrous results ensued from the parting of
the wire in the splices. Thereupon a thorough investigation
of the strength of splices was made by means of which a form
of splice was evolved that it has been impossible to break.
The single wire either side of the splice will always break
first. Fig. 4 shows a common form of soldered splice, recom-
mended and used for splicing wire employed in deep-sea
sounding. This is & bad form of splice and will, in almost
every cage, break in the middle and at a less strain than re-
quired to break the wire. The only part of the splice that is
at all effectual in resisting strain is the short intertwisted
portion in the middle. Itis plain that throughout the whole
portion, a, b, where one wire is coiled closely around the
other which remains straight, practically the whole strain is
carried, and necessarily must be almost wholly carried by the
straight 'core wire. The solder of the splice can carry only a
little of the strain. The coiled wire in the portion, «a, b, is,
therefore, so much wasted material. The mechanical prin-
ciples involved in splicing a wire by twisting requires that
each part be twisted around a common aris. It is wrong to
twist one part wholly around the other which remains
straight. According to this principle the splice shown in
Fig. 4 is evolved into the splice shown in Fig. 5 by dis-
carding the portion a, b, and elongating the middle portion.
Although not necessary for strength it will generally be
well to take one turn of the wire around the main part at
each end of the splice and taper down the point somewhat by
filing. This will lessen the danger of damaging the splice in
case it drags across the edge of the reel or some rough
hard object, and the splice will perhaps pass more easily
through the hand or through oily cloths which must some-
times he employed to prevent rusting. In not a single case
have soldered splices of this formation ranging from 2 to
2% inches, extreme length, been broken. Fifteen specimen
splices were tested. The wire outside of the splice was broken
in every case at average strains of about 225 pounds. Mini-
mum strength, 210 pounds; maximum strength, 235 pounds.
The solder may be applied to the splice with an ordinary
soldering iron, treating the splice first with soldering acid in
the usual way. A better plan' is to submerge the splice in a
small quantity of molten solder contained in a shallow groove
in a block of wood. By this method there is little danger
of overheating the wire and impairing its temper. Those
familiar with soldering need not be told that the completed
splice must be thoroughly washed with clean oralkaline water
so that every trace of the soldering acid is removed, otherwise
excessive rusting of the wire will quickly ensue. Keeping the
wire thoroughly coated with a film of oil has thus far been
sufficient to prevent rusting. The wire has, however, never
been exposed much to rain and damp.

Inasmuch as the security and strength of the splice de-
scribed above depends upon the wires being evenly and wni-
formly twisted each about a common axis, the twisting is best
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! Described in Deep-Sea Sounding and Dredging, Sigsbee.
Coast and Geodetic Survey, 1880.

effected by using simple tools, such as shown in Figs. 6 and 7.
The wires to be spliced are clamped in the small block of
brass, .4, having two shallow converging saw cuts as indicated
by the dotted lines. The block is fitted with a brass plate
covering the slots and kept in position by steady pins, a, a.
The cover plate is made to clamp the wire in the shallow slots
by means of a common machinist’s hand vise, not shown.
The brass block, B, also cut with slots converging the same as
in A, serves for twisting the wires. The cover on the block,
B, simply confines the wires to the slots without clamping
them. Rotating the block, B, on its longitudinal axis twists
the wires as evenly as can bedesired. If the free ends of the
wire are to be turned once closely around the main wire, this
is effected by means of a tool shown in Fig. 7, which scaroely
needs explanation. The splice is finished by nipping off the
extreme free ends of the wires close down to the main wire
and, if desired, the ends may be further touched up, before
soldering, by careful filing to the form shown in Fig. 5. -

While steel wire is the best material for the kite line, yet it
is not convenient to form a continuous wire connection up to
the kite, especially during the experimental stage of the work
when alterations in the points and manner of attaching the
wire to the kite are necessary. String is peculiarly adapted
for such connecting purposes, on account of its flexibility and
the facility with which it can be tied in knots. Twine of
suitable strength has, therefore, been employed for the bridles
of the kites. To the bridle is also attached a short length
(from 4 to 6 feet) of twine which will hereafter be desig-
nated the “stray line.” By this arrangement of bridle and
stray line any desired adjustment and alteration of the bridle
attachment may be made by means of knots hereafter to be
described. The stray line provides means for readily attach-
ing a kite to, or detaching it from, the wire, still preserving
any desired bridle adjustment.

Correct engineering practice requires that we inform our-
selves definitely concerning the strength of every important
member of a structure. Therefore, when we employ string in
the bridles and the stray lines of our kites we must definitely
ascertain their strength, especially if tied and knotted together.

The question as to how well and conveniently knots answer
their purpose, and to what degree they constitute a weak spot
in the string containing them, is a very interesting one for
investigation. Although string is used in the Weather Bu-
reau work in only a subordinate capacity, yet a number of
tests of strings united by different kinds of knots were made,
and as the results may prove useful to those who employ string
instead of wire for flying kites they are given in the table be-
low. All the tests were made on new cord that had never
been used. The cord was a hard twisted cable-laid twine,
which measured between 0.105 and 0.115 of an inch in diam-
eter and weighed in the slack cord 4.1 Ibs. per 1,000 feet.

TasLE 11.—S8trengths of cords united by various knots.
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The exact structure of the knots will be understood from
the illustrations, Figs. 8 to 16. The so-called “double over-
hand knot ”” was tested hecause it is 8o commonly used by a
novice for uniting two strings, and because it has often been
employed in flying kites tandem for the purpose of forming a
Ioop in the main line, as shown at a, Fig. 8. It is a very bad
knot for the purpose. The * weavers’ knot” or * sheet bend”
is very small and compact, but cuts upon itself badly and is
weak. The “square knot” is much better, but is not always
proof against slipping a little, which, if it occurs under con-
siderable strain is almost certain to result in a hreak at the
knot. The tendency to slip is almost wholly removed by
drawing the parts taut in such form that the loose ends stand
well ont at an angle to the main parts. Do not tighten up
the knot while the loose ends are held parallel with the main
parte.  Fig. 11shows the knot correctly tied.

It seems there may be some difference in the strength de-
pending upon whether a knot is tied with or against the “lay”
of the cord. I have not, however, heen able to definitely dis-
cover a difference of this sort.

The “fisherman’s knot”' called also ‘“surgeon’s knot” by
Eddy and Fergusson of Blue Hill, is compact and compara-
tively strong. The “interlaced overhand knot ” is formed by
tying a simple knot loosely on the end of one string and
passing the end of the other string through and around the
knot in the opposite sense, as shown in Fig. 13. The “inter-
laced figure of Sknot” is formed in a precisely similar manner,
based on the knot shown in Fig. 14. Each of the foregoing
knots draws down exceedingly compact and hard, and it is al-
most impossible to untie them after being strained, especially
the two latter. This ig also true of the “Carrick’s hend.”
The latter, however, is designed to unite heavy ropes, hawsers,
etc., and in such cases the loose ends of the knot are “stopped”
or lashed to the main parts, and in such condition the knot
can not jam. Occasionally the knots enumerated from 1 to 8
in the table will sustain a strain that will break the cord, hut
such was found to be rather the exception and generally the
string appeared to break at a weak point.

The king of all the knots, however, is the “ bowline knot,”
not only hecause of its remarkahle strength, which is such
that the cord itself will break at a high strain while the knot
holds in the majority of cases, but from the adaptability of
the knot to a variety of purposes and from the fact that it
never slips and can be untied with the least possible effort,
even after sustaining excessive strains. Fig. 16 shows the man-
ner of uniting cords by this knot, and although for this pur-
pose it is less compact and neat than other knots, it is exceed-
ingly trustworthy and can be depended upon to nearly or quite
the full strength of the cord. It has no equalfor uniting two
cords differing in size. It will never break at the point, «,
which I was at firet inclined to regard as a weak spot. This
knot is so excellent that its use is strongly recommended.
The successive steps in a simple manner of tying it will be
given, as the beginner may find some difficulty in forming the
knot easily with no other guide than Fig. 16. The first step
is to form a simple overhand knot, held as shown in Fig. 17;
by a dexterous turn of the fingers the knot is brought to the
form shown in Fig. 18, and finished by passing the end behind
the main part and through the eye, as shown in Fig.16. The
act of tying the knot is one continuous motion. In drawing
the knot taut it is not necessary or desirable to tighten up the
crown (a, Fig. 16,) of the knot very much. To untie the
knot the crown is first drawn over in amanner to free the knot,
whereupon the whole is easily undone.

As already mentioned, when wire is used as the kite line,
string need he employed only for bridles, stray lines, and
other short connectors. The end of the wire is formed into a

!Chamber’s Encyclopedia. New edition, New York, 1892.

small eye which incloses an eyelet, as shown in Fig. 19.
The string from the kite is attached to this eyelet by means
of a bowline knot. A number of actual tests demonstrated
the superiority of this knot for forming this junction.

While discussing knots it will be well to dispose of the
matter and describe the manner of tying the bridle to the
kite sticks and of adjustably attaching the stray lines to the
bridle.

Fig. 20 illustrates both these conneetions. The clove-hitch
reinforced by one or two half hitches of the loose end of the
string around the main part of the bridle seems to answer
every purpose for securing the hridle to the kite stick. I
have heen unable to discover a more excellent method of
attaching the stray line to the bridle than by means of a bow-
line knot, the loop of which forms with the bridle a square
knot, a, Fig. 20. The knot cannot slip in use and even if
excessively strained it can be loosened with the slightest effort
and in such a manner that the pointof attachment can be easily
shifted by any definite and precise amount. The simplest
way of forming the equare knot hetween the loop of the bowline
and the bridle is to tie the bowline first, independent of the
bridle, then pass the loop of the bowline around the bridle
and draw the end of the stray line, which will generally be
free, through the loop of the bowline, forming the knot shown
in Fig. 21. This is easily converted into the square knot
shown in Fig. 20. The complete arrangements of bridle and
stray line was repeatedly tested with the result that the ar-
rangement was fully as strong at every part as the cord itself.

It still remains to describe what methods have been
developed for attaching kites in tandem. Where string is
employed for the kite line a simple loop knot, a, Fig. 8§,
may be formed at any point desired. Asalready pointed out,
and as shown in Tahle 11, if this knot is tied in the manner fig-
ured, the strength of the line is thereby weakened in a very
serious manner. As it is plainly very bad practice to impair
the strength of hundreds of feet of strong cord simply by one
or more weak knots, it is also plain that those who employ
string for the kite line need a method much better than that
just described for forming a loop or other device by which the
following kites of a tandem may be attached to the main
line. The importance of this little matter is still more ap-
parent when we consider that if a single one of these knots
or loops forms a point in the line which is 33 per cent
weaker than the weakeat place in the cord itself, a condition
which the tests show is easily possible, then to safely sustain
a given strain the entire length of line involved must be 33
per cent stronger, that is, approximately 83 per cent heavier
than would be required if the strength of the cord was not
thus impaired by loops. The weight and size of the string
are of such vital importance in flying kites to extremely
great elevations that bad practice of the kind just pointed out
can not for a moment be tolerated.

The foregoing remarks apply equally in determining what
arrangements will be admissible for attaching tandem kites
to wire. Every device that impairs the normal strength
of the wire must be ruled out. In speaking of the several
kites forming a tandem it will be convenient to designate the
top kite as the leader, or pilot, kite. The others may he
called subordinate kites or followers, and the line of wire
leading up from the reel will he called the main wire, or main
line, while the relatively short hranches leading up to the
subordinate kites will be spoken of as secondary lines.

An angle in the continuity of the main line is formed at
any point at which a secondary line is attached. This angle
varies from moment to moment with the ever changing wind
forces on the different kites. If wire is used and Hexibility
is not provided for at the point of attachment, or other
means adopted to obviate ill effects from bending, then it is
only a question of time bhefore the strength of the wire will be
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impaired. The writer has not been able to conceive of a
clamp for this purpose that is entirely free from serious ob-
jections. After discarding loops of string firmly lashed with
waxed twine to the wire he las, however, adopted the eyelet
arrangement shown in Fig.22. In addition to forming a
perfectly flexible point of attachment, the strength of the
junction, with double twisted wires either side of the eyelet,
is stronger than the wire itself, as shown by actual tests.

Steel wire of the same size as the main kite wire is also em-
ployed for the secondary lines. The length ranges from 100
to 150 feet, with an eyelet in each end, as shown in Fig. 19.

The connection of the secondary line to the intermediate
eyelet of the main line is made by a short piece of twine tied
to the eyelets by means of the bowline knot.

The intermediate eyelets put into the main line are too
small to present any difficulty in stowing away upon the reel.
The only objection to them hitherto found is that the points
at which attachment to the main line is possible are fixed
and predetermined, and can not be chosen, as is sometimes
desired.

The relative merits of several small kites flown tandem
as contrasted with spreading the same amount of surface
in one or two large kites, will be analytically discussed
later. It may be stated here, however, that although the
tension on the line becomes more and more steady the
greater the number of kites in tandem, yet the gain in steadi-
ness when more than two or three kites are employed is en-
tirely unimportant, and, as will be shown hereafter, a large
kite is more effective than an equal surface in small kites
flown tandem. Based on these considerations the practice at
the Weather Bureau has been to fly but a small number of
kites tandem, and the use of eyelets at fixed points in the
main wire has been generally satisfactory.

One further difficulty has presented itself in the use of wire,
and for which thus far no satisfactory solution has been
reached, namely; if the wire is in a state of internal strain,
such that when stretched it tends to rotate on its longitudinal
axis (and if no provision of a swivel or other device has heen
made for relieving this twisting strain), then under certain
conditions of moderate strain, and at moments when the
main and a secondary line take nearly coincident directions,
the two may intertwist around each other for a length of
many inches, but be again violently untwisted more or less
completely when & condition of stronger winds and heavier
strains prevail. It is needless to say that such action threat-
ens to impair the strength of the line.

Swivels are believed to be of no avail to obviate this diffi-
culty. In the first place they must be capable of resisting a
strain at least as great as the unltimate strength of the wire.
Made in the ordinary way the friction, owing to heavy strains
that would occur in use, would wholly prevent their effectual
action. A ball-bearing swivel would, we believe, not be much
better. Moreover, even supposing an effective swivel avail-
able, as rotation of the kite wire can not take place across
the angle formed at the point of attachment of a subordinate
kite of a tandem, it would be necessary to provide a swivel at
each point of attachment of a secondary line. The winding
of bulky ball-bearing swivels on the reel presents a serious
objection to their introduction.

From the foregoing statements and data respecting "the
materials and arrangements which form the kite line, it
will be seen that the maximum of strength with the mini-
mum of weight and surface exposed to wind action is ap-
proximately attained by the use of steel wire. With the
arrangements recommended, there will be a uniform strength
throughout, with no inherently weak points of construction
nor portions of unnecessary strength, and, therefore, un-
necessary weight. The main wire is expected to withstand
the united pull of several kites, and must, therefore, be
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stronger than the bridles, stray lines, etc. These latter,
when made of the cable-laid twine employed in making the
tests given in Table II, are, as shown therein, stronger in
proportion to the strains they must sustain than the wire
itself. The excess of material and weight involved in this
excess of strength is very small, however, and of no import-
ance. For small-sized kites smaller twine may be safely
employed.

The following table contains the results of tests upon
splices, eyelets, and other members that go to form the line
by which a kite or tandem of kites is anchored to the earth:

TaBLE III.— Ultimate breaking strength of members of kite line.

5 = H2e | =
2 Tl mm | @
18| & | EE| 2
Number of test. 2 i Bl ER ) ER
3 =] e - ~'R
= B 2
z 3 T g3 | 5°
% D —
2 S B BB | E
173 i = 7} 7
Lbs. Lbs.
225 184
210 194
225 188
208 198
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25 1. 194
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P 202
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The reel—The reel required for the proper management of
either the kite wire or string will need little or no descrip-
tion, except in respect to particular adaptations, and espe-
cially in regard to the means employed for measuring the
total length of the wire or string and the length paid out to
the kite at any time.

It will frequently be necessary, when flying kites in light
winds, to keep the kite afloat by reeling in the wire more or
less rapidly. For this purpose experience has shown that the
circumference of the drum of wire or string should he scarcely
less than 5 feet. A much larger drum than this, where it 1s
to be operated by hand, will prove difficult or, at least, incon-
venient to manage when the wire is under considerable strain.
Moreover, it is desirable to avoid the use of multiplying gear,
such as would be required with very large drums in order to
secure adequate power for the purpose of winding in kites by
hand when exerting strong pulls. A drum 18 inches in di-
ameter operated by two hand cranks, each 15 inches long,
represents something over a threefold reduction, which in the
large majority of cases will prove ample.

A very interesting phenomenon connected with flying kites
with wire is the electrification of the wire. To he able to oh-
gerve effects of this sort, it is necessary that the reel of wire be
insulated, which is accomplished satisfactorily if the drum is
made of heavily shellacked wood. The core of the drum must
be made very strong, to avoid the enormous crushing pressure
incident to winding in turn after turn of the wire under
heavy strain. For the same reason the flanges must be com-
paratively thick, to prevent flexure, and strongly riveted to
the core, to prevent being forced asunder,

Fig. 23 shows the second reel employed in the Weather
Bureau work. Our first reel was only 12 inches in diameter,
and proved to he too small, and the flanges were too weak.
About 10,000 feet of wire forms a layer on the large reel a
little over 0.4 of an inch deep.

The inside end of the wire on the reel comes through the
flange to the button, a, which can he electrically connected to
the earth hy the switch, A.

For the purpose of indicating the number of rotations
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made by the reel the axis is provided with a suitable worm,
arranged to actuate the dial mechanism of an ordinary ane-
mometer. The length of wire corresponding to any par-
ticular dial reading is obtained by means of a numerical
table, the computation of which will be explained later.

The carriage upon which this reel is mounted is shown in
Fig. 24. It is the same carriage employed by Mr. Potter in
his work with string. A central bolt confines the box, 4, to
the low table, T, but permits rotation thereon, aided further
by castors near the four corners.

The rope brake, b, Fig. 24, which passes almost completely
around the reel in a friction score, or groove, of the flange,
serves perfectly to control the rapid paying out of wire, the
necessary restraint being produced by tightening gently the
slack end of the rope at ¢. The reel being of wood, and,
therefore, but a poor conductor of heat, temperatures suffi-
cient to scorch the rope and wood in the groove have some-
times resulted from the great friction, but no serious difficulty
has been experienced on this account.

When wire is paying out under control of the brake the
rapid rotation of the hand cranks is somewhat objectionable.
To provide them with ratchet connections so that they may
remain stationary when the reel is unwinding, as is done in
some forms of reels for deep-sea sounding purpose, is not
altogether desirable in kite work, as the strain on the wire
is sometimes exceedingly variable. Moreover, a rigid handle
is most trustworthy in cases where it is necessary o control
the reel by the handle for both winding and unwinding.

A common and well known form of spring balance has
been generally employed to ascertain the tension produced
by the kites. One method has been to hook the dynamometer
directly to one of the crank handles, fixing it in such a posi-
tion that the restraint is exerted in a direction closely at
right angles to the crank arm. This method, which is pre-
ferred from the fact that the reel can be guickly disengaged
from any restraint shonld emergency demand, requires that
a reduction factor be applied to the observed dynamometer
reading, depending upon the ratio between the crank arm
and drum radius at the point from which the wire draws.
The ratio is always known for any given length of wire out,
go that the reduction presents no difficulty.

A second method, which measures the tension directly,
consists in arranging the dynamometer to draw over the sur-
face of the drum itself by means of a cord wound partly over
the outer layers of wire, as shown at Fig. 25.

When reeling in distant kites the wire is guided wholly by
shifting the carriage of the reel slightly in azimnth, as may
be required from time to time. We have found the direction
of the wire to remain so nearly constant that this means of
control is ample, and it further avoids any necessity of touch-
ing the wire with the hands, which is liahle to induce rust.
Near the close of the operation, when the kites are but 100
or 200 feet distant, it may be necessary to guide the wire by
hand. As a precaution against rust, the wire in reeling in
is sometimes oiled by causing it to draw through a piece of
folded cloth held in the hand and saturated with oil.

The evaluation of the readings of the dial showing the
number of revolutions of the reel is effected once for all by
accurately measuring in sections a long length of wire as it is
wound upon the reel. In the case of the reel under discus-
sion the length of wire was measured by causing it to pass
around a disk having a known circumference and which re-
volved with the greatest freedom. The disk, in fact, was
mounted upon the spindle of an anemometer, the dial read-
ings of which indicated the number of turns of thedisk. The
tension of the wire was regulated by causing it to pass
between a friction plate of wood so arranged as to guide
the wire in its passage to and from the measuring disk and
at the same time prevent any slipping or shifting of the

wire on the grooved periphery of the disk. The apparatus

is shown diagrammatically in Fig. 26. The observations

for the measurement of the wire are of the following nature:

The end of the wire being passed around the disk and

secured to the reel, note is made of the dial readings to

the nearest tenth of a revolution of the disk and reel,
respectively. Approximate chalk mark subdivisions answer
for the fractions of revolutions. When fifty turns of wire
are wound on the reel, readings of the dials are again noted,
and so on. In addition to noting the readings for each fifty
turns of the wire, readings are also recorded at the end of
each full layer. In winding the wire on the reel, originally,
it is not difficult to lay it on very evenly for a depth of seven
or eight layers, hut splices and other irregularities hreak up-
smooth winding, and after a time definite layers cannot be
formed. It is impracticable, however, to guide the wire in

even layers when reeling in kites. By a preliminary weighing
of several of the sections of wire wound on, and by accurate
determination of their respective weights per unit length ob-
tained by measuring and weighing short samples, the above-
described series of observation may be made to suffice first,
for determining the exact periphery of the measuring disk
and then the length of wire corresponding to any number
of turns of the reel. In this case it will of course be neces-
sary (a) to note the dial readings at the times the splices be-
tween sections pass on to the reel, and (&) to make slight
corrections for the few inches of the wire used in forming the
splices.

To show what variation may be expected in different por-
tions of wire, nominally of the same size, and to present data
from which an idea of the accuracy attained in measuring
the length of the wire by the above-described means, the fol-
lowing observations are quoted :

TaeLE IV.— Weight per unit length of samples of steel musicwire. Nominal
diumeter of wire, 0.028 ¢nch. ’

‘Whole coll.
Sample. Length. | Weight. I}éf}gg{" P:frl ,hs‘l"'_y
Weight. | Length.
Feet. Grms. Grms. Grms. Feel. Feet. -
) 27.335 X343 | 1.0003 1248.9 1251.0 3.1511
: ’lzgg‘.z 3&:3;2 % 2240.0 2%44.0 3.1558
g;ggé }é:% %} 241.0 | 28852 3.1438
. 28. 94 . [}
;})% gfgé _ﬁ:‘;{ Q256.2 2368.6 8.1700
3 . . [}
12_634 11.655 19685 { 2239.3 | 2316.7 8.1502

Mean periphery, 3.1541.
NoTe.—Samples Joined by brackets were cut from outer and inuer ends of the

same coil,

A layer of wire on the large reel contained, on the average,
about 156 turns. All the observations in a single layer were
combined as an average for that layer. The law of increase
of the periphery of the reel, with successive layers of wire is
practically a linear law. A ready and sufliciently exact so-
lution of the observation equations is therefore obtained by
aid of a diagram. The table, V, contains the results for
the large reel.

There is doubtless a slight difference in the average length
per revolution depending on whether the wire is wound in
smooth layers or not, but I have heen unable to definitely
evaluate any difference of this sort, notwithstanding that
what I may call the calibration measurements agree and har-
monize among themselves with considerable precision. More-
over, in using the wire, several thousand feet may he unwound
from smooth layers and wound on irregularly, and it will be
found the dials come hack to the starting point very satisfac-
torily. Differences of a fraction of one per cent may be due to
differences of tension.
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TaBLE V.—Observed and computed length of wire of large reel.
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[To be continued in May REvigw.]
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METEOROLOGICAL TABLES.

By A. J. HENRY, Chief of Divislon of Records and Meteorological Data.

For text descriptive of these tables and charts see p. 16.
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To give some idea of the frequency of tropical hurricapes
a\able is attached giving dates of all that have occurred/on
thd coast of South Carolina for two centuries.

Hurricanes on the coast of South Carolina.

Moon's

Month. age.

Year. Day.

|

mani:‘?..a

all tropical hurricanes
Carolina during the last

the hurricane occurred neg

tides. Of 29 in all, 16 fell st to the spring tides, and 11

the neap.

REPORT ON THE TORNADQES OF MAY 25 IN THE STATE
OF MJCHIGAN, '

By NorxmaN B. CoNGER, Inspector, Wathéy Bureau (dated Detroit, June 22,1896).

The data for this report s gathered from all reliable, avail-
able sources, but the most relialNe data is contained in the
report of the committeq/ on cycl§ne damages appointed by
Governor John T. Rich/to ascerta\n the total damages and
the amount of relief negessary in thg district covered by the
tornado. The report gf this commitdge covers the counties of
Oakland and Lapeer ¢bly, and it is i} this district that the
majority of the damgge occurred, and \rhere the tornado was
most severe. That/report covers the \path of the storm so
fully that it will ngft be necessary to repeat it. Reports were
also received frond the postmasters at Nryden, Utica, Ama-
dore, Fostoria, Qtisville, Oakwood, Or¥onville, Otterlake,
Metamora, Thonflas, and one by Mr. Alexapder G. Burns, of
this office, who jhade personal inspection o} the track of the
storm that pasged over Walkerville, Canada) just across the
river from Defroit. ,

I made a pgrsonal visit the day after the styr.n to Thomas
(Oakland Cgunty) to observe the action of the tornado and
to follow itg path for a short distance and obselye its charac-

drawn Py Mr. E. F. Hulbert, showing the manner \n which
m distributed the debris.

ofpath of the storm was distinctly marked at Rhomas.
gouth side of the storm showed all the trees, housks, and

pat, ‘ which was probably an eighth of a mile in width aYthis
pojnt, the debris was laid to the east. The fence rails
lafd due east and west, and all were laid out as carefull

dbough placed there by the hand of man. No two rails wefe
laNd one on another. On the north side, where the distifict
path was of the same width as the center, the houseg/and
debr\s were all turned to the south or southwest, with/some
few pdeces lying to the west. From conversation with those
who hay visited the whole district, I learned that phe same
charactéistics were observed throughout the lenghh of the
path. It\vas noticed in the center of the path thAt the grass
was pounddd down into the earth as though it ha¢/been washed
into the eardh by a heavy flow of water. The fmall trees on
the south siddof the path were stripped of pheir bark, even
to the twigs, aj\though done by the careful Jand of an exper-
ienced artisan. \On one side of the road w)fich runs north, at
Thomas, the housg of Mr. Kidder was eargled hodily for about
300 feet, and then Ymashed into the earyh, the contents of the
house scattered beydpd finding, while /across the road, some
600 feet to the nort}, the frame hofise of Mr. Copland was
taken free from the s¥one foundatfon, and the debris were
found from 2 to 10 m\es farthe/ east-northeast. All that
was left of his house was\g squarf piano, which was standing
on its side some 200 feet d\rectlf north of the foundations of
the house, one end being pRupded full of grass. One pecu-
liarity of the freaks of this gform was the unroofing of the
post office at Thomas, leavifg\gnly the lower story standing,
and in the window was s{fll dixplayed the weather forecast
card of the day: “Sever¢/local tNunderstorms this afternoon
and to-night; showers followed b\ fair, Tuesday.” The fore-
cast had been terriblyAulfilled in tNis section.

Tornadoes occurred, or windstorma, were reported, at about
6 p. m., local time/and at about 20 Necalities in the follow-
ing counties, as pbpresented on the M\ap: Montcalm, Kal-
kaska, Midland,/Bay, Tuscola, Genese, Lapeer, Oakland,
Macomb, St. (fair, Sanilac, and Wayne) the most damage
occurring in fhe counties of Oakland, Lakeer, and Genesee,
in the order iamed. That in Kalkaska Cou\ty simply cut a
path through the woods, and did not touch afy houses.

The repbrt of the damages from the storm at\Mr. Clemens’,
Macomly/County, has not been received, hut tNe storm was
quite sgvere there, and 2 lives were lost.

Thefreports from all sources indicate that they were 45
liveg/lost, about 100 persons injured more or less sevégely, and
aboit $400,000 in damages to houses, barns, etc. Th¥ report
offthe committee gives also the amount of damage to\grops,
drchards, and fences in Lapeer and Oakland counties orNy.

KITE EXPERIMENTS AT THE WEATHER BUREAU.

By C. F. MarvIN, Professor of Meteorology, U. S, Weather Bureau.
[Continued from April REVIEW.]

I~ the April Review the manner of using steel wire for the
kite line was described and the results of experiments given,
showing the strength and the best arrangement of the wire;
splices, string, and other members composing the kite line.
The means employed for determining accurately the length
of wire unwound from the reel in any case were also given.
We will next consider the action of the forces on kites and
the form and construction of those with which experiments
were made at the Weather Bureau.

General remarks on single plane and cellular kites—Before

.{the writer began work upon the kite problem many efforts

had heen made to reach great elevations with kites of the
Malay type, the construction of which has already been de-
scribed. It was often found that these kites would not con-
tinue to behave properly hour after hour. When several
kites were flying in tandem they would fly very nicely for a
time, but a strong gust of wind or the continued action of
moderate winds would cause some derangement in one or
more of the kites. This would mar the success of the experi-
ment, if it did not bring about some worse result. The real
cause of such difficulties was not fully understood at that
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time. Subsequent experience with other forms of kites has
shown how some of the difficulties might have been avoided.
The general conclusion, however, is that single-plane kites are
helieved to be less reliable than kites of the cellular type. The
latter are necessarily heavier in construction, but the several
sustaining surfaces seem to be disposed in a manner to act with
greater efficiency. The cellular or multi-plane kites are also
far steadier than single-plane kites, and we believe that they are
better adapted than the latter to maintain their equilibrium
under great variations of wind force. On the other hand,
the single-plane kites, on account of their lightness per unit
area,are probably superior to the cellular kites in light winds,
Single-plane kites generally prove to be steadier when the
covering is fitted loosely, so that it bellies backward with the
wind pressure. This looseness, however, is objectionable, for
the reason that it is difficult to make the two halves of the
kite perfectly symmetrical. The covering, which is generally
of cloth, is likely to stretch unevenly with exposure to winds.
The kite thereby becomes unsymmetrical, even while in the
air, and begins to behave badly. Probably no greater source
of difficulty with single-plane kites exists than the uneven
stretching and flexure of the material of the kite. The sym-
metry of the kite is thus impaired. The ill effects of uneven
stretching are greatly aggravated in kites in which the cloth
is necessarily cut on the bias, as is noticeably the case in
kites of the Malay type. Moreover, a nicer condition of sym-
metry is necessary in the less stable single-plane kites than
in the more stable, steady, cellular forms. In these latter,
too, the stretched surfaces of covering material are, as a rule,
rectangular in form. Stretching, therefore, is apt to take
place in a symmetrical manner and is then attended with
little or no ill effect.

From such considerations as these, and the promising re-
sults of a few preliminary experiments with a Hargrave kite,
the writer was led to adopt the cellular type of kite for fur-
ther development. He still hopes to be able to determine
numerically the efficiency of single-plane kites, as has already
been done for the cellular kites, and thereby be better able
to judge intelligently of the relative merits of the two forms.
As yet, however, the necessary observational data have not
been obtained.

ANALYSIS OF FORCES ACTING ON KITES.

Ezplanation of terms—The terms pull, lift, and drift are
frequently employed in connection with kites, and, as con-
fusion has arisen in the minds of some concerning their use,
a full explanation of their meaning appears to be required.

Pull—The force which tends to tear asunder the kite string
is regarded by the writer as the pull of the kite, or the tension
of the string. 1 do not see that any better or more descriptive
words are needed. In the case of a long, deeply sagging 1ine
it is plain that the absolute direction in which the pull ope-
rates is very different at different points along the line, but
always tangent thereto. Moreover, the intensity of the force
is also different. We may, nevertheless with perfect con-
sistency and without confusion, call this force pull or tension
at any and every point. To be explicit in speaking of the
pull, we need to specify also the point at which the tension
is exerted, or the direction in which it acts. We may imagine
the kite to be nearly in the zenith and pull the wire upward
at a high angle. There is nothing in this circumstance to
cause us to change the name of the force under consideration,
as has been done by some. The force is just as much as ever
the pull of the kite, or the tension of the wire, no matter at
what angle it may act. Such expressions, therefore, as the
pull at the kite or the tension of the wire at the reel seem to
me to carry a definite meaning with them.

Lift—The inherent idea conveyed by the word lift, when
used to designate some force, is that of an effort which is

opposed to the force of gravity. In other words, a lifting
force is an effort which is directed vertically upward. The
use of this word in connection with kites will, perhaps, be
made clearer by the following illustration: Suppose the
string from a flying kite be tied to a heavy stone. The pull
of the kite being exerted in an upwardly inclined direction,
the tendency will be to both lift the stone off the ground and
also to drag it across the surface. That portion of the total
pull which tends to raise the stone directly off the ground is
the lift of the kite.

Drift—The foregoing illustration serves also to bring out
the meaning of the word drift, as applied to the kite. That
portion of the total pull which tends to drag the stone hori-
zontally across the surface of the ground ie called the drift
of the kite. It is that effect of the total pressure of the wind
on the kite which tends to canse the kite to drift horizontally
along with the wind. The Kkite must, however, be held in re-
straint against the force of the wind, otherwise the drift, as
a force, does not exist ; if the kite is not restrained, motion sets
up and the drift regarded as a force is greatly changed in
amount.

In the language of mechanics these words are perfectly de- .
fined by saying that drift is the horizontal andlift the vertical
component of the pull.

The lift of a kite is important for the reason that it
measures the amount of weight that the kite can sustain.
Weights to be sustained are usunally attached to the string.
It is a matter of importance at which point along the kite
line a given weight to be sustained is attached, for a little
study will show that the lift and drift have different
values at different points of the line. The more the line
sags between any two points the greater will be the dif-
ferences between the corresponding forces at those points.
Fig. 27 represents a long deeply sagging kite line, and will
serve to illustrate further the relations between the lift,
drift, and pull. At the point A4, for example, the pull is
represented by the line 4, B, tangent to the wire. By draw-
ing horizontal and vertical lines through both 4 and B, the
line 4 L represents the lift, the line 4 D the drift. Similarly,
at « the lift and drift are represented by the lines « ! and a d.
In this case the line a b is made equal to 4 B, that is, the
tensions at the two points are regarded as equal. This could
not be true in an actual case, as the pull at a will always be
less than at 4, depending upon the weight of the portion of
wire @ A. Nevertheless, even though the pull is regarded as
uniform in the diagram, the lift and drift are seen to be
noticeably different. At O, where we have supposed the line
to be horizontal the lift has vanished entirely and the drift
is numerically equal to the pull. At the reel the lift is no
longer a true lifting force; it even acts downward. In other
words, the lift isnegative. If at any point the kite line were
exactly vertical, then the drift would entirely vanish and the
lift would be numerically equal to the pull at that point.
Such cases will rarely oceur as regular working conditions in
practical kite flying for scientific purposes. They are noticed
here merely for the sake of illustration. They represent some
of the conditions that may temporarily obtain where a long
line is out and the wind falls off so much in force that the
wire sags down quite to the ground.

The effect of hanging a weight upon the kite string is
shown at W. The line W P represents the magnitude and
direction of the pull of the string, W (& represents the force
of gravity. W P’ is the resultant of these two forces, and
the direction the string takes below the point I must be
identical with W P’. Moreover, the length of the line W P’
represents the tension in the stnng helow W.

Resolution and combination of forces—To proceed intelli-
gently with the construction of kites a general knowledge of
the action of the forces thereon is necessary. Ior our pres-
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ent purpose we will consider kites of the tailless variety only.
The position a kite takes in the air will depend upon the re-
sultant effect of five forces acting upon it and the string. So
far as the kite itself is concerned we may, however, leave the
string out of account and the two forces affecting it, and
deal only with the forces acting at the kite. In this case
there are three forces: (1) The pressure of the wind on the
surfaces of the kite. (2) The action of gravity on the mass
of kite.(3) The pull of the string at the kite.

When the kite flies steadily in a fixed position these three
forces are in equilibrium. Whenever they are not in equi-
librium some one of them preponderates in a certain sense,
and the kite shifts its position to the right or left, or rises or
falls in such a manner as tends to reestablish equilibrium.
That is, a properly made kite will behave in this way. With
a kite of improper form and badly arranged parts, no matter
how much it darts and shifts about, it is impossible for the
kite to move into and stay in a position where the forces just
balance each other. The conditions may be such that changes
of position do not tend to hring thekite into static equilibrium.
The kite, in such cases, may spin around and around in a
circle whose diameter is sometimes quite small, but often
very great; or, the kite may swing back and forth far to the
right and left without finding a position in which it can fly
steadily. Such kites, generally, will not continue to fly very
long. The oscillations, gyrations, and darting motions which
for a time contribute to maintain flight may either gradually
bring the kite down lower and lower, or some change in the
forces of a marked or critical nature may suddenly end all
flight with & precipitate dash to the earth.

Of the three forces in action, gravity alone is perfectly
constant in amount and direction. The tension on thestring
is a force that exists only as the result of the action of
the other forces. The wind pressure, then, is the only force
which varies independently, and the great problem is to ar-
range the surfaces and bridle of the kite so that it can
promptly, constantly, and easily accommodate itself to the
innumerable and often very great and very sudden changes
which we find to occur in the force and direction of the wind.

Wind pressure on plane surface.—The pressure of the wind
upon the kite surfaces is a very complex force. We are able
to understand its action best by resolving it into component
parts and separately studying the effects of each.

In Fig. 28, A B C D represents, in cross section, a flat rec-
tangular plate exposed to the wind in an inclined position.
The windward and leeward edges of the plate are supposed
to he perpendicular to the paper and therefore at rightangles
to the wind, which is supposed to move in lines parallel tq
the paper. The thickness of the plate has been purposely ex-
aggerated in order to give prominence to the effect of the wind
on the edges of the plate. In kites the edge surfaces are of
relatively small extent, but their influence is large enough to
be important and it is necessary, therefore, to notice the effect
this has on the total pressure. Experiments have shown that
the wind will glide over a smooth surface, such as we have
supposed our plane to be, with great freedom. In other words,
the skin friction is exceedingly slight. Theaction of the wind
upon the surface is, therefore, in the nature of a normal pres-
sure exerted at every point. For if we suppose the skin fric-
tion to be zero, then the pressure at each point due to the
wind will be exerted exactly at right angles to the surface at
that point. In the case of slightly roughened, fuzzy, sur-
faces, such as the cloth used in kites, it may not be strictly
admissible to wholly neglect skin friction. In this case the
air must be regarded as catching upon the roughnesses of
the surface and exerting a slight push or force which urges the
plane along in the direction in which the streams of air are
flowing over its surface. Fig. 29 shows on a larger scale these
forces of pressure and friction as they may be conceived to

act on a single point, P, of thesurface. P’ P represents the
relatively large pressure acting directly at right angles to the
surface; F P represents the feeble force of friction acting
parallel to the plane. From mechanics we learn that the
combined effect of these two forces is the same as that of a
single force represented by the line, @ P, which is the diagonal
of a parallelogram formed on the lines P P and PF. The
total pressure on the whole surface of 4 B is simply the sum
of all the elementary pressures like Q P. If we may neglect
skin friction the pressure of the wind acts at right angles to
the surface. If the skin friction is great enough to require
consideration, then we must regard the wind pressure as act-
ing at a less angle than 90° to the surface. It may be added
here that the wind pressure experienced by a plane surface is
due to the diminution of the pressure of the air on the back,
or lee side, of the plate as well as to the direct impact of the
wind on the forward side. For our present purposes we need
not push the analysis so far as to separate these effects but
will combine them into a resultant pressure on the front face of
the plate.

In Fig. 28 the pressure of the wind at numerous points of
the surface is represented by several small arrows. These
are made longer toward the forward edge, in order to indicate
a fact, brought out by experiments, namely, that the pres-
sures are more intense over the forward portions of an in-
clined plate. This is readily understood when we notice that
the front edge of the plate receives the full force of the wind
which, after having its direction of motion completely
changed and made parallel with the surface, glides easily
over the after portion of the plate without exerting much
pressure. In dealing with pressures of this character we
generally desire to consider the total pressure over the whole
surface. Such a pressure will be called the total normal pres-
sure, or simply normal pressure. By way of excuse for what
may seem to be & misuse of the word normal in this connec-
tion, we may add that although we have already learned that
when we include the effects of gkin frictioh the wind pressure
can not be strictly normal, that is, at right angles to the
inclined surface; yet the friction effect is generally so small
that we may for the present include it in the total pressure
and still designate the combined effects by the convenient
term, normal pressure, without serious inconsistency.

Center of pressure—~—It is not enough to know that the total
normal pressure on a plane is practically at right angles to
the surface; we must also know the magnitude of the force
and the point at which it acts. The point of application of
the pressure is called the center of pressure, that is, the point
at which, if all the forces be concentrated, their action pro-

.duces the same effect as when the forces are distributed and

act at every point of the surface. If the intensity of the
pressure were the same at all points of the plate, then the
center of pressure would be at the center of the surface. It
was shown above, however, that with inclined surfaces the
forces are most intense near the forward edges, therefore the
center of pressure can not be at the center of the surface in
such cases.

Many experiments have been made to determine both the
magnitude and the point of application of the normal pressure
on 1inclined surfaces of various kinds and for different wind
velocities. Exact experiments are difficult to make, however,
and the results obtained from various sources are more or less
discordant with each other. In regard to the position of the
center of pressure it is plain that if the forces are most intense
toward the forward edge of the plate, as indicated in Fig. 28,
then the center of pressure will be more or less forward of
the middle point of the line, A B. (We have supposed the
form of the plate represented by the line, 4 B, to be rectan-
gular, with the front and after edges presented at right angles
to the wind current.) Both the form of the plate and the
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manner in which it is presented to the wind will have much
to do with the location of the center of pressure. Without,
therefore, attempting to.indicate correctly the location of the
center of pressure on the supposed rectangular plate, we may
represent the total normal pressure of the wind on the plate
by some such line as N 0. The angle, 4 O N, will be a trifle
less than 90°, if we include the effects of skin friction. The
‘center of pressure will be on the middle line between the right
and left edges of the plate. It can not be otherwise, for there
is no reason why the pressure of a uniform wind should be
permanently unequal on the right and left halves of the
late.

P Edge pressures.—The pressure on the forward edge of the
plate may be represented by the line, E P, in the same way
that N O has been found to represent the pressure on the under
surface, A B. To ascertain clearly the total effect of the wind
on the whole plate we must combine the forces, N Oand £ P.
This is effected, according to the principles of mechanics, by
prolonging the direction lines of the forces until they intersect
and then constructing the parallelogram, P’ ' Q N'. N O’ 1is
made equal to N O, and P’ 0’ is equal to E P. The diagonal
line, @ O, now represents the total effect of all the wind
forces acting upon the plate, that is, the wind will tend to
push the plate in the direction 0’ Q, with a force which is
represented by the length of the line, 0’ Q. To hold the
plate in equilibrium against the action of the wind it should
be sufficient to introduce another force equal to O’ Q and op-
posed thereto, as the force 0’ ', for example.

Fig. 80 represents the action of the wind on the edge of a
piece of cloth thickened by the cord in the hem to strengthen
the material. The pressure of the wind on the rounded edge
will tend to push the edge in the direction 4 P. The combi-
nation of this force, with the normal pressure represented by
N O (only a part of the surface is shown) may be effected by
means of the parallelogram of forces O’ N’ Q P, Here,
again, the line 0’ @ represents in magnitude and direction,
the total effect of the wind on the surface in question.

In Fig. 30 the normal and the edge pressures are combined
at the point O', obtained by the intersection of the lines ¥ O
and E P prolonged. This method is adopted in order to sim-
plify the diagram. We are not to infer that the resultant
pressure necessarily acts through the point 0. The edge
pressure, E P exists primarily as a tension in the cord in the
hem of the cloth, and as such is communicated to the sticks
of the kite. The precise manner of combining the forces in
order to locate correctly the point of action, O’, of the re-
sultant will require special attention according to the condi-
tions of a particular case, and need not be now considered.

Resultant pressure.—~We have already designated the pressure
represented by the line N Oas the total normal pressure. We
will now adopt the expression total resultant pressure, or simply
resultant pressure, as the name of the combined effect repre-
sented by the lines 0’ Q in Figs. 28 and 30.

The important point it is designed to bring out in the fore-
going treatment of the several pressures upon a plate is to
show: (1) that the general pressure over smooth and ex-
tended plane surfaces may be regarded as practically normal
to the surface, and (2) that the total resultant pressure on all
surfaces (including the edges, sticks, struts, and other mem-
bers, necessarily parts of the kite structure) is always in-
clined more or less away from a normal, as indicated by the
lines O’ Q, in the figures.

Thus far we have virtually supposed the plate to be per-
fectly flat, but kite surfaces, especially when made of paper
or cloth, will rarely or never he quite flat, and the effects of
curvature must, therefore, also receive our consideration.

Presgsure on thin, curved surfaces—The kind of curved sur-
face commonly met with in kite work is simply the arched
or bellied-out surface which results from the pressure of thz

wind on the more or less loosely-fitted cloth or paper cover-
ings. This looseness is oftentimes intentional, for the reason
that experiments show that the total pressure on inclined
arched surfaces is greater than on the same extent of flat
surface. In Fig. 81, let A B represent a section of an arched
surface, such as might exist in a kite. The curved line, 4 B,
may be regarded as the path followed by a particle of air as it
flows across the surface from the front to the rear edge. Here,
again, so little is certainly known of the exact nature of the
pressure of wind on such a surface that we cannot indicate
its character correctly nor locate definitely the position of
the center of pressure. In the case of a plane surface we
found that the total pressure acted sensibly normal to the
surface. In the case of arched surfaces we do not know
certainly in just what direction the total pressure acts.
Lilienthal, who has done so much to advance the art of
flight with wings, has made a great many experiments from
which he has deduced hoth the magnitude and direction of
the pressure on arched surfaces.! His methods of experi-
ment, however, and the results, especially in respect to the
direction of the force, are affected by an error pointed out
by A. v. Obermayer.” While it will scarcely be possible in
a given case to predict what direction or at what point the
total pressure is acting, yet we may state approximately
that the center of pressure, generally, is forward of the mid-
dle of the arch, and the direction of action is at an angle of
more than 90° to the chord of the arc. The line, N O, may
be regarded as indicating the resultant normal pressure. The
angle, 4 C N will generally be greater than a right angle.
As in dealing with pressures on plane surfaces we may still
consistently designate the total pressure on arched surfaces
as the normal pressure, for the reason that it may be con-
ceived to be the sum total of the forces acting normally at
every point of the arched surface. The curvature which
Lilienthal finds from his experiments to be the most effective
is that which makes the height of the arch about one-twelfth
of the chord.

The foregoing analysis of the wind pressures on surfaces
has been carried out in considerable detail hecause these mat-
ters are of fundamental importance in arriving at a clear un-
derstanding of the action of the kite. One can not ignore
them and at the same time proceed intelligently to improve
and perfect kites.

Effect of waviness, or fluttering.—It often happens, especially
with some forms of kites, that the cloth fails to remain
taut and smooth, but forms a series of waves flowing in the
direction in which the wind moves over the surface. A sec-
tion across a surface of this character will have some such
appearance as shown in Fig. 32. The action is oftentimes
very pronounced, and the kite emits a comparatively loud
sound, due to the rapid fluttering of the cloth. The effect of
this is a matter of serious consequence. The wind presses
strongly upon the windward sides of the waves, and thereby
tends to push the surface along in the direction 4 B. Sup-
posing the surface free of waves, the resultant pressure might
be represented by such a line as O Q. If, however, the wavy
condition prevails, the resultant pressure will take such a
direction as O .

Whirls, or eddy effects.—There is another respect in which
the action of the wind on the kite may he objectionable in
character, that is, may tend to depress the kite or drag it on-
ward with the wind. In the absence of a better name this
may be called the whirl or eddy effect. In some forms of
kites a greater or less portion of the whole current of
air affected by the presence of the kite is bhroken up into

! Ders\’ogelﬂug als Grundlage der Flugekunst. Otto Lilienthal. Ber-
lin. 1889.

*Sitzungsberichte der Kaiserlichen Akademie der Wissenschaften,
Vienna. October, 1895.
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numerous whirls and eddies. These may be formed when the
air flowing against the kite is suddenly stopped, or when its
movement is abruptly changed and diverted to a new direc-
tion. Angles and changes in the continuity of the surfaces
such as formed by the presence of the cross stick in the Ma-
lay kite, for example, and other causes that prevent the air
from flowing easily and by smooth changes of motion over
and past the kite, will give rise to eddies. Whirls of marked
character exist over the leeward surfaces of the kite. Strong
eddies may thus be set up at numerous points adjacent to the
body or surfaces of the kite. It is possible, and indeed quite
probable, that some of these may remain nearly stationary in
certain favorable spots. Such eddies or whirls, in a certain
sense, may have much the same effect as ohstructions to the
flow of the air. Quite as much of an obstruction may be thus
formed as if an excrescence of rigid material were placed on
the kite at one of the points in question. In cellular kites
generally the cells are virtually short tubes through which
large streams of air must flow. Pronounced eddy formations
within these tubes have much the same effect as real ohstruc-
tions by which the flow of the air is as it were choked up.

We can not attempt here to analyze in detail the action of
these eddies. The illustrations employed above to aid the
mind in forming a conception of some of theireffects are known
to be faulty and imperfect and open to the criticisms of the ex-
act physicist. Nevertheless, we perceive, by the aid of the
comprehensive principle of the conservation of energy, that
the power required to form these eddies and maintain the air
within them in rapid motion must he derived by reaction
from the kite and its string. The necessary reaction can he
derived from the kite only when its angular elevation is de-
pressed in consequence.

It, therefore, results that when eddy effects are present with
a given form of kite, any modification that will eliminate or
lessen the eddies will enable the same kite to obtain a hwher
elevation, other things remaining the same.

We have already said that the equilibrium of any form of
kite depends upon theaction of three forces, one of which is the
wind pressure. In the foregoing discussion we have aimed to
show the complex nature of the force that we call the wind
pressure. We will next endeavor to show the conditions
which exist when equilibrium is established hetween the forces
in question. It is well known by experience that a condition
of equilibrium is possible between the forces which act on a
well built Malay kite, therefore we will first select this form
of kite as the subject of our analysis. As seen from the
front, the kite appears as shown in Fig. 833. The surface is
far from being flat. The line 4 B is straight, but C Dis
bowed forward, as indicated by the curved dotted line, C D,
Fig. 34. Owing to its looseness the cloth is bellied backward
by the wind pressure so that in a cross section on a line such
as ¢ d the kite appears as shown in Fig. 34. Similarly a sec-
tion on a line such as a b appears as shown in Fig. 35.

The kite is held in restraint by means of the bridle which
is attached only to the midrib of the kite. In certain respects,
therefore, we may regard the midrib as a fixed axis about
which the kite may tilt laterally more or less. We will first
consider the equilibrium of the forces on the lateral halves of
the kite.

Lateral stability—In the case of loosely fitted coverings,
the arching back of the surfaces in the manner indicated in
the drawing is very pronounced, and tends to increase the
stability of the kite against tilting edgewise to the wind.

The .two halves of the kite either side of the midrib, 4 B,
must be made very carefully, equal and similar in all respects.
When so made, the pressures, acting as indicated in Fig. 34,
will just balance each other in a uniform wind, and the kite
will then poise on what we may call an even. keel. When,
however, from variations of the wind, the pressure on one

side becomes greater than that on the other the kite is tilted
over to some extent. The wing which momentarily received
the greater pressure is moved laterally into a position of less -
inclination to the wind, and the intensity of the pressure is
thereby diminished; whereas, the opposite wing being placed
by the tilting in a position of greater inclination to the wind
receives a corresponding increase of pressure and a balance
between the opposing forces on the two wings is still pre-
served. If the covering of the kite is taut, so as to remain
flat, the cross-section on ¢ d will appear more nearly as shown
in Fig. 36. A kite with such a surface ig also able to preserve
a condition of equilibrium hetween the pressures on the two
wings, for the surfaces by tilting more or less assume different
degrees of inclination to the wind, and within reasonable
limits a condition in which the forees are balanced is possible
at all times. The bending bhackward of the lateral wing
surfaces so as to form a dihedral angle, as shown in Fig. 36,
lessens slightly the angle of inclination of the surfaces to the
wind. The lifting effect in such a case is, therefore, less than
with the same surface not so inclined, for it is plain that if
the two wings were hent backward to such an extent as to
meet each other, all the lifting effect would he gone. The
slight loss in lifting power which occurs for the reason here
given is, as it were, the price we must pay for the stability
imparted to kites of this type. The amount of bending back-
ward ought to be no greater than is required to contribute a
suflicient safe-working stability.

If, however, the cross stick of the kite is not howed or in-
clined backward in any manner and the covering is taut, the
whole surface of the kite will be sensibly flat. Made in this
way, the kite will he found to have lost all its lateral stability.
Tilting sidewise does not, as formerly, restore the balance of
forces, for, with a flat surface, a change of inclination affects
the pressure on the whole surface in the same way, and there
is no tendency for the tilting to produce a halance between
unequal forces on the two halves of the plane. A perfectly
flat kite of a single surface can not, therefore, be made to fly
of itself. Tails will be required and other artifices must be
adopted to keep it poised in the wind in a flying attitude.
Even approximately flat surfaces, however, rarely or never
exist in kites as ordinarily made. The wind pressures bend
the sticks and belly ont the covering in nearly all cases to
such an extent and in such a manner that at least a slight
condition of automatic stability is imparted to the kite.

We have explained in the foregoing how the forces ou the
lateral halves of the Malay kite surface automatically balance
each other, even when the wind pressures are not uniformly
distributed. We will next consider the equilibrium of the
forces in a longitudinal sense, or in the fore and aft dimension
of the kite.

Longitudinal stability—We have already mentioned that
the kite is Testrained by means of the bridle attached only to
the midrib. We need to now consider how the pressures of
the wind upon the cloth surfaces are communicated to the
members of the structure and finally to the midrib itself.
The fibres of the cloth can resist the pressure of the wind
only by virtue of tensional strains. Referring again to Fig.
34, the arched surfaces of the cloth there shown are under
considerable tension, which, at the midrib, E, is exerted in
the directionsof the tangents E T'and E 1". There are similar
tensional forces at 'and D, which act upon the cord forming
the perimeter of the kite. These strains are communicated
in turn to the extremities of the two sticks, thus reaching the
midrib directly or by means of the cross stick. The effect
of the two forces, X T" and K T, is equivalent to a single
force, E P. By a similar treatment of the reactions at the
several portions of the kite frame, it will be found that all
the forces may be concentrated upon the midrilh. Let A4 B,
Fig. 37, represent a side view of the midrib with the bridle
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attached. From what has preceded, it will be easily under-
stood that the magnitude and direction of the total resultant
pressure of the wind upon the kite may be represented by
such a line as @ 0. . The center of gravity of the kite may
always be found by well-known methods. Let ¢ be the posi-
tion of the center of gravity, then we may represent the weight
of the kite by the line g w. The combined effect of both
gravity and the wind is now found by means of the parallelo-
gram of forces, O' @' R G. The force represented by the line
O’ B is the resultant effect of both the wind and gravity on
the kite. The kite can be in equilibrium only when the string
pulls in line with the force O’ B and through the point 0,
The string from the bridle must, therefore, take the position
and direction shown,viz, ' F L,and the tension on the string
must be numerically equal to the force 0" R.

Diagram of forces—Fig. 37 is a typical diagram of the action
of the forces on any kite. Such a diagram, especially that
part including the parallelogram, O’ @' R G, and the string,
L F, will hereafter be designated as a diagram of forces. We
have mentioned before that the force of the wind is the only
force that varies independently; that is, the line O @ in the
diagram requires to be made not only of different lengths, to
represent, from moment to moment, the changing intensity
of the wind force, but both the direction of the line, in rela-
tion to 4 B, and the position of the point O, are algo con-
stantly changing in correspondence with changes in the
direction of the wind in reference to the kite. These changes
of direction are partly real changes in the wind, but are also
due to changes in the angle of incidence of the kite. The
angle a in the diagram may, for present purposes, be regarded
ag the angle of incidence. ,

To follow a little further the action of the forces on the
kite, let us suppose the wind pressure to increase in intensity
without change of direction or point of application. Let the
increased pressure he represgented by the line O’ Q”. The new
resultant of the forces of wind and gravity will be the line
(0 R'. The pull of the string acting through the point O’ is
now no longer able to just oppose and halance the new re-
sultant O’ R’. These two are inclined to each other at a slight
angle, instead of being exacfly opposite in direction. Re-
sorting again to the well known method of the parallelogram
of forces for combining the now unbalanced forces on the
kite, we find that there exists a small unhalanced effect,such
as indicated by " M, which urges the kite forward and up-
ward in the wind. (To avoid confusion, the lines of the par-
allelogram are omitted from the drawing.) The movement
which results from the action of the force O’ M causes several
changes of conditions, thus, the angle of incidence changes,
the direction of the string is made steeper; the point of ap-
plication of the resultant wind pressure shifts and the force
also changes in direction. By means of these changes new
conditions are established in which complete equilibrium of
the forces again results. .

We may now see the reason for using the bridle £ F' B,
If the string were tied directly to the kite at F’, for example,
the kite could be in equilibrium only when the resultant of
the wind pressure and gravity passed through that point.
Tied to the point F' the point of intersection of the string
with the kite can automatically shift and thus accommodate
itself to numerous conditions. Moreover, the tension of the
string acting at ¥ and the wind pressing at O constitute a
system of forces that are in stable equilibrium.

This advantage of arranging the string to draw from a
point at a distance in front of the kite suggests that it he em-
ployed likewise to increase the lateral stahility of the kite.
For example, if £ F, Fig. 38, reprosents the bridle as it is
seen in the end view of the kite, the point ' may be made
fixed in reference to the kite by use of two steady lines at-
tached to points on the cross stick, as at f f. Such, or an
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equivalent arrangement, that produces a fixed point in front
of the kite from which the string may draw, will be of special
advantage in the case of single plane kites whose surfaces are
very nearly flat. : .

For the sake of simplicity it has been assumed in all that
precedes concerning the diagram of forces, that the angle of
inclination of the total resultant wind force, @ O, to the line,
A B, can not be as great as 90°, which, for tlat surfaces, rep-
resents an ideal condition of ahsolutely no edge resistance,
skin friction, ete. This, however, may not necessarily be the
case with arched surfaces, for we have already had occasion
to point out, as shown in Lilienthal’s experiments, that the
total resultant pressure on certain thin arched surfaces may
be inclined forward of the normal to the chord of the arch.
Nevertheless, when ill effects such as those illustrated in Fig.
39 exist, the slight possible advantage gained by the effects
of arched surfaces is more than offset by the defects that have
been pointed out. Our assumption that the angle, Q OB, is
less than 90° for both flat and arched cloth surfaces as ordi-
narily found, can not, therefore, be much in error. Further-
more, there is positive evidence from the experience of every
flyer of the Malay kites that the angle of the total resultant
force, R F" B, can not heas great as 90°. For, the angle, BE F,
of the bridle is generally made at least 90°, and if R F' B ever
becomes as great as 90° it would mean that the lines F L and
E F would coincide. A very slight acquaintance with kite
behavior will convince one that this does®not occur in prac-
tice. The direction of the string at F' L always falls hetween
the strings £ F and B F. '

Up to the present point we have proceeded to draw the dia-
gram of forces as if the force, O @, were fully known in mag-
nitude, direction, and point of application. In practice this
is just what we do not know. It is plain, however, that we
may measure both the direction and the pull of the string at
F L, and also determine its point of intersection with the
kite. Furthermore, the weight and the position of the center
of gravity of the kite are always determinable. Knowing,
therefore, the resultant and one force for any given case, we
are able to work the parallelogram of forces backward, as it
were, and thus arrive at a complete knowledge of the un-
known force, O Q.

Conditions that modify the angular elevation of the kite.—~The |
direction of the string, F' L, that is the inclination of the top
end the kite string to the plane of the horrizon, considered
in connection with the angle of incidence of the kite, is a fun-
damental datum in the analysis and comparison of the he-
havior of kites. When the string, from the ground to the
kite is short and sensibly straight it will be noticed that
the direction of the string at F' L measures the angular
elevation of the kite from the reel. Any arrangement or
modification which can make this line steeper, other con-
ditions remaining the same, will be an improvement, for
it means that the kite will tend to fly that much nearer the
zenith. Bridling the kite so that the angle of incidence a is
smaller will, in general, cause it to fly more nearly overhead,
hut we do not wish to consider this case now for the reason that
lessening the angle of incidence lessens the pull of the kite
at the same time. It is designed to consider here only those
modifications that will increase the steepness of the line F L
without any change of the angle of incidence. We will re-
serve, for future consideration, the question as to what angle
of incidence is best. -

Let us observe the effects of the weight of the kite itself.
In the parallelogram of forces, Fig. 37, the line O’ G repre-
sents the total weight of the kite. If the weight of the kite
can be diminished then the lime O’ (7 will be shorter in rela-
tion to O’ @', and a new resultant, O’ r, will be formed having
a steeper angle than the resultant 0° R. As the kite string
in the new condition must come into line with O’ » we see that



162

MONTHLY WEATHER REVIEW.

May, 1896

lessening the weight will cause the kite, other things remain-
ing the same, to stand at a higher angular elevation. It will
be noticed, also, that the resultant O’ r is longer than O’ R;
that is, the pull of the kite is greater.

There is another respect in which something may be done
to increase the angular elevation of the kite. The line O @
representing the total resultant wind pressure on thekite isnot
at right angles to 4 B. The angle Q O Bislessthan 90°. As
has already been explained the influence which deflects the
line away from the normal ig the pressure of the wind on the
edge surfaces of the kite. It may appear that a kite of the
Malay type presents a very small extent of edge surfaces upon
which thewind can act. However, such is often only seemingly
the case. By referring to Fig. 39, which shows a sectional
view of the kite on such a line as a b, Fig. 33, we notice that
owing to the arching upward of the cloth in front of the cross
stick ¢ D, the greater part of the surface 4 (' D, Fig. 83, is
presented to the wind at a much greater angle of incidence
than the rest of the surface. In a certain sense this triangu-
lar front of the Malay kite as it narrows out to the points C
and D is little else than an edge surface, and the wind pres-
sure thereon is of the same harmful character as upon real
edge surfaces. The normal pressure on this surface takes
such a direction as O N, Fig. 89, and when this force is com-
bined with the other pressures that act more nearly at right
angles to the kite surfaces, the total resultantis inclined away
from the normal mrore than would be the case in the absence
of these harmful pressures. Returning now to Fig. 37 we
notice that any influence which causes the line @ O to incline
backward and away from the normal to the line 4 B will have
the effect of giving a smaller angular elevation to the line F
L, when equilibrium of the forces exists.

The above study of the diagram of forces has thus far led
to two noteworthy conclusions, namely: (1) that changes in
the weight of the kite have a direct effect on the pull of the
kite and cause the angle of intersection of the string with the
kite surfaces to change, thereby changing the angular eleva-
tion of the kite; (2) that the blowing backward and upward
of the loose cloth in front of the cross stick C' D in kites of
the Malay type has a very prejudicial effect upon the angular
elevation of the kite. We may mention with these the fol-
lowing conditions which also tend to lessen theangular eleva-
tion of the kite, namely: (3) all pressures upon the edges of
the kite; (4) the surfaces of the kite may flutter and take
on a wavy character under the action of the wind. Atten-
tion was called to this ill-effect in a previous paragraph;
(5) eddy effects.

Considerable attention has heen given to the effects of edge
pressure, whirls, waviness, etc., all of which cause the total re-
sultant wind pressures on surfaces to take an inclined, rather
than a normal, direction to the surface. In developing the
kite 8o as to reach great elevations, any influence which tends
to deflect the resultant wind pressure away from the normal
to the kite surfaces tends to depress the kite away from the
zenith by the same angular amount, and one most important
point, therefore, in which to improve the kite is to diminish
and eliminate, as far as possible, the edge pressures and all
similar effects.

It is plain, therefore, as a result of the foregoing develop-
ment of the ill-effects due to certain features of kite con-
struction, that the expert designer must aim not only to make
his kites as light as possible, but all waviness and fluttering
must he suppressed, and all those influences which tend to
deflect the direction of the total resultant pressure away from
the normal be eliminated and diminished as far as possible.

We are now brought to the statement of a very important
principle, the significance of which will more fully appear as
the study of the action of the forces upon the kite is carried
further, The principle hasto dosolely with the direction, rela-

tive to the kite, in which the wind pressure actsuponit. The
magnitude of this force is a matter for separate consideration.
The principle may be stated as:follows: The condition of ideal
efficiency (that is, an efficiency of 100 per cent), in the action of
wind forces upon a thin plane surface, obtains when the total re-
sultant pressure ig exactly normal to the surface. The line Q 0,
Fig. 28 will, in theideal case, form a right angle with ¢ Dand
be in the planeof the paper. With material plane surfaces the
angle Q O’ P’ will generally be less, it can not be equal to or
greater than a right angle. We have seen that with an
arched surface the resultant may make an angle greater
than 90° with the chord of the are, but we are unable for
the present to extend the above principle to the case of
arched surfaces, as thus far no sufficiently exact knowledge
of the direction of the resultant pressure exists to justify a
statement of itslimiting direction in the ideal case. In the
development of the kite for the purpose of reaching very
lofty elevations, the action of the wind upon it should ex-
hibit the highest possible efficiency as the word is defined in
the principle enunciated above. All those actions or effects
which tend to incline the resultant away from the normal
will cause the kite to be correspondingly depressed in angu-
lar elevation.  Since for meteorological purposes, other things
remaining the same, we aim to secure the maximum possible
angular elevation for the kite, those effects which tend to
depress the kite in angular elevation are of a harmful charac-
ter and it will be convenient, hereafter, to employ the word
harmful in this sense.

It will not he appropriate in the present article to discuss
the diagrams of forces for different cases of wind force and
direction, nor to .develop the best arrangement of bridles,
etc. Many experimental difficulties are encountered in seek-
ing exact numerical solutions for ordinary practical cases,
and many observations are required. The writer having in-
dicated, in a general way, how the action of the forces affect-
ing the kite may be studied, hopes that experts at work on
the problem may test these ideas, pointing out errors and
defects that doubtless exist, but especially that they may set
about securing the observational and numerical data which
are so much needed in order toconvert the kite, hitherto almost
without exception the toy of boys and men, into the highly
efficient and useful piece of scientific apparatus which it
seems destined to hecome.

FORMS AND CONSTRUCTION OF THE WEATHER BUREAU KITES.

The modification of the Hargrave kite, devised by Mr, Pot-
ter, and which we have called the diamond-cell kite, was
extensively tested in our first experiments. The details of
construction of this kite have heen minutely given in the
MontHLY WEATHER REVIEW for November, 1895, and their
repetition here will not be necessary. The kite is shown in
Fig. 40, from which the construction will be understood.
Numerous minor variations were made in the main propor-
tions, and in the dimensions of the sticks, etc. The main
object in view at that time was to reduce the weight of the
kite as far as possible without impairing the strength to such
an extent that it would break when severely strained in the
wind. This was effected by tapering off the sticks and other-
wise shaping them so that the greatest amount of material
was concentrated at the points of the greatest strains. This
form of kite is exceedingly simple of construction and pos-
sesses the advantage of being collapsible for convenience of
storage or transportation.

One defect that may be pointed out in the diamond-cell
kite consists in the presence of the comparatively sharp an-
gles between the cloth surfaces where they meet at the side
edges of the kite. The upper surfaces are greatly sheltered
by the lower surfaces near these side edges, and we can readily
perceive that eddies, whose harmful etfects were pointed out
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in a preceding paragraph, must be present to a serious extent.
The writer devised and tested during December, 1895, two
forms of multiplane kites, in which it was sought to avoid
the objectionable effects of the sharp angles referred to above
and still secure lightness of construction. Fig. 41 shows the
first form tried. The result was a failure, so far as flying
successfully was concerned. The two very small webs of
cloth, a a, were the only vertical surfaces introduced, and
the trial proved that the kite lacked those steady, stable gunal-
ities so generally found in kites of the cellular type. It was
concluded that good results could be obtained by connecting
the outer ends of the horizontal sustaining surfaces with
cloth, so as to form a greater extent of side surfaces adapted
to steady the motions of the kite.

The second form of kite carried out this idea.
in Fig. 42. The only kite made of this kind was unsatisfac-
tory because the frame work proved to be too light. Itsflying
qualities seemed to be as good as those of most of the kites
tested at that time. The side planes are so steeply inclined
as not to form the sharp angles found in the diamond kite.

Further experiments with these forms were resumed on
different and better lines after the studies and experiments
relating to the strength of the wire, the manner of splicing,
measuring, reeling it, etc., were made.

While this work was in progress during the early part of
December, 1895, a great variety of forms of kites were con-
sidered by the writer, even though time was not then availa-
ble to make up and test them. The more important of these
forms are shown in Figs. 43 to 46. Bearing in mind the con-
ditions which ought to be satisfied by a good kite (p. 162), a
brief mention of the points of advantage in the several de-
signs will be sufficient.

Fig. 43 represents a Malay kite with an upper or superior
sustaining surface, «. 1t will also be noticed that the bowed
cross-stick, C D, is in front of the cloth. The object of this
is to eliminate the harmful effects pointed out in connection
with Fig. 389. The presence of the superior sustaining sur-
face will cause the center of pressure to fall back of the mid-
rib and thus tend to increase the lateral stability, which may
be further improved by use of a bridle arranged according to
the principle to which attention was called in connection
with Fig. 38. In order to steady the kite a vertical web of
cloth, or dorsal fin may be required. Both these modifica-
tions are shown in Fig. 44. :

Fig. 45 indicates the application of a relatively weak pro-
pelling apparatus to the line beneath the kite. Such a de-
vice, if not too heavy in proportion to the lift of the kite
and the thrust of the propeller, will, as shown, cause an angle
to be formed in the string near the kite, so that the portion
below the propeller is much more nearly vertical than the
portion next the kite. The advantages of this will be more
fully brought out when we treat later of the properties of
the catenary or the curve formed by the kite wire or string.
The motor is supposed to be operated by energy stored
within, or by electricity, or possibly the necessary energy
may be derived directly from the variations in the wind it-
gelf. It is well known that the wind constantly varies in
force. Imagine the propelling arrangement to be driven by
8 steel spring, it is plain that with the aid of suitable
mechanical devices every time the force of the wind increased
the greater tension on the wire could be made to wind up
the spring more or less. Or, the variations in the wind force
might be made to flap wings in some useful manner. If the
variations in the wind force proved to be inadequate the wire
at the reel might be alternately pulled and slackened so as to
produce counsiderable -variations of tension. These ideas, it
18 believed, possesses some novelty and possible merit.

Fig. 46 shows the original idea from which the kite illus-
trated in Fig. 42 was evolved.

It is shown’

Mr. H. Chadwick Hunter of Washington, D. C., who inter-
ested himself in the kite work of the Weather Bureau, and
who flew kites for his own amusement and outdoor exerciss,
introduced a noteworthy modification of the diamond-cell
kite. This was in December,’1895. A Malay kite was cut in
half lengthwise, and the triangular segments thus formed
attached to the sides of a diamond kite, forming the winged
kite shown in Fig. 47. Considerable additional sustaining
surface is thus gained, with but a slight increase of weight.
Several kites of this type were employed in the Weather Bu-
reau work. In some the wing surfaces were made quite large.
The results, however, were not so satisfactory. Seemingly,
the hest proportions are obtained when the greatest width of
the triangular wing is not more than one-half the longitu-
dinal dimensions of the kite. A greater width than this will
answer well in light winds, but stronger winds are likely to
disturb the symmetry of the kite as a result of unequal
stretching of the material. Kites of this form took the
highest angular elevation of any tested at that time, but ex-
perience showed that they could not bhe fully depended upon
to stand as great extremes of wind force as the kite without
wings. I think there is much merit in this kite, and it seems
probable that by using a heavier and firmer grade of cloth
for the wing surfaces, the effects of uneven stretching of the
cloth will be less serious or of no consequence. Whether the
corresponding increase of weight would detract seriously
from the advantage gained by the addition of the wings can
only be certainly told by experiments.

It is worth noticing that the amount of sustaining surface
in a given kite is a fixed and invariable quantity, notwith-
standing that the kite is called upon, or at least we wish it to
withstand great extremes of wind force. Up to the present
time no attempt appears to have been made to provide ar-
rangements, antomatic or otherwise, for increasing or short-
ening sail. Present practice in kite flying is like sending a
vacht to sea with every sail set and without means for either
reefing or furling them. The air ship, it is true, does not
carry its sailors ahoard, but it is not impossible that it may
in the future. In the mean time inventive genius needs to
provide some means by which the sustaining surfaces of a
kite may be easily varied without proportionate variations of
weight. One kite may thus be adapted to great extremes of
wind force. .

In the literature of kites we find the uge of flexible surfaces
strongly recommended, because, it is stated, the beuding of the
surfaces under gusts of wind eases off the severity of the
strain and is otherwise attended with good effect. We have
in this a means of automatically adjusting the expanse of
sail to the force of the wind. The idea is good enough, in its
way, but when we examine into the degree of flexibility pro-
vided and compute the diminution in pressure resulting from
the maximum possible flexure, it will be found that the pro-
visions ordinarily made will prove entirely inadequate and
that the great advantages claimed are largely imaginary.
The force of the wind at 30 miles per hour is fully nine times
as great as at 10 miles per hour. The supposition that the
flexure of a wing surface of a few degrees can contribute in
any important degree to compensate for nine-fold variations
in pressure, is plainly untenable. We sghall have occasion
later to discuss this point to some further extent.

The winged kite, described above, may easily be constructed
in such a way that the wings may be removed or furled, and
the amount of sustaining surface correspondingly diminished
when strong winds prevail. This is perhaps a first step in the
direction of providing a variable expanse of sustaining surfaces.

Mr. Hunter also devised and constructed the kite shown in
Fig. 48. 'This was very successfully flown early in February,
1896. Other forms of kites proved to he superior, however,
and more desirable in several respects.
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finer wire and soldered ; often, however, they are simply tied
with fine strong waxed twine or thread.

The next member of the frame work is the piece employed
to join the frames with each other at the corners. Fig. 53
shows the form of the stick and the tin angle pieces at the
ends. The stick, originally & inch square, is shaved down
tapering and parallel to the diagonal to about { inch at the
ends. The tin angle pieces are secured to the ends of the
stick hy lashing with No. 22 gilling thread thoroughly waxed.

The cell.—The manner of connecting the frames with each
other is shown in Fig. 54. Two connected frames constitute
the cell, minus the covering. This is simply a long band of
cambric, generally 1 yard wide. After the strip of cloth has
been torn to width and hemmed, the length is ascertained by
stretching the edge around one of the frames, marking off,
with pencil, where the stitching is to come. The opposite
edge of the band is stretched around the frame in a similar
manner and marked. The ends of the cloth are laid out
smooth and pencil lines drawn across from the marks at the
edges. These lines are overlapped and matched exactly. The
cloth is then stitched on the mark and the seam finished as
suits the taste of the operator. This method gives a cloth
covering that fits perfectly. The tightness with which the
cloth fits may be varied to suit circumstances. The cloth
need not in any case be very tight.

The complete frame of the cell may he put together and
the cloth slipped over afterwards. This requires some care
to avoid pulling the cloth awry. I prefer to set up two of
the frames on edge and connect them at the angles by means
of the connectors shown in Fig. 53, three of which are simply
laid in place between the frames with the band of cloth
loosely on the outside. When the fourth is put in place the
cloth comes under tension and all the parts hold together
with some security. The corners may then be laghed to-
gether, as shown in Fig. 54. The edges of the cloth are se-
cured to the cell by tacking it to the frames at intervals of
geveral inches. I prefer, however, to secure it by sewing
through the hem of the cloth and around the sticks of the
frames. Stitches between one and two inches apart are suffi-
cient. Fine hookbinders twine is generally employed for this
purpose. Fully two square feet of sustaining surface is
gained in a kite of thirty-two square feet, by this method of
sewing, as it is not necessary to make the cloth overlap the
frames.

Longitudinal truss.—Two cells joined by some sort of longi-
tudinal truss make the complete kite. Several methods of
trussing the cells together have been tried, but thus far,I
think the strongest, most rigid and at the same time suffi-
ciently light truss has not been developed. In the first kite
made according to the new construction, the cells were con-
nected at their four corners by a different plan than described
above. TFour long connecting pleces extending the full length
of the kite were employed, and in another ease two strong
trusses similar to one shown in Fig. 55 were placed, one at
either side of the kite. Either of the ahove plans of con-
necting the cells forms a very rigid and strong kite frame
when reinforced with diagonal ties of wire. The principal ob-
jection to the arrangement of trusses just described is the fact
that no good place results at which the bridle can be attached.
Either an additional piece or supplementary truss must be
placed in the central or median plane of the kite to which a
simple bridle may be attached, or, in the absence of such a
piece, a more complicated bridlemust be rigged to draw from
the lateral lower edges or corners of the cells. The first plan
requires the addition of weight that ought not be necessary.
The bridle of the second plan when under tension produces
heavy compressive strains upon the frames of the cells, in-
creasing the load these frames already carry as a result of the
direct wind pressure upon the cloth. Neither plan is there-

fore quite satisfactory. The manner of joining the cells, illus-
lustrated in Fig. 51, was subsequently adopted and found
more satisfactory. The truss itself is shown in Fig. 55.

The first kite made with a truss of this form is shown in
Fig. 56. The slender, diagonal side braces ¢ a and b b, Fig.
51, had not, at that time been introduced. Without them the
kite lacks rigidity against forces acting at right angles to the
plane of the truss. No difficulty on this account ever occurred
with the kite shown in Fig. 56, which has seen a great deal of
service, but the diagonal side braces are considered an im-
provement in most cases. Furthermore, in flying these kites
in tandem mishaps caused by the main wire getting caught
between the cells of the kite are prevented when the cells are
connected with each other at their lateral edges. Very slender
connectors are adequate both to stiffen the frame and to keep
the wire from between the cells.

Advantages of construction.—~The distinctive feature in the
above described construction of the cells lies in the fact that
the cloth is hound with wood at all edges. Being therehy
made perfectly firm and rigid, it is found the cloth exhibits
no tendency whatever to flutter or break up intowaves. The
kite flies in perfect silence, save a slight whistling of the wind
over the wire ties. It is believed there is another important
advantage in this construction, namely: a slender vertical
strut, at 4 B, £ inch thick, is the only obstruction to the free
flow of the air through the interior of the cell,except the fine,
diagonal tie wires. Referring to the Hargrave construction,
shown in Fig. 50, it may seem, at first thought, that the
slender diagonal struts employed can have but very litile
harmful influence. When we remember, however, the effects
of eddies and ohserve that the struts themselves and especially
the relatively bulky knohs at the ends, where they thrust
against the longitudinal members of the frame inside the cell,
ag also where they cross, are all fruitful causes of eddies, we
are forced to the conviction that theirelimination can not fail
to prove highly beneficial. In the improved construction de-
scribed, the minimum obstruction is offered to the easy flow
of the air over all the surfaces and through the cells of the
kite. In the old construction the edges of the cloth are thin
and perhaps form a sharper cutting edge than the }-inch
rounded wooden frames with which the cloth is edged in the
improved construction. I am inclined to think, however,
that the thin edge of the cloth has only seemingly the ad-
vantage here. The contrast and comparison must be drawn
between the thin, pliable, possibly loose and fluttering edge
of cloth and the smooth, rigid, slightly thicker wooden edge.
I am strongly convinced that the actual edge pressure upon
the wood with even the bluntly rounded edges I have em-
ployed is but a trifle if any greater than upon the thin edges
of cloth, as ordinarily found, and which is loosened up con-
siderably in a very few minutes when exposed to the wind,
even when originally made very taut.

The superiority of the new construction as brought out by
the above analytical considerations is abunnantly sustained
by the results of exact observations and measurements.
These will be presented in a later section of this article.

The principal objection I entertain to the construction
which has been described is the weight'® of the frame which,
thus far, has been found to be some 20 per cent heavier than
frames of similar size of the Potter-Hargrave construction.
Even though handicapped by this greater weight, the per-
formapce of the kite, owing to the advantages already pointed
out, surpasses in excellence that of any kite yet tested. On
account of weight, however, the kite is not well adapted to
work in light winds.

How further improved.—When the hest general proportions

1The weight of the best and strongest kite thus far made is about
1.9 ounces per square foot of sustaining surface.
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of a given kite have been fully brought out as a result of
exact and systematic measurements upon the behavior of the
kite, it is my purpose to critically analyze the strains upon
every member of the kite frame, and proportion the strength
of each member to the strain it must bear. The whole struc-
ture-of the kite is a system of connected trusses, the strains
upon the several parts of which may be easily determined by
the methods so commonly employed in the construction of
bridges and similar framed structures. This method of an-
alysis can not fail to result in an increage of strength and
decrease of weight, as all material will be employed to the
best advantage.

The longitudinal truss, made to the dimentions indicated
on the drawings, has, in some cases, proved too weak. At
the present stage of the investigations considerable attention
has been given to finding the best proportions for the dis-
tances between the cells and between the surfaces of a single
cell, also, the proper width of the cloth bands. Much valua-
ble observational data has been obtained, but further infor-
mation is needed before a definite conclusion can be stated.
When the best length for the longitudinal truss of a given
kite is definitely known, I think it will be an easy matter to
greatly improve the construction of the truss so as to secure
adequate strength with the minimum weight. Thus far the
sticks of the rectangular frames have been made of the same
size throughout, notwithstanding that it is plain not only
that some frames on a given kite are under greater strain
than others, but that different parts of the same frame re-
ceive very different strains.

General remarks on constructions.—It may be added here that
the improved construction while in fact very simple to a per-
son with a few tools and gifted with real mechanical dex-
terity, does not claim to be of such a degree of simplicity
that anybody can practice it. The novice with hammer and
vise may be puzzled, for example, to neatly form the tin
.angle pieces shown in Fig. 53. Stringing the wire ties in the
frame, just as they should he, may also prove perplexing.
These operations take some time and require some skill, but
when a cell is completed you have something that can stand
the wind. The cloth is not going to work loose and give

trouble. after the kite has been flying an hour or two in a
stiff breeze, neither will the symmetry of the cell he im-
paired. The original construction of such a kite requires a
little more time than other forms, but it retains its efficiency
and symmetry a longer time in the end, and, because of this
latter quality is less likely to distort and smash itself in a
precipitate dash to the earth. .

Aside from all these comments on the simplicity of con-
struction, the object of paramount importance ever in the
mind of the writer has been to secure the maximum attaine#
able efficiency in the action of a given kite. Other things
have been subordinate to this. The old-fashioned slide-valve
steam engine, with fixed cut-off for example, is a marvel of
simplicity compared with the complex, intricate, quadruple
expansion engines of modern type, with balanced valves and
automatic cut-off gear. What is the excuse for this compli-
cation?—efliciency. The improved engine will do twice the
work, it may he, per pound of coal and barrel of water con-
sumed. Just sowith kites. One or two efficient kites, a mod-
erate length of wire under an easy and safe-working tension,
are all that are required to reach great elevations in fair winds.
With kites of less efficiency to reach the same elevation, more
kites, more wire, and far greater strains are necessary, increas-
ing greatly both the danger of breaking the wire and the labor
of winding it in. The incentive to fly kites to great elevations
and thus excell all previous records is naturally very great.
To do so on the principle that any kite is good enough so
long as the result is attained, may be justifiable in the minds
of some, but is hardly scientific. The writer believes that
when kites of the maximum attainable efficiency are pro-
duced, and of which the strength and weight of the several
members are duly and intelligently proportioned to the
strains they must bear, just as is done in great bridges, only

(with far greater nicety, because with kites the factor of safety

must everywhere be much smaller than with bridges—when
these things are done, flights to astonishing elevations will
follow easily of themselves and fewer reports will be read of
kites hreaking away with great loss of lahor, wire, ete.

[To be continued in June REviw.]
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NOTES BY THE EDITOR.

LONEGRANGE FORECASTS.

On the morning weathet™Ngap of June 13, as' published by
the Weather Bureau at Portland Oreg., Mr. B. 8. Pague, the
local forecast official, calls attentioiNgQ the fact that this map
shows the first appearance in 1896 of bhg so-called type of
summer weather conditions. Mr. Pague saPs

In 1895 this summer type appeared on April 20, and th@&\{rst winter
type following that appeared on November 12. Winter Weather,
namely, rain conditions, have continued from November 12, 1895nto
June 12, 1896. There are two well-defined types of weather on th
Pacific Coast, and these have some fourteen modifications. Thepfi-
mary types are, first, the low area moving southward from&laska
along the coast line to the fiftieth degree of north latitudg #0ometimes
lower, then passing eastward; at the same time the bifh pressure is
off the California coast, and it finally moves eastwapdfbout the fortieth
degree of north latitude. These conditions argsfeculiar to the winter
season and give rain. The second type is pefiresented by the low areas
passing eastward about the latitude of Sitka, Alaska, and then moving
southeastward on the eastern slope#6f the Rocky Mountains toward
the Great Lakes, the high presgafes moving from and along the Cali-
fornia coast northward alopg”the coast line to the fiftieth degree of
north latitude, thence egs#®ard. These conditions give fair and warmer
weather. . . .

The latter typesAS present for the first time this morning, for this
year, and expé€rience has shown that after the first appearance of the
summer efndition the weather is more likely to be fair than rainy.
It ig 0t to be understood that absolute dryness is now anticipated,

Put rather that sunshine will predomingi®”and the showers will be
ew.

The high pressure will move egatfvard over British Columbia and
give fair weather and warmep6n Sunday; Monday will be fair, and
Tuesday promises to be fajpdnd cooler, possibly some sprinkles of rain
over western Washingjeff and northwestern Oregon; Wednesday and
Thursday should thefi be fair and warmer. Summer weather types
produce weathepfuch as is above outlined.

FROSTS IN CALIFORNIA.

#der date of May 5 Prof. E. W. Hilgard, President of the
Lniversity of California and Director of the Agricultural Ex-
peThgent Station at Berkeley, Cal., writes as follows:

The wedther conditions in this State have been this year so extra-
ordinary that Tegteorological observations and forecasts are more than
ever called for, athare popularly demanded. Our experience with
two of our stations Thg year has been a sore one, and will most se-
riously retard the settlem®n§ and modify agricultural practice in the
districts concerned. At one sthtign we find it necessary to completely
remodel the varieties in our expémygental orchard, about 50 per cent
having proved useless for any practic®h\purpose on account of their
sensitiveness to even light frost, and the 10wtemperatures of the sum-
mer nights; this at an elevation of only 1,408eet, and in a locality
where wholly unexpected. We are now actually c®sying Russian ap-
ples and other hardy fruits as far south as the latitithe of San Luis
Obispo, as the only reasonable hope of the fruit industry inthgt region.
In the great valley of California, too, the havoec wrought by tRex{rost
has been exceedingly heavy, and localized in the most puzzling ro¥=-
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KITE EXPERIMENTS AT THE WEATHER BUREATU.

By C. F. Manvin, Professor of Meteorology, U. 8. Weather Bureau.
[Continued from the May REVIEwW.]

FORMS AND CONSTRUCTION OF THE WEATHER BUREAU
[Continued.]

KITES.

Characteristics of wing surfaces—The cross-section of the
wings of birds presents characteristics that are very different,
as a rule, from those of a section of the surfaces ordinarily
employed in kites. As wings are evidently highly efficient
sustaining surfaces, we may do well to analyze their form
carefully and inquire to what extent and in what respect
those forms may he copied with advantage in constructing
kites. Aside from the arched form commonly characteristic
of wings and which in the same wing probably varies more
or less in amount with changes of pressure, we observe that the
front edge is firm, rigid and thick, and thatthe wing hecomes
thinner and more flexible towards the rear edge, which is
elastic and quite pliable under comparatively feeble forces.
Much has been written concerning the advantages of these
peculiarities by some who have sought to solve the mysteries
of the sailing flight of large birds.

Without entering here into a detailed analysis of the action
of the wind pressure upon a wing and its reaction thereto, I
am convinced that the peculiar usefulness various writers
seek to attribute to every detail of the wing structure is very
much exaggerated and overdrawn. At least grave errors and
misconceptions have resulted because a sharp distinction has
not been drawn between the essentially ditferent use of its
wings made by the bird when employed in gliding or sailing
flight on fixed wings, as contrasted with flight by flapping the
wings.

The action of the wind upon the wings of sailing birds is
similar in several respects to the action of wind upon kites
whereas, nothing in the action of ordinary kites resembles the
wing-flapping of birds. Therefore, whatever qualities of
wing surfaces are of special advantage in sailing flight may
also he of advantage in kite surfaces. By far the most im-
portant of these is the arched character of wing surfaces,
the advantages of which have already been noticed. In addi-
tion to this we observe that the wing is thick on the front
edge. It seems hardly possible that any other consideration
than that of strength alone ean determine what this thick-
ness should be. If nature could make a wing of adequate
strength but yet with a smaller sectional area, she would do
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so, and we believe it would serve the bird better. Again, the
wing is also flexible so that the amount of curvature of its
arched surface changes with different pressures. Weare dis-
posed to regard this as purely an incidental result. To have
made a perfectly rigid wing, nature would have been obliged
to make a heavier wing, which would be to the bird’s disad-
vantage. The flexible wing is lighter, but yet of ample
strength to resist the strains it may be called upon to bear.
Although it can be shown thatin wing-flapping-flight a slight
advantage results from some flexibility, yet the same can not
be shown to obtain to any important degree in sailing flight.
We are forced, therefore, to the coneclusion that for sailing
flight the flexibility is an incidental quality. Finally, the
thin, very flexible, feathers of which the rear edge of the
wing is composed are believed to serve specially useful pur-
poses in wing-flapping movements; but for sailing flight, in
which the wings are set at comparatively small ang]es of in-
cidence, if there is any special merit in the characteristics of
the rear -edges at all, it is not to any appreciable extent due
to their flexibility, but rather to the fact that the streams of
air flowing over the upper and under surfaces are able to unite
into one stream which is not broken up into objectionahle
eddies and whirls.

Kites with wing-like surfaces.—~—Grave constructional difficul-
ties are encountered in giving to the sustaining surfaces of
kites those qualities that we have pointed out as being advan-
tageous in the wings of birds. In one of the kites framed in
accordance with the improved plan of construction described
in the WEATHER REvViEW for May (page 164), the cloth was
left free at the rear edge in order that the surface might be
thin and pliable, like the rear edge of a bird’s wing. This
was accomplished by omitting the rectangular frames ordi-
narily forming the rear edges of the cells. The behavior of this
kite in the air was, on the whole, very satisfactory. Never-
theless, the cloth formed into waves and fluttered to a greater
or less extent, much as other kites having free edges of cloth
had done. The kite was accidentally broken and the line of
experiment was not carried any further. The dimensions of
the kite are given in Table VI, No. 21.

Improved kite with arched surfaces—Arching the sustaining
surfaces of the improved kite is a matter of great simplicity.
The cloth is simply left just a little slack between the two
frames. Even when thecloth isfitted tight it will still arch up-
ward to some extent when exposed to wind pressure. To make
the depth of thearch about one-twelfth the cord requires, how-
ever, a slight looseness of the cloth between the frames.
Thus far, I have made no effort to extend the arched etfect to
the side edges of the kite. The conneecting sticks between the
frames are straight. As a result the arched effect is most
pronounced in the middle portion, gradually diminishing as
the sides are approached, where it practically disappears It
is thus seen that in this kite the arched form of the sur-
faces can be secured without any additional material. When
the first kite made of this form was flown in a moderately
fresh wind the longitudinal truss was completely broken in
two within ten seconds from the time the kite was launched.
The break occurred at the point of attachment of the bridle
and was caused, it is believed, primarily by the relatively
greater pulling power of the arched surfaces. A very similar
kite of greater arvea and with seemingly a more frail lon-
gitudinal truss was flown immediately afterward in fully
as gtrong gusts of wind, but with no mishap whatever. When
the broken truss was replaced by a stronger one the kite was
flown with remarkable success in very light winds. In fact
this kite flew when the wind was too light to sustain other
cellular kites. Up to the first of July, however, no real test
of the kite with arched surfaces had been made, owing to the
lack of favorable opportunity.

Modified longitudinal truss.—When the truss is run through

the inside of the cells,in the manner heretofore described, the
slack cloth on the lower sustaining surfaces of the cells is
partly prevented by the lower rib of the truss from forming
the most effective arched surfaces. To avoid this difficulty
the bottom stick of the longitudinal truss is arranged to come
outside the cell, as shown in Fig. 57, which gives also the
principal dimensions of the kite referred to in the foregoing
remarks.

Other improved kites—While the writer was engaged in de-
veloping and perfecting the construction of kites by means
of the rectangular frames already described, Mr. Potter was
working up certain modified forms of the cells. These were
trapezoidal in form, rather than rectangular. In the first
kite made each cell was provided with three, instead of two,
sustaining surfaces. Long struts were used for spreading out
the cloth surfaces: This involved cutting a rather large
slotted hole in the middle surface of each cell to permit the
passage of the-diagonal struts. As a whole, the three-plane
feature of this kite was not altogether satisfactory and was
abandoned and a better kite constructed with simply a trape-
zoidal cell. This ig shown in Fig. 58. The cell is spread
by simply two long diagonal struts, instead of the four em-
ployed in the original Hargrave rectangle. This construc-
tion, with two long diagonal struts, was afterwards used for
rectangular cells, also, and is recommended in preference to
that shown in Fig. 50.!

Points of advantage—As already mentioned, the arrange-
ment of struts adopted in the trapezoidal cell simplifies the
construction considerably, with a slight gain in lightness at
the same time. The side surfaces being set inclined consid-
erably to the vertical contribute in a slight degree as sustain-
ing surfaces. The weight of the kite per unit area is rather
less than that of the rectangular cell of the same size. There
is nothing to prevent the cloth from fluttering, and the struts
crossing within the interior of the cell offer some obstruction
to the free flow of air through the cell. The oblique position
of the side planes causes them to shelter in a slight degree
the outer ends of the top surfaces,and it is believed there are
more pronounced eddy effects in these corners than in the

case of a cell of strictly rectangular form. The kites of this
form appear to be the most steady and stable of any em-
ployed.

This form of kite is easier to make than kites of the frame
construction, but although the latter are heavier the tests
show they are superior, as will be brought out in a later sec-
tion of this article, describing the results obtained.

The form of construction adopted in the trapezoid cell was
algo employed in making the rectangular cells. Prior to July
1 exact tests of the relative merits of the two forms had not
been made, owing to the lack of favorable winds.

The Weather Bureaw Kites—Table VI contains a schedule
of the dimensions, weights, etc., of the greater part of the
kites employed in the Weather Bureau experiments made be-
tween December 1, 1895, and July 1, 1896. Considerable care
hasg been expended in the preparation of this table in order to
give full and accurate information concerning every import-
ant element. In comparing the results obtained with kites of
different form, and with ditferent kites of the same form, the
weight per unitof sustaining area is a most important deside-
ratum. The weights of the finished kites were therefore al-
ways determined with care and are given in the table. It is
strongly recommended that other experimenters, when pub-
lishing results of their work, be careful to give accurate data
respecting the weight and the actual sustaining surface, so that
a proper basis for comparison may be had. It will generally
be hest to give the total weight, rather than the weight pér
unit area, because the effective sustaining surface may not al-
ways be the same as the apparent sustaining surface. For

1Fig. 50 will be found in the Weather Review for May, 1896,
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example, a Malay kite 5 feet high and 5 feet broad appears to
have a surface 12.5square feet. When made in the usual way
and with the cloth moderately taut, the lateral surfaces form
a flat angle with each other, somewhat as shown in Fig. 34"

The angle at C £ D may sometimes be as much as 30° less
than two right angles, and in such a case the sustaining effect
of the 12.5 square feet will be no greater than that of ahout
12.1 square feet of surface not bent backward. Therefore,
the true weight per unit of sustaining area in such a kite will
be the total weight divided by 12.1 rather than 12.5. In other
forms of kites more marked differences may arise. Some
gystematic method is therefore needed for accurately comput-
ing the effective sustaining surfaces of kites of different
forms.

TaBLE VI.—Dimensions of Weather Bureau kite.

. L] e 5 1@ » O oo
% $1Z|%8 | £ ]38 |28 £ |58
g : 2|85, 2 5818 & |58,
2 | Kind or shape of cell and | o, |% |3 | 8T ° 3_9 ga v s 8
A material of covering. 214 sl 8] 8 | g% & E 528
C] BElE w82 |3 88 § [8%%F
g 5282 g 8% |SE| 5 [B£R
K ZiB|R|BE | R < BR8] & B

Ins.|Ins. Ins. .

1 | Rectangle, by struts, calico.. 48 | 24 2 .

2 | Malay,silk.... .| 68 1....1. 60 .92
3 | Diamond, silk. 34| 13 28 .9 8.

4 | Kite, Fig.41, ca 80 ... 54 .2 | 14,

5 | Diamnond, naingook.. 65 | 22 60 [ 32,5 | 20,

6 | Diamond, 5 cells, cambric 65| 18 8370353 L.,

Hunter, wing kite, muslin... 40 | 16 48 | 16.3 13.8{
7 %gt(;:al,ll WIDZ. . iiiinsiananinnnes 2 ... 40 ‘_22 2335 1.55 | 0.007
.......................... Y PUURN PUUUDIN SRR I L .2

8 | Kite, Fig.42, cambric......... 33 |....| 15. 45 [ 26.5 |..... B T TR
9 | Diamond, cambric..... Leeeees 48 | 211150 54 )20.0(16.8 1.25 | 0.074
}(1) B!amon(ﬂl,:iﬁﬁll, cambric..... ﬁ ?1 %gg 33 :1322 ;Jég 091 Vi

iamond, silk ......cevnnnnnn. 7 . . 2. . X
12 | Diamond, cambric. . eeremrr.. 40117 130 43144120 1.20 | 0.100
s Winged Eite, silk..... ....... S 30 17 | 13.0 43 | 14.4 12.0? "
131 %gf;ll WIDZ.ooveveenen i l = 3 I I 43 2?3 lggs 1.14 | 0.067
.......................... T T R T 7.
Wing kite, cambric........... s 48 [ 17 | 15.0 45 | 4.0 21.2(
1 %ggal WIng.ooveeererracananns lz 48 el 60 ‘]*gg iggs 2.81 | 0.051
8ilk kibe, cambric wings.....)y (|40’ 17| 18:0"|  43'| 14.4 | 120
1 r?a{_‘zhlwiug .................... 11 1. 2 O I, 64 3?;% %Bg 1.51 | 0.032
917 R L R veea|tran|svesaa|vanens . .
Hunter, eylinder kite, Fig.48. g 2 | 2| 23.0 60 | 26.5 |..... ?
1 %{utslin, each wing............ 12 2% 20 IR PR 60 43g 7.0( 8.12 (......
otaL.....ciiviiiniinsinsnaens. PP P R . s
17 | Diamond, cambric............ 248 | 17 | 15.0 45 1 24.0 | 21,27 1.54 | 0.07%
18 | Diamond, cambric........ ...| 1|60 24| 15.0 4513820 27,1 1.98 |0.073
19 | Rectangle, by struts, nain-
Rso;)k..i ...................... 114818 17.6 54 (82.3 | 23.5| 2.08 [0.08
20 ectangle
R réc . i 148116/ 19.0 52 | 33.7 | 25.3 | 2.43 | 0.096
21 ectangle
Rcagnbric 3 1 51.5 14 | 15.0 60 | 27.321.6] 2.21 |0.108
22 | Rectangle,
Flg56, 148 21| 19.2 781 49.6 | 38.4 | 3.54 | 0.092
= Dilsfl%,t;gcg?;ltlz‘;cmd, ith 148 |21 19.2 74| 36.8 2.6 3.22 [0.12%
............. L2 (1 . 25. . L 126
24 | Ditto, with 3 planes .......... 148 |21 | 19.2 741 49.6 | 38.4 | 3.89 | o0.102
25 | Trapezoid, 8 planes .......... b 0 P PR Y PR (A PR P P
26 | Rectangle, by frames,paper..| 1 /60| 13| 19.2 60 [ 39.2 | 32,0 |corveerefonnnn-
27 | Rectangle, by frames, cam-
3 o 1 2P 1|48 16| 19.0 65| 33.7 | 5.3 3.04 |0.120
28 | Trapezold, nainsook ‘%)%%tjdl'i; 1| %48 o1 [ 20.0 | 78533 | 43.1| 449 | 0.104
99 | Trapezoid, nainsook %%)%%t:éfﬁ $ 1 Ml o4 ]18.0| 54)46.4|36.7| 3.06 |0.08
30 | Rectangle, by frames, cam- :
TIC ¢ocenervieracannonnanonas 1160120 19.2 70 1 42.7 1 32.0 | 3.59 |0.112
S R ih areed o™ | s leo |18 10.0| 76|99.2] 520 8.3 |o0.101
ic, cloth arched .......... E 9. 76 | 39.2 L » .
32 | Ditto, reconstructed.... ceeeaf 160013 19.2) 76 39.2 320 8.52 | 0.110
33 R:gtgmg]e, by struts, nain- 11482t | 200 w83 27| 280 |0.105
....................... 2 . e . T2 .
34 | Diamond, cambric............ 1(30 (13| 9.6 33| 8.0 6.6 0.374 | 0.057
35 | 'Trapezold, nalngook fop....} 4§28 g1 901 30| 85| 6.4| 0.407 | 0.063
bottom|(¢ 2| 20¢
36 | Rectangle, by frames, cam-
. DEIC «vaetenreesnsnsnessnenes 16020 l 19.2| 50 } 2.7 1 82.0| 3.83 | o120

Ezxplanation.—* Rectangle by struts,” designates that the
cell is a rectangle, and the form is given by means of a set of
struts, such as shown in Figs. 50 or 59. “Rectangle by
frames,” designates that the rectangular cell is constructed
as explained in connection with Figs. 51 to 5. The width
of the kite is the crosswise dimension of the kite, that is, the
dimensions at right angles to the direction of the flow of air
over the surfaces. In the case of the diamond kites, the
width is not measured from side toside in a straight line, but

1Fig. 34 will be found in the Weather Review, April, 1896.

along the surface of the cloth. The width, therefore, repre-
gents one-half the perimeter of the cell. Anidea of weightof
the framework in the different kites may be obtained by
comparing the weights per square foot of surface, with the fol-
lowing weights of materials employed in the covering:

Pounds.
Weight of silk per square foot................. seeeneiaaeaaas . 0084
Weight of nainsook per square foot...........c.c.ooiieiiin.. 0126
Weight of cambric per square foot...............ooi i 0187
Weight of muslin per square foot..............oooiiiiiiiit . 0220

Bridle.—It was impossible to gpecify within the limits of
the table the arrangement of the bridle on each kite. This
wag often changed with each experiment and will receive con-
sideration hereafter.

True and apparent angle of incidence—Such a systematic
method may bhe had by always taking account of the true
angle with which the wind impinges against a surface in ques-
tion. The distinction hetween the terms the true angle of in-
ctdence and the apparent angle of incidence will be understood
from Figs. 60 and 61. With such a kite as shown in Fig. 60,
the surface is flat and continuous, the angle which the wind
makes with the midrib of the kite, when flying normally, is
clearly also the true measure of the angle with which the wind
impinges upon the surfaces themselves. In this case, there-
fore, the angle A O W is the true angle of incidence. If, how-
ever, the surface is bent backward across the midrib so as to
form a dihedral angle, the kite will then appear as shown in
Fig. 61. It is plain in such cases that the angle between the
wind and the midrib is not the same as the angle between the
wind and the planes themselves. Inasmuch as the angle be-
tween the wind direction and the surfaces themselves can not
easily be measured directly, we will generally prefer to meas-
ure the angle between the wind and midrib (or some similar
longitudinal axis of thekite) as representative of the trueangle
of incidence. In those cases in which the angle between the
wind and midrib is not the same as the true angle of incidence
of the wind, the former angle, that is, the angle 4 O W, will
then he called the apparent angle of incidence.

It will be readily understood by those familiar with geo-
metric principles that the true angle of incidence of the sur-
faces in such a case as representedin Fig. 61 will be the angle
A0 W, A" () is the line formed on the kite surfaces by the
intersection of a plane through B’ (' and perpendicular to
the kite surface. It can be shown without difficulty that the
angle A’ W E’ will always be the same as the amount by
which the planes are bent backward, that is, it is the same as
theangle ED C. Therelation between the real and apparent
angle of incidence may be found as follows:

Let h=theangle " W E'= E D C.
Let ¢ = the real angle of incidence of the wind = 4" O’ W'.
Also let @ = the apparent angle of incidence = W 0" E',

Then, by trigonometry—
W O sin. @

W O sin.a

.. 8in. # = sin. a cos. b.

The angle b, as we have stated, is the amount by which the
planes are hent backward, and therefore is always known, or
can be found.

When comparing, for example, two such kites as the diamond
cell and the rectangular cell, shown in Figs. 40 and 50, it
is plain that when the midribs are set at the same angle in
the air, the surfaces of the rectangular cell kite are inclined
at a greater angle to the wind, and therefore experience a
greater wind pressure than those of the diamond cell kite,
shown in Fig. 40. To make a fair comparison between the
kites, some allowance must be made, in the case of the

m—Flg: 40 and 50 will be found in the Weather Review for May.
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diamond cell kite, for the slighter inclination of its surfaces.
Similarly, in the trapezoidal kite, shown in Fig. 58, the side
surfaces act as sustaining surfaces to some extent. We can
compute the amount of this by the aid of the equation given
above, as will be hereafter explained. _

To make the proper allowance for different inclinations, we
must know how much greater the pressure is at one inclina-
tion than at another. Different experimental researches have
given different results on this point. Chanute,' after a crit-
ical analysis of all available data, has concluded that Duch-
emin’s formula is probably the most accurate representation
we have of the law of variation of pressure, with changes in
the angle of incidence. This law, however, is strictly appli-
cable only to plane surfaces. The law for curved surfaces is
known to be very different from that for flat surfaces. As
yet, however, no satisfactory statement of this law for curved
surfaces has been formulated, so far as known to the writer.
Since the surfaces are sensibly flat in most of the cellular
kites described in Tahle VI, and as the angles of incidence
of the surfaces in different kites will all fall within 15° of
an average inclination, the use of Duchemin’s formula will
answer every purpose for the present.

If the pressure on a given plane surface placed normal to
the wind is regarded as 100, then the percentage pressure, P,
on the same surface inclined to the wind at an angle, ¢, will,
by Duchemin’s formula, he—

2 8in. ¢
P= —
1—sintz

The relative pressure upon inclined surfaces is of such im-
portance in connection with the kite problem, that the value
of P for such angles of inclination as are likely to occur in
kite work are extracted here from Chanute’s larger table:

TABLE VII.—Proportional pressure on inclined flat surfaces.

Proportional ‘

Ineclina-| Proportional | Inclina- Inclina- Proportional
tion. pressure. tion. Pressure. tion. pressure.

[e] ’ [} (I’, ] 7,'

1 3.5 11 36.9 21 63.7

2 7.0 12 39.8 €N 65.7

3 10.4 13 43.1 23 67.9

4 13.9 14 45.7 A 70.0

5 17.4 15 4R.8 B 71.8

6 20.7 16 51.2 2 3.7

7 24.0 17 53.8 27 75.2

8 .3 18 56.5 28 1

9 30.5 19 58.9 29 8.6

10 33.7 20 61.3 30 80.0

In order to allow for the dissimilar conditions of the sur-
faces of the several forms of kites the effective sustaining
surface for each kite has heen computed on the basis that
the midrib or longitudinal axis of the kite makes an angleof
18° with the wind. Numerous measurements have shown
that such an angle is roughly an average angle found in prac-
tice. In the case of a kite with cells of rectangular form it
is plain that when the midrib is set at an angle of 18° to the
wind the surfaces are also at the same angle, and no allow-
ance is necesgary. If, however, we consider the diamond cell
we see that when the midrib is at 18° to the wind the suar-
faces are at a less angle, and we therefore rate the kite as if
its area was less in the same proportion as its lifting poweris
lessened hy the slighter inclination of the surfaces. This is
further elucidated by an example. Kite No. 17, of Table
V1, is a diamond cell kite in which the cloth surface is ac-
tually 24 square feet. From the tabulated dimensions of the
kite we find that the angle by which the surfaces are bent
backward from a flat surface is—

b=20.7°
Assuming the apparent angle of incidence to he 18°, that

' Progress in Flying Machines.

is, @ = 18°, we will have for the true angle of incidence—
gin. 7 = sin. 18° X cos. 20.7¢ = 0.2890
s = 16.8°

That is, when the midrib of this kite is inclined to the wind
at an angle of 18° the surfaces are inclined at an angle of
16.8°. From Table VII the pressure on a unit area of sur-
face at 18° is 56.5 per cent of the normal pressure, while
upon the same area at 16.8° the pressure is 53.3 per cent of
the normal. Multiplying the area of the kite by the ratio
of the ahove pressures, we ohtain—
53.3

2 — ==

X 555
That is to say, the 24 square feet of surface in the diamond cell
experiences a pressure, other things remaining the same, that
is just equal to the pressure on 22.6 sq. ft. of sustaining sur-
face on a flat surface kite, or, a kite with cells of the rectangu-
Iar form.

We must notice further that the pressure on the inclined
surfaces is not exerted upward, but is normal to the surface
and assumes a laterally inclined direction, whereas, with
surfaces not inclined in the manner under consideration, the
pressure is exerted almost directly upward. These differ-
ences are shown in Fig. 62, which represents an end view of a
trapezoidal cell. The pressure on the parallel surfaces may
be represented by lines such as O B, O'.B’, while on the side
surfaces the pressure acts in the direction of thelines L Sand
L’ 8. The upward lifting effect of an inclined pressure, such
as L S will be represented by a line suchas L 7. In reality,
the lines representing the effects mentioned above are not
strictly in the plane of the paper, but are differently inclined
thereto. We may, however, leave out of consideration as un-
important the effects arising from the lines heing differently
inclined to the plane of the paper, and, by doing so it re-
sults approximately that if P represents the pressure on a
surface such as the side of the trapezoid, or the surface of a
diamond cell kite, then the upward directed effect of thispres-
sure will he—

22.6 sq. ft.

Upward pressure = P cos. b.
Where b, as hefore, is the amount the planes are inclined back-
ward. From these considerations it follows thatto ascertain
the equivalent sustaining effect of the surfaces in the dia-
mond kite, the proportional pressure on the inclined surfaces
must be multiplied by the cosine of the angle we have called
h. That is, in case of kite No. 17.

56.5

In other words the effective sustaining surface of the kite in
question is 21.2 square feet, which means that this kite with
24 square feet of actual surface (other things remaining the
same) will pull the same as a kite with rectangular cells in
which the total area of the top and bottom surfaces is 21.2
aquare feet.

In asimilar manner we may determine the sustaining effect
of the steeply inclined side surfaces in the trapezoid ceil. In
the kite shown in Fig. 58, the total area of the side surfaces
is 16.7 square feet. The angle between the side and top sur-
faces is 53.1°, that is, b = 53.1°, Therefore, when the midrib
of the kite is inclined 18° to the wind—

sin. 7 = sin. 18° X cos. 53.1° = .1854.
-1 = 10.7°,

That is, the true angle of incidence of the wind upon the
side surfaces is 10.7° when the mid rib is inclined 18°. By
means of the ratio of pressures we have—

359
65— 106

Equivalentsurface = 24 x

cos. 20.7° = 21.3 sq. ft.

16.7 x
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That is, the total pressure on the 16.7 square feet is the same
as the pressure on 10.6 square feet of the parallel surfaces of
the kite. ‘Introducing the further reduction necessary to re-
golve the pressure on the inclined surfaces to an upward
directed pressure, we have—

10.6 x cos. 53.1° = 6.36.

That is, the 16.7 square feet of inclined surfaces exercise’
approximately, the same lifting effect as 6.4 square feet of the
surface in the top and hottom planes of the cells. The total
area of the top and bottom planes is 36.7 square feet. Add-
ing to this the 6.4 square feet equivalent surface in the side
planes, we have—

Total effective sustaining surface = 43.1 square feet.

The ahove computations are based on an assumed angle of
incidence of the midrib of 18°. If some other angle, such
as 12° or 25°, had been assumed, the result would still have
heen very nearly the same; and it will be found that it is not
of great importance just what angle of incidence is assumed
for the midrib. It is necessary only that some common basis
of comparison he had for the several forms of kites.

General Results—It is unnecessary to describe in detail the
- hehavior and the comparative results obtained with the
geveral kites described in Table VI. In the earlier part of
our experiments appliances were not available, or had not
heen devised, by which the action of the kites could be criti-
cally analyzed and tested. The work consisted in flying the
kites alone, or two or three in tandem to the highest attain-
able elevations, which were deduced from the known length
of wire out, the measured angular elevation of the kite, and
the inclination of the wire at the reel. Tests of this charac-
ter are of very little aid in perfecting kites; about all that
can be gained is a knowledge of the qualities of steadiness
and generdl features of kite behavior, and added thereto a
most valuable personal experience in the management of kites.
In a subsequent section the methods of systematically ana-
lyzing the action of kites that wereintroduced later in the
course of our experiments will be described.

Relative steadiness of kites.—The most perfectly made kite
will never remain steady in one position for more than a few
seconds at a time, but will always move about more or less,
now rising or falling, swaying now to the right or left, now
steady for a moment, etc. These constant changes in its po-
sition are directly caused by corresponding changes in the
motion of the air itself. Above elevations of 600 or 800 feet,
it will be noticed that a kite is always much more steady than
for lower elevations, and it often happens that a kite which
darts about violently near the ground flies quite steadily when
500 feet or more aloft. While the great and constantly re-
curring changes of the wind cause the irregular motions of
the kite, yet the amount that a kite will move under a given
change depends upon the nature of the kite itself. The cel-
lular kites are all (I speak only of well made kites) much
gteadier than nearly flat single surface kites. Nevertheless,
kites with cells of different proportions differ greatly in steadi-
ness. Roughly speaking the greater the distance hetween the
top and bottom surfaces of the cell the more stable and steady
the kite. It was found that of the kites described in Table
VI those were most steady in which the total cloth surface was
relatively great, as compared with the ¢ffective sustaining sur-
face. In therectangular cells the side surfaces, under normal
conditions, do not experience any sustaining pressure at all.
These surfaces, however, act in the most beneficial way to pre-
vent sudden and extreme sidewise movements of the kite.
When a deep-celled rectangular kite experiences a sudden and
momentary unequal distribution of pressure over its surfaces,
the kite shifts its position much more slowly than a shallow-

celled kite of the same kind. In many cases it nodoubthap-
pens that the sudden inequality of pressures disappears and
equilibrium is restored hefore the kite has shifted its position
by more than a part of the shifting which would have been
required had not the kite been steadied by the action of the
relatively considerable extent of side surfaces. Similar
effects are brought about in diamond kites when the short,
or vertical diagonal of the diamond is relatively great. In
the kite specified under No. 22, Table VI, and illustrated in
Fig. 56,the middle plane of each cell could be removed. The
kite always flew much steadier without the middle planes than
with them. Large kites are more steady than small ones.
Large kites were also found to he relatively heavier than
small ones. The greater steadiness is no doubt, in part, di-
rectly a result of the greater mass, but the large kite experi-
ences the average pressure of a considerable mass of air, which
average pressure is no doubt less irregular than the average
pressure of the very small stream of air intercepted hy a very
small kite. i

The foregoing remarks apply wholly to well made kites.
The darting and irregular movements of a kite which is de-
fective in some respect are similar to those of a well made
kite. The experienced kite flyer, however, i soon able to
perceive when the motions are ditferent from those caused by
the usual variations of the wind, and therefore that some-
thing is wrong with the kite. The cause of erratic hehavior
in a kite known to be of good form may generally be traced
to some lack of symmetry. It often happens that the defect
exists in a pronounced manner only when the kite is under
strain by the wind. Some weakness of the frame permits
distortion when the strain exceeds a certain amount, and
when the strain is removed the kite may appear to be all
right.

Relative weights of kites—~The last column of Table VI
gives the weights of the kites per square foot of sustaining
surface. It is seen that very small kites, such ag Nos. 3, 34,
and 35, may be very light, nevertheless are quite stanch and
strong. It will be shown further on that these small kites,
notwithstanding the seeming advantage in weight, are less
efficient than larger and heavier kites. The relative effects
of edge pressures, waviness, eddies, etc., is helieved to be large
in small kites.

The winged kites were also very light in some cases, but ex-
periments showed that these kites were entirely too weak,
except for very light winds and that the frame work must be
much stronger than that employed in the wing kites tested.
Experience showed that, in general, stronger framing was
necessary and the weight of the rectangle and trapezoid kites
ie noticeabhly greater than that of the diamond kites. The
efficiency of these heavier kites was, however, in spite of the
weight, greater than that of any others tested. The records
of highest efficiency were obtained from kites Nos. 23, 29,
and 36, which are the heaviest constructed. A light kite,
even though less efficient, will attain a steeper angular eleva-
tion in a light wind than a more efficient kite of greater
weight, but when the wind blows bhard the inefficient kite in-
creases its angular elevation but little, while, on the other
hand, the efficient kite in a strong wind soars up to a high
angular elevation. Elevations of a mile or more cannot be
attained unless there is plenty of wind, i. e., winds capable
of producing pressures amounting to six or eight times the
weight of the kite.

It is important that a clear idea he formed of the exact
manner in which the weight acts as one of the forces that de-
termine how high a given kite can fly. The effect of the
weight under different conditions of wind force is bhrought
out by the following consideration of the diagram of forces
shown in Fig. 63. To avoid confusion of ideas and a com-
plex diagram of lines, the drawing shows only the parallelo-
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gram of forces. We will also suppose for simplicity that the
angle of incidence of the kite remains constant with different
wind velocities. The line 4 B is drawn parallel to the longi-
tudinal axis of the kite and represents its inclination; H N
is a horizontal line; O is the point at which the lines of action
of the wind pressure and gravity intersect. l.et O G represent
the weight of .the kite. (The weight of the better grade of
kites in Table VI ranged between .09 and .12 pound per square
foot of sustaining surface.) Let us suppose our kite weighs
10 pounds per squarse foot. Now, with a light wind of between
8 and 10 miles per hour experimental results show that the
pressure per square foot of sustaining surface in ordinary
kites will be barely twice as great as the weight per square
foot. The line O Q, twice as long as O G, represents such a
relation between these forces, and their resultant is a force
represented hy the line O R; O H represents the direction
the top end of the string must take. Under these conditions
the kite on a short string can attain only a low angular ele-
vation, represented by the angle O H N. If, however, the
wind velocity were from 12 to 14 miles per hour, the pressure
per square foot would he about double the former pressure.
The conditions of equilibrium for such a case are given by
the parallelogram O @’ R’ (, and the string next the kite will
take the direction O H’, which is very much steeper than its
former direction, O H. It results, therefore, that the angular
elevation of the kite has been greatly increased by only a
small increase in the wind force. ILet us next consider the
effect of a still greater wind velocity, for example, 20 miles
per hour. The pressure per square foot of surface for this
velocity is fully ten times the weight of the kite per square
foot. By constructing the parallelogram O Q" R” @, repre-
senting these relations, we locate the line O H", which repre-
gents the direction of the string next the kite. The string in
this case is only a little steeper than its former direction,
0 H', notwithstanding that the wind pressure is considerably
greater. With greater and greater wind pressures it will be
found the direction of the string approaches closer and closer
to the direction of the line O M, which represents the maxi-
mum possible steepness of the string. This degree of steep-
ness could be attained if the weight of the kite were wholly
inappreciable, or if the force of the wind were exceedingly
great compared with the weight. From this analysis we see
that in light winds the effect of the weight of the kite is very
detrimental and causes the kite to fly at a low angle of eleva-
tion. The same result will follow with a heavy kite in a
heavy wind. That is to say, whenever the wind pressure per
square foot is only two or three times the weight per square
foot the kite can then attain only a low angle of elevation.
On the other hand, when the wind pressure per square foot is
five or six times the weight per square foot the kite can take
nearly its maximum possible angular elevation, and even
though the wind pressures increase to fifteen or twenty times
the weight, only a very slight increase in the angular eleva-
tion will result. The effect of such pressures is expended
almost wholly in increasing the tension on the kite string.

On the choice of materials in the construction of kites.~Two very
important and interesting problems are presented under this
head, namely: (1) What materials are best suited for kite
building? (2) How may a given material be used to the hest
advantage ? To these questions full and complete answers
can not yet be given, they can be brought out only as the
result of actual tests and trials of many materials and many
plans of construction. Nevertheless we may be greatly
assisted in reaching the best results by a careful considera-
tion of what is already known concerning the strength and
resistance of ordinary materials and certain general methods
of construction.

(1) What materials are best for kites?—Silk is probahly the
lightest material for covering or sustaining surfaces, but it is

not very durable, and like all kinds of cloth it is more or
less objectionably affected by rain and moisture. A cloth
kite in the rain or in a cloud bhecomes heavier unless the ma-
terial has been varnished or otherwise rendered waterproof.
The fabrics employed in balloon construction are hoth water-
proof and impervious to the wind, but they are considerably
heavier than the ordinary unprepared cloth as is shown from
the weights given in table VIII. Very light balloon fabrics
are manufactured of silk but these are not of sufficient
strength to use for kites without being reinforced with some
gort of netting. If we turn from textile fabrics we find that
sheet aluminum is apparently the best suited of metals for
kite coverings. In kites of the usual size it will probably
prove to be impracticable to use metal in sheets thinner than
one-hundredth of an inch (equal to three thicknesses of this
printing paper.) Sheet alaminum of this thickness weighs
0.1414 pounds per square foot; sheet steel of the same size
weighs 408 pound per square foot, but it much stiffer. Let
us see how a kite of aluminum or steel will compare, in
weight, with a cloth and wood kite. Kite number 23, of tahle
VI, is the heaviest one listed except number 4, which was
unsatisfactory. Sheets of aluminum riveted together in the
form of rectangular cells 48x21x19.2 inches would require
additional material to make the cell rigid. Moreover a
longitudinal truss is required to unite the cells. The wooden
truss used in kite number 23 weighed just 0.664 pound, or at
the rate of 0.0260 pound per square foot of sustaining sur-
face. The aluminum kite would require a truss at least as
heavy as this, and including the weight of the side surfaces
of the cells but omitting any allowance for the additional
framing required to stiften the cells, the total weight of the
metal kite with wooden truss would be 0.229 pound per
square foot of sustaining surface as compared with a weight
of 0.126 pound per square foot for the cloth and wood con-
struction. If sheet steel were employed the weight of the
kite would be 0.614 pound per square foot, still no allowance
being made for framing required in the cells. These com-
putations show clearly that these sheet metals can not be
substituted for cloth in the construction of kites designed to
attain great elevations. Very thin boards of white pine one-
sixteenth of an inch thick would be a trifle heavier per square
foot than the thin sheet of aluminum previously considered,
and would probably require less framing to stiffen the cells.
Such thin boards are likewise, however, too heavy for kite
surfaces.

Aluminum wire gauze, the meshes of which are filled with
elastic varnish, has been proposed for aerial planes. Such
material is said to weigh from 0.094 to 0.250 pounds per
square foot, according to the size of the wire and number of
ends per inch.

Vulcanized fibers are a little less than half as heavy as
sheet aluminum of the same thickness. Hard sheet rubber
or ebonite and celluloid have practically the same density as
the vulcanized fibers.

From these considerations we see that ordinary woven
fabrics of cotton, either plain or treated with rubber or oil
varnishes, must be given the first ranks as probably best
suited of all available materials for kite surfaces. They are
relatively inexpensive and can be had in a great variety of
grades or weightas.

Framing materials for kites must be chosen from among
comparatively a few substances. Twoor three different sorts
of wood, aluminum, and steel make up the list. The ma-
terial best adapted to a given use will often be determined by
the kind of strain to which it is subjected.

(a.) Tensile strength.—A slender piece of steel wire, for ex-
ample, is quite powerless to resist either flexure or compres-
sion, but no other substance compares with it in resisting
tension. The tempered steel pianoforte wire employed for
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flying our kites resists breaking by tension at the rate of over
850,000 pounds per squarg inch. The same weight of alumi-
num of the very strongest quality would be broken by a
strain of about 188,000 pounds. Aside from the difficulty of
grasping it wood is also an excellent material to resist tension.
Selected specimens from the strongest woods will sustain
220,000 pounds, whereas the same weight of fine tempered
steel will sustain 350,000 pounds. Wood subjected to tension
is thus seen to be superior to aluminum, weight for weight.
These comparisons are drawn between the very finest speci-
mens of the several materials. Their respective merits stand
in much the same relation, however, when we take the average
specimens. Fine grades of ordinary steel for structural pur-
poses possess a tensile strength ranging between 100,000 and
150,000 pounds per square inch. The same weight of the
better grades of rolled aluminum bars sustain only about
80,000 pounds.

(b.) Crushing strength.—Steel isabouteleven and a half times
as heavy as ash and hickory, and about eleven times the weight
of white oak, weight for weight. These woods, under compres-
gion, crush with strains of about 69,000, 77,000, and 103,000
pounds, respectively ; similarly the light woods, white pineand
spruce, crush at about 80,000 pounds. Aluminum, therefore, is
strikingly inferior to ordinary steel and hickory, and is practi-
cally on a par with pine and spruce, at least as far as general
strength is concerned, while the woods are probably superior as
regards elasticity. Under tension woods are equal to the best
grades of steel of tensile strength exceeding 150,000 pounds
per square inch. Wood, however, can not be practically em-
ployed to advantage under tension.

These general comparisons of strength are instructive and
very important, but we must also take into account some
other factors upon which the suitability of a given material
depends. While steel is so eminently superior to all other
materials for light and strong construction, it can not be
easily and cheaply procured in the appropriate forms nor in
the small sizes required for uee in the construction of kites
of the ordinary dimensions. Even were stecl of the desired
form available, its use in small frames would prove trouhle-
some and inconvenient, on account of the constructional difti-
culties in securely uniting and framing parts together when
formed probably of tubes with very thin walls. For kites of
very large size, however, steel is undoubtedly the lightest and
strongest material available for the framework, while for
kites of the ordinary sizes there is probably nothing so light
and strong, so inexpensive and easily procured, or so readily
worked into almost any form of framework as the ordinary
grades of white pine and spruce. Bamboo isvery light, strong,
and elastic, but its application is seriously limited by its pecu-
liar form, which admits of little or no variation without im-
pairing the strength of the material.

The foregoing considerations leave little room for question
as to which materials are best suited in general for kite con-
struction. The weight and strength of the materiale men-
tioned above are summarized in Takle VIII.

The relative strength of the seéveral materials is computed,
with reference to their weight as compared with that of steel.
Thus, if the tensile strength of steel is 100,000 pounds per
square inch of cross section, then the tensile strength of a
piece of aluminum of the larger cross section necessary to
preserve the same length and weight, rated at 28,000 pounds
tensile strength per square inch, will be 81,000 pounds. The
sectional area of the aluminum bar will be 2.89 square
inches. :

Every designer of kites who wishes to attack his problem
in a scientific and engineering manner will find a fund of
valuable additional information concerning *The materials
of eeronautical engineering” in an article under this title

by Prof. R. H. Thurston, of Cornell University, published in

the Proceedings of the International Conference on Arial
Navigation, Chicago, 1893.

TasLe VIII.—Weight and relative strength of materials.

Relative strength.
Weight,
pounds.

Material.

Tension. Compression.

Per 8q- {t. Pounds.

Silk
Nainsook
Lonsdale cambr
Muslin

Light silk balloon fabric(for models)
Light cotton balloon fabri¢ .......... 0218
Regular balloon fabric, cotton.......
Sheet™aluminum 0,01 inch thick...... 1414

Sheet steel 0.01 inch thick............ 408
Aluminum wire gauze, fine........... 94
Aluminum wire gauze, heavy ....... . 250

Vuleanized, fiber 0.01 inch thick
Hard rubber, per each 0.01 inch thick.
Sheet celluloid, 0.01 inch thick......
Tempered steel pianoforte wire....

395, 000-400, 000 |

Hard spring phosphor bronze wire.. 106, (00-150, 000 |..
Aluminum wire....... oo caveaiven oo 87, 000-188,00C
Cable laid twine...c..oovie vovvnnienn]onnnnann, 84, 000-109, 000
Percu. ft
High grade steel, bars................ igg 100,000-150,000 |...ccooeviaiiaiiannn

Aluminum bars ...oovveerierireannnna.

Ash....ooeee 2, 000- 91,000
Hickory ..... 43 114,000-160, 000 91, 000112, 000
White0ak covvveviiiiniiiiiniiiiiieans 43 114,000-........ 63, 000~ 91, 000
White pine......c.ocvvvivnienenns wae 29 51,000-127, 000 51, 000-101, 000
SPTUCE ..iivviiiiinirinnniirnvnninnnss 31 79,000-158,000 71,000~ 95,000

N 1§fn‘E.—The relative strengths in the above table were compiled from Thurston’s
ables.

(2) How yiven materials are best employed in the construc-
tion of kites is a very interesting point, and will next receive
a hrief consideration. We have already been led to the con-
clusion that wood (white pine or spruce) is probably the best
and most available material for the frame work of kites of
moderate size. The strength of a given piece of material de-
pends very much upon the manner in which it is strained.
The principal strains that are likely to occur are lateral
bending and compression. Shearing and torsional strains
may also exist in some cases. Comparatively slight forces
are sufficient to break a stick by flexure whereas the same
stick will sustain far greater forces which tend to compress
it. In devising the strongest and lightest construction, we
must, therefore, avoid as far as possible subjecting the mate-
rial to lateral bending strains. By a well known artifice of
construction, it will nearly always be practicable to substitute
for large bending strains two other forces or strains. One of
these will be compression, the other tension. Thus the slen-
der stick, 4 B, Fig. 64, supported at each end, is unable alone
to sustain any considerable load distributed over its length.
If, however, a short column, C, and the tension members,
T T, be introduced, the character of the strains are entirely
changed. The stick 4 B and the column (' will now be under
compression, while 7" and 7' will be put under tension by
loading, and the strength of the devise is enormously in-
creased, as every one knows. The stick is still subjected to
bending strains at points hetween the extremities and the
foot of the column C, but the accumulated strains on a sec-
tion and its length are both half as great as in the case of the
whole bar, circumstances that contribute in still greater pro-
portion to increase the strength.

This artifice of the truss is of unlimited application in kite
construction where lightness and strength are so important.
The principal strains in the frame work will by this means
be compression and tension, the former sustained by wooden
trusses the latter by slender wires, whose weight will generally
be of very little importance. Wires of hard drawn phosphor
hronze resist corrosion by moisture, etc., better than steel and
will in many cases probably be preferable to steel which is
very much stronger.

A wide field is open for the display of ingenuity in devis-
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ing the best methods of working out the details of construc-
tion, that is, the best arranged forms of the several parts, how
to conveniently and securely unite them, etc., remembering
always that the frame work must possess that happy quality,
uniform strength. The final solution of these difficulties can

not be stated yet.

The writer has endeavored to point out a

few important principles and has indicated the lines along
which 1t seems the work may bes{ proceed, but many in-
genious minds by repeated experimentation must achieve
new improvements before it can be said that the best has
been attained.

(Concluded in the July ReviEw.)

NOTES BY THE EDITOR.

EXICAN CLIMATOLOGICAL DATA.

In order to\extend the isobars and isotherms southward so
that the studen¥g of weather, climate and storms in the United
States may propexly appreciate the influence of the conditions
that prevail over Mgxico the Editor has compiled the follow-

ing table from the

oletina Mensual for April, 1896, as

published by the CeNgral Meteorological Observatory of

Mexico.

The data ther
course, been converted int
ric means are as given by
influence of local gravity, an
standard gravity, depending upo

nglish measures.
ercurial barometers under the

therefore need reductions to
hoth latitude and altitude;

iven in metric measures have, of

The baromet-

the influence of the latter is rathexuncertain, but that of the

former is well known.
other data published in this RevIeV

local gravity have not been applied.

For the sak®\ of conformity with the
these corrections for

Mexican data for April, 1896.

T e N o
a - . . Prevailing

< 25 |82 1 PEN | girection.

. =1 e 2 | eg |-
Stations. 1 28 | o= g% | &

= <H | 38|28 |e2

= V2 | @ g oes | R

< = SR eS| A

Aguascalientes
Campeche
Colima (Seminario)
Colima
Culiacan

Guadalajara (H.de B.)
Guadalajara (Obs.d. Est.)

Guanajnato ...
Jalapa

Mazatlan .
Merida ...........
Mexico (Obs. Cent.

[07:5.: Y1 APOUAPOAN
Pabellon .
Pachuca ..
Progreso
Puebla (Col. d
Puebla (Col.
Queretaro....
Real del Monte (

Saltillo (Col. 8. Juan)

San Luis Potosi ....
Silao
Tacambaro

Tacubaya (Obs. Nac.)
Tampico (Hos. Mil.) ..

Tehnacan
Toluca

Trejo (Hae. Silao, Gto.) .
Trinidad (near Leon)...

).
Mexico (E. N. de#B.) ..
Morelia (Seminario) ..

coooooNaR
NSSEIZEE

3

VeracTuZ eoe v vannee .
Zacatecas ........... 0.00 | sw. sW.
Zapotlan (Seminario)............ /. 0.54 | sw. w.
* WswMAnd ssw +Sw.ande.
exican date for May, 1896,
Ta. 85| 2wl & |Prevailing
'uci cf |8 E _- e direction.
Statyfns. S 5% | 49 2 | B8

= @8 | g5 | —H | S8

= o | @ g | o3 4

- 2k | H Y

g
o
~

R

Mevican data for May, 1896—Continued.

R Prevailing
%5 .o§ 5 E .| direction.
Stations. a9 < g B 0
tations g 56 |88 % o <
= °2 |28 8 ]
« = = B 13
Feet, | Inch F.
Culiacan..coveviiiiiavrncarrsrannanans 112.2 |... .
Guadalajara (H.de B.). .| 5,141.2 |,
Guadalajara (Obs.d. E 5,188.0 |. ..
Guanajuato 6,761.3 .7 .
Jalapa... 4,767, 53 .4 .
Lagos (Lic [09°15°" ¢ i IS P
€00 ... 5,901.0 | 24.27 | 76.1 0.28
Mazatlan 1.6 ( 29.89 | TT.7 8 10.00 w.
Merida .. 50,2 | 29.88 | 85.1 60 | 1.12 | ese,
Mexico (O ent. 7,488.7 | 23.07 | 67.6 47 | 0.47 | n.
Mexico (E.N.de 8.).covviuininn s .| 7,480.5 | 23.05 | 67.6 50 | 0.48 | =e.
Morelia (Seminario) . .16,401.0 | 23.94 | 69.6 50 ] 0.48 | s.
[€1:5-:1T: R AT 5,164.4 | 25.05 | 77.5 53 | R.69 | se.
Pabellon....covcveerenncereneanfonainas [ 3 b O ] PO P P
Pachuea............. .1 7,956.8 | 22.58 | 63.3 69 | 0.41 [ ne.  |......
Proireso ..............................
Puebla (Col. d. Est.).. .1 %, 118,
Puebla (Col. Cat.)..... . T2
Queretaro ........... .. .| 3,089,
Real d.Monte (E.d .| 9,095.
Saltitlo (Col.S.Ju .1 5,376.
i i A .| 6,201.
................ ..| B,152.8
...................... .| 8612.4
..... 6,010.1
.............. 47.9
acatecas ... ......... 8,015.2
apotlan (Seminario)..... .| 5,124.8

*W.and wsw. t+N., e.,,and ne. $Ne.and nw.

KITES, BALLOONS, AND CLOUDS.

cellent series of investigations bearing on the theory
ice of flying kites for meteorological purposes now
\gshed in the MontHLY WEATHER REVIEW Wwill, we
te many others to enter this fascinating and
of work. Kite flying was apparently first
eorological purposes in the United States
clin, 1752. Then came a long interval up
the Kite Club of Philadelphia in 1837,
and again a long interval until Mr.
ayonne in 1890; although, perhaps
in justiee to himself, the ENjtor may remark that in July, 1876,
having for the first and only\ime in his life a chance to spend
a week on the Jersey coast, he\then flew kites at Ocean Beach
and Asbury Park in order to ermine the depth of the sea
breeze, and had the pleasure of \geeing the kite which had
been borne landward by the sea brdg¢ze soon reach the upper
return current and be borne seaward By it. (See Preparatory
Studies, p. 92.)

Mr. McAdie’s experiments of 1885 and Y892 at Blue Hill in
using the halloon for studies in atmospheri¢ electricity, and
especially the work done by him and Mr. Pottewin Washington
in 1894 and 1895, were promptly followed by encowgraging action
on the part of the Chief of the Weather Bureau, aiN in his first
publication, Profesgsor Moore expressed his intentioNto prose-
cute explorations in the upper air by all possible mea The
excellent results thus far attained by Professor Marv

important fie
practised for m
by Benjamin Fra
to the work done b
as referred to by Esp
Eddy began his work a

we hope, but an earnest of the future work at Washin
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Chart VI. Kite Experiments at the Weather Bureau.
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esy of Prof. E. W, Hilgard, director, Berkeley,
sqns have been applied to the records. P

omona, Cal.

Percentages o ssible sunshine recgpffed during the | Hours of sun-

(loca! n time) hours pfiding— shine.
A N P. M. g |3 &2
Month. S £8 | &, |98
e St |22 5%

’ g FERICE
slvls|o|uh]El1]e Nl a5 (6|7 |82 |5 52
z = 4 (2] A ©

,/

1898. / o \ Hre.  H'rs.
January ..|....|.. 20 (49 [ 56 [ 66 [ 66 | 56 | 69 | 70 [ ¥1 | 86 |..~Wg...| 176.0 316.2| 56
February.|.... 52|73 | 8610089 8|83 (83 (88|74, 11 \ 238.6| 318.5| ¥
March..... / 16 |53 (65|73 |76 (7T | T2 68 ] 70| 67 | 62 122 [... NQR2.9) 372.3] 60
April... 6|51 (676918077 |84 81|76 |80 |84j8 69| 7 391.6| 70
May..7..| 8146168 |78 |82|9085, 81 184|85|83|85][79]| 10| 297 2.6 69
Juyef..... T133[043 162|774 | 81\ 87 | 94196196 {99196:93|30|206.7 4

' KITE EXPERIMENTS AT THE WEATHER BUREAU.

By C.F. MarvIN, Professor of Meteorology, U. S. Weather Burean.
[Continued from the June REvIEW.]

EFFICIENCY.

Hitherto no exact and scientific methods appear to have
heen employed to determine the relative merits of different
kites, or to fully measure and analyze their action. Experi-
menters in general have been contented to make a rough esti-
mate by eye of the angular elevation attained, or if this has
been measured the results, with rare exceptions, have been in-

«accurate, and the observations limited to a very small num-

ber. Often, probably, but a single reading has been made at
o favorable moment when the kite had momentarily attained
an extreme elevation. Moreover, the observations have gen-
erally been made with the object of ascertaining the altitude
of the kite when a long length of deeply sagging line was out.
Little or no notice appears to have heen given to the effect of
the long line in modifying the angular elevation of the kite.
If any accurate measurements of the behavior of kites have
been systematically made such measurements have, with one
or two exceptions, been conspicuously abgent from any pub-
lished accounts of kite experiments known to the writer. 1t
is therefore impossible to form any estimate of the relative
merits of the kites employed by different individuals. Eye
observations without the aid of instruments suffice to deter-
mine only general qualities of steadiness, etc. Those factors
upon which the usefulness of a kite for meteorological pur-
poses depends, namely, the lift and drift, can be determined
accurately only by aid of instrumental measurements. Eye
estimates of the angular elevation of kites tend nearly always
to exaggerate the amount of the angle, and data of this sort
respecting the behavior of kites can have no place in scientific
investigations.

Various methods of expressing numerically the merit of a
given kite may be employed. The lift and drift may be made
the measure of excellence of a given kite. But the lift and
drift of a kite vary with every gust of wind, and it is diffi-
cult to deduce from these quantities a true numerical rating
of the merit of a kite under examination. This objection
to the use of lift and drift as a measure of excellence would
have less weight if the wind blew with a steady direction and
constant force, but this is never the case. Moreover the lift
and drift, aside from depending directly upon the force of the
wind, depend further upon both the actual surface of the
kite and upon the angle of incidence. A very perfect kite
which happened to be bridled in such & fashion that the angle
of incidence was, for example, 25°, would, in all probhability,
show a smaller lift and a larger drift than a much inferior
kite bridled so that its incidence was 15°. This ditffer-
ence of incidence would, in all probability, wholly escape the

2 | sons can be made.

notice of an ordinary observer unless his attention was specif-
ically directed to discover it. Even if discerned with the eye
the real numerical relation could be established only by care-
fully made instrumental observations. The lift and drift in
themselves, therefore, do not constitute @ suitable basis for a
true numerical estimate of the useful effect available in a
kite. They are in fact only conventional and derived ideas. -

| We must go back of them to the fundamental forces from

which they are derived for the basisupon which true compari-
Efficiency is the technical term widely
employed in all branches of engineering to designate numer-
ically the useful effect available in machines of any sort.
Thus, we have the efficiency of a steam engine, of a boiler or
furnace, the efficiency of electric generators, motors, convert-
ers, etc., 8o likewise we may have the efficiency of kites. This
measure of merit, as adopted at the Weather Bureau for the
comparison of kites with each other, is based upen funda-
mental mechanical principles, and is widely applicable to any
kind of kite. The resulting measure isnot directly dependent
upon the angle of incidence of the kite or upon the direction
or force of the wind.

Efficiency of kites—The bagis upon which any rating of
efficiency 18 deduced is very largely a matter of choice. In
dealing with machines and appliances for producing physi-
cal or mechanical effects, economical considerations have
much to do with the ultimate or absolute utility of the de-
vices employed. From the economic standpoint an efficiency
rating i3 an exceedingly complex result, depending upon
many factors of the most heterogenous character — cost of
space, wages of employees, cost of transportation, intereston
investment, etc. These factors can be related to each other
only in a highly arbitrary and empirical manner. The eftici-
ency of mechanical devices, as the term is ordinarily used, is
not generally deduced upon the economical- basis but de-
pends upon purely mechanical and physical considerations
of cause and effect. Dismissing economics we will likewise
define the efliciency of kites upon the physical and mechani-
cal basis. Even here, choice may he made among several
methods. We may consider that the most efficient kite is one
which can attain the highest elevation. As we shall see here-
after, the elevation attained by a kite is purely a question of
the forces acting upon the string. It is very plain that to
make the efficiency of a kite depend in any way upon the
string is not desirable. Even if we eliminate, as we may,
effects due wholly to the string, and make the efliciency of
the kite depend upon its power to attain elevation, we still
make a bad choice, for we would thereby fail to consider that
kites may he employed for other purposes than attaining
elevations. A highly efficient kite from such a standpoint
would be highly inef{jcient if it were employed to pull sleds
or carry a lime ashore from a stranded vessel.

A basis upon which the efficiency of a kite can bhe deduced,
that is not open to such objections as raised above, may be
had by considering only the inclination of the total resultant
wind pressure to the surface of the kite. A kite, funda-
mentally, is a surface either plane or curved against which
it is designed the wind shall press. The ideal kite is that sur-
face; the actual kite is a material substance having thickness,
edges, possibly a tail, etc. The string is an entirely separate
accessory not necessarily included in discussing efficiency.
In the analysis of the action of the wind upon surfaces a
principle of efficient action was pointed out on page 162! as
follows: “ The condition of ideal efficiency (that is,an efficiency .
of 100 per cent), in the action of the wind upon thin plane sur-

faces, obtains when the total resultant pressure is exactly normal

to the surface.” Recognizing that a kite is a surface against
which the wind shall press, we say broadly that the pressure
is most efficiently exerted when for plane surfaces the total
pressure is exactly normal to the surface. For arched sur-

I MonTHLY WEATHER REVIEW, May, 1896,
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faces we must deal with inclinations to a tangent, or more
conveniently to the chord of the arch. We will speak of this
more in detail further on.

The reader who has followed the section on the * Analysis
of forces” in the May Review (page 157) and who has in
mind the effects of the weight of the kite as set forth on page
203 of the June REviEW is prepared toreadily understand the
application of the above-mentioned principles to the deriva-
tion of the efficiency of a kite. Under ideal conditions, that
is, conditions in which edge pressures, surface or skin frlctlon
waviness and fluttering, eddy effects, ete., are wholly absent,
it follows as a direct consequence of the principles already
established that the ideal kite, whose weight is considered in-
appreciable as compared with the wind pressure, will fly in
such a manuer that the direction of the string next the kite
will make an angle of 90° with the surface of the kite or with
the longitudinal axis thereof. In the case of an actual kite
of appreciable weight and more or less imperfect in other re-
spects, it will be found upon measurement that the direction of
the string next the kite will make an angle of less than 90°
with the longitudinal axis. This angle between the direction
of the string next the kite and the longitudinal axis of the
kite is properly made the numerator of the efficiency ratio,
and for convenience and brevity we will call it hereafter the
efficiency angle. 1t is the angle 4 O R in Fig. 65. If, upon
measuring the angle hetween the direction of the wire and the
kite, it were found to he 75°, for example, then the efficiency
of the kite would he given hy the ratio of this angle to 90°,
thatis—

Efficiency = 75 = 90 = 834 per cent.

This measurement relates specifically to the position the
kite takes in the air, and does not deal with the pull of the
kite. We might, therefore, more specifically call the above
defined efficiency the position efficiency. The pull is a factor
wholly independent of the position when we consider sim-
ply the mechanics of a kite, and it is well to keep these factors
geparate in estimating the merits of kites.

The different positions that kites of different efficiencies ag-
sume when flying from a string which is either so light or so
short that it does not sag to an appreciable extentisshown in
Fig. 65. A Brepresents the midrib or longitudinal axis of a
kite; and the string issupposed to make an angle of 75° there-
with, corresponding to a position efficiency of 83% per cent.
The angle of incidence of the horizontal wind with the kite is
supposed to be 20°. In such a case the angular elevation of
the kite will he 55°. If, however, the kite were perfect, in
which case the efficiency angle would be 90°, the position the
kite would then take is shown at A" B’ and its angular eleva-
tion would be 70° instead of 55°, the kite still retaining the
same angle of incidence of 20°. It might be argued that
by changing the angle of incidence of the kite 4 B by the
proper amount without changing its efficiency it would fly as
high as A’ B". This may be true, but the more efficient kite
would pull harder, and if its angle of incidence were likewise
changed, the perfect kite would again fly higher than the
imperfect kite and pull equally hard.

The foregoing treatment of the question of the posltlon
efficiency of kites applies strictly only to plane surface kites,
and throughout all preceding discussions where efﬁciency
angles have been measured in reference to a midrib or longi-
tudinal axis of the kite it has been assumed, as was generally
the case in the Weather Bureau kites, that the apparent angle
of incidence was also the true angle of incidence! If this is
not at least approximately so in a given kite, or if, as in a
trapezoidal kite, the sustaining surfaces are at ditferent angles
of incidence, then the efficiency angles must be taken in ref-
erence to the planes themselves.’

Arched surfaces—When we deal with arched surfaces some

1Page 201, MonTELY WEATHER REVIEW, June, 1896,

experimental results show that the wind forces in question
do not act in the same manner as upon plane surfaces, and
while the general principles involved in deducing efficiency
still remain the same, a slight change in computing it nu-
merically will probably be required, owing to the fact that in
the ideal case the string might form with the longitudinal
axis an angle—A O R, Fig. 65—greater than 90°,

The difficulty in the case of arched surfaces is that we do
not know, a priori, the maximum possible angle between the
string next the kite and the surfaces, or the chord of the arc;
that 18, we have no certain value for the denominator of the
efficiency fraction. Some observations show that the angle
ought to he greater than 90° in the ideal case, but just how
much greater is not known. This is a matter which is at
present of minor importance. In fact, this angle undoubtedly
varies with every modification of the curvature of the arch,
and possibly with changes in the angle of incidence. While,
therefore, we may not be able to arrive at a mathematically
correct numerical value of the efficiency ratio in the case of
arched surfaces, we still have in the ¢fficiency angle alone a
wholly satisfactory hasis for numerically rating the merit of
any kite, whether with flat or with arched surfaces. The
most efficient kite, other things remaining the same, is the
one showing the maximum efficiency angle. The experi-
ments up to July 1 had not been carried sufficiently far to
show the most satisfactory procedure in the case of arched
surfaces. The foregoing remarks refer to the position efficiency
of kites. Let us consider briefly the pulling power of kites.

Pull—In comparing the pulls of different kites, the com-
patison must, of course, be made always for the same condi-
tions; that is, for the same velocity of the wind, the same
angle of incidence, and the same unit of surface. There is
very little reason why kites should differ much in the pull
per square foot of surface if we have been careful to measure
the sustaining surface upon a systematic hasis, such as already
explained in the REviEw for June, page 201. The following
appear to be the principal causes why one kite should pull
more than another under otherwise similar conditions: Arch-
ing the surfaces of the kites, as we have already explained, may
increase the pull very greatly. In kites of the cellular type
the sheltering of one surface by another may diminish the
pull per unit area, more or less. The pervious character of
ordinary cloth may serve to diminish the pull. The wind
may not press to good advantage upon the pointed lateral
and bottom extremities of such kites as the Malay, and the
pull may be less in consequence.

Efficiency—how determined.—Having defined the mechanical
significance of the efficiency of kites, the next point is how
shall the necessary measures be made in order to compute
the efficiency in a given case.. The only quantity which it is
necessary to measure is the angle between the wire and the
kite. It would not be difficult to construct a small recording
instrument which, when connected between the bridle and the
main wire, would produce a continuous record, from which the
angle between the main wire and one of the bridle lines could
he deduced. Since the angles between the bridle and the kite
may always he known, thee record mentioned would suffice
completely to give the desired efficiency angle. This sort of
an instrument could be combined with a emall dynamometer
recording the pull of the kite upon the same record sheet with
the efficiency angle. If still further combined with a record-
ing anemometer, the resulting apparatus would constitute a
complete kite indicator, since 1t would give the principal ele-
ments required in working out the efliciency of kites and the
action of the forces thereon. Itwas not considered advisable
to attempt to introduce such an instrument for recording the
elements mentioned, although the matter received serious
consideration, and the dynamograph portion of the instrument
for recording the pull of the line, either at the kite or at the
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reel, was actually constructed. This instrument is shown in
Fig. 68 and is described on page 241.

Incidence scale.—In the absence of the instruments required
for making the ahove described automatic record of the effi-
ciency angle, another method was devised for measuring by
eye ohservations, not only this angle, but the angle of inci-
dence of the kite and, simultaneously, its angular elevation.
This method is best explained in connection with a kite with
rectangular cells. By aid of a stencil made from a sheet of
oil-board paper a series of graduation lines 1 inch apart are
boldly marked in black upon the white cloth of one of the
upper sustaining surfaces of the cell, usually the forward cell,
as shown in Fig. 66. The lines are one-quarter inch hroad,
and each fifth line is about 2 inches longer at each end than
the intermediate lines, which are about 4 inches long.

The zero line of the scale is at the front edge of the cell.
Figures need not he applied to any of the lines,as the group-
ing in fives renders the reading of the scale sufficiently easy
and certain.” The scale, for convenience, may be called the
incidence scale, since by its use we ascertain the angle of
incidence of the kite.

When a kite of the usual proportions provided with such a
scale is flying in a normal manner, and is viewed from a posi-
tion near the reel, a partonly of the incidence scale is visible,
the remainder heing concealed behind the lower surface of
the cell. At a distance of a few hundred feet the number of
divisions of the scale exposed to view can be read with the
unassisted eye, but in our regular experiments a small reading
telescope, such as employed by physicists for reading galvan-
ometer scales, etc., has heen used. The telescope for the pur-
pose was mounted upon an ordinary engineer’s tripod. Easy
motion in both altitude and azimuth was provided, and in
the absence of a regular vertical circle an accurately divided
draughtsman’s protractor was arranged to give the angular ele-
vation of the axis of the telescope. Assisted by the telescope,
readings of the incidencescales have been made with as much
as 2,000 feet of wire out, but in order to eliminate from the
observations as much as possible the effect of the sag in the
wire, which had to he taken into account in the manner here-
after described, observations were nearly always made at dis-
tances of between 400 and 1,000 feet.

The protractor was divided to half degrees, and readings of
less than this amount could he made. Owing, however, to the
constant and great changes of the position of the kite, refine-
ment in angular readings, when working at short range, pos-
sess no significance. For the same reasons the estimates of
the incidence scale were confined in general to half inches.
To offset the coarseness of these measures observations were
repeated at intervals "of from 30 to 60 seconds, and ten or
more readings made in each set from the mean of which the
final deductions were made.

The act of making an observation consists in bringing the
kite in view in the telescope, and following its motions until
at a favorable moment a reading of the scale can be satisfac-
torily made with the kite near the center of the field. The
inclination of the telescope at this moment is the angular
elevation of the kite, which is thus determined simultaneously
with the scale readmg Fig. 67 shows the relation of the
angles in question. The angle A4 at the kite ig the observed
angle of e]evatlon, ¢ is the desired angle of mcldence the
angle z is given by the equation:

]
tan. z n
in which A is obtained from the known height of the cell and
8 is the reading of the incidence scale.
Finally, ¢ = 90°— (A4 + z).
If we were justified in neglecting the sag in the wire, then
the efficiency angle between the wire and the kite would be—

Efficiency angle = elevation + incidence.

Generally, however, we will desire to be more accurate than
to neglect the sag in the wire. The data for making the neces-
sary allowance for the sag of the wire is ohtained if, at the
moment the scale reading is made with the telescope, an
assistant observes the inclination of the wire at the reel. In
a subsequent section the mathematical equationsof the curve
assumed by the kite wire will be discussed at length, and it
will be shown that when the sag in the wire at the reel is
known the sag next the kite can bhe found. For the present
we will call these angles S" and S, and they are so marked in
Fig.67. With the kite at a distance of 400 feet or more from
the reel, lines of sight, such as B V'and R V7, will be sensibly
parallel, although they are not so in the drawing, owing to
the exaggerated size of the kite. In practice, observations
are made only when the sag in the wire is slight, in which
case the angles S and 8" are nearly equal to each other. Owing
to the peculiar character of the curve assumed by the wire,
the angle S will be smaller than S’ as a rule. The efficiency
angle, including the sag, is

A4+ 8.

Inclination of wire at recl.—As stated above, the sag of the
wire is obtained from a measurement of the inclination of
the wire at the reel. This was measured by means of a pro-
tractor, arranged to hang over the wire with its diameter par-
allel thereto, and provided with a light hand or index pivoted
at the center of the arc and always assuming a vertical direc-
tion, thus serving to indicate on the graduated arc the angle
of inclination of the wire. This angle subtracted from the
angular elevation of the kite, measured from a point care-
fully chosen just at one side of the reel, gives the angle §’. In
strong winds the position of the index of the protractor was
sometimes attfected, and it was necessary to weight the index
with a small plumb-bobh. Finally, the whole protractor was
inclosed in a glass case.

Probable errors—By means of the telescope and incidence
scale simultaneous observations of the angular elevation and
incidence of the kite are made in a highly satisfactory man-
ner. Owing to the great variations of the wind the incidence
is found to vary considerably, as also the position of the kite.
Observations must be made quickly and at favorable mo-
ments. The measurement of the incidence angle is less
accurate in proportion as the scale reading is small. An
error amounting to a whole inch in a single reading of the
scale can not be made except by gross mistike, and the error
of the mean of several readings is probably less than 0.5 of
an inch. The corresponding error in the angle, under condi-
tions found in practice may, in extreme cases, be as much
ag 2°. Repeated observations of the same kite on different
days have been so consistent with each other that it is be-
lieved the errors are actually less than those just described.
If a satisfactory measure is not obtained in the manner de-
scribed it is necessary simply to move the telescope back from
the teel a short distance, 8o as to obtain such an angle of
view as T T", Fig. 67, resulting in more accurate measures.
If efficiency tests are to he made at the same time, then an
additional measurement of the angular elevation of the kite
from a point near to and at one side of the reel will also he
required.

General remarks on efficiency—The manner we have chosen
for deducing the efficiency of a kite is such that the weight
of the kite is a modifying factor, causing the efficiency to be
less than would be the case if the efficiency were made to de-
pend only upon such imperfections as edge pressures, skin
friction, waviness, eddies, etc. To include the effect of the
weight w1t;h that of the imperfections just mentioned is, we
believe, a very proper course, inasmuch as the kite must first
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sustain its own weight before it is available for rendering use-
ful services. Moreover, if for analytical purposes it is de-
siged to study separately the imperfections mentioned above,
the precise knowledge we may always have of the weight of
a kite enables us, by the aid of simple mechanical principles
and the resolution of forces, to perfectly separate the effects
due to weight and other disturbing influences, so that each
may then be studied separately.

Weight and efficiency.—On page 203 of the June REviEw the
modifications produced in the direction of the string next the
kite, due to the weight of the kite and different wind veloc-
ities, were fully pointed out. We now notice also that every
change in the angle of the string means a corresponding
change in the efficiency angle, which is the angle A O H,
AOH,AO0H" etc.,Fig. 63." From a consideration of these
points we see that owing to effects arising from its own
weight the efficiency of a kite in light winds is less than in
heavy winds. In Fig. 63 it was assumed that the direction
of the resultant pressures 0 Q, 0 Q', 0 Q", etc., corresponding
to increasing wind forces, remained always at the same angle
with the kite surface. This will be the case when the influ-
ences due to edge pressures, waviness, eddies, ete., follow ex-
actly the same law of increase as obtains for the normal
wind pressure. This seems likely to be the case with edge
pressures, perhaps, but it is probable that the detrimental
offects of eddies and fluttering are proportionally greater
at high than at low velocities. It may, therefore, happen
that a kite seriously defective in respect to these last-men-
tioned imperfections would, with moderate wind forces, show
increasing efficiency up to a certain point, but that in still
stronger winds the efficiency would actually become less. In
other words, the strong wind would seem to blow the kite down.
Such an instance has not come within my own observation,
but its probability is easily seen from a physical standpoint.

Incidence and efficiency.—The pressure of the wind upon the
kite may be feeble, not alone bhecause of light wind velocities,
but also by reason of the kite flying at small angles of inci-
dence. If the incidence is made too small the pressure of the
wind even at considerable velocities will be only a relatively
small multiple of the weight, and this condition, as we have
found, results in only small angular elevations. There is, in
fact, a particular incidence giving a maximum effect. This
is treated of further on, in the section on the catenary.

Ascending air currents.—Thus far it is assumed, in computing
the incidence and efficiency of kites, that the wind flows in hori-
zontal streams. This is generally, but not always, the case.
It is well known that masses of air generally have £ descend-
ing or ascending as well as a horizontal motion. Under these
circumstances the actual direction of motion of the air may
be in lines that are upwardly inclined to an appreciable ex-
tent. Kites are very sensitive to such conditions and the
action of such ascending currents causes the kite to soar up to
an unusually high angular elevation. The keen ohserver will
not be misled into believing, as some have, that the phe-
nomenal behavior of a kite under such influences is due to
gsome peculiar excellence of the kite itself. These effects of
ascending currents were well known and understood by the
scientific kite flyers of half a century ago. A brief quotation
in regard thereto is cited in the April REview, page 114,
mentioning the experiences of the Franklin Kite Club.

If a kite flying normally in a horizontal wind assumes an

angle of incidence of, say 15°, then in an ascending current]

flowing in a direction inclined upwardly at an angle of 10°
the same kite would seem to assume an angle of incidence of
only 5° and would soar to a point near the zenith, although
still flying at an angle of incidence of 15°.

When the bridle adjustment of a kite remains fixed, the
angle of incidence of the kite will also remain constant with
a given wind force. Even with different wind forces, unless

1Fig. 63 will be found in the WeaTEER REVIEW for June.

they are very feeble, the incidence will change, but very little.
Furthermore, the efficiency angle of a given kite is a definite
angle, which must remain nearly constant in the same kite
go long asg it is not modified in any way or the wind force is
not too feeble. Since, as we have just seen, the incidence and
efficiency angles of a kite must be constant with given condi-
tions, it necessarily results that the,angular elevation will
algo be constant. When, therefore, we have fully established
the constants of a given kite by careful measurements under
normal conditions of longitudinal air motion, the behavior
of the kite under ahnormal conditions of ascending currents
is, perhaps, one of the best measures we have of the amount
of the abnormality. By means of a kite with its constants
carefully determined, it thus seems possible to measure, with
a fair approximation, the upward inclination of movements
of masses of air otherwise quite inaccessible.

Causes of small efficicncy.—We have found that when the
wind pressure is several times the weight of the kite the
influence of the weight on the efficiency angle is very
small and unimportant. Results obtained with good kites
under favorable conditions show that elficiencies of 90 per
cent and over may be attained. When, therefore, we find,
under favorable conditions of wind, smaller efficiencies than
this, we know at oncd that the kite is either excessively heavy
or defective in respect to edge pressures, waviness, eddies,
etc., or the angle of incidence is too small, which latter is
easily corrected by changing the bridle adjustment. An
incidence of 15° is prohably as small as can be employed
with advantage, at least with flat surface kites. In the case
of cellular kites, if the top and bottom surfaces are too near
each other, or if the front and rear cells are too close together,
the flow of the air through the structure of the kite may be,
as it were, choked up to a greater or less extent. All such
effects will have a direct influence on the efficiency.

From these brief remarks it is evident that in dealing with
efficiency we have a powerful and searching artifice for numer-
ically and justly expressing the merit of a given kite. It is
hoped experimenters will familiarize themselves with the
principles involved and apply them in general to kites of
their own, so that some idea can be had of the real duty that
a given kite has performed.

GENERAL OBSERVATIONS OF KITES.

While the measurements of the angles referred to in the
preceding section are sufficient to establish the angle of inci-
dence at which a given kite is flying, and to determine its
position efficiency, still other observations are needed to
agcertain all the facts we wish to know concerning the be-
havior of the kite. Among these the following are discussed :

Measurement of the tension of the wire.—Prior to July all
measurements of tension of the wire at the reel consisted of
eye readings of a spring scale attached to the reel in the man-
ner described in the April Review, page 122. The scale of
the dynamometer employed embraced 50 pounds, and when
the tension on the wire was greater than this limit a pur-
chase (in the mechanical sense) was obtained by use of a
movable pulley, the dynamometer being attached to one end
of the cord passing over the pulley. This tackle, as is well
known, multiplies effects by two; hence, the dynamometer
which indicates normally only 50 pounds answers for a maxi-
mum strain of 100 pounds.

Dynamograph—Fig. 58 represents a small dynamograph
devised to give an agtomatic record of the tension of the wire.
The clock is one of the very small, inexpensive house clocks
on sale by any jeweler. But very little alteration is required
to mount the clock on its hour-hand axis, which, being suit-
ably prolonged, is clamped firmly in the bearings 4 4, with
the result that the whole cylinder containing the clock re-
volves at the rate of one revolution per hour. In order to
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reduce to a minimum the motion of the moving parts con-
cerned in measuring the tension, the spring employed is ex-
ceedingly stiff, being one of the excellent springs commonly
used in steam engine indicators. A strain of 100 pounds
compresses the spring about one-sixth of an inch. This mo-
tion is magnified and recorded with precision hy the pen in
a manner readily undeystood from the figure. The dynamo-
graph in its original form was designed for use with small
kites with pulls of not to exceed 35 pounds, whereas experi-
ments were actually made requiring a greater range of scale.
The necessary modifications in the dynamograph to adapt it
to larger scales were not, however, made until after July 1.

Measurements of wind velocity—No direct measnrement of
the wind velocity was made during the kite experiments ex-
cept the continuous records made at the Weather Bureau.
These records answered every purpose so far as the general
experiments were concerned, hut a much more specific and
local measurement is greatly needed in order to formulate the
laws connecting the pressures per unit area with the angles of
incidence, velocity of wind, perviousness of cloth, character of
kite, etc. A small hnemometer weighing only 0.8 of a pound
has heen constructed which records, not by the usual step by
step methods, but continuously every movement of the cups.
Fractions of a mile at their true momentary velocities are
fully recorded by it and momentary velocities for very brief
periods have been deduced with the same accuracy as is at-
tained in ordinary velocity measurements. This instrument
was, however, not available for use until after July and its
further description is reserved to accompany the publication
of results we hope to attain by its use.

Measurements of angular elevation.—The manner of measur-
ing the angular elevations of kites by aid of the telescope, as
described in the section on efliciency, is not the most conven-
ient when nothing but the angular elevation is needed nor
is its accuracy all that can be desired in the case of lofty
agcensions. Two other methods have therefore been em-
ployed.

Nephoscope.—It was often desired to ascertain the average
position of a kite without observing necessarily its efficiency.
Owing to the constant changes going on in the angular eleva-
tion of the kite the average must be based on numerous meas-
urements made momentarily and at perfectly equal intervals
of time. The hest results are secured if the instrument em-
ployed admits of being read or at least set at a precise instant
of time. This is the case with the nephoscope employed by
the Weather Bureau for observing the positions and motions
of clouds. It is shown in the illustration helow and was de-
scribed at length in the Weatuer ReviEw for January, p. 9.

Its manipulation ieso simple that scarcely more than one
second is required for ascertaining the angular elevation of a
kite. The nephoscope is mounted upon a firm table or sup-
port near the reel and the mirror M carefully leveled by the aid
of an ordinary level which accompanies the instrument. To
observe the kite the eye is placed so that the former is seen
reflected from the central spot of the mirror, and the sight-
ing knob s on the staff S set so that the knob is also seen
reflected at the center of the mirror. This setting can he
made in a very short time. The angle of the inclined thread
may then be measured with the protractor, and we have the
angular elevation of the kite. Such settings of the nepho-
scope were generally made at exact intervals of thirty seconds
for a period of five to ten minutes. The average of ten or
twenty readings of this sort may be considered to give a close
measure of the average position the kite under examination
will take under ordinary conditions of atmospheric motion.
Experimenters should not be satisfied with a less exact and
truthful record of the average performance of a given kite
than one obtained in some such way as that described.

Sextant.—The nephoscope answers admirably for the meas-

urement of angular elevation under most circumstances. In
the case of lofty ascensions, however, the kite appears very
tiny and is sometimes difficult to see. In order to meaggre
the angular elevation accurately under such circumstances a
gextant fitted with a low-power glass has heen employed. A
small plate-glass mirror about 12 inches square, mounted on
three leveling screws, was used in place of the ordinary arti-
ficial horizon of mercury. The accuracy of this method of
measuring the angular elevation is really more than demanded.
It was not necessary to read the vernier of the graduated scale
at all, as sufficient accuracy was attained by eye estimation of
the minutes of the scale. By the optical principles involved
in the use of the sextant with an artificial horizon the actual
scale-reading gives double the angular elevation. At great
heights the apparent position of a kite varies but little, never-
theless our practice has been to read angles at comparatively
short intervals,so that a fair average position may be attained.

Marvin’s Improved Nephoscope.

Caleulation of height—When the sag in the wire is disre-
garded the altitude of the kite is given by the equation:

H=17sgin. 4.

When r is the length of wire out and A4 is the angular ele-
vation of thekite. This agsumes that the length of a straight
line from the reel to the kite is the same as the length of the
wire itself, which of course can not bhe true. If, however, the
sag in the wire is not over 20° at the reel, then roughly the
straight line will be only about 2 per cent shorter than the
wire. For a sag of 30° the difference will he about 4 per cent.
The height, computed by the equation given ahove, should
then be diminished by the proper percentage allowance for sag.
Results obtained in this way will be quite as accurate as hy
more complicated methods of deducing the height by trian-
gulation or hy records of air pressure ohtained from baro-
graphs attached to the kites. Other accurate methods of
computing the height will be given in a subsequent section
on tlhe properties of the catenary, including the case of invisi-
ble kites.

RESOLUTION OF FORCES.

When the efficiency angle and pull are known for a given
kite, also the bridle adjustment, we have the data for con-
structing a complete diagram of the actual forces acting on
the kite. By way of illustrating more in detail how the ana-
lytical observations on kites have been conducted in the
Weather Bureau investigations, and to show how the diagram
oé forces is constructed and the resolution of forces carried
out in an actual case, the following obhservations from our
field notehook are given:
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Tests of kite No. 30, May 19, 1896 (see Table VI, Review for June, p. 201).
[Bridle ad justed as shown in Fig. 69; observations made with700 feet of wire out.]

Time. Pall. Incidence | Ineclination | Elevation

p.m, - scale. of wire. of kite.
h. m. 8. | Pounds. ° o

2 4 15 20 2%+ T IR 60.5
2 82 20 3.5 56.0 57.5
2 9 2 25 3.5 57.0 80.0
2 10 45 4 6.0 50.0 61.0
2 11 30 20 3.2 54.0 57.0
2 13 00 20 3.0 55.0 58.0
2 13 50 22 4.5 5.0 B7.5
2 14 30 4 4.0 57.0 60.5
2 16 20 167 3.8 56.3 59.0
2 18 2 15 4.0 56.0 59.5
2 20 0 14 4.0 55.0 56.5
2 2 N 10 6.0 51.0 55.0
........... A4 5.0 54.0 55.0
Means 17.8 4.21 54.8 58.0

*This first observation, being incomplete, is omitted in taking the sums and means.

Results.—The height of the cell of this kite is 20 inches;
therefore, the scale reading, 4.21, corresponds to an angle «
given by the equation

4.21
20
Hence, the incidence = 90° — (58.0° 4 11.9°) = 20.1°.

Sag of wire at reel = 58.0° — 54.8°=3.2°= §".

When the sag of the wire is small, as in this case, a close
approximation to the sag at the kite, that is, the angle S
is given by taking S = 81¢, of .S, therefore § = 2.6°,

Hence, the efliciency angle=58.0° 4 20.1° 4 2.6° = 80.7°.

_ 80.7
Whence the efficiency = 90 =

This kite was observed later on the same day hoth by the
telescope and nephoscope with 2,000 feet of wire out. The
readings are given below.

tan. z = = 0.2105 whence z = 11.9°,

907, .

Time. Pull Incidence | Inclination | Elevation
p.m. . scale. of wire. of Kkite.

k. m. & | Pounds, ° o
3 44 10% 12 v 85 50.5
23 6 45 52.0

23 5 46 55.5

18 5 46 58.0

26 4 50 54.0

30 4 50 54.0

8 5 48 55.5

24 S5 45 52.56

18 4 44 52.5

3 49 00 18 5 qv 53.0
Means.... 20.0 5.0 45.6 58.75

* Time of only first and last observations noted.

From these observations z = 14.0°; incidence = 22.2°; §' =
sag at reel =8.2°; §=16.6°; efficiency angle= 82.6°; efli-
ciency = 929,.

From observations with the nephoscope the following
results were obtained—2,000 feet of wire out:

Time. Pull Inclination | Elevation
P. M. . of wire. of Kite.
h. m 8. | Pounds. o o
3 54 00* 16 42,0 52.0
14 42.5 51.5
10 46.0 53.5
8 42.0 55.0
18 41.0 51.5
16 44.0 51.5
8 40.0 52.5
18 41.0 49.5
10 7.0 55.0
8 39.0 54.0
12.2 42.45 52.60

* Every 30 seconds.

.If we agsume, as we are justified in doing, that the average
incidence of the kite was the same as actually observed in
the observations made a few moments before we shall have,
incidence assumed to be 22.2° sag in wire at reel, S’ = 10.2°; .
S = approximately 8.1°; efficiency angle = 82.9°; whence the
efficiency = 92%.

We have given above three separate sets of observations.
The amount of variation in the efliciency angle that may be
looked for under such conditions i« shown in the three values,
80.7°, 82.6°, and 82.9°.

The pull on the wire was measured at the reel where it is
less than the tension at the kite. The difference between the
two will depend upon the relative inclination of the wire at
kite and reel. The mathematical relation hetween the ten-
sions at different points on the kite wire does not concern us
at the present moment and is reserved for treatment in a sub-
sequent section.

Diagram of forces—Fig. 70 shows the actnal diagram of
forces corresponding to the results obtained from the first set
of observations. The center of gravity of the kite is at the
center of figure as at y. Passing a line through F so as to
intersect the axis of the kite at the efficiency angle, viz, 80.7°,
we have the line L F' O R which is the action line of the
resultant of all the forces at the kite. To resolve this total
resultant force into its components we draw a vertical line,
g O, through the center of gravity of the kite and lay off
thereon from O downward the line O @, representing on a
convenient scale the weight of the kite=3.59 pounds. From
properties of the catenary it can be shown that when the ten-
gion of the wire at the reel is 17.8 pounds as ohserved in the
present case the tension at the kite under the ohserved con-
ditions will he 21.1 pounds. This force is represented hy the
line O R drawn to the same scale as O . Completing the
parallelogram of which O R and 0 & are the diagonal and
one side, respectively, we have the line O @ which represents
the total resultant of all the wind pressures upon the kite.
By measurement we find this resultant to be 24.2 pounds
and hy prolonging its action line downward we find that it
intersects the kite at an angle of 85.1°.

We wish now, from this diagram, to arrive at some idea as
to the relative intensity of the wind pressure upon the front
and rear cells of the kite. The front cell is freely exposed to
the wind, while the rear cell is in some degree sheltered, and
we may reasonably expect to find the pressures on the latter
deficient. When we wish to represent by a single force the
combined effect of the wind pressures upon both the upper
and lower surfaces of & cell, the principles of mechanics lead
us to locate the point of action of that single force midway
between the surfaces, provided the upper and lower pressures
are equal. If they are unequal, then the point of action must
he proportionately nearer the greater force.

Now, in such a kite as that under consideration the upper
and lower surfaces are separated hy a distance o little greater
than their width. In such a case it is helieved the upper
surface at ordinary wind velocities can not he sheltered to
any large extent by the lower surface, and that the pressures
on the two surfaces are sensibly equal, at least in so far as
concerns the interference of one surface with the other.
Nevertheless, in the ease of the rear cell it is quite probable
that the exposure of at least the upper surface is far from
unohstructed, and the pressure of the wind upon the lower
surface also may he slightly deficient by reason of the prox-
imity of the front cell. Therefore, it is probable that the
points of action of single forces representing the combined
pressures upon the upper and lower surfaces of the cell can
not with accuracy be placed midway between the surfaces;
but our present purposes do not require that these points be
located with great accuracy. It can be shown that little or
no sensible error will be produced in the results we seek if we
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assume, a8 we shall, that the points of action of the single
forces in question fall midway between the upper and lower
surfaces of each cell, as, for example, upon the line ¢ C in
Fig. 70.

%{eturning now to the resolution of the forces, we found
from the diagram that the line O Q represented the total wind
pressure upon the kite. This force is made up of the pres-
sures upon the individual cells, and we have just found that
the points of action of the pressures upon the individual cells
may be assumed to fall upon the line ¢ C. In accordance
with the principles of mechanics, the point of action of the
total resultant pressures will also fall upon the same line,
C C. The point, in fact, will be at the intersection of the
lines O Q prolonged, and C C'; that is, at 0’, and the total
resultant is completely represented by the line O’ . This
force, as just stated, is the resultant of two forces, one being
the wind pressure upon the forward cell, the other the corre-
sponding pressure upon the near cell. Since the sustaining
surfaces in the cells are equal, the wind pressures ought also
to be equal, under the assumption that one cell does not shel-
ter the other. Our diagram of forces enables us to discover
the difference in the pressures on the two cells. To prevent
confusion of lines, we will use in this study the diagram in
Fig. 71, which represents the line ¢' C' of Fig. 70, and the force
0’ (. Before we can divide the force 0’  into the two parts
representing the wind pressures upon the front and rear cells,
respectively, we must locate the centers of pressure in those
cells. We can not do this very accurately, but the points of

action of the forces are undoubtedly forward of the middle of |

the cell in each case. Several formulw based on experimen-
tal work have been given for computing the position of the
center of pressure on a rectangular plane surface, and if we
employ one of these we can not go very far astray. Chanute
in “ Progress in Flying Machines,” gives the formula d=
1(0.2 4+ 0.3 sin. 7). Applied to the present case, [ is the width
of the cloth bands in the kite under consideration, and 7 is
the angle of incidence; d is the distance from the front edge
of the surface to the center of pressure. Computing the re-
sult, we find d = 5.8 inches. By this method we locate the
center of pressure in each cell at P and P’. Through the
points thus found we draw the lines P N and P’ N’ parallel
to O’ @ and proportional to the lines 0" P’ and O’ P respect-
ively. According to the well known principle of the lever,
two forces represented by the lines P N and P’ N’ will be ex-
actly equivalent to the single force O’ @', and wvice versa.
That is to say, if O’ @ is known, then the forces P N and
P’ N’ are those sought, and represent the forces on the two
cells respectively. P N is a pressure of 18.5 pounds, while
P’ N’ is only 5.67 pounds, which shows to how great an extent
the rear cell is sheltered by the forward cell. If we assume
that the action of the wind upon the forward cell is unim-
peded and acts sensibly with the maximum effect, then the
rear cell experiences only 31 per cent as much pressure as the
front cell. In other words, the efficiency of the rear cell is
only 31 per cent. These results depend in a manner upon an
agsumed position of the center of pressure within the cells.
But any other logical assumption that one may desire to
make concerning the position of the center of pressure will
lead to results that do not differ greatly from those found
above, and a noticeable disparity between the pressures upon
the front and rear cell will still exist. If the center of pres-
sure is placed nearer the center of each cell than we have as-
sumed, then the disparity will be greater. If it is placed at
the extreme front edge of the cell, which would be ahsurd,
there would still be some disparity.

We see from the foregoing example, in which the resolu-
tion of the forces acting upon a kite have been worked out
in detail, that the diagram of forces is a most powerful means
of analysis. It has been the aim in the Weather Bureau in-

vestigations to exhaustively analyze the action of kites in the
manner outlined ahove and thereby arrive at the.best possi-
ble forms and proportions. With the limited time and means
available for constructing kites and for preparing the appar-
atus and accessories required in making the observation, only
partial solutions have thus far been reached, although the
most gratifying improvements upon the original forms have
even thus been effected. The line of study and experiment
described above is hetter calculated to lead to improvements
in kite flying than the simple flying of kites to just as great
elevations as they can attain carrying meteorological instru-
ments with them at the same time, 8o as to obtain atmos-
pheric records. It is impossible by this latter method to
analyze the action of the kite or to discover any except the
most tangible and conspicuous imperfections. All the finer
details leading to the development of the best forms and pro-
portions of kites must always remain beyond the grasp of
such experiments. Table IX contains the results of the effi-
ciency tests made upon kites up to July 1, 1896.

®  TaBLe IX.—Results of efficiency tests.

: | Inclinat'n

s S| @ hed g
Kite. 22| ous | B2 | ofwire. | & | & .
53| .2 |32 85 | &y 8
= Py . . =

Date. . ) Zgl 8288 | g | g S; 3w §
. Kind. 85| S& ?ﬂg 5 2 E S S | =
é = o g e ey = a 2] 2] =
z - < < |2 |8 |& H &
o6 ® | 6 [ t | D t
1896. Feet.| o il
March 96...} 22 0] 1w 556|481 |02l efo el &7
April 28..... A d 10 [ 1,000 | 41.2 1 81.9 | 48.8 [ 5.6 | "d.4 | 83 |.....
24 .. 4 400 | 56.1 1 53.8 | 58.4 | 23.8 | 82.2{ 91| 26
U 10 400 | 57.6 | 54.0 | 60.5 | 23.8 | B4.3 | 94 | 27
T 8RB BB E 8%
ay15...... P Y s Vo I y . 7. 2116, 80, 2 15
a8 | 8V B4 D 8RB
o W il..do.... 9, . 62. L. 91 93 ...
April 21..... 28 | Trapezoid.. 12 200 | 56.0 | 53,7 1 58.3 | 16.3 | 74.6 | 83 |.....
Apl‘il 21..... 28 |....do 101 1,000 | 49.6 | 44.8 | 53.5 | 17.6 | 71.1 | 79 |.....
Apr!l 22..... 28 ..do 5 400 | 57.7 | 55.0 | 60.4 | 17.8 | 78.2 | &7 I.....
April 30.....| 28 ..do 911,000 | 53.4 |48.9|57.1 (1497920 80 .....
May 11...... W\ ..do 10 400 | 56.4 | 54.5 | 58.3 | 15.6 | 73.9 | 82| 27
et I e H AT
une 11..... p ...do 78 . 7.2 . . . 76| 22,9
May 11 .. §1 19 | Rect, struts 14 400 | 46.6 | 41.9 | 50.5 | 17.9 1 68.4 | 76 | 8.6
i )19 ....do.... ...... 10 400 | 53.9 | 48.5 | 58.3 { 17.9 | 76.2 | 85| 8.4
April 8,.... 29 | Trapezoid.... 10 | 1,000 | 45.0 | 36.7 | 51.7 { 18.3 | 70.0 | 8 |.....
June 11..... 29 Y 1o JA 10 571 | 53.5 | 50.0 56§ 15.5 | 71.8 | 80| 81.1
June 11..... 33 | Rect. struts.. 7 571 | 48.8 | 44.0 | 52.7 | 22.8 | 5.5 | &4 | 10.7
June 11..... 3§ Trapezoid ... [ 3 46,7 1 40.0 [ 53.4 1 14.7 | 68.1 | 76| 8
36 | Rectangle.... 12 i 58.0 | 54.8 | 60.6 | 20.1 | 80.7 | 90| 17.8
May 19.... 36 .. ..doein ... 10 | 2,000 | 53.8 | 45.6 | 60.0 | 22.2 | 82,2 91 | 20.0
llael.idoiiiiiii, | 10| 2000 |a26|424 60.2 202 s24| 902|122

* The kites in this table have the same numbers, respectively, as the correspond-
ing kites in Table VI.

Bridle adjustment—The adjustment of the bridle of the
kite is not a matter of so much mystery and importance as
is often supposed to be the case. It will be found, if proper
experiments are made, that very much the same results can
he obtained by the greatest variety of bridle arrangements,
or even by discarding the bridle altogether. In the case of
the kite shown in Fig. 70, exactly the same results would
have been obtained if the bridle had heen discarded and the
wire attached directly to the kite frame at the point S. This,
at least would be the case if there were no fluctuations in the
wind, and its force and character had corresponded to the
average of the observed variable wind. Likewise any one of
many other forms of bridles, such as suggested by the several
dotted lines in the diagram, might have heen employed. The
only condition which each of these arrangements must satisfiy
is that the point of attachment of the wire must fall upon
the line L O.

Steadiness in position.—We have said there would be no dif-
ferences arising from the use of any of the several arrange-
ments of bridles suggested, provided there were no tluctna-
tions in the wind. We may go still further and say that
although the extreme positions of the kite, corresponding to
variations of the wind might differ considerably, depending
upon the bridle, yet it is quite probable that the averages
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would still be much the same. The complete analysis of this
element of the kite problem is comparatively complex and a
few important points only will be brought out here.

In the first place we have to deal with a highly complex
set of variations of the wind. It will answer in the present
discussion to consider only variations affecting considerable
masses of air, such that the whole kite is subjected to uni-
formly changed conditions that persist long enough, at least,
to permit the kite to assume a new position of equilibium.
These variations may be divided into two groups: (a) varia-
tions of direction, (b) variations of force. In treatingof the
variations under (@) we must consider not only the incessant
changes in horizontal direction, but must also recognize and
deal with similar changes that are likewise going on in anup
and down sense. The motions of considerable masses of air
may be either upwardly or downwardly inclined as well as
horizontal.

The variations of force are of great complexity, but their
general character is pretty well known to every observer and
need not be detailed here.

Changes of horizontal direction.—The changes in horizontal
direction of the wind cause the kite to shiftfrom side to side.
So long ae we tie the bridle only to the midrib of the kite, as
is nearly always done, at least with the malay and cellular
kites, all sidewise tiltings of the kite must take place about
that stick as the axis. It does not matter, therefore, so far as
these tiltings are concerned, how the arrangement of the
bridle may be changed in other respects. In their direct
effect on the sidewise movements of the kite all bridles are
the same so long as they are fastened to the same stick or
midrib.

Variations of force and direction.—Variations of either force
or direction of motion, if inclined upward or downward, tend
to cause the kite to rise or fall. If the variation is only of
the inclination of the direction of motion of the wind, then
the new position of equilibrium for the kite flying on a short
and straight string will differ from the old by an angular
amount (if measured from the reel) sensibly equal to the
change in the inclination of the wind’s motion. These an-
gular changes would be exactly equal if it were not for a
secondary effect, due to the weight of the kite, that need not
be now considered. For such variations of direction as just
considered the arrangement of the bridle in a particular case
can not have any direct influence on the behavior of the kite.

If the variation is one of wind force, then the bridle adjust-
ment may have much to do with the amount by which the
kite will change its position. When the force of the wind is
considerable, variations of the force will cause but slight
changes in position of the kite, however bridled. When the
force is only moderate, variations thereof produce larger
changes in the position of the kite, and in such cases the fol-
lowing statements set forth rather crudely certain results
depending upon the bridle. When the bridle isshort, that is,
when the point of attachment of the main line is relatively
close to the surface of the kite, the angular changes in the
position of the kite depending upon variations of wind force
will tend to be greater than when the bridle is longer. Dis-
carding the bridle, which can be done in cellular kites, gives a
minimum distance between the point of attachment and the
front surfaces, and is apt to result in large changes in angular
elevation of the kite. when the force of the wind falls off
greatly. With short bridles, the angle of incidence of the
kite tends to bhe more nearly constant with different wind
velocities. Being nearly constant, the variations of pressure
upon the kite will be nearly as great as those of the wind;
whereas, the longer hridle permits the angle of incidence to
increase when the velocity of the wind diminishes, in con-
sequence of which the variations in the pressure upon the
kite are less than the variations in wind force.

REv 3

A very long bridle may produce conditions under which it
is impossible for the kite to be in equilibrium.

The writer is accumulating numerical data by which the
most useful proportions and disposition of the bridle in a
given case can bhe fully established. As yet these studies
have not been sufficiently advanced to justify more detailed
statements than given above.

With a given form of bridle (preferahly onein which neither
of the angles next to the kite is a right angle), the angle of
incidence of the kite will be made smaller if the point of at-
tachment of the main line be shifted toward the forward end
of the kite, and vice versa.

Lofty ascensions.—The favorable conditions of wind have
been generally employed for the purpose of conducting those
analytical atudies of kite behavior which we believe to be the
most helpful in developing the kite; yet efforts have heen
made, from time to time, to reach great elevations, either with
a single kite or a tandem of two or more. Opportunities with
favorable winds are, however, infrequent in Washington. De-
tailed observations of a few of the more successful high ascen-
sions will give an idea as to what kites of the kind employed
may be expected to do. These results are grouped in Table X.

TasLe X.—Details of special ascensions.

- 2
B2 4% | & a
=Rl -
L. o= L~ Zh=1
he | By | S5 |
Date. | Time. %g 2o 'ao o Remarks.
EL.E f‘,g 5] éﬂ
- Q
< 8 — <
o ar ! |Isin®'
1896.
Jan.27 |.. Single diamond kite No. 5; 29square feet
.. surface; wind favorable at first, but
gradually died out; pull from 20 to 24
pounds,

Feb.10 Tandem of No. 9, 16.8 square feet; 200

. feet below, No, 12, 12 square feet; 200
feet still lower, No. 5, %9 square feet;
fair wind; total surface, 57.8 square
feet.

Mar.26 The first reading is the mean of ten
made for measuring the incidence of
kite, = 21.0°. These are the first incl-
dence measurements made in the
Weather Bureau experiments. S8in-
gle kite; three-plane rectangular
cells, No. 22, 38.4 square feet; wind
very favorable; pull from 8 to 16
pounds with 3,975 feet out, and from
20 to 26 pounds with 8,010 feet out,
showing considerable increase of ve-

locity with elevation; inclination of

. wire at reel not recorded, but ex-

. ceeded 100,

P.M.
Apr.30 | 1 29 30
136 15
21500
15 30
16 00

18 30 The first and second observations are

lz 00 the means of ten readings made upon

17 30 trapezoidal kite No. 28; 43.1 square

18 00 feet of surface; the incidence was

18 30 14.90; 700 feet from the first a second

19 00 trapezoid, No. 29, 86.7 square feet, was

19 30 attached on 150 feet of line; total sur-

2 42 30 face, 79.8 square feet. The wind was

44 10 not very favorable during these ex-

44 45 periments, and it was witg difficulty

45 20 the second kite was started.

45 50
48 35
47 10
49 21
49 50
48
51 30
52 20
30045
3 5
345
40
510
548
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TaBLE X.—Detasis of Special ascenstons.—Continued.
& . - @ L4
] o | & -
5..‘.‘. o 8 B L]
o 2: - 8 z
Y | Ba °‘5 Wt
Date. | Time. { 2 ge -go S8 Remarks.
&8 15F | § | &
4% | 8 b <
of e I {lsine®’
1806. |h.m.s. | ©?
6 35 | 41 57
710|412
8 53930
85080 9
317 40 | 88 40
18 45 | 85 50
10 80 | 86 32
2 5865
2 45 | 87 80
......... 38 12
2220138 80
May 28| 2 84 00 Tandem of twokites. Three-plane kite
84 80 No. M, 88.4 square feet surface; two
85 00 thousand feet lower down the trape-
......... zoid, No. 28, was attached, 43.1square
36 30 feet. The wind was just about right.
37 80 The sky was partly overcast with
243 % clouds, and towards 3 p. m. it became
44 0 apparent that a thunderstorm was
45 likely to come up. The electrical dis-
48 charges from the wirg were very
46 45 sharp, and followed each other in
49 rapld successlon, producing sparks
an inch or more long. Means were
not available at the time for measur-
ing the pull, and the inclination of
45 58 the wire could not be measured with
48 7 o 5, 887 the device usually employed, owing
80 50 .| 9,219 | 4,725 to the unpleasant effects from the
.| 29 28 |. e 4,535 electric discharges.*
20 40 |. o 4,563
80 45 |. " 4,714
84 55 |. ‘o 5,217
87 55 s 5,665
.| 8748 . s 5, 850
J45.... 9,000 | 6,364
45 380 |. e 6,419
da8....]. " G, 474
.| 46 45 |. o 8, 555
48 00 ¢ 6,474
* The group of observations made with 9.000 feet of wire out represent the height
of the base of the gathering clouds within which the kite was frequently ob-

soured. About half past three p. m. a very severe thunderstorm burst upon
us, and we were obliged to seek shelter. The kites continued to fly for sevaral
minutes during the storm, but finally broke loose. The storm was one of the most
violent that has ever been known in Washington, and much damage was done
throughout the clty to roofs of houses, etc. loft{)nteel flagataff at Fort Myer,
near the point at which the kites were flown, was bent over by the force of the
wind at anangle of about 45°at the point about 50 feet above the ground, whereit was
held by guys. The kites were both found the same afternoon at a distance of 15
miles due east of the point from which they were flown. Neither kite had been
damaged by the storm, and both are still in good condition.

THE KITE LINE.

Thus far in the study of the behavior of kites and in the
analysis of the forces acting thereon we have considered, with
few exceptions, only the kite itself. We sow wish to study
the forces acting upon the wire, with a view to clearly setting
forth in what manner and to what extent these forces influ-
ence the elevation attainable with a given kite.

If we could employ a wire having no weight, and so fine that
the pressure of the wind upon it would be wholly inappre-
ciable, then, as more and more of this wire is paid out to
it, the kite would pass outward and upward along the same
straight line, such as R K, Fig. 72, retaining always the
.same angular elevation as seen from the reel. Provided the
wind continued unchanged in force, there would be no limit
to the height to which a kite could be flown under such cir-
cumstances. Unfortunately, however, we can not fly kites
with wire having no weight and against which the wind will
not press, and, in consequence, our actual kite behaves in a
very different manner from that described above. Supposing,
as before, that the wind force is the same at all points, high
or low, the results we will actually obtain with the kite above
employed will be something like these: When but a short
length of wire is paid out to the kite, it will take its position
upon the same line, R K, as before; that is, for example, at K.
When more wire is unreeled, the kite does not continue up-
ward on this line, but, instead, drifts gradually away to lee-

ward and assumes, successively, such positions as at K, K,
K ,, etc., which positions lie on a curve identical with that
of the line, but having the ends and sags reversed. An
important feature, common to all of the positions the kite
may assume, is that the portion of the wire next the kite
remains always at exactly the same inclination. The incli-
nation is not only the same for all positions, but is the
same asg it originally was at R K',. Changes of the wind force
and other influences may cause this inclination of the wire to
change, but the mere reeling out or in of the wire itself has
no effect on the inclination. With a certain amount of wire
out, the portion next the reel becomes horizontal, and the
limit of altitude is then reached. The kite can lift no more
line. All these effects have been brought about under the lim-
itations imposed by the action of gravity and the wind upon
the wire. We have mentioned the wind equally with gravity
as affecting the wire. It is probable that with moderate wind
forces the pressure upon wire, owing to its fineness in propor-
tion to its weight and strength, is a smaller and less im-
portant force than gravity.

By the aid of well-known mathematical formule we can
determine in the most complete and exact manner all the
effects due to the action of gravity on the wire. On the other
hand, the effects of the combined action of wind and gravity
are of a very complex character, are but little known and
understood, and can be mathematically represented only in a
most general and imperfect manner. The effect of the wind
pressure on the wire will be disregarded for the present and
we will proceed to develop the properties of the curve assumed
by the kite wire as if it were wholly dependent upon gravity
alone. We will indicate afterwards how certain &llowances
can be made for the wind effect.

PROPERTIES OF THE CATENARY.

The name catenary is applied by mathematicians to the
curve assumed by a chain or perfectly flexible inextensible
string of uniform weight, when suspended from two points
and acted upon by gravity alone. The kite wire is far
from being perfectly flexible, hut when the curve it as-
sumes is formed on a large radius, as in kite flying, the
wire may be regarded as perfectly flexible and the curve a
true catenary, except for the wind effects. We may conceive’
that, owing to the stiffness and springiness of the wire, the
curve in its minutest details acquires very small, but rela-
tively long, waves and sinuosities. These, however, are
utterly inappreciable and of no importance when steel wire
is used. In the case of strings, the wind effect is more impor-
tant, and, moreover, the extensible properties of the string
prevent the actnal curve from being a true catenary. We
make mention of these disturbing influences, but do not
attempt to give them further consideration.

The catenary poesesses many very remarkable and interest-
ing properties that have a more or less important bearing
upon the art of flying kites. In presenting and treating of
these properties we can scarcely avoid the use of certain
equations, but we hope the verbal statements of results and
conclusions reached by their aid will be interesting to both
mathematical and non-mathematical readers alike.

The fundamental equations of the catenary may be written
in a variety of forms, depending upon the variables employed.
Each equation expresses some interesting property of the

curve. Some of the forms most convenient for use are the
following :
Yy=ve+c —c (1)
g=y"4+29yc (2)
z = ¢ nap. log. s+ Vit (3)
¢
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=23=2Y .
tan = (4)
t=w(c+vy) (5)

In these equations the origin of coordinates is taken at
the point where the curve is horizontal; sis the length of the
curve measured from the origin, ¢ is a constant, #is the angle
of inclination of the curve with the horizontal at the upper end
of a portion of length s, ¢ is the tension at this upper end,
und w is the weight per unit length of the material of which
the catenary is formed.

In Fig. 73 let A O B represent a catenary. The curve has
similar branches on either side of O Y, but we are generally
concerned with only a portion of the curve on one side. If
the wire is just horizontal at the reel, then the poeition of the
reel will be represented by the point Oin the diagram. If
the wire at the reel is inclined upward, more or less, then the
position of the reel will be represented on the diagram by
some such point as R, at which point the curve is inclined at
the same angle as the wire at the reel.

Tension.—The tension of the wire at the lowest point, that
is at O, when the curve is horizontal is less than at any other
point. The quantity ¢ in the equation above is given by the

expression c_—_—:';“. That is, ¢ is the length of a piece of wire

whose weight equals ¢, the tension in the curve at the lowest
point. Extend the line ¥ O down to 0', making 0 0’ =,
and draw the horizontal line D D’. This line is known as the
directriz of the catenary. We found above that ¢ was the
length of a piece of wire whose weight equaled the tension
at the lowest point. Any other vertical line, such as¢’,drawn
from a point p on the catenary to the directrix represents in
like manner, the tension at the poiat p.

If t 8 and t’ 6 are, respectively, the tensions and inclina-
tions of the curve at any two points, then, from equations (1),
(4), and (5), there results,

t
L (6)

Mazximum height—Let P represent the point at which the
kite acts on the wire, and suppose that the reel is at O, the
kite®vill then be atits maximum height, which is represented
by the ordinate y. The whole catenary is sustained by the
pull of the kite. This pull is exerted in a certain direction,
and with a certain intensity. It was pointed out above that
with a steady, constant wind force, and the same kite, the
direction and intensity of the pull remains fixed and invaria-
ble. Let the inclination of the wire next the kite be repre-
gented by the angle 6, as indicated in Fig. 73; then, as seen
from the reel, the kite will have the angular elevation P O X
=®. If s is the length of the wire up to the kite then the
height of the kite will be, from equation (1),

cos. ¢’
cos. ¢

h=y=+g+4—c

Replacing ¢ in this equation by its value in terms of tan. #,
and reducing, we obtain

(7)

This equation tells us that when a kite has taken up all
the line it can carry the height may be expressed in terms of
the length of the line and the inclination of its topmost por-
tion. If we imagine several kites in the air, some small ones
restrained with fine threads and strings, others larger with
fine wires, others again still larger with heavy cables, and if
we suppose further that all these kites pull their respective
lLines at the same angle #, and that when the same length
of line is out the bottom end is just horizontal, then equation

8 S
h=y-=m9(1—cos.8)

(7) tells us that all these kites will be at the same ele-
vation and that the curves of their respective lines will be
exactly alike whether the lines are light or heavy. The
only difference in the conditions existing in the several
lines will be one of tension, which will necessarily be greater
in the heavy than in the light lines. These statements are
graphically verified by a very simple experiment. Take
several chains or other very flexible strings of very different
weights per lineal foot, suspend exactly equal lengths of these
chains and strings between any two points, the curves as-
sumed will be identical. We learn further from equation
(7) that so far as the action of gravity on the kite line is
concerned nothing is to be gained or lost by the use of either
light or heavy lines. The tension under given conditions
will be exactly proportional to the weight of the line em-
ployed. Heavy lines will require proportionally larger kites
to produce the same effects. This is evident from equation

(5)
t=w(c+y) E'w(taflﬁ?_'_h’) (8)

in which for the same values of s, #, and h the tension is di-
rectly proportional to w.

Angular elevation at mazximum height~—Returning to the .
consideration of a single kite at P, Fig. 73, @ is the angular
elevation of the kite observed at the horizontal point of the
curve and when the linear altitude of the kite is a maximum.
From trigonometry we have

Y

tan. @ =
T

Substituting in this equation the value of y in equation
(7) and z from equation (3), eliminating ¢ by means of
equation (4), and reducing, we get

tan. 0= ¥ 1—cos.fA

z _ cos.8nap. log. (sec.f +tan.f.) (9)

The second member of this very interesting equation con-

"I tains only the quantity ¢. The meaning of thisis that when a

kite has taken out all the line it can carry, or when the line at
the reel is horizontal, the kite’s angular elevation will be a
minimum, and will depend entirely upon the inclination of
the upper part of the line next the kite. If we imagine
several kites of different sizes pulling with different forces,
but all pulling their respective lines at the same angle,
then these kites, when each has lifted all the wire it can
carry, will all have the same angular elevation measured
from the lowest point of the line. If these lowest points
are all brought together at a common point represented, for
example, at O, in Fig. 73, the kites will all take up positions
one behind the other as at P, P', P",etc.,on the straight lins,
O P.

Isoclinals —It results from the above that if we draw a
large series of catenaries, each corresponding to a given
value of ¢, upon the same coordinate axes as in Fig. 74, then
a line like O C, radiating from the origin O, will intersect
every conceivable catenary at the same angle, and the tan-
gents to the curves at the points of intersection will form a
system of parallel lines. Any other radial line, as O ', will
intersect at a new angle and form a different set of parallel
tangents. The radial lines under these circumstances may
be called isoclinals, and designated C,, C,, etc., corresponding
to the angles of inclination of the curve at the points of in-
tersection. All conceivable catenaries formed upon the co-
ordinate axes O X and O Y must, in the diagram, be com-
prised within the space above the axis O X and no two of the
catenaries can intersect. Fig. 75 is a diagram embracing a
comprehensive system of lines, catenaries, etc., formed upon
the principles stated above. These principles have impor-
tant applications with respect to the behavior of kites.
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The angle of inclination of that part of the wire that is next
to the kite, or the bridle, tends, as we have seen, to remain
comparatively constant, it changes to some small extent with
changes in the force and vertical component of the wind, and
the angle differs more or lessin different kites. Other things
remaining the same, however, the real problem in designing
kites that shall attain great elevations 1s to cause this angle
to be as great as possible. We see now the reason for this.
The position of akite which pulls the wire at an angle of 50° to
the horizontal must, for the maximum height, be represented
by a point on the line O C of Fig.75. The corresponding
angular elevation &, as seen from the reel and as given by
equation (9), is only @ = 28° 48, and it makes no difference
what kind of line is employed or how much is paid out, the
position of the kite pulling at an angle of 50° must, when it
attains its maximum elevation, be represented by a point
on the isoclinal C',,. Similarly, a kite pulling at 60° attains
its maximum elevation at an apparent angular altitude of
¢ = 87° 18’, and in the diagram, Fig. 75, its position is repre-
sented by some point on the isoclinal C,.

Tsoclinals for practical cases—Having thus, from the proper-
ties of the catenary, learned the effects resulting from pulling
the upper end of a kite line in different directions, let us re-

" fer to actual observations on kites and ascertain at what an-

gles the wire is actually pulled in practical cases. Table IX
contains the results of numerous observations upon kites and
the angles we now seek are given in one column under the
heading # = inclination of wire at kite. The smallest# angle
recorded is 48.8° and the largest 64.2° and it happens that both
results were obtained with the same kite, namely, the three
plane kite shown in Fig. 56.' The difference between these
two values is partly duse to differences of wind force, but also
to alterations made in the bridle on differentoccasions. Our
experience with this class of kites shows that the angle be-
tween the horizontal and the wire next the kite rarely exceeds
60°, except with kites of the best form and under very favor-
able conditions of wind. A greater inclination than 60° may
in some cases be obtained with kites of light weight by ad-
justing the bridle so that the angle of incidence is small.
In that case, however, the wind pressure is lessened and the
gain that arises from a steeper angle of pull is more than
counterbalanced, perhaps, by the diminution in the amount
of the pull. The selection of the most advantagous angle of
incidence is an interesting point which will be considered later.

Equitensals.—Referring again to Fig. 75 we recall that we
found that, when at their maximum height, the positions
of all kites pulling at 50° may he represented by points on
the isoclinal O, similarly those of kites pulling at 60° by
points upon the isoclinal C,. Now, suppose it were possible
to cause a kite to continue to pull with the same constant
force, while the direction of the pull at the kite is changed,
it will be interesting to inquire what effect a change in the
angle of pull can produce upon the maximum possible eleva-
tion of a kite. From a mathematical standpoint the answer
to this question consists in drawing a line in Fig. 75 of such
a character that the tensions on all the catenaries at the points
of intersection with the new line will be the same. Such in-
tersecting lines may be called equitensals, since they cut the
catenaries at points of equal tenseness or pull on the line.
We may find the equation of such a line as follows: From
equation (8) we have for the tension at a point whose eleva-
tion is h and where the curve is inclined at an angle 6,

s
t=w(tan.8 + h)

s _t—hw
sin.¥ wcos. #

from which

* Fig. 56 will be found in the WEATHER REVIEW for May.

Substituting this expression in equation (7) and solving for
h we have

h=t(1——cos.0)
w

(10)

which is the equation sought. This equation may be stated
in another form, in terms of & by deriving it in a similar
mahner from equations (7) and (8) by eliminating h. The
result is

(11)

Equation (10) gives us the maximum height attainable by
a given kite pulling at an angle # with tension ¢, the wire
welghing w pounds per unit length. Equation (11) gives the
length of wire required by the kite to attain this position.

In Fig. 75 T T" is an equitensal passing through the point
P. The points at which this line crosses the isoclinals C,
Cy» C, etc., are the positions that would he taken by kites
that are at their maximum altitudes and all pulling equally
hard, but at angles of 50°, 60°, and 65° respectively. In con-
structing any equitensal, such as T' 1", we observe that if h,
equals the height at which the equitensal crosses the isoclinal
of 50°, then the height at which 1t crosses the isoclinal of 60°
will be -

1 — cos. 60°
ha = o 1 — cos. 50°

Drawing a horizontal line on the diagram at a height
= 1.4h,, above the line O X, the point at which it intersects
the isoclinal C, is a point on the desired equitensal. Other
points may be located in a similar manner.

Furthermore, equation (11) shows that if s, is the maxi-
mum length of the curved line of wire that a kite pulling
with a certain force can sustain when the angle of pull at
the kite is 50°, then by pulling with the same force at an
angle of 60°, it will carry up a length of wire given by the
expression

t .
s == " gin. #
w

= 1.400h,,

sin. 60°
=8,
~®gin. 50°

These results may be presented in another and perhaps
more striking manner. Suppose a kite pulling with & cer-
tain force at an angle of 50° is abhle to attain a maximum
elevation of 1,000 feet. If now, by any means, we can cause
the kite to pull with the same force at an angle of 60° in-
stead, it will attain an elevation of 1,400 feet, being a direct
gain of 400 feet in 1,000 for an increase of 10° in the angle.
The length of wire required in the first case will be 2,145 feet,
and in the second case 2,425 feet. Although 400 feet have been
gained in elevation by the change, yet only 280 feet more of
wire have been required. With the kind of wire employed in
the Weather Bureau work, weighing 2.155 pounds per 1,000
feet, the tension required at the kite in both cases will be
6.03 pounds. The weight of the additional 280 feet of wire
is 0.603 pounds. The kite then, without pulling any harder,
flies 400 feet higher and carries 0.603 pounds more wire. This
gain in height and carrying power is wholly due to the im-
provement 1n the angle of pull in the kite. It is important
to notice here that this increase in the angle of pull must not
be brought about, as it might be, by lessening the angle of
incidence of the kite, because in that case the pull of the kite
would also be lessened, and our comparison has been drawn
on the supposition that the pull has remained constant.
There is a way, however, in practical cases by which the de-
sired improvement in the direction of the pull can be brought
about without sensibly diminishing the intensity of the pull.
If the kite pulling at 50° is badly defective in respect to edge
pressures, waviness and fluttering, eddy effects, etc., then by

Se0

= 1.130s,,
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eliminating these defects the angle of pull will be increased
with only a very a very slight diminution of pull. From
actual measurements upon Weather Bureau kites, gains of as
much as 10° in the angle of pull are sometimes possible in
practical cases with no loss jn intensity of pull.

 Incidence for maximum altitude—We have noticed before
that the advantage which may be gained by lessening the
angle of incidence of the kite, and which, other things re-
maining the same, would tend to make the direction of pull
steeper, may be more than counterbalanced by the diminution
in the intensity of the pull, which necessarily accompanies
a diminution of the angle of incidence. Furthermore, there
is another wholly independent and very important factor
bearing directly upon this question, namely, the efficiency as
affected by changes in the pressure of the wind. It was
shown on page 241 that when the wind pressures upon kites
became relatively small, as may be the case with relatively
small angles of incidence, the efficiency angle, owing to the
pronounced effect of the weight of the kite, also became
small. We may state this in other words, as follows: Less-
ening the angle of incidence not only always lessens the pull
but it may also lessen the angle at which the kite pulls the
string, owing to the detrimental effect of the weight of the
kite under feeble wind forces. If we set the kite at too great
an angle of incidence it will fail to reach a great elevation,
because in spite of the strong pull it may exert, the direction
of this pull is at too unfavorable an angle for the best etfect.
On the other hand, too small an angle of incidence, owing to
the falling off in efficiency, likewise fails to hring about the
most satisfactory result. It is apparent, however, that be-
tween these extremes is a condition, a particular angle of in-
cidence, leading to the maximum linear elevation. On ac-
count of the change which may take place in the efficient
action of the kite when the incidence of the kite is changed,
and arising more particularly in light winds it is probable
that the dncidence for mazimum effect should bhe determined
independently and separately for each kite. Data is not
available by which this can be done at present, and it will be
quite as instructive, in the present case, to analyze the problem
in a general way. This will give an idea as to the approxi-
mately best angle of incidence.

Ideal and actual kite—There are two conditions for which
we may seek the solution of this problem. We may consider
only the special case of the ideal kite, with a constant effi-
ciency of 100 per cent, or we may ascertain the hest inci-
dence of actual kites of several stated efficiencies. The com-
plete solution would require that we suppose the efficiency to
vary as a function of the incidence. It is in respect to this
condition that data is as yet wanting. We will, therefore,
first solve the equations for the ideal conditions, and after-
ward consider the actual kite, with several different, efficien-
cies, in order to give a range between which most practical
cases will fall.

Best incidence—ideal case.—If i is the angle of incidence of
the kite, then, in the ideal case, the direction of pull will be,

6= (90°—1).
Now, the force with which the wind presses upon flat sur-

faces at different angles of incidence is given with a close
degree of approximation by Duchemin’s formula, as follows:

2 gin. ¢

P=F 1+ 8in2¢

In this expression P represents the proportional pressure
upon the inclined surfaces of the kite and P, the correspond-
ing pressure of the wind npon the same surfaces exposed nor-
mally to the wind direction. The formula is strictly appli-
cable to flat surfaces only. It is applied to kites in the
manner that follows because a better formula is not known,

(12)

We desire to know, at least approximately, which is the best
angle of incidence in a given case,and this we believe Duche-
min’s formula will give.

The pull of an actual kite—that is, the tension in the wire at
its upper end—is represented by the diagonal of a parallelo-
%ram, of which P from the above equation is one side and

¥, the weight of the kite, is the adjacent side. The included
angle is 180° — 7. In the ideal kite we assume that the weight
is inappreciable, compared with the wind force on the kite,
and, as a direct consequence of this assumption, the diagonal
of the above mentioned parallelogram coincides with the side
P; in other words, in the ideal kite the pull is equal to the
pressure of the wind; hence we may write for the tension in
the wire at the upper end,

t=P= P anr

From this equation and (10), first replacing # in the latter
by its value, 8 = (90° —¢), we have:

2 8in.1

2P, sin. t—sin? ¢

1+4sint¢ (1)

This equation gives in terms of the angle of incidence the
height attainable by a given ideal flat kite when it has taken
out all the line it can sustain. To find the incidence which
will give the maximum possible elevation, we need only to
determine the value of ¢ from the differential coefficient of
equation (13) when that coefficient is placed equal to zero.
That is,

dh 2P, cos. ¢ . . ..
E:;U(l_?_-**csu]izf)g [1 —Slﬁ."t—2 sin. ’L]=0 (14)
whence '
sin.’ ¢ 4+ 2 sin. ¢ ="1. (15)
That is,

gin. t = = v2— 1=+ 041420r —2.4142
and ®
1= 24° 28",

The angle of incidence with which the ideal flat surface
kite can attain the highest elevation is therefore 24° 28’, and
the corresponding inclination of the wire at the kite is 65°
32°. The angular elevation of the kite from the reel when
the wire is horizontal will be, from equation (9), @ == 42° 47",

Best incidence for actual kite—In the case of the actual kite
the efficiency will necessarily always be less than 100 per
cent, which is practically equivalent to saying that in the
actual kite the angle hetween the wire and the kite will always
be less than 90°. This angle of the string is affected by:
(1) the wind pressure upon the edges of the kite, waviness,
fluttering, eddies, etc., which deflect the action line of the total
wind pressure upon the kite away from normal, (2) the weight
of the kite must be overcome, and to do this the direction of
pull must be deflected away from the direction of the wind
pressure. Both these effects (1) and (2) act in the same man-
per; that is, if g represents the angular deflection due to grav-
ity or the weight of the kite, and ¢ that due to edge pressures,
then the direction of pull will be deflected away from the nor-
mal to the kite surfaces by an angular amount, represented by
(¢ + g). The relations of the angles in question are shown
in Fig. 76. If P represents the pressure of the wind normal
to the kite surfaces, then the total wind pressures O Q will be
P'=P sec.e. Furthermore, in the triangle of forces O Q R,
from trigonometry, the side O R = pull of kite, will be given
by the expression,

t=+'P’sec’e + W?—2 P Wsec.ccon. (i +¢) (16)

The angle ¢ is not a known quantity; it is a small angle
which is, it seems, practically constant in a given kite, but
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may possibly vary with the wind force. This angle, in cer-
tain kites has been determined by means of the diagram
of forces which is described on p. 243. The angle in the
best cellular kites has been found to be under 3° whereas
with inferior kites the value haas slightly exceeded 10°. The
term sec. ¢ is, therefore, on account of the small value of e,
a quantity which we may assume to be constant without in-
troducing any important error. .

In regard to the term cos. (7 + ¢) it may be said that ¢, the
vest incidence for the actual kite must necessarily be smaller
than that for the ideal flat surface kite, which we have found
to be 24° 28'. The reason for this is that the effects due to
edgo pressures, waviness, eddies, etc., tend to depress the kite
by forcing it to leeward away from the zenith. To offset
this it is necessary to set the kite at a smaller incidence
which tends to make it approach the zenith point. We may
therefore expect to find the best incidence for the actual kite
with flat surfaces smaller than 24°, Since ¢, as we have seen
for the better class of cellular kites observed, is less than 3°,
we may assume that 7+ ¢ will not exceed 25° in actual
kites. Moreover the term can not change its value more
than a few degrees in extreme cases, which fact together
with the general unimportance of the term in any case ren-
ders refinement unnecessary and we will therefore assume
that this term has the constant value,

cos. (i+e)=a

In work with actual kites we can not profitably attain high
elevations unless the wind force upon the kite is considerably
greater than the weight of the kite. Under ordinarily
favorable condition the wind force P will be from 5 to 7
times the weight of the kite and will frequently be still
greater. As we seek more particularly to discover the best
incidence under conditions of favorable winds we will assume
that the weight of the kite in equation (16) is expressed in
terms of P, thus, W=5 P, in which b is a small fraction
rarely as great as 0.2 and often less than 0.1. e

According to the several assumptions we have made ahove
equation (16) becomes,

Pull=t=Pv 14+ —2ab=LkP

and adopting Duchemin’s formula, equation (12), as applica-
ble to cellular kites with flat surfaces, we get,

2gin. 7 -

1+ sin.?¢ (17)

In reducing the expression (16) to this form we virtually
assume that the tension on the wire next the kite does not
undergo any variations with changes of incidence except
such as are wholly due to changes in the wind force. This
i8 not strictly the case, for there is a slight variation duae to
the effects of the weight of the kite and these are fully in-
cluded in (16). The amount of these variations, however,
in the extreme cases will barely attain to 19, of the pressure
itself, and we believe that by neglecting them, as we shall do,
no serious error will result in the values deduced for the best
-angle of incidence.

From Fig. 76 we see that

0=90°—(¢+g)—i.

90° — (e + ¢), it will be noted, is the angle of inclination
of the wire to the kite and is a known angle when the effi-
ciency of the kite is known. We have heretofore called this
angle the efficiency angle (page 239). Knowing the percentage
eﬂliciency, E, of a kite, the efficiency angle, D, is given by the
relation,

t=kP=FP,

D=90x E
and for the inclination of the wire at the kite we may write
0=D—1¢

with the values of ¢ and 8, given above, and equation
(10), we obtain the following equation for the maximum
elevation that can be attained by actual flat surface kites
depending upon the pull and the angle of incidence; (18)
is the corresponding equation for ideal kites,

__ 2k P, (sin.s— A cos.isin.s — Bginq)
T w (14 sin*7)

In this equation A = cos. D and B = sin. D are sensibly
constant for any given kite under conditions ¢f wind force
favorable for gaining high elevations.

When the efficiency is 1009, D= 90°and kt = 1. Equation
(18) then reduces to (13) for the ideal kite as should he the
case.

Differentiating (18) and reducing, we have,

dh 2k P, (cos.i— A)cos?i ] 19

di  w(14sin?¢)* L+ 2sin.i(A4sin.i — Bcos.i) (19)
which is quite analogous to the similar equation (14) for
ideal kites. Placing the secoud member equal to zero for a

maximum, we obtain a form convenient for computation, as
follows: '

h

(18)

cos.i=4A4 [1—2 (tan.’i—gtan.-i)] (20)
B and A4, it will be remembered, depend upon the efficiency.
When this is 100 per cent, equation (20) reduces to,

gin =431,

the same as already found for the ideal kite.

By means of equation (20) the best angle of incidence for
kites of several different degrees of efficiency, ranging from
70 to 95 per cent, have been computed by methods of approxi-
mation,and are given in Table XI, with other useful informa-
tion. Efficiencies as low as 70 per cent ought not to obtain
with good kites, except, perhaps, in very light winds, in which
case ascensions to considerable elevations with such kites are
not practicable. On the other hand, an efliciency of 95 per
cent is not by any means unattainable when the wind velocity
is favorable—that is, 15 miles per hour or more.

TaBre X1.—Best angles of incidence for flat-surface kites.

Efficiency.
0% 5% 80% 85% 90% 95% 100%
Efficiency angle..D 630007 | 670307 | 72000’ | 760307 | 810007 | 85030/ 90° 00/
Best incidence....i 189307 | 190337 | 200387 { 210387 [ 2WOJ4! | 230317 240287
Inclination....... ] 440307 | 470577 | 510247 | 54054! | 58028/ | 61059/ 65032
Elevation......... ® 240497 | 270177 | 290537 | 30427 | 35046! | 39007 | 420477
Altitude, feet ....% 1,000 1,202 1,424 1,666 1,928 2,207 2,504
Pull, pounds...... 14 7.5 7.8 8.2 8.4 8.7 9.0 9.2
Lengt of wire....s 2,444 2,703 2, 959 3,207 3.447 3,674 3,800
Ratio.......... h+s 0.410 0.444 0.481 0.518 0.559 0.60% 0.645

In addition to the hest angles of incidence for actual kites
of several efficiencies, Table XI gives the maximum heights
attainable, computed from equation (18), upon a uniform
basis of such conditione as would be required by the kite of
70 per cent efficiency to attain an elevation of 1,000 feet;
that is, if the efficiency of this same kite could be increased
from 70 per cent to 90 per cent, for example, and with no
change whatever in its surface, weight, or other features, it
would then, with exactly the same wind, be capable of attain-
ing nearly double the altitude, namely, 1,928 feet. The con-
stant required in equation (18) for these computations is
obtained by making A= 1,000 when 7= 18°30’, and solving
for 2k P, =+ w=12,090. The assumption that k is constant,
as explained above, will not affect the results to an impor-
tant extent. The pull, ¢, at the kite and the length of wire, s,
may be found most easily from equations (10) and (11),
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respectively, in which w is the weight per foot of the steel
wire employed at the Weather Bureau, viz, 0.002155 pounds.

A kite showing an efficiency of 85 per cent will, in most
cases, be regarded as a very good kite, although still higher
efficiencies up to 95 per cent are probably attainable. The
altitude attained by an 85 per cent kite is less than that of
the 95 per cent kite by 541 feet on a moderate elevation of
1,666 feot. For an ascension of 1 mile the®85 per cent kite
would be deficient by over 1,700 feet, that is, the 95 per cent
kite under precisely the same circumstances would ascend
1,700 feet more than the mile.

It is plain that where such large gains as this are possible,
it devolves upon every one who aims to get the highest eleva-
tions to fully inform himself as to the real merit of his kites
and see to it that they are bridled and flown under the best
adjustments.

The results which have been brought out in the foregoing
discussions concerning the best incidence depend upon Du-
chemin’s law of variations of pressure with incidence, and
apply only to kites with flat as distinguished from arched
gurfaces. The hest incidence for arched surfaces is undouht-
edly smaller than for flat surfaces. Wehave also disregarded
the effect of the wind upon the wire, which while small, is
still of some importance, and as its effect is to drift the kite
to a position further away from the zenith than would other-
wise be attained, the best incidence when the wind effect is
included will be smaller than given in Table XI.

Mazimum say and slack of wire.—~We have called the angles
between the curve and its chord the sag of the wire, as for ex-
ample the angles S and 8, Fig. 67. We will similarly use
the term slack to designate the difference between the length
of the chord and the length of the curve itself.

When the wire is horizontal at the reel the angle of sag at
that point is then the same as the angular elevation of the
kite, that is S’=29, the sag at the kite is similarly, S=6¢ — &,
Dealing with portions of the catenary on one side only of
the 1 axig, S’ 1s the maximum sag possible.

If ris the air-line distance between the reel and the kite
when the wire is horizontal, then,

h
gin. @

combining this equation with (7) we get,
_8(l—cos.8)
" sin. @ pin. &
and the slack will he,
1— cos. 6

3—7'=3(1—'.—4_—-‘*)
sin, # gin. ¢

We will consider hereafter the sag and slack for conditivns
less than the maximum.

Partial ascensions.—In the discussion of the properties of
the catenary we have thus far treated only of the behavior of
kites when they have ascended to their utmost limit and sus-
tain all the wire they can carry. All those conditions which
tend to produce the best results when the wire is horizontal
at the reel are equally beneficial in the case of partial ascen-
sions where the kite carries up only part of the wire it can
sustain, and the portion at the reel is inclined to the horizon-
tal at a slightangle. Partial ascensions are the usual cases in
practice. When the wire at the reel becomes horizontal
the frequent diminutions of wind force allow it to tempo-
rarily sag to the ground or to interfere with trees, buildings,
ete., and in general, therefore, we must provide some margin
within which the usual variations of pull may occur without
permitting the wire to sag to an objectionable extent. Fur-
thermore we see from Fig. 72 that, since the path described by
the kite in attaining its maximum elevation is the inverted

catenary, the lagt portion of theascent is very slight, and but
little is gained in paying out wire to the last extremity.

The constancy of the inclination of the upper portion of
the wire in the successive positions assumeéd by a kite ‘passing
upward from the reel to 2 maximum elevation, as shown in
Fig. 72, was pointed ont on page 246. The several curves of
the wire are all portions of one and the same catenary, that
ig, portions of the curve R K,, When but a short length of
wire is out, its curve is the portion of the catenary from K,
down to such a pointas R,. With greater and greater lengths
of wire out it is as if the reel were moved backward and
downward along the catenary passing through positions
such as R, R,, etc., while the kite has remained stationary.
When we know the angle of inclination of the wire at the
reel in a given case we can lotate its position on the catenary.
The diagram in Fig. 75 represents all conceivable catenaries
and may therefore be employed to represent graphically any
partial ascension. For example,if the wire at the reel is in-
clined at an angle, #' = 10° then the position of the reel is
represented in the diagram by some point on the isoclinal
C,. The particular point on the isoclinal will depend upon
the tension, t', at the reel. If this is known, then the position
of the reel is located at the point of intersection of the isocli-
nal C,, and the equitensal ¢’. The catenary passing through
the point of intersection is the particular one representing
the kite wire in the given case and the position of the kite at
the upper end may be located in several ways.

If ¢, the inclination of the wire at the kite is, for example,
6 = 60° then the position of the kite will be represeuted by
the pomt of intersection of the particular catenary already
found with the isoclinal C,. If ¢'is the angular elevation
of the kite from the reel we may lay off on the diagram a
line making the angle #’ with O X and passing through the
point representing the position of the reel. The upper inter-
section of this line, with the particular catenary representing
the kite line, gives the position of the kite. There is still
another and more general graphical way of locating the kite
on the diagram. It is possible to draw a system of lines on
the diagram resemhling the equitensals and crossing the cate-
naries, but cutting off equal arcs of the curves measured
from the origin. The equation for these equiarcals is ob-
tained simply by making 6 and A the varlables 1n equation (7)
thus:

h = — c0s. 8)

3
sin. ¥ a

Lines of this character are designated on the diagram by
the letters L,, L,, etc. The subscripts indicate the length of
arc cut off from the origin in units of 1,000 feet. Having
located on the diagram the position of the reel, in the case
of a partial ascension, the equiarcal passing through that
peint gives the length on the catenary from the reel to the
origin. Knowing, in addition to this, the length of wire out,
the sum of the two determines the equiarcal for the kite.
The point of intersection of this with the particular catenary
passing through the reel gives the desired position of the kite.

The linear elevation of the kite is the vertical distance on
the scale of the diagram between the positions found for the
reel and the kite.

By such methods as we have thus described a diagram of
the kind shown in Fig. 756 may he employed as a graphic
chart completely representative of any ascension that may be
made with a single kite. Numerical tables for deducing
elevations, etc., will probably be preferable in many cases
but the chart shows the results graphically and has been dis-
cussed at length more particularly because of the several
interesting properties of the catenary involved in its use.

General equations for partial ascensions.—¥Fig. 77 represents
a partial ascension in which the reel is at B and the kite at
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K, with the origin of coordinates at O. Letters designating
the coordinates of the catenary at the pomt representing the
reel are distinguished by a superscrlpt (’). The linear ele-
vation of the kite is h =y —1" and the length of wire out is
l=3—¢.

If t’ is the tension of the wire at the reel then from equa-
tion (10) we have,

- y == (l—cos 8')
Eliminating ¢ from equatxon (1) by 1ts value in terms of

t’ and ¢’ and replacing s by its value s=1+ %) sin. ¥ we ob-

y=r+>
~ Whence,
h=y—y “\/l’ em 8'+( ) ——=1sm o (22)

From this equatlon we learn that when the length of wire
out is known together with the tension and inclination at the
reel, the height of the kite is given, even though it is con-
cealed from view, as by clouds, darkness, its remote distance,
etc. This results from a general property of the catenary
and the equation is equally applicable to the case of either
partial or complete ascensions. Owing to great momentary
variations that take place in the tension of the wire, calcu-
lations of elevations depending upon the tension at the reel
will not, as a rule, be as accurate as those deduced by other
methods, but equation (22) will undoubtedly prove useful in
cases where other methods of ascertaining elevation are not
available.

In passing, it may be remarked that the elevation of an
invisible kite deduced by equation (22) will be more accu-
rate, as the sag in the wire is greater.

If 6 and t are the inclination and tension of the wire at
the kite, we may write,

tain,

sin. + (w) —cos 8’ (21)

w

t : ¢ ,
= — cos. ¥ f e — .8
y= (1—cos.¥),andy e (1 —cos. #)
whence, by equation (6), we get,
h=y—y =1 (

an equation which we shall have occasion to use hereafter.
Observed angular elevation.—Instead of measuring the ten-

os. 8 .
cos 8') = r gin. ¢’
co8.

(23)

the reel and other quantities that are known. The value of
t’ corresponding to a given value of ' can be deduced from
this equation only by methods of approximation. It will
not, therefore, be practicable to eliminate ¢’ from equation
(22) in the manner contemplated, but we can, by tabulating
a limited number of values of the several quantities, deduce
the percentage of slack in the wire corresponding to such
conditions as are }ikely to occur in practice, and thus provide
a method for accurately computing the height of kites, in par-
tial ascensions, that does not depend upon the tension of the
\Vll'e

Slack in the wire in partial ascensions.—Let » be the length
of the chord of the catenary from the reel to the kite, then,

h

" sin. &' (25)

slack = | — r and percentage of slack = 1 —

l

The ratio of any chord of a catenary to the corresponding
arc is given by the equation

r cos. #'—cor. #
[ sin.®'sin. (¢~—#") (26)
which may be obtained from equation (23) by ehmmatlng~
in terms of L.

The relation between ¢, 8, and #’ is obtained by forming
an equation for x similar to (24) for 2’, whence, with the
value of h in (23), there results,

tan. ¢'= h - sec. ¥ —eec. 8’
T o0 6 T ® ] ‘
ap. log. | ——~=—~ T = — 27
Hap- 108 [ sec. #' + tan. ¢’ (27)

Table XII contains a series of values of ¢’ deduced from
equation (27) corresponding to such assumed values of 6 and
6" as may occur in practice. With each value of ¢’ is also
tabulated the corresponding percentage of slack computed
by means of equation (26). The results are rigorous repre-
sentations of the properties of the catenary, and even though
the wind effect has been omitted, the relations of the quan-
tities concerned are such that the wind etfect on the wire can
not modify the percentage of slack, corresponding to given
values of ¢’ and €', except by a quantity of secondary mag-
nitude.

Tasre XII.—Angular elevation and percentages of slack.

gion in the wire at the reel in a given case, we may observe o =Tnclination of wire at reel
the angular elevation, @', of the kite from the reel, and if we B '
can determine the relation between ¢’ and t', the latter may w. | 100 | o, | 300, | a0, | 500, | 600
be eliminated from equation (22). From trigonometry we ) ) ) )
have o=p00 { lack, % oo 8.22| 2.03| 111 0.51 | 0.18 ... |
tan. ¢’ = h L L S 28,80 | 82,90 | 36,00 | 41.0° | 4530 |......ll
. r—a omgp { S0k £ oo Su| 2wl tm) 018 0200 008 ...,
_ The value of 2’ in terms of ¢ and ¢’, deduced from equa- o= g { SIBOK, Forniiiiae, 453 | 310 1.97 | 11| 0.0 0.1 |......
tions (3), (4), and (11), is, V@ e 87.20 | 40.8% | 44:30 | 47.86 | 51.40 | B5.40 L1011
’ ] S T I 5171 8.65| 2.43( 1.48| 0.76 | 0.28| 0.0
T = v cos. 8’ nap. log. (sec_ 8’ + tan. 8') (24) o= 65°5 ............................ 4225 | 45,45 | 4850 | 51.70 | 55.00 | 58.50 | 62,60
w
Similarly the value of z is, TasLg XIIL.—Ratio of sag— 8-+ 5’.
’ ’ 2
" I+ L sin. " + \/l’ 21t sin. 8’ + t—z §'=%'—@/=sag at reel.
w 2w
= _ cos. ¥’ nap. log. ; kd “
w t cos. 8’ 20 40 69 | 80 | 100 | 120 | 140 | O
vlq * —
From these values of x and 2’ and the value of h given in 9818 0.6 | 0.8001 0.810 1 0. 798 1 088
(22), we obtain a very complex transcendental equation, O | 0500 | O Ti0 | O.Ta8 | 0o | S8
. . » . . o v . .
repregenting the relation between the angular elevation at )
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The practical use made of Table XIIis as follows: With ¢’
and ! we compute the approximate elevation of the kite from
the equation, b’ =1 sin. ¢’; with ¢’ and 8’ we take from Table
XII the corresponding percentage of slack; deducting from
b’ this same percentage of itself there results the actual
elevation.

The ratios of the anglesof sag, given in Table XIII, will be
understood from what follows:

Angles of sag in partial ascensions.—In making efficiency
tests we measure the angle of sag, S’, at the reel, and desire
to know the corresponding sag, S, at the kite. The ratio
S + &’ of these angles is nearly constant when S’ is small, and
it varies but little with different values of 8. In computing
these ratios we have used the relations §'=9'—¢’ and
S = 68—’ which are apparent from Fig. 77, and the values
of ¢’ deduced from equation (27)..

Altitude as dependent upon pull.—Kites of different size pull
with different forces. The maximum altitude a kite pulling
with a given force t, at an inclination # can attain is given by
equation (10) thus,

(1-—cos. 8)
w

A kite that pulls twice as hard as another can, we see, at-
tain twice the altitude. Moreover equation (7) shows that
exactly twice the length of wire will be required. If instead
of one large kite two smaller ones, each pulling half as hard
but at the same angle, were made to pull, without interference,
at the end of the line, it is plain that the combined action of
the two kites would necessarily be equivalent to that of the
large one in every respect. Suppose, however, the two kites
were formed into a tandem in the usual fashion; we wish
to know whether the top kite can then attain a greater, an
equal, or a less elevation than that reached by the single equi-
valent kite.

Kites in tandem.—Some mention was made on page 121' of
the greater steadiness of pull resulting from the use of two or
more kites in tandem. This is an important matter in itself
but does not directly concern us here as our analysis of the
properties of the catenary proceeds upon the assumption that
the tension on the wire is,in all cases, sufficiently steady to
keep the resulting curve in a condition of complete static
equilibrium. We assume further in our discussion of the dis-
tribution of kites in a tandem that all are subjected to the
same wind force. . '

Two considerations arise in flying kites in tandem, namely,
(1) having given a certain pull, acting in a certain direction,
how shall this be employed to gain the maximum elevation?
Shall the pull be concentrated and applied at the end of the
kite line, or shall it be subdivided and distributed, and if so,
how? (2) Having given a wire or line capable of sustaining
a certain maximum safe-working tension, how shall it be em-
ployed with actual kites to attain the maximum elevation?
We shall find that the eame general equations will enable us
to answer both these questions.

General equations for tandems.—Our equations will be suffi-
ciently general if we assume that the different kites which go
to make up the tandem are exactly equal in all respects, hence
t and @ will represent the intensity and inclination of the
pull of any of the kites.

Fig. 78 represents the forces acting at the point at which a
second kite is attached to the line from the topmost or so-
called pilot kite. Using a notation similar to that already
employed, 6’ and ¢’ are, respectively, the inclination and pull
of the portion of wire just above the point at which the
second kite is attached. (6’ and t' result from the action
of the pilot kite.) 6, and ¢, are respectively the inclination
and pull of the portion of wire just below the point at which

! MonTELY WEATHER REVIRW for April, 1896.
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ho=t (10)

the second kite is attached; they represent the combined
power of both kites. Constructing the parallelogram of
forces between the tensions involved we obtain from trigo-
nometrical relations,

=¥t 2t cos.(6—0) (28)
but,
' cos. 8
P o=t OB 7
cos. ¥’
whence,
cos?r ¢ cos. 8 ,
= t\/ 1+ cos’ d’ +2 cos. B’ %% (6—6) (29)

an equation which represents the resultant or combined pull
of the two kites. The direction, #,, in which this pull is ex-
erted, is obtained as follows: In the triangle of forces t,t’,
and t,, let @ he the angle included between the sides ¢’ and ¢,,
then,

. t .
sin, @ = rsm.(G —6)
‘2

From the diagram it is seen that,
8,=#8+4+a

In assuming that the second kite pulls at an angle 6 and
tension ¢ at the point where it is attached to the main Iine
we neglect, as we may without sensible error, the influence
of the short connecting wire between the kite and main line.

The combined action of the two kites is, by the above equa-
tions, completely expressed in terms of the power of onekite.
By a precisely similar process we may determine the effect of
adding a third, a fourth, or any number of subordinate kites
in tandem. As our object is to discover the best arrange-
ment of kites in tandem it will suffice if we make compari-
gons on the bhasis of two kites only, since if there is a gain or
a loss with two kites, a similar result will obtain with three
or more.

Having attached a second kite to the line, let wire be un-
reeled until the portion next the reel hecomes horizontal.

¥t seems scarcely necessary to say that under no circum-
stances whatever should a second kite bhe attached that does
not pull above the main line and thus tend to lift it. To at-
tach a subordinate kite that pulls below the main line, and
therefore drags it lower, would, obviously, be absurd if we aim
to attain great elevations.

The total elevation attained by the tandem of two kites
is, from equations (23) and (10),

Hg—_—%(l +:—;(1—cos. (9’+a))

This equation can be transformed into the following:
1—R++v'1+R+2Rcos. (6 —9")

g =1{ —cos 9'[R+cos.(8—-6’)]

+ gin. €'sin. (8 — 6')
Where R=cos.8 =+ cos. 8'.

Equation (30) expresses the maximum height that can be
attained by two equal kites in terms depending upon the
power of one of the kites and the point at which the second kite
is attached to the main line.

The answers to questions (1) and (2), propounded above, are
reached from a consideration of equations (28) and (30), as
follows :

Best utilization of a given pull—Assume that the two kites
are attached side by side on the end of the main line. In this
case,

__cos. B
cos. ¢’

(30)

8’ =86,and R=1,
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whence the height becomes,
2t
H=7(1- cos.8),

which means that, thus arranged, the two kites attain twice
the elevation of one alone, as should be the case. To show
the effects of attaching the second kite lower and lower down
upon the main line, we will compute the relative heights at-
tained when the second kite is attached after the line has
sagged 10°, 20°, 30°, and including the case where the second
kite is not attached until the top kite has carried up all the
wire it can sustain, in which case ' =0. We will assume
that the kites pull at an angle 6 =155° and compute the
elevations on the basis of the maximum height being 5,000
feet. The results are:

Loss.
Feet. et

H,=5,000.......

Second kite attached where the sag is 10°,6/ =45° H,=—4,960 40
“ u s W 000, 67 =35° H,=4,850 150
[ 13 L (13 300,0/:250 Hl:4,69() 310
“ “ “ “40°,67 =15° H,=4470 530
“ “ “ “B0°, 6= 5° H,=4,200 800
“ “ “ “ 55°0/= 0° H,—4040 960

We find here that there is a continually increasing loss in
the elevation attained when flying kites tandem, depending
upon how much the line is permitted to sag before the second
kite is attached. The hest results correspond to the least sag
of the wire between kites, and the maximum effect is obtained
when ¢’ = ¢; but this may mean either of two things: (1) that
the kites are placed side by side at the end of the line or (2)
that innumerable kites are attached-along the line so close to
each other that the line does not sag between them; in other
words, that every particle of the line is acted upon by its kite
just as it is by gravity. From the properties of the catenary
thus brought out it results that the maximum service can not
be obtained by flying kites in tandem. There are, however,
from other considerations, many marked advantages in tandem
flying, which consist in the greater-steadiness of pull thereby
gecured under actual conditions of variable winds and greater
gecurity against accident; also the facility of using a large or
small amount of sustaining surface as required by conditions
of wind force. A special advantage results from the more
equable distribution of the strain on the line, which other-
wise, with a single kite, is & maximum at the top. In reel-
ing in a long line of kites, it is an advauntage to he able to
lessen the opposing pull by the removal of one after another
of the kites, rather than to have to wind them all in until the
top end is reached. Notwithstanding such advantages, we
must not lose sight of the marked superiority of one large
kite at the end of the line when we aim to reach great eleva-
tions. Perhaps more will be gained by the use of twc, to
secure a more steady pull, than will be lost by virtue of the
tandem arrangement, but these two kites are best placed
near the top end of the line. '

In connection with equation (30) it is instructive to notice
the result when # =90°. This is not attainable by kites but
represents the case of captive balloons in perfectly still air,
and upon the supposition that the balloons pull with a con-
stant force at all elevations. No matter what value 8 may
have hetween 0° and 90°, the equation shows that two bal-
loons in tandem will go twice as high as one, etc. Further-
more, it will be found that equation (30) shows that less loss
results in tandem arrangements the steeper the angle at
which each kite pulls, that is, the greater the value of 6.

While equation (30) was deduced for but two kites it
answers perfectly for the analysis of the effects of any num-
ber of kites, for having found the result of the combination
of two kites this combination may be treated as one and
combined with a third kite, etc.

Thus far our consideration of tandem flying has been con-
fined wholly to the question, how much effect can be pro-
duced by a certain pull, and we have found that the maxi-
mum elevation is attained either by concentrating the pull
wholly at the outer end of the line) and this is the only fea-
siblearrangement) or by acting with a portion of the pull upon
each particle of the wire just as gravity acts to pull it down.

Best utilization of a given line—We will next consider the
second question that arises in connection with tandems,
namely, how to best employ a line of given strength to attain
elevation. If we attach at the end of the given lire a kite
8o large that its pull strains the line to its safe working limit,
a second kite can not be attached without danger to the line,
except at some point well down upon the line, where, by rea-
son of the diminution of the tension in the line correspond-
ing to its deeper and deeper sag, the combined pull of the
two kites will not exceed the safe working strength of the
line. The second kite can not, in any case, pull as much as
the first kite, but may be larger and larger the more and
more the line is permitted to sag. Xquation (28), inverted,
tells us how much a kite it is proposed to add, can pull with-
out exceeding the strength of the line; ¢, in that equation
hecomes 7T, the working tension that the line can sustain;
¢ is the direction or inclination of the pull to the horizontal ;
#’ is the inclination and ¢’ the tension of the wire at the point
where the second kite is to be attached. The pull of the top
kite has already been assumed to be T = the strength of the
line, and if #” is the inclination of this pull, then since

+_ mCo8. 8"
r="1 cos. ¢’ TR,
we get,

=1{ VT=R7 (1 —oon. (9—#) ) — F eos. (9—5") | (51)

Equation (31) shows that the second kite can pull the
hardest if it is attached where the main line has sagged
down to the horizontal condition; that is, where 8 = 0; but
we have already fomnd that this is the opposite of the condi-
tions that must be satisfied to attain high elevations. The
final conclusions are Pplain, namely: (1) To ytilize a given
pull to the best advantage it must he concentrated at the end
of the line; (2), to attain the maximum elevation with a line
of a given strength every part of it must be subjected to the
maximum strain that it can sustain. In other words, we
must attach the largest kite the line can carry at the top end,
and then little by little, as the line sags and the tension
thereon diminishes, the tension must be increased up to the
safe imit by additional kites. HEquation (31) applies broadly
to all cases, and is independent of the weight of the line per
unit length, which means that we need consider only T, the
maximum safe working tension of the particular line that is
employed, thus embracing the case where fine lines at the start
are joined to stronger lines as the pull increases.

The wind-impressed catenary.—~The special results brought
out in the foregoing application of the properties of the cate-
nary to kite flying are not strictly the exact results that
will be attained in practice, because we have neglected to in-
clude the effect of the wind upon the wire, as we are forced
to do by the limitation of our knowledge concerning its pres-
sure upon long fine wires. It seems that some knowledge of
this total effect might be gained by a comparison of the actual
behavior of kites whose constants are fully known with those
effects which our knowledge of the properties of the catenary
show should result. The experimental work of the Weather
Bureau has not as yet been carried sufficiently far to furnish
data of this nature, but the matter has been carefully con-
sidered from this standpoint with a view of deducing what
may be called a correction for wind effect on the wire.

The general nature of the action of the wind upon the wire,
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and its effects in modifying the catenary may be shown in a
more or less satisfactory manner, as follows: Let Fig.79 rep-
resent a catenary subjected to the action of the wind. Along
the lower portions of the curve the wind effect is very slight,
both because the inclination of the wire is small, and as a
rule, the force of the wind near the ground is less than
throughout the upper portions of the curve where the effect
of the wind pressure upon the wire will be greater, both bhe-
cause of the steeper inclination of the latter and the greater
force of the wind. We can not conceive that any appreciable
friction arises in the flow of the wind over the wire, and as a
result the wind pressure must be normal to the wire at every
point. Let the pressure upon a small element of the wire at
p be represented by the line p v. Also let p g represent the
weight of the same element. The effect will then be the same
as if the element in question were acted upon by a single
force p r, which is the resultant or combined effect of the two
forces of wind and gravity. Drawing in a similar manner the
resultant pressure at other pointsof the curve we see that the
curve assumed by the wire must be one that results from the
action of a nearly constant force, which tends to press the
wire in a direction such as P R. If we consider only & por-
tion of the catenary A B, such as might be involved in a par-
tial ascension, we may plainly, with but little error, assume
that the combined effects of wind and gravity act in the direc-
tion P R. In such a case the resulting curve will be sensibly
the same as would result if we imagine that gravity alone
acted, not in a vertical direction, but in the direction of the
line P R. In other words, the general form of the curve will
be given by the equations we have already deduced, if we im-
agine-the origin of coordinates to he shifted to a new position
as 0" Y’, 0 X', which are parallel and perpendicular to the
line P R. The tension, also, will be given approximately hy
those equations if we imagine w to be increased in proportion
to the ratio of the lines pr to pg. :

A very simple way of experimentally studying the effects
that result from shifting the origin of coordinates in the man-
ner mentioned as applied to kites, consists in laying off on a
drawing hoard an inclined line, 4 B, representing the angular
elevation of the kite under consideration. Draw A B’,forming

the angle 8’ with the horizontal, and representing the inclina-

tion of the wire at the reel. Placing the drawing board on
edge and suspending a small chain next its surface we may
produce in a beautiful manner the curve of the catenary that
shall make the angle 8’ at the recl, and we may locate its
point of crossing the line at B. Fixing these points of the
chain by pins or otherwise, it will be found that by raising one
edge so that the board stands on its corner, thereby inclining
the line A B at different angles in a vertical plane we cause
important changes in the inclination of the chain at its fixed
points. In order to restore the original inclination, preserv-
ing still the same length of chain between the points 4 B, and
the upper extremity of the chain upon the line 4 B, it will be
found necessary to make the end B approach 4 as the line
A B is made more and more nearly horizontal. These sugges-
tions suffice to show a very simple method that has been em-
ployed in several ways by the writer to study the wind affected
catenary.

Until the experimental observations have given accurate
data concerning the magnitude of the wind effect, it will not
be degirable to attempt to deduce equations representing the
combined action of wind and gravity. This interesting and
important hranch of the kite problem must he left for solution
in the future.

In this discussion of the theory and practice of flying kites
for scientific purposes, the writer has aimed to show how the
well known forces of nature act in producing the more im-
portant effects commonly observed in kite flying and to point
out those general and fundamental principles of physics
and mechanics pertaining to kites, by the proper application
of which principles we may expect to secure the maximum
useful results according to the requirements of any particular
case. The groundwork we have aimed to lay for this work is
not ag complete as we could wish, owing to the limited time
available for the Weather Bureau kite experiments, but it is
hoped to extend the work to more promising forms of kites
than those that have thus far been employed.

The Editor of the REviEw has shown a deep personal in-
terest. in both the kite experiments themselves and in the
publication of this series of articles in the REVIEW and the
writer wishes to acknowledge the benefits that have resulted
from his careful revision of the manuscript and proof.

NOTES BY THE EDITOR.

E ST. LOUIS TORNADO.

May 27, 1896, at St. Louis will long
continue to furpish maf®mal for interesting articles and
reminiscences, and the EditoI™NQjopes to select from these
such items as may be of value to meigorology. The follow-
ing is extracted from an excellent articl®Ng_the Occident, by
Prof. E. 8. Holden, Director of the Lick Obser¥atory. Profes-
sor Holden’s remarks as to the forecasting of this™segnado by
the Weather Bureau are omitted, as these forecasts weredis-
seminated much earlier and more widely than he was awap«Q
of.

During the month of May I was in St. Louis and was 3

of the destruction caused by the great tornado of Mer§ 27.

ears, 1881 to 1885, I waa stationed at the Wash} Observator% of the

{Tniversity of Wisconsin (Madison), which _J#€s in a region subject to

tornadoes, and made it my business to_stlldy the causes and effects of

these violent local storms so far as ggportunity offered.
* * * * * * *

On the afternoon of MgpZ/ I was in Forest Park in St. Louis with
one of my daughters,_a#out 3 o’clock, and the aspect of the sky at once
reminded both of a8 of the ‘ tornado-skies ’’ we had been used to see.
The upper skypWas covered with a faint veil of grayish clouds parted
into reg shapes roughly rectangular and some four or five degrees
on agide. Between these figures were darker lanes, of gray-hlue color.

The great tornado™®

eye witness
In former

AWaround the visible horizon, from north, through west, to south,

there was a rim of brassy lurid sky. In the jpeSt, or a little north of
west and algo inthe southwest, were two hga {: black, towering clouds,
roughly rectangular in figure. The agpeft of these clouds was carefull
watched to see if they sent out fbfous, twisted offshoots downward;
and the brassy rim of sky ne 1e horizon was examined to see if the
color deepened toward groefi.

Either of these sigpe#Would, so far as our previous experience went,
have indicated the”coming of a veritable tornado. So long as they
were absent _jife indications were for a severe thunderstorm later in
the evenjm®. It was‘‘ hurricane weather” and not ‘‘ tornado weather”’
at fips#” A little before 4 o’clock the sky looked decidedly more

preatening and I decided to take my daughter to the Southern Hotel,
which I knew to be one of the stoutest structures in the city. My
roequs were on the eastern side, the safer side, which relieved the
slightSegling of anxiety somewhat.
* * * *

My own expwexjence was sufficiently exciting. As I have said, our
rooms were on the Yeggide of the hotel facing a street running north
and south. Loaded wapaps in the street below were blown off their
wheels, and the horses throwmgdown. The heavy iron cornice of a tall
building in course of constructfw was hurled to the street and de-
stroyed; another building was set oINfire by lightning which entered
by the wires on the roof; the hotel chimragy-stack was blown down,
causing a damage to glass, etc., of some $5,08Q and wounding several
em;l)]loyees, ete.

The wind first blew violently up the street (northyand after the
center of the storm had passed it suddenly changed directior and blew
south, and this change of direction made new wrecks. The Winds in
such a storm blow circularly round, or toward the vortex, and wWhep

* * *
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