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RITE E X P E R I M E N T S  AT THE WEATHER BUREAU. 
By C’ F. Mam IN, ProfeJbor of Meteorology, I I .  S. Weather Biirrun (dated Jnlr, 1’4%). 

1SW. 

I n  Noveliilxs, 18‘35, the present writer was directed l)y Prof. 
Willis L. hloorr, the C’hief of the Weather Bureau, to coiisider 
the sul)ject of devising kites a n d  auxiliary apparatus for the 
nieteorological exploration of the i i p p r  air. The drfinite 01)- 
ject \vas to at,taiu a height of a t  least 1 mile and, if possiille, 
10,000 feet or more, and to 1)riiig clown con tiiiiiiiiis records 
of temperature, moisture, pressure, and wind. A consic1erd)le 
acquaintance with the present state of thr  a r t  of making and 
flying kites diowed that Loth the foriii of the hJdy of the 
kite and the niialysis of the action of the forces that atfrcted 
i t  demandecl fuller consideration than had hitherto I)een given. 
In view of the rapiclly inrreasing interest in this Subject i t  
seems proper to lay before the cooperating ol iservers of the 
the \\’Pathrr Hurean the results that  have hew1 attained dnr- 
ing the past, few iiiontlis, in order that  those interested in 
the sul)ject may in conducting their own experiments, profit 
by our experience. 

With the ndvaiice of the science of meteorology, ai?d e+ 
pecially with the progress in the development of the fuiiila- 
mental laws guveriiiiig atmospheric pheii~iiittiia, a growing 

REV-2 

need arises for accurate knowledge of the conditions of the 
atmosphere with respect to its motion, teniperature, pressure, 
moisture, etc., not oiily near the surface of the earth but par- 
ticularly in the higher strata; where the forces in action have 
ful l  scope and their effects are iiiiniodified by such disturbing 
influences as exist near the surface. 

Rletrorological stations have been maintained on lofty 
monntain sunmiits, in order to procure the desired informa- 
tion, aiicl many pt?ri:uuh I~allooii voyages have been made with 
the espresq ()I,ject of inaking accurate xiieasurenients uf the 
atmospheric conditions :it all elevations. Pome use has heen 
iiinde of captire l)allooiis, and within n few years rani:zrknljle 
resnlts have been oIJtainec1 in Enrope l ~ y  the use o f  free Iral- 
looiis o f  siiinll size equipped with automatic instruments. 
Having 110 load of ballast to carry, these hl loons when set 
frer shoot upward with great velocity and attain very lofty 
rlevatio~iq, whereupoil, losing all eff’ective lifting force by 
reasoil (Jf the expansion and overflow of gas incident to the 
grrnt cliiiiinntiuii of pressure in the rarified strata of air, the 
partially inflated bag falls to the earth after a comparatively 
short jouriiey. A notice attached to the l~alloon gives instruc- 
tionb resprcting its disposition, and tlie finder receives a sinall 
reward for its safe retnrn. 

It apl)eiirs, however, that even hefore IIalloonR were iii- 
vented, Dr. Alexander Wilson of Glasgow eiii1)loyed tan- 
dems of kites “ to explore tlie temperature of the ntmos- 
pliere in the higher regions.’’ I alii iiiclelkecl t o  Professor 
AI)Ix for thr f(Jll(JJ1 iiig extract giving an account of Dr. IViI- 
 son'^ exlwriiiients, which, uwiiig to their early date a i d  coni- 
plrte arid iritrrestiiig character, deserve s p c i a l  mention : 

.,. -c t * * t * 
Anionx the  more mlvancctl diuleiits, w h i ,  in  tlie years 174s and 1749 

atten~lt-~l the IWtLII’Vb on 1)ivinity in the  Univerbity, was Mr. Tliornav 
Ale11 i l l ,  so well know11 by his iiintlieninticnl tnlents, and 11y those line 
specimens I J f  ceiiius w1iia.h are t(J be fonnil in hi5 postliiiniow inliers, 
1iuIJlihlieil in tlie hrconsl voliinie (Jf tlir EtlinGury Ex.avs. Physical 
and Iiternry. IVith this yuiiiig 1icrson JIr. IY‘il~ciii theii’livetl in tlie 
C.111sebt iiitinial*y ( )f hevcsral ~iliilt )pliic:tl hc~leliiI?h wliicli ticcurred to 
theni in their bocial Iiourh, A h .  \Vi II imposed one, whicli mns t(J er- 
plwe tlit. tem~ierature IJf the  :It1 slihere in the  liiglier reqions, by 
r‘ii5ing :t nunilin of 1)alier kites, one alwve %ncJthel., upon t h e  same 
line, with tlieriiionieter~ ap1iende~l to thohe that were to be most ele- 
vnterl. Tliungli they eupectvd, in  general, that  kites tlins connected 
mii.ht be rnibecl to it11 iiniisii:tl height, still they were soniewlirtt uncer- 
tain liow far tlie thin:: niiglit suweeil upon trinl. Eut  tlir tliouglit 
l)eing tpi te  new to t l ivin,  nnrl the  liiirpose to lie qainegl of some impor- 
taiwe, tliry 1)eg:tn to 1iI’elJ:tre for the  esperii~ient in the  spring vf 1749.; 

RIr. IVilsi 111’s hlJl lht :  :i iiilncliie was tlie W C ~ I I C  o f  d l  the little bustle 
wliia*li l i t i n  1iec.nnic nec ry,  mill butli RIr. Melvill nnll he, ,ilih 
teroiis iil the iihe o f  tl h:~ncls, f uu ntl much ani use ni ent  in 
tlirougli tlir ~irrl iminary nork, till :tt last they finislied 1i:ilf n 
1:irqe llnper kite<, fI’IJli1 4 to 7 f in Iieiglit, U ~ N J I I  tlie strongest, ant1 
:it the  hnuie time upin  the  bligli ctinhtructioii the matt.rinh wcruld 
allillit o f .  Tliey lin<l :ilzo lieen c nl in  giving uralers early fur a very 
ccvnhi~lt~rnlile t1u:iiitity of line, to be s1iiiii of sucli tlifferent sizeb ai111 
s t r c q t h ,  ah they jnrlgenl would Iwst aiihwer their pmpose; SO that one 
fine day, alNJi1t tlie niitlille of Jirly, \+lien f:trorecI ljy a gentle, steady 
bieeze, they lJrl,Ught out their IllJle ali1J:%mtlIS into an :uljoining field, 
aniillht n nunieriius (‘~Jin1i:iii~, conhisting uf their frieiuls an11 others, 
wl~oni  tlie iiiuillr uf tliis new n n i l  ingenious iroject l i a ~ l  t1r:twn from 
the tl)N 11. 

They began I+ it11 ra in< the  siiinllest kite, wliit.li being exactly bnl- 

I ery hlenller, Imt of btrength sufticicint to ClJlllIIlnIld it. In the mean- 
time the S W ’ I J l l l ~  kite \\as inatle reitly. Two nssistnnts supported it 

it need, bl I 1  i n  1111 )lI  I1 t el I teadily to itr utmust limit, cnrri ing up a line, 

‘Extract frCJlli l3ivgrapliicnl acc.onnt ( ~ f  dlesitniler Wilson, &I. I)., late 
h?JfehSilr of Pr:ictic:tI ,htroniiuiy in Cilasgow, by the  late Patrick 
Wilson, -1. M., Prof r uf Practical Astronomy in the  University of 

This nieiuiiir of  Dr. Wilbrin, nfter being reall a t  the  Royal Society, 
Fel~ru:try 2, lTS!), was with~lrawn IJY its antlior for the pu~l)use of niak- 
ing some :dterntiuns npon it, anll was llerri returned for publicatiun. 
It w i s  foilnil, liunevw, :iiiiong the mpers o f  Rlr. €‘:itrick Wilson, nncl 
is nuw 1iriiitell \\ itli tlir (~IJIlh~nt uf Iiiq family. 

- A s  n u  puLlic nidiw hna liitliertu been taken uf this matter, tliotigh 
nlr. M’ilson hnil always SlJllle tlilJuglits of cluing so, it  is IlCl1Jed that the 
following dat:Lil will iiut prove unaccepta1,le or tedious to the reader. 

( + l a h g l w .  Tr:tns:wt {if the  Iloyal Society of Edinl)urgh, Yo]. S, 
Pnrt 11, p1). ?i!I-?!li. IS3. 

Cricri

Cricri

Cricri

Cricri
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between them in a slopin” direction with its breast to  the  wind and 
with its tail laid out evenPy upon t h e  ground behind, whilst a tliiril 
person, holding part of its line tight i n  his hand, stood at a gooil cli+ 
tance directly in  front. Things being bo ordered, the  extremity of the 
line belonging to the  kite already i n  tlie air was hooked to B 1001, 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 coulil be sup1)orted 
with advantage, thereby allowing its compnnion to soar to an elevation 
proportionally higher. 

Upon launching these kites according to tlie method which hntl been 
projected, and affording thein abunclnnce of proper line, tlie upperinost 
one ascended to a n  amazing height, Ilisappearing a t  times among the  
white summer clouds, whilst all the  rest, i n  a series, forme11 with it in  
the air below siicli a lofty scale, an11 that, too, affected by such regular 
and conspiring motions as at Once changed a boyibh lmtinie  into 3. 
s ectacle which greatly interested every I~eholiler. Tlie pres>ule of 
tRe breeze upon so ninny surfaces comnuuicating wit11 one ani ither 
was foulld too powerful fur a single l,ersl,ll to wi t l l~ tn l lc~  wllen 
tending with the  undermost strong line, 2nd it  became, therefore, nec- 
essary to keep the  mastery over the  kites by utlier means. 

This species of ceria1 machinery ansa ering so well, Rlr. Wilson and 
Mr. Melyill employed it several times during that  and the  follon ing 
summer i n  pursuing those atmospherical experiments for which the  
kites had been originally intende~l .  To obtain the information they 
wanted, they contrived that  thermometers, properly secured, and liar- 
ing bushy tassels of paper tied to them, should be let fall a t  stated 
periods from some of tlie higher kites, aliicli was accuniplislieci by the 
gradual singeing of a match-line. 

When engaged in  these experiments, though now and then they 
communicated immediately with t h e  clouds, yet, 8s  this h a ~ q ~ e n e d  
always in  fine rn eather, no symptoms whatever of ail electrical nature 
came under their observation. The sublime analysis uf the  thuncler- 
bolt, and of the  electricity of the atmosphere, lay yet entire1 untlis- 
covered, and was reserved two years longer for the  sagacity of t i e  cele- 
bratecl Dr. Franklin. In a letter from Rlr. Melvill to Mr. Wilbon, 
dated at Geneva, 2lst of April, 1753, we find, among other particulnrs, 

ment, and a great ardour expressed for prosecuting such researches by 
the advantage of their combined kites. But, i n  the  December follow- 
ing, this beloved conipanion of Rh. Wilson was removed by death, to 
the  vast loss of science, and to the  unsl~eakable regret of all who knew 
him. 

The limits of the present article preclude giving anything 
like a full historical notice of tlie use of kites for scientific 
purposes or for securing observations of the meteorological 
conditions of the upper air. A few references only will be 

means a novel idea of tlie last few years, as some appear to 
think. hh.  If’. R. Birt’ on the 14th of September, 1P47, flew n 

to test and demonstrate its nsefulness in obtaining measures 

caused to assuiiie a more fixed position in the air 11s restrain- 

three corners of a comparatively large equilateral triangle. 
Adiiiiral Bach,’ when in  coniniand of the T v r o r ,  used a kite 

to obtain the temperature of the upper air in Hudson Strait. 

“The Franklin Kite C ~ U ~ J ,  a t  Philadelphia, have lately ~11s- 
covered ’ that  in those days, when coluninnr cloilds form 
rapidly and iiuiiierously, their kite was frecluently carried 
upward nearly perpendicularly by columns of ascencling 
air.” The existence, for brief periods, of strongly aeceiiiling 
currents of air has also bee11 repeatedly noticed in  the 
Weather Bureau experiments. 

in England advocated the use of 

the other ” for showing the direction of air currents, and for 
attaching thermometers, aneniometers, etc., so that  the con- 
dition of the air in the upper currents could 1Je determined. 

his cllriosity highly excited by the fnnlr of the Philadelphifin esperi- 

giveli if with Other Object thall silill)ly to shoW the 
applicatioli Of kites to l’ractical, useful l’url’oses is by 

constructed lrite at the Observatory, in order 

Of telnl’erature, wind The kite was 

ing it llleans Of three strings E4ecured to the grolllld a t  the 

E s w 7  in ‘lis Philosol’hJr Of 1’’ “7, st8tes th:lt 

E. Douglas Archibald 
“ A  kite, a series Of kites flown that is, O l 1 e  a))ove 

Exl’erillients Of were first’ 
by Archibald in Novem’’er, 1883 ; the olJ jEt  

‘Phil. Mag., Val. SSSI, 1847, p. 191. 
I! Quart. Journal, Met’l SOC., Vul. IS, 1853, 1). 6% 

Probabl about 1537. 
Quart. Aurna l ,  Met’l SOC., Vol. IS, 1583, p. 63. 

‘Nature, vol. Y s x I ,  1854-1855, p. 66. 

view being to ascertain the increase of wind velocity with ele- 
Vatioll, Biran198 alleIllonleters being 
for this PrPoSe. The kites were diamond shape, with tails, 
find were f l o ~ i  tandem. Flax string was first employed, but 
acting ~110x1 the suggestion of Sir Willianl Thomson, steel 
l,ialloforte ,vire was substituted, on Archibald remarks : 

It is double 
tlie btrengtli, m s f o u r t h  the  weight, one-tenth the section, and one- 
lialf the cost. 

A snlnnlary Of the obtained be 
found in Nature, Vol. S S X I I I ,  1555-56, p. 593. 

Arc1lifJald also devised and macle sonic use of a captive kite 
~,alluon \vliicll lle described in Nature, vo l  ~ K X V I ,  1887, p. 
2‘79. This combination was designed to obviate the detri- 
mental action of the wind on the bal10011 surfaces. AS the 
balloon kite has often been proposed asof great utility i t  will 
be mortli ,vhile to notice the reslllts of Arcllibald>s tests. The 
Idloo11 had a cal’acity of 113 cubic feet ; the Octagonal kite 
measured 7 by 9 feet. Twelve hundred feet of steel piano- 
forte wire was paid out. lvind a t  Cfreenwich 12 miles per 
llol’r. ‘11‘ allgles of e’evatio~l ’’ere as follows: 
alone, 3S0; wire near ground, 1s”. Balloon with kite, 41.5O; 
wire near ground, 35’. 

It is ojlserved the effect of the kite was t,o increase the an- 
gular elevation of the balloon 3.5O, but the angle itself was 
OlllJ’  41.5O. Noitrv, any good kite is easily capallle of sustain- 
ing 1,200 feet of steel wire so that both the kite and the wire 
mill have a11 angular elevation of a t  least 600 and 550, re- 

t l ~ n s  the kite is able to hell) the ba1100n, but the ba1looB, on 
account of the large surface exposed to the wind, will only 
serve to drag dowll the kite to  a 1l1uch lower position than it 
would attain alone. If little or 110 wind blows the balloon 
nlone is sufticient, and is only trainmelled by the presence of 
a kite. 

J., ‘( began exDeri- 
iiients to determine the relations between the width and 

The object in view was “ t o  ,eI,gtli of the ordinary kite.,, 

. important problems in meteorology would be affected by in- 
vestigations of the upper air currents.” Beginning with star 

invention of the so-called Malay tailless kite, a form which 

for scientific purpose than any other. 

tion of Rlr. A. Lawrence Rotch, have aimed particularly to 
secure observations of the atmospheric conditions a t  as high 
elevatiolls as l,ossil~le. The work to begull in the 

first alld forms later. A liunlber of actual of 
the temperature, pressure, and moisture con tents of the air, 
also of wind velocity, have been ohtained a t  various eleva- 
tions 111) to something less than 4,OOO feet, and the work 
reflects much credit opoii the proprietor of the observatory 
and his assistants. 

Prolxhly the niost remarkable modern inventor of kites is 
hIr. Lawrence Hargrave, of Sydney, N. S. W., Australia. Mr. 

of C!ongres8, at the of 
the World’s Fair, 1893. In this paper were described models 
of flying l~lacliines of l,ecllliar cellular kites which 

sc-riptiu~i of the Hargrnve cellular kitee, which appeared in 
tlie American Engineer Alxil ,  1895, p. 193, has brought 
these kites to the attention of some of the experiiiienters in 
the United States. In  a11 article entitled “A M’eather Bu- 

to the kite 

This I have fuuntl a great improvement on the  string. 

% 

sl’ectively’ It nl’l’ears, that under colldi- 

Ill 1s90 ~villiani A. Ecldy, of BayonIie, 

evolve the forlll (,f kite to be used ill raisiIlg self-recordi1lg 
llleteoro~ogical iIlstrllments to a great height, because many 

aIld llexagou kites ,yith tails, AIr. Ecldy 

withi11 recent years has, perhaps, been more extensively used 

The kitt: exl,eriniellts nlade at Blue Hill under the direc- 

led to thh re- 

fall 1894. I<ites of RIalay or Eddy t y p  were used a t  

Hargrave corltriI,uted all inipOrtallt to the meeting 

were afterwards greatly developed ),y the illvelltor 
sillce ),ecuIlle widg,ly klio~frn alllong kite experts. 

have 
The de- 
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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. MiIlet was d011e during August and 
September, 1895. Experiments were also lriade a t  Blue Hill 
with cellular kites in  August, 1895, which were described in the 
Boston Herald, August 19, 1895, and Springfield Republicau, 
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. hlr. Eddy also tripd the 
cellular kites, a t  first on September 1, 1S93, and again in De- 
cember, 1895, but with unsuccessful results. He was finally 
successful in flying the kite independently for the first time 
on December 9,1595. 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 Bureau 
work. 

The kite experiments a t  the Weather Bureau were first 
taken up by Mr. Alexander McAdie and Mr. S. A. Potter, only 
semiofficially, however. The work began early in  November, 
1894, and was carried on whoIIy outside of office houre 
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 a t  Mr. Potter’s country residence. No met,hocii- 
cal record of the progress of the work appears to have been 

made of the results attained. A small therniograph, 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 aflair was devised by Rlr. Potter. 

The work finally assumed the character of an official inves- 
tigation only in  the fall of 1595. Prof. Willis L. Moore, as 
the new Chief of the Weather Bureau, a t  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 a t  the office in 
San Francisco, Prof. H. A. Hazen, with Mr. Potter’s Resist- 
ance, was directed, on October 14th, 1895, to make experi- 
ments for the purpose of devising aad perfecting an appli- 
ance that might be used in observing the meteorological con- 
di tions 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. I n  fact, a toy of this charac- 
tar appears to have first suggested the idea to Professor Noore. 
The toy consists of a thin metal or card-board disk,cut up into 
a number of equally distributed radial gashes extending nearly 
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to the center. The surfaces are then twisted or bent 80 as to 
take an oblique position, screw 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 sinall 
axle a t  right angles. A suitable holder is provided, a d  when 
the disk iA given a high speed of rotation by the unwinding 
of n 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 a t  high 
velocity from the earth, or carrying its motor with it, may 
pos~ihly he made to acconiplish the desired results. 

Professor hIoore’t; aim has been to reach higher altitudes 
than those which have been heretofore attained by ordinary 
kites. Special fnncls were not available for costly experi- 
ments with balloons or conibination ailairs ; moreover, kites 
themselves not only on account of their slight cost but also 
‘mause of their general eiYectiveness, seemed the most promis- 
ing suliject for the first investigations. The efl’ort has been 
therefore to develop the kite to the highest point of efficiency 
and ascertain to what extent i t  can he utilized in reaching ele- 
vations of from 1 to 3 miles or more. 

The work a t  the present time is still in an experimental 
stage as it were, hut i t  is believed enough has been accom- 
plished to justify publishing preliminary results in the hope 
that  the progress already made in the Weather Bureau inves- 
tigations will stimulate to new efforts, and be helpful to the 
several private experimenters independently a t  work on the 
same prohlem, a d  if possible, therefore, hasten complete 
success. 

O n  s c i c n t i j c  mcthor1.u in ki t r  i),rfnti!icctioiis.-While the litera- 
ture on kites describes an alniost endless variety of foriiis and 
shows some to have been employed in useful ways, that is, for 
drawing wagons, sleds in the Arctic regions, boats, etc., or for 
other purposes and for secnriiig iiieteorological observations, 
of which latter use we have mentioned above 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 boys 
how to fly their kites, but if one desires to learn much ahout 
the mechanics of a kite in action, 8 search in  kite and aero- 
nautical literatiire will prove fruitless, or nearly so; a t  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 cleveloping 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 blissful 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- 
vmced education, should entertain the scornful regard that 
seems to he current with sonie for the ‘‘ theory ” of kite flying, 
especially when the history of applied science affords such 
remarkable illustrations of the immense debt prrtcticc owes 
to seierm. There could be 110 greater mistake than to corn- 
teniptuonsly confound science with theory. No more striking 
instance of the eficacy of scientific methods can be cited 
than to ontline 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 800 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. I n  fact, those laws were quite un- 
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known. Towards the close of this period such men as C‘arnot. 
Joule, Clansius, Thonison, and others began to develop t h e  
principles of thermodynamics, and Rankine, less than forty 
years ago, with a master’s hand, applied these priiiciples t u  
the practical problems in steaiii engineering. From thif 
point on the development WRS very rapid. What 200 pears 
yes, 2,000 years, counting from Hero, failed to make of t h e  
steani engine was effected in a score of years when scieiicc 
poiuted the way. The steani engine came into existence and 
underwent its slow nnd tedious development by blind experi- 
mentation before the rationale of its action was known or 
understood. The reverse is the case with electric generators. 
motors, etc. All the principal elements of their theory had 
been fully developed before the devices were invented. The 
result is that  alniost the highest possible state of perfection 
of these inventions was attained in a few years. Notonly it ae 
the theory already available lint it was developed and applied 
a t  every point in theconstruction and operation of these won- 
derful machines. The world now stands amazed a t  the mar- 
velous rapidity of this gro\\ th. In the face of sncli facts ae 
these, can anyone fail to perceive the iniportance and adyan- 
tage of formulating the physical laws involved in tlie opera- 
tion of any of nature’s forces? Let us hope, therefore, that 
those who seek to develop ancl perfect the kite in order to  
apply i t  to usefiil purposes will  help first to formulate the 
laws of all the actions involved. 

The construction and flying of kitesoii 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, CJf the operation and equilibrium of certain 
well-defined forces. In fact, every element of the proldem 
conies within the domain of ordinary mechanics and physics. 
Ki tea are amenable to development by the same engineering 
niethods as those that  have produced such wonderful results 
as the Forth Bridge, the Brooklyn Bridge, the Eiffel Tvwer, the 
Ferris Wheel, swift ocean steamers, those fariions yachts May- 
flower, Vigilant, Puritan, Defender, and others. Now that it 
is desired to put  kites to certain useful applications, it ie 
urged upon those who seek to eflect this clevelopineiit that 
they discard the primitive cut-and-try method and adopt 
modern engineering methods. The rut-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, i t  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 eficiency of every element is studied separately. 
By these niethods lie 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 usecl for carrying strings or ropes to inac- 
cessihle distant points, as from a stranded ship to the Ire 
shore, or when used for transportation, as in pulling wagons, 
or towing boats, i t  is the object of the constructor to obtain 
the greatest possible tension or pull on the string, as held by 
the manipulator a t  the lowest end near the ground. But for 
meteorological use we need tu have tlie greatest possilde lift- 
ing power a t  the kite end. We must, therefore, develop the 
vertical and diminifih the horizontal conipoiient of tlie pull 
on the string. 

To be more specific, the kind of inforniation needed, for es- 
ample, is :  ( 1 )  What is the relative lifting power in a given 
wind, square foot for square foot, of the single-plme kites, as 
compared with the cellular kites’? (2)  I n  cellular kites, ((0, 
how near can the lifting surfaces be to each other without 
detrimental interference? ( b )  How short a distance may exist 
between the forward and after cell without the one iiiipairing 

the effectiveness of the other? ( c )  What length, fore and aft, 
is the most effectual for the sustaining fiurfaces? ( d )  What 
is the most appropriate form and arrangement of the bridle, 
not oiily to seciire the niowt satisfactory action of the kite 
under winds of varial~le force, Ilnt to lilirwihe distrilmte the 
strain npon the framework so that lightness, but yet not cor- 
r e s p n  d i ng weak n em of con s t r ~ i c  t ion, ni ay ol) t ai n ? ( 8)  In 
qrneral, for any kite, what is the I-iest angleof iiicidence? ( 4 )  
\\‘hat is the loss doe to the pervious structure of the cloth, as 
conipared with paper or I~alloon fabric, etc.? These are but a 
f v w  c)f the eleiiients ( ~ f  the kite proI~1en-1 that need to lie sepa- 
rately studied and in respect to which the maximum possible 
~isefiil eRrcts need t o  be develi Jprd and rendered available to 
the Bite I,ailder. 

The writer has heen led to niake these remarks because so 
little or none of this kind of work appears to he coilternplated 
by the several experinieuters 1 1 0 ~ 7  independently a t  work try- 
ing to render the kite useful f ~ r  meteorological and other pur- 
poses. Moreover, the alwve considerations should convince 
one that  a liiie of analysis seekiiig to clerelup all the elements 
of kite behavior nnd furninlate their relations is tlie diortest 
path to the complete solution of the prohleni. 

THE n’EhTIIEK BUREAU W O R K .  

A few remarks describing tlie management of kites will 
enable the reader, unfitmiliar with hat we may call modern 
scirntific kite flying, to form an idea of 11ow the work is rar- 
ried on. Detailb o f  the forms and cunstrnction of the kites 
will be given later. The kites range in size from G 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, efipecially wliei! thF: wind is favorable 
mil the kite a good flyer. With steady winds of about 15 
miles per lioiir, the kite w l i m  faced to the wind will gen- 
erally fly right np froin the hand, sailing away ancl up- 
ward a t  an angle of from 30c to SO@. I t  is necessary only to 
keep the string under some tension as i t  is paid out. When 
tlie wind is rather feeble, especially if very light a t  the sur- 
face, i t  will generally be necessary for an assistant to carry 
the kite oft’ some dihtance to leeward; seven or eight hiindred 
feet is often not tIJ0 far. When a favorable puff of wind is 
felt the assistant tosses tlie kite upward into the air. At the 
same moment the string, if managed by a reel, is monnd in 
with sufficient rapidity to cause the kite to fly until fully 
sustaiued by the wind. A reel for nianagiiig the string is 
quite indisl)ensable for extensive experiments, but in its 
nbsence i t  mag 1)e necessary in starting the kite in light 
winds.to walk briskly to winclwarcl. It is almost impossible 
to describe the iiieans and artifices employed Illy the skillful 
Jp ra to r  in managing kites that fly badly, or in working a 
kite up through strata that have feeble, fitful motion into 
3tronger, steadier cnrreptfi. Skill of this sort can be acquired 
mly  Ijy experience. 

If any apparatus is to he carried i t  is generally tied to the 
jtring below the kite or kites after the latter are in good flight 
and  produce a steady and suf-ficient strain on the string. 

The tension on tlie string varies greatly when onlyone kite 
is flying, owing to tlie tuniultuons and ever changing charac- 
ter of the wind. These variations are very niucli less with two 
kites in tandem 200 or 300 feet apart. With a tandem of 
3everal kites the strain is naturally still more nearlyconstant. 

The nianiier of flying kites in tandem is also very simple. 
The kite to be added is first flown on an inciependeiit string. 
A length of from 100 to 150 feet is generally sufficient. The 
:nd I)f this is tied to the niain kite line a t  the desired point. 
The kite takes care of itself a s  string is paid out, although in 
3ome cases from time to time during its subsequent flight 
it may foul partly and temporarily with the niain line. 
[f there are no points or projections on the second kite 
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that  can be bermanently caught on the main line, then the 
fouled kite will generally soon free itself. It ought to ride 
above the main line except during momentary lulls of the 
wind, and often owing to its own lack of perfect synniietry 
and exact correspondence with other kites or to variations of 
the wind, i t  will continuously tend to fly to the riglit or left. 
Thus several causes are seen to conspire which tencl to make 
the kite stand free of the main line. There is always, lion- 
ever, in tandem flying, more or less wasted etfort in  thr. kites 
pulling a t  variance with each other. This will he discussed 
later. 

The work done a t  the Weather Bureau by R4r. Potter in 
flying kites prior to the beginning of tlie investigations by 
the writer, consisted principally of tests of the ?I~_nlay or Eddy 
kite. Although this form of kite is well known a hrief de- 
scription will remove any uncertainty respecting its construc- 
tion. The frame consists of two sticks of the diiiiwsions 
shown in Fig. 1. At the point of crossing tlie hticks arelashed 
firmly together with waxed string. The cross stick d 6 is 
bowed backward by means of a string, as shown in tlie end 
view, Fig. 2. The depth of the arch is bebt made about & of 
the arc. A strong cord, A C‘ B D, is passed around the frame 
and securely fastened to the ends of the sticks, so as to produce 
aperfectly symmetrical figure. The woven wire cord used for 
hanging pictures, which will not stretch, is much better than 
any kind of string for this prpose .  Paper, calico, canil)ric, 
or silk may be used for the covering, which is allowed to hag 
slightly in order to improve the stalility of the kite. .The 
bridle is formed of a piwe of stout cord whose ends are tied, 
respectively, to the point on C D a t  which tlie sticks cross aiid 
to a point near the elid, D. The length of string should I)e such 
that when the hridle is drawn taut aud laid over againht the 
surface of the kite it will form the angle U B D, Fig. 1. 
The kite string is attached 60 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. Rlr. 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 being to impart a greater degree of stability. TfTith 
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 a t  D, expecting thereby 
that the after part of the kite woiild 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 oiily of securing the proper proportions be- 
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 gaugecl 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, &of an  inch in diameter, weighing ahout 3.75 
pounds per 1,OOO feet, and a lighter twine, 0.065 of an inch in 
diameter, weighing about 1.2 pounds per 1,000 feet. The cord 
was wound upon a 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, hut in such a 
fashion that the box could a t  any time be revolved in azimuth 
upon the table top, so as to bring the reel in the proper azi- 
niuth 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. 

IVhen the writer begmi his investigations of the kite proh- 
leni ia  December, 1P95, he therefore found much of the neces- 
sary a p p r a t u s  in readiness, and he takes this opportunity to 
testify to Rlr. Putter’s skill mid expwieiico, and his ahility and 
ingenuity in  designing and constrncting kites. 4 s  mill ap- 
pear in the following pages, Rlr. Potter proposd and con- 
btructeed two or three modified forms of kites, each of which 
possesssd more or less merit, and hr  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 \Yeather Bureau 
a t  the tinie the writer was directed Iby Professor Moore to in- 
vestigate the prohleni of securing nirteorological ohservatioiis 
in the upper air. What follows aims to set forth the progress 
made up t(J July 1, Is%, in developing tho kite. 

As  has already been said the construction and flying of 
kites 011 a large scale is purely and only an engineeriug prob- 
leni. I t  is simply a question of stresses and strains, the 
strength aud resistance of materials; a questicon of the oper- 
ation and equilibrium of certain well-defined forces. These 
ideas have been constantly in mind in my efforts 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 resiilts fragmentary 
in character. 

The position a kite takes when poised in mid-air is the re- 
sult of a condition uf equilibrium of five differeut 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 11 hatever, whether exerted upon the extended sustaining 
surfaces or upon the relatively small ende, 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, it; to be included here also. The resolu- 
tion o f  this composite force into its heveral con~ponents arid 
the analysis of their separate effects is a question in itself. 
( 3 )  The attraction of gravity for the kite. ( 3 )  The tension 
of  the string a t  the kite, that  is the restraining piill of the 
line. ( 5 )  The 
pressure of the wind against the string. 

Kitc ..itriii~/X.-Inasni~icli 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 ini- 
portant questions relating to the string. 

The properties of most importance in deterniining 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 he of any importance. Such is far 
froni being 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 
r~ieasures a t  least one-tenth of a11 inch in diameter. The area 
of the longitndinal section of such a string equals a square 
foot of surface for each 130 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 a t  so steep an angle 
across the direction of the wind, that we must not for a mo- 
ment assunie 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- 

(4) The attraction of gravity for the string. 



118 MONTHLY WEATHER *REVIEW. APRIL, 1896 

No. 12gIlling thread .................................... 
Cable-laid twine ........................................ 

Do ................................................ 
Do ................................................ 

Phosphor-hronze wire.. ................................ 
Aluminum wire ......................................... 
Steel piano wlre ........................................ 

siderable extent. Every one perceives with the eye the very 
great effects that gravityis able to produce on a long piece of 
even very fine string, and we all know how great tho tension 
must he to stretch a long piece of string until i t  is even ap- 
proximately straight. The actual disturbing force of gravity 
ill operation in such cases is a very feeble one ; much fprhler, 
indeed, than the pressure the wind may exert 011 the mnie 
string. If one is skeptical of this statement let him try the 
following simple but crucial experiment : Take Reveral feet 
of gilling thread, or similar fine striug, such as would b6 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, lio\+ever, the string he 
swpended 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, hut 
will he 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 a t  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 4 5 O  to 
the horizontal. The observed fact that the string, in many 
cases, is forced by even nioderate winds to a much higher 
angle thau 45O'is very significant. It nieans 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 striug 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 dLze to gravity, and quite escapes detection by simple 
methods. I n  fact, the effect we observe with the eye is coiii- 
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 has been said to show that  in selecting a kite string 
the clianacter 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 inipro- 
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, A,  E, 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 a t  A for a fulcrum, 
and the edge a t  E for applying the force. The bent pieces of 
flat iron, C,  D, form a t  once the stirrup for transniitting the 
Etrain from the knife-edge, E, and the jaws within which one 
end of the string or wire to be tested is grasped. The clamp- 
ing of the jaws is 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 

Inch. Lb8. Lbs. 
0.052 0.25 30 0.33 
0.085 1.20 62 0.78 
0.100 9.8 160 1.2 
0.150 7.1 300 1.8 0.0288 8.6 80 0.84 
0.04id *8.15 '48 0.57 
0.028 2.15 200 0.34 

bench in such. a manner that  the long arm of thedever passes 
obliquely over the top of the bench. The knife-edge, A,  is 
arranged to be supported on suitable metal surfaces a t  the 
top of the stick. At about 34 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 
t,ested. The edge of the projection a t  G has formed within 
i t  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 epecimen 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 about 150 pounds, due allowance being 
made for the pan. From the Aeveral positions of the sliding 
weight, when just balancing the known weights, the complete 
system of graduation for the lever is accurately determined. 
By this device strains of something like 350 pounds can be 
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  i t  shall not slip nor yet be im- 
paired in strength, did not prove to be very difficult. The 
jaws of the clanips 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 a t  one end. With these expe- 
dients for grasping the wire excessive clamping was not nec- 
eesary, and only occasionally would specimens break a t  the 
edge of or slightly within the jaws. 

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

TABLE I.-Propcrlics of mniaricala f o r  kik .dringa. 
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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 particiilar. The writer 
a t  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 
measured about 0.028 of an inch in diameter. This is the 
size generally employed for deep-sea sounding purposes. In 
the use of wire a question of first importance is, how shall 
i t  be spliced? In  niy early work the wire was spliced ac- 
cording to the recommendations of authorities on deep- 
sea~sounding. Disastrous results ensued from the parting oi 
the wire in the splices. Thereupon a thorough investigation 
of the strength of splices was made by means of which a foriu 
of splice was evolved that  i t  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, recoxn- 
mended and used for splicing wire employed in deep-sea 
sounding. This is a bad form of splice and will, in almost 
every case, break in the middle and a t  a less strain than re- 
quired to break the wire. The only part of the splice that  i €  
a t  all effectual in resisting strain is the short intertwisted 
portion in the middle. It is plain that  throughout the whole 
portion, a,  6 ,  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, ( I ,  b, is, 
therefore, ao much wasted material. The mechanical prin- 
ciples involved in splicing a wire by twisting requires that 
each part he twisted aromd a coiwmon axis. 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 ilis- 
carding the portion a,  b, and elongating the middle portion. 
Although not necessary for strength i t  will generally Le 
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 i t  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 be employed to prevent rusting. I n  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 a t  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. is to suhnicrge 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 or alkaline 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 beiqig e i w j l y  n i i t l  ~ n i -  
fomnlg twisted each nbout a common a&, the twisting is hest 

A better plan 

'Described in Deep-sea Sounding and Dredging, Sigsbee. U. S. 
Coast and Geodetic Survey, 1580. 

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, d, 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 coninion 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 hlock, B, on it8 longitudinal axis twists 
the wires as evenly as can be desired. If the free ends of the 
mire are to lie turned once closely around the main wire, this 
is eiTected by ineans of a tool shown in Fig. 7, which scamly  
needs explanation. The splice is finished by nipping oft' the 
extreme free ends of the wires close down to the main wire 
and, if desired, the ends may Le 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 i t  
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 iiianner 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 i t  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 liereafter 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 nieans 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 purpoae, and to what degree they constitiite a weak spot 
in the string containing them, is n very iiiteresting one for 
investigation. Although striilg is u s r d  i n  the M'eather Bu- 
reau work in only a suhordinate capacity, yet a nuinher of 
tests of strings united liy 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 i n  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 lbs. per 1,OOO feet. 

. 

T ~ B L E  II.-S/retry/hs of C01Yl8 zociktl by rurioii8 knots. 

I Kind. 
~ ~~~ _____ - ~ _ _ ~  ! 1 1  2 1 3  1 4  1 5  I 6 !  7 1 8  1 9  1 1 0  

1 ......................... 
2 ......................... 
3.... .................... lfjo 
4 ........................ ......................... . 
6 .......................................... 5 135 112 

8. ......................................... 
IO...... ..................................... 

ld1 I 
9 ........................................... 1 ,  , ........................................... I i i  

............ 

...... ...... 

185 
1% 
1.49 
160 
150 
140 
1 6'' 
1 70 
1 50 
135 

179 
175 
175 
101 
1 82 ...... ...... ...... ...... ...... 

193 

165 
191 
198 
W! 
1-33 
185 

171 
IJO 
I& 
167 
169 
182 
1 7:! 
160 
l!M 
1% 
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The exact structure of the knots will he understood from 
the illustrations, Fige. S to 16. The so-called “double over- 
hand knot ” was tested because i t  is so coniinonly used I J ~  a 
novice for uniting two stringe, and because i t  has often heen 
employed in flying kites tandem for the purpose of foriiiing a 
loop in the main h e ,  a d  shown a t  u, Fig. S. It is a very lJad 
knot for the purpose. The “ weavers’ knot ” or “ sheet Iwiicl ” 
is very sniall and coinpact, but cuts upon itself Iiadlg and is 
weak. Tlie “square kiiot” is ninch Letter, hut is not always 
proof against slipping a little, which, if i t  occurs under con- 
siderable strain is nlinost certain to result in a hrrak at the 
knot. The tenclency to  slip is almost wholly renicived hy 
drawing the parts taut in such forni that the loose ends stand 
well out a t  a n  angle to the niain parts. Do not tighten up 
the knot while the Ionse ends are held parallel with the niairi 
parte. 

It seems there may lie soiiitl diRerence in the strength de- 
yendiiig upon whether n knot is tied with or c r y t t i r ~ s t  the “ lay ” 
of the cord. I have not, Iiowever, hreii ahle to d4initely dis- 
cover a difference of this sort,. 

The “ fisherman’s knot”  called also “ surgeon’s knot ’’ by 
Eddy and Fargusson of Blue Hill, is compact and coaipara- 
tively strong. The “ interlaced overhand knot ” is formed by 
tying a simple l<not loosely on the end of one string and 
passing the end of tlie other string through and around tlie 
kiiot in tlie opposite sense, as shown in Fig. 13. The ‘‘ inter- 
laced figure of S knot”  is formed in a precisely similar niaiiiier, 
based on the knot sliowii in Fig. 14. Each of tlie foregoing 
knots draws down exceedingly compact and hard, arid it, is al- 
most impossible to 1111 tie them after being strained, especially 
the two latter. This is also true of the “Carrick’s hencl.” 
The latter, however, is designed to unite heavy ropes, hawsers, 
etc., ancl in such cases the loose ends of the knot are “stopped” 
or lashed to the niain parts, and in such condition the knot 
cau not jam. Occasionally the knots enumerated from 1 to S 
in the table will sustain a straiu that will break the cord, but 
such was found to be rather the exception and generally the 
string appeared to break a t  a weak point. 

The king of all tlie knot@, however, is the “ bowline k110t,” 
not only Ijecause of its reriiarksble strength, which is such 
that the cord itself will break a t  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  i t  
never slips and can be untied with the least possilJle effort, 
even after sustaining excessive strains. Fig. 16 shows the nian- 
ner of uniting cords by this knot, and although for this pur- 
pose i t  is less coiiipact and neat than other knots, i t  is exceecl- 
ingly trustworthy and can be clepencled upon to nearly or quite 
the full strength of the curd. It has no equal for uniting two 
cords differing i n  sizr. It will never break a t  the poibt, (L, 
which I i tas a t  firet inclined to  regard as a weak spot. This 
knot is so excellent that  its use is strongly reconiniexided. 
The successive steps in a siniple nianner of tying i t  will be 
given, as the beginner may find some difliculty i n  forniiiig the 
knot easily with 110 other guide than Fig. 16. Tlie first step 
is to form a simple overliaiid knot, held as shown in Flg. 17 ; 
by a desterons turn of the fingers tlie kuot is hronght to the 
form shown in Fig. lS, a d  finished by passing the end behind 
the main part and tlirougli the eye, as shown in Fig. 16. The 
act of tying the knot is nile coiltinuous motion. In  drawing 
the knot taut it is not nrcessary or desirable to tightenup the 
crown (a .  Fig. 16,) of the 1m)t very much. To untie the 
knot the cruwn is first drawn over in anianner to free the knot, 
whereupon tlie whole is easily undone. 

As already mentioned, when wire is used as the kite line, 
string need lie eniployed only for bridles, stray lines, aiid 
other short connectors. The end o f  the wire is fornied into n 

Fig. 11 shows the knot correctly tied. 

sniall eye which iiicloses au eyelet, as shown in Fig. 19. 
Tlie striiig from tlie kite is attached to this eyelet by means 
of a Imwline knot. A numher of actual tests demonstrated 
the superiority of this knot for forniing this jnnctiou. 

\\.‘liile cliscussing k:ints i t  will be well to dispose of the 
nintter a n d  describe the nianiier of  tying the bridle to the 
kite sticks and of adjustalJly attacliiiig tlie stray lines to the 
1 iridlr. 

The clove-hitch 
reinforced I J ~  one or two lialf hitclies of the loose end of tlie 
string nround tlie main part of the liridle s e e m  to an8wer 
every p i i r 1 ~ ~  for securing the Iiridle to the kite stick. 1 
have I)een unahlr to dimover a more escellent method of  
attaching the fitray Iiiie to the lxidle than by nieans of a buw- 
line knot.  tho loop of which forms with the bridle a square 
knot, a, Fig. 30. The knot cannot slip in use ancl eveii if 
excessively strained it can be loosened with thr slightest effort 
and in such a inauner that the p ~ i i i t  o f  attachment can be easily 
shifted by any definite ancl precise aniount. The siiiiplest 
way (if forming the q u a r e  knot lietween the loop of the bowline 
and tlie I,ridle is to tie tlie bowline first, independent of the 
bridle, then pass the loop of tlie hvwline around tlie bridle 
and draw the end of  the stray line, which will generally be 
fwe, through the loop of the bowline, forming tlie knot showi 
in Fig. 21. This is easily converted into the sqiinr‘r knot  
showii in Fig. 20. The ccinipletr arrangenieii ts of bridle aiicl 
stray line \vas repeatedly tested with the result that tlie ar- 
rangement was fully as strong a t  every part as the cord itself. 

I t  still remains to describe what methods have been 
developed for attaching kites in tandem. Where string is 
eniployed for tlie kite line a siinple loop knot, a,  Fig. 8, 
niay Le fornied a t  any point desired. As already pointed out, 
arid as shown in TnMe 11, if this knot is tied in the iiianner fig- 
ured, the etreiigth of the line is therrliy weakened in a very 
serious niaiiner. As i t  is plainly very h d  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 methud much better than that 
just described for furming a loop or other device l ~ y  which tlie 
followi~ig kitw of a tan~leni map br attached to the main 
line. The importance of this little matter is still more ap- 
parent whe11 we consicler that if a single one of these knots 
01‘ loops forins a poiiit in t h ~  line which is 33 per cent 
weaker than the weakest place ill the cord itself, a condition 
which tlie tests show is easily pnssilJlr, then to safely sustain 
a given strain the eiitire lengtli o f  line involved niust be 33 
per cent stronger, that is, qqmsi ina te ly  33 per cent heavier 
than n ( i u l c 1  he required if the strength o f  the cord was not 
thus inipaired by loops. Tlie weight aril size of the string 
are o f  such vital importance in flying kites to extremely 
grwt elevatioiis that Iiad practice o f  thr kind just p i n t e d  out 
CRII not for a iiion~ent Ile tolerated. 

The foregoing reinarks apply eqiially i n  deterniining what 
ar rau grriien t s w ill 1 )e ad in i ssi 1 11 e for a t t ach i 11 g t ai1 cleiii ki tea 
to wire. Every device that impairs tlie ~ ~ o r n i a l  strength 
of the wire niust be ruled out. In  speaking of the several 
kites forming a tandem it will  he convrnient to designate the 
top kite as the lender, or pilot, liitp. The others niay 133 
called suhordinate kites 01’ followers, and the line of wire 
leading up from the reel will lie called the niain nire, or main 
line, while tlie relntivrly sliort l i rauche~ lending up to the 
sul~ordinate kites will be s1)okeii of as secoiidnry lines. 

An angle in tlie continuity (Jf the main line is formed at  
any point a t  wliic*li a swoiltlary liile is nttaclied. This augle 
varies from nionient to nioniriit with the rver changing wind 
forces 0 1 1  the diRerent kites. If wire is used aiid flexibility 
is not provided for a t  thr point of attachment, or other 
mealis aclvpted t u  obviate ill efl’ects froin I)eiiding, then it is 
only a question of time liefore the streugth of the wire will be 

Fig. SO illiistrates I~o t l i  these coiinectioiis. 
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impaired. The writer has not been able to conceive of I 
clamp for this purpose that is entirely free from serious ob 
jections. After discarding loops of string firmly lashed wit1 
waxed twine to the wire he has, however, adopted the eyele 
arrangement shown in Fig.22. I n  addition to forming 1 
perfectly flexible point of attachment, the strength of thf 
junction, with double twisted wires either side of tlie 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. 
played for the secondary lines. The length ranges froin 1OC 
to 150 feet, with an  eyelet in each end, as  shown in Fig. 19. 

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

The intermediate eyelets put  into the main line are toc 
small to present any clifficulty in stowing away upon the reel 
The only objection to them hitherto found is that the po in l~  
a t  which attnchnient to the main line is possible are fised 
and predetermined, Rnd can not be chosen, as is sonietinieE 
desired. 

The relative merits of several small kites flown tandeni 
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 eflective than an eqiml surface in sl11all kites 
flown tandem. Based on these considerations tlie practice at 
the Weather Bureau has been to fly but a small nunil~er of 
kites tandem, and the use of eyelets a t  fixed points in the 
main wire has been generally Satisfactory. 

One further dificulty has presented itself in the use of wire, 
and for which thus far  no satisfactory solntion has l~een 
reached, namely ; if the wire is in a state of internal strain, 
such that  when stretched i t  tends to rotate on its lougitucliiial 
axis (ancl if no provision of a swivel or other device has been 
made for relieving this twisting strain), then under certain 
conditions of moderate strain, and a t  monien ts 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 a condition of stronger winds and heavier 
strailis 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 ohviate this diffi- 
culty. I n  the first place they must be capable of resisting a 
strain a t  least as great as the ultimate 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 niuch 
better. Moreover; even supposing an effective swivel avail- 
able, as rotation of the kite wire can not take place across 
the angle formed a t  the point of a t tachn~ent  of a subordinate 
kite of a tandeni, i t  would be necessary to provide a swivel a t  
each point of attachment of a secondary line. The wiiicling 
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, i t  
will lie seen that  the maximum of strength with the mini- 
niu~n o f  weight and surface exposed to wind action is ap- 
proximately attained by tlie use of steel wire. With the 
arraiigeirients reconi~nended, there will be a uniform strength 
throughout, with no inherently weak points of construction 
nor pctrtions of iinnecessary 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 Talde 11, 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 thie 
excess of strellgtlt is very sniall, however, ancl of no import- 
ance. For small-sized kites snialler twine uiay be safely 
employed. 

The fvllowing table contains the results of tests upon 
splices, eyelets, and other meml~ers that go to form tlie line 
hy which a kite or tandem of kites is anchored to the earth : 

TABLE 111.- ~ i l l i m u l e  hrcitkiny slrrnyth of nienibera of kifr line. 

Number of test. 

1 ............................................... 
2 ............................................... 
3 ............................................. 
4 .............................................. 
5 .............................................. 
G ............................................. 
i..... ......................................... 
8 .............................................. 
9 .............................................. 

10 .............................................. 
11 ............................................... 
13. .............................................. 
14 .............................................. 
15.. ........................................... 
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Tlrc r t  €1.-The reel required for the proper managemeu t of 

Pither the kite wire or string will need little or uo descrip- 
tion, except ill respect t o  particular adaptations, and espe- 
cially in regard to the means employed for nieasiiring the 
total length of the wire or string and thr length paid out to 
the kite a t  any time. 

It will frequently be necessary, when flying kites in light 
winds, to keep the kite afloat hy reeling in the wire more or 
less rapidly. For this purpose experience has shown that the 
:ircuniference of the drum of wire or string shoulcl tie scarcely 
less than 5 feet. A much larger drum than this, where i t  is 
to be operated IJY hand, will prove difficult or, a t  least, incon- 
venient to manage when t h e  wire is under considerable strain. 
hioreover, it is desirable to avoid tlie use of multiplying gear, 
SUCII as would Le required with very large drums in order to 
3ecnre adrquat,e power for the purpose of winding in kites by 
hand when esrrting strong pulls. A drum 1s inches in di- 
tnieter operated IJY 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 phenonienon connected with flying kites 
with wire is the electrification of the wire. To he alde t u  ob- 
wrve effects of this sort, i t  is necessary that the reel of wire be 
insulated, which is accomplished satisfactorily if the drum is 
iiiade of heavily shellacked wood. The core of the drum niust 
3e made very strong, to avoid the eiiornioi~s 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. 33 shows the second reel eniployed in the Weather 
Bureau work. Our first, reel was only 13 inches in diainetrr, 
tnd proved to be too small, and the flanges were too weak. 
Ahout 10,000 feet of wire forms a layer on the large reel a 
ittle over 0.4 of an inch deep. 

The inside eiicl of the wire on the reel comes through the 
Ilange to tlie 1)utton. o, which can lie electrically connected to 
the earth Iiy 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, A, to 
the low table, T, but permita rotation thereon, aided further 
by caetors 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 a t  e. 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 tlie brake tlie 
rapid rotation of the hand cranks is soniewhat objectionable. 
To provide them with ratchet connections so that they niay 
remain statioiiary when the reel is unwiiiding, as is clone in  
some forms of reels for deep-sea sounding purpose, is uot 
altogether desirable in kite work, as the strain 011 the wire 
is sometinies exceedingly variable. Moreover, a rigid handle 
is most trustworthy in cases where it is necessary to 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 kiteo. One method has been t9 hook the dy~~aniometer 
directly to one of the crank handles, fixing i t  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 quickly disengaged 
from any restraint should einergency demand, requires that 
a reduction factor be applied to the observed dynamometer 
reading, depending upon the ratio between the cr'i ' 11 1- arm 
and drum radius a t  the point from. which the wire drams. 
The ratio is always known for any given length of wire out, 
so that the reduction presents no difficulty. 
. A second method, which nieasures the teiision directly, 
consists in arranging the dynltnionieter 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 a t  Fig. 25. 

When reeling in distant kites the wire is guidecl wholly by 
shifting the carriage of the reel slightly in nziniuth, as may 
be required from tinie to time. We have found the direction 
of the wire tn 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 liable to induce rust. 
Near the close of the opei:ation, when tlie kit.es are but 100 
or 200 feet distant, it  may be necessary to guide the wire IJY 
hand. As a precaution against rust, the wire i n  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 i t  is 
wound upon the reel. In the case of tlie reel under discus- 
sion the length of wire was measured by causiiig i t  to pass 
around a disk having a known circuniference and which re- 
volved with the greatest freedom. The disk, in fact, was 
mounted upon the spindle of nn anemometer, the dial read- 
ings of which indicated the number of turns of the disk. 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 measiiring disk and 
8t the same time prevent any slipping or shifting of the 

wire on the grooved peripheryof the disk. The apparatm 
is shown diagrammatically in Fig. 26. The observations 
for the iiieasurement 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 wouud on the reel, readings of the dials are again noted, 
and so 011. I n  addition to not.ing the readings for each fifty 
turns of tlie wire, readings nre also recorded a t  the end of 
each full layer. In  winding the wire on the reel, originally, 
it is not difficult to lay i t  on very evenly for a depth of seven 
Or eight layers, but splices and other irregularities break up' 
eniootli winding, ancl 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 prelimiuary weighing 
of several of the sections of wire wound on, and by accurate 
deterinination of their respective weights per unit  length ob- 
tained Ly measuring and weighing short samples, the above- 
described series of observation may be niado to suffice first, 
fur deteriniiiing the exact periphery of the inrasuring disk 
and then the length of wire corresponding to any number 
of turns of the reel. I n  this case it will of coiirse be neces- 
sary ( a )  to note the dial readings a t  the times the splicesbe- 
tween sections pass 011 to the reel, and (a) to make slight 
correctioiis 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, noniinally of the same size, and to present data 
from which an idea of the accuracy attained in nieasuring 
the length of the wire by the above-described means, the fol- 
lowing observations are quoted : 

TABLE 1V.- Weight p e ~  wiit length of samples of ateel mwikwire. Nvtninal 
diumter of wire, 0.025 i t ic7~.  

Sample. Length. Weight. 
Whole coll. 

pWfcI0t.I Weight 1 1 Per1 of &sk. hery 

Weight. Length. 

Fed. 
1 .......................... 1.335 
2 ......................... Ifl.445 
3 .......................... 3.w 
4.. ........................ 1e.396 
5 .......................... w.980 
6 .......................... 11.698 
7 ........................ 3o.m 
8 .......................... I''.Oiu 

' OP?IlS. 
Y;. 316 
1R.3i0 
21.1168 
11.956 
B. 9yo 
11.w2 
29.G18 
11.655 

LS85.2 3.1433 

S j 8 . 6  3.1700 

S10.7 3.15od 

Mean periphery, 3.1541. 
Nom.-Samples joined by brackets were cut from outer and inner ends of the 

snme coil. 
A layer of wire on the large reel contained, on the average, 

about 155 turns. All the observations in It single lager were 
combined as an average for that layer. The law of increase 
of the periphery of the reel, with soccessive layers of wire is 
practically a linear law. A ready and sufficiently exact so- 
lution of the obwrvatioii equations is therefore obtained by 
aid of a diagrani. 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 tlie wire is wound in 
sinooth layers or not, lmt I have been unable to definitely 
evaluate any difference of this sort, notwithstanding that 
what I may call the calibration measuremeuts agree and har- 
monize ainoiig themselves with considerable precision. More- 
over, in using the wire, several thousand feet may be unwound 
froin sniootli In.yers ancl w-ound on irregularly, and i t  will be 
foiiiirl the clinls come l~acl; to the starting point very satisfac- 
torily. Differences of 11 fraction of one percent may be due to 
difhences of tension. 



APRIL, 1896. MONTHLY WEATHER REVIEW. 123 

I,W7.7 
1,6013.2 
1,512.6 
1.m.5 
i.011.0 
$731.8 
.451.0 
:.158.6 
i,707.8 
1,647.0 
1,394.i 

< 

TABLE V.-Obeswd mad compukd b n g f h  of r o b e  of large reel. 

3,067.8 - 0.1 
3,608.2 0.0 
4,513.0 - 0.4 
5.5Xxi.2 - 0.7 
6,011.8 - 0.8 
6,731.5 + 0.3 
7,453.7 $- 0.3 
8,159.6 0.0 
8,797.2 + 0.6 
9,W.R + 2." 

l0,3!W.9 
,146.611.144.1 1 

- 

F: 
E : 
- 

... 
13 
12 
11 
10 
9 
! 
; 
5 
4 
3 
2 
1 
- 

0.00 

31 
571 
481 
631 
$43 
931 

1,092 
1,244 
1,%5 
1,517 
1,6% 
1, E31 
2,011 
2,liO 
2,331 

..................... ..................... 
ESW. W. ..................... ..................... 

..................... 

1 From the eighth layer, to aud including the first 
the winding is in smuoth layers. 

*Outside fractional Iayer. 
The extremeoutside layers were uut distinguish- 

able in the observations. 

T. 
2.69 
0.02 
T. 
T. 

0.00 
0.04 
0.04 
T. 

1.45 
T. 

0.13 

0.3 

..................... 
sw. BW. 
nnw. ...... 
sw. sw. 
sw. w. 
UW. EW. 
ese. n. 
11. SW. 
nw. ...... 
ssw. w. 
w. 8w. 
sw. sw. 
m e .  ...... ..................... ..................... ............... 

[To be continued in  May REVIEW.] 

NOTES BY THE EDITOR. 

MEXICAN CLIMATOLOQICAL DATA. 
In  order to extend the isohars and isotherms southwnril eo 

that the students of weather, climate and storms in the United 
States niay properly appreciate the influence of the conditions 
that prevail over Mexico the Editor has compiled the follow- 
ing table from the Boletina Mensual for March, 1896, ns 
published Ly the Central Meteorological Observatory of 
Mexico. The data there given in metric nieas~ires have, of 
course, heen converted into English measures. The IJaronie- 
teric means are R S  given by mercnrial barometers under the 
influence of local gravity and therefore need reductions to 
standard gravity, depending upon both latitude and altitude ; 

the influence of the latter is rather uncertain, but that  of the 
former is well known. For the sake of conformity with the 
other data published in  this REVIEW these corrections for 
local gravityliave not been applied. The Editor regrets that 
the table for April, 1896, can not also appear in this number 
of the MONTHLY WEATHER REVIEW. 

Hexican d a h  for  March, 1896. 

Stations. 

Agnascalientes. ................... 
Carnyeche ........................... 

Guadalajara (H.  
Gu ad a.laja.ra ( Cl h 
Guanajnato ..... 

Leon.. ..... ................... 
Mazatlau ... ............. 
Mcrida .............................. 
Mexico (Ohs.C'ent.) ................. 
Mexico (E. N. de 6 . )  ................ 
Morelia (Semi!iario) ............... 
Oaxaca .............................. 
Pabellon .............. 
Pachwa .............. 
Pro-meao ............... 

Queretaro ............. 
.ill0 (Col. 8. dnau) ................ 
Luis Potosi ....... 
0.  .................. 

Tarubaya ( O h .  Nac.) .............. 
Tamidco IHos. Mil.) ............... 
Tehiiacau ......................... 
Tuluca.. ............................. 
Trinidad (near Leon). ............. 
Veracrnz ............................ 
Trejo (Hac.Si1ao. Oto.) ............. 

Zacatecas .......................... 
Zapotlan (Seniinario) ............... 

METEOROLOGICAL TABLES. 
By A. J. HENBY. Chief of Division of Records and Meteorological Data. 

6 a 
* .- Y 

a 
Feel. 

6,112.3 
40.4 

1.291.7' 
112.2 

5,141.2 
5,lpR.O 
6.761.3 
4, i57.3 
6 . 3 4 . 5  
5,931.0 

24.6 
50.2 

7,4>%. i 
7 . w . 5  
6,401.0 
5.164.4 
fi. 312.4 
7,956.3 

7,118.2 
i,112.! 
6.0G9.0 
!J, 095.2 
5,376.7 
6 .31 .9  
6,063.1 

7,620.2 

5,152.8 
R, 612.4 

6,010.1 
47.9 

R. 015.2 
5, i!!. 8 

....... 

....... 

....... 

...... 

....... 

I w h .  

28.8 

...... 

...... 

...... ..... 

...... 
23.6.5 
25.53 
24.12 
24.s 
!a. 91 
29.93 
23.05 
3 . 0 3  
33.94 
25.05 
23. !nj 
E.61 

...... 
23.32 
24.16 

24.N 
21.10 

...... 

..... 
22.94 

21.80 

...... ...... 

...... ...... ...... 
22.52 
25.04 

- 
&j 

.$i 
- 2  
a 2  

- 

O F. 

73.9 
76.3 

.... .... 

.... .... .... 
66.2 
64.8 
fi5.5 
66.0 
7'2.8 
48.2 
61.5 
61.7 
ti%. 2 

66.0 
58.1 

63.7 
64.2 

64.6 
64.8 

60.1 

60.8 

F.?, 

70.5 

.... .... 

.... 

.... .... 

.... ..... 

.... .... .... 
(io. 4 
68.5 
- 

- 
m 

sg 
zg 
d ." 

~~ 

P 

62 

.... .... 

.... .... .... .... 
a@ 
60 
33 
8 

60 
42 
49 
'$4 
5% 
3f5 
60 

45 

"W 

.... .... 
a9 .... 
67 
49 

44 

41 

.... .... 

.... .... 

.... .... .... 
31 .... 
- 

6, . P r e v a i l l n g  dlrectlon. 

.................. 

..................... 
0.06 1 nw. I...... ..................... 

For text descriptive of these tables and cha.rts see p. 16. 
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Year. 

1700 ................................................. m a  ..................................................... 
1718 ..................................................... 
1752... .................................................. 
17a7.... ................................................. 
179; ..................................................... 
1804.. .................................................. 
1811 ..................................................... 
1813..... ............................................. 
1815. ................................................. 
la2 ..................................................... 
1880.. ............................................... 
1837 ................................................. 
1841 ..................................................... 
1M4.. ............................................... 
IW...... ........................................... 
1860 .................................................... 
1961 .................................................... 
1852 .................................................... 
1864 .................................................. 
lWl... .............................................. 
1874 .................................................. 
1878 .................................................... 
1.581 ................................................. 
le&..... ........................................... lrn...... ........................................... 
1893 ..................................................... 
189s ................................................. 
1891 ................................................. 

MAY, 1896 

Lives Moon's 
Month. Day. lost,. age. 

~ -- -. - - -- 

Sa t ..... 16 ........ 1 

do ...... 14 ........ 8 
do ...... 15 20 5 
d o .  ............. 2.3 ........ 

.do ...... , ........ 1 
do ...... 10 ........ 22 

bug ..... 2i 15 0 
Se t ..... 28 ........ 25 

Aug ...... 16 ........ 2; 
Se t ..... 1 ........ 0 

Oct ............................. 
Aug ...... -16 ........ 23 

do ...... 24 ........ 16 
do ...... 24 ........ 21 
do ...... 27 ........ 11 

Sept ..... 7 ........ 14 
Aug ...... 19 ........ 3 
Se t ..... 28 2 16 

Aug ...... 27 ........ 3 
Oct ...... 11 ........ 29 
Aug ...... 06 21 14 

do ...... 5-7 2 , m  14 
Oct ...... 13 25 2 

j Sept ..... 5 ........ 2i 

8' ...... 16 ........ B 

do ..... 2 ........ 12 

$0 ...... 2i 200 10 

80 ...... 16 ........ as 

80 ...... 11 ........ 13 

~ 

To give some idea of the frequency of tropical hurricanes 
a table is attached giving dates of all that  have occurred on 
the coast of South Carolina for two centuries. 

Hwmkanee ow tha wad of South Carolina. 

The above table gives the dates of all tropical hurricanes 
that have visited the coast of South Carolina during the last 
two centuries of which record can be found. Where loss of 
life on land is mentioned, the estimated number ie given. 
The moon's age a t  each date is also shown, to indicate whether 
the hurricane occurred nearest the time of spring or neap 
tides. Of 29 in all, 16 fell nearest to the spring tides, and 11 
the neap. 
REPORT ON THE TORNADOES OF MAY 25 IN THE STATE 

OF MICHIaAN, 
By NORMAN B. CONGER, Inapector, Weather Bureau (dated Detroit. June 2,lSN). 

The data for this report is gathered from all reliable, avail- 
able sources, but the most reliable data is contained in the 
report of the conmiittee on cyclone damages appointed by 
Governor John T. Rich to ascertain the total damages and 
the amount of relief necessary in the district covered by the 
tornado. The report of this committee covers the counties of 
Oakland and Lapeer only, and it is in this district that the 
majority of the damage occurred, a d  where the tornado was 
most severe. That  report covers the path of the storm so 
fully that  it will not be necessary to  repeat it. Reports were 
also received from the postniasters a t  Dryden, Utica, Ama- 
dore, Fostoria, Otisville, Oakwood, Ortonville, Otterlake, 
Metamora, Thomas, and one by Mr. Alexander G. Burns, of 
this office, who made personal inspection of the track of the 
storm that  passed over Walkerville, Canada, just across the 
river from Detroit. 

I made a personal visit the day after the st0r.n to Thomas 
(Oakland County) to observe the action of the tornado and 
to follow its path for a short distance and observe its charac- 
teristics. The greatest damages were observed a t  Ortonville, 
Oakwood, and Thomas, in the northeast corner of the countmy. 

I have made a careful study of the path of the storm a t  
Thomas, Oakland County, and inclose a sketch, Chart No. 1911, 
drawn by Mr. E. F. Hulbert, showing the manner in which 
the storm distributed the debris. 

The path of the storm was distinctly marked a t  Thomas. 
The south side of the storiii showed all the trees, houses, and 
fences thrown to the northeast, while in the center of the 
path, which was probably an  eighth of a mile in width a t  this 
point, the debris was laid to the east. The fence rails were 
laid due east and west, and all were laid out as carefully as 

though placed there by the hand of man. No two rails were 
laid one on another. On the north side, where the distinct 
path WBE of the same width as the center, the houses and 
debris mere all turned to the south or southwest, with 6ome 
few pieces lying to the west. From conversation with those 
who had visited the whole district, I learned that the same 
characteristics were observed throughout the length of the 
path. It was noticed in the center of the path that the grass 
was pounded down into the earth as though i t  had been washed 
into the earth by a heavy flow of water. The small trees 011 

the south side of the path were stripped of their bark, even 
to the twigs, as though done by the careful hand of an esper- 
ienced artisan. On one side of the road which runs north, a t  
Thomas, the house of Mr. Kidder was carried bodily for about 
300 feet, aud then smashed into the earth, thecontents of the 
house scattered beyond finding, while across the road, some 
600 feet to the north, the frame house of Mr. Copland was 
taken free from the stone foundation, a d  the debris were 
found from 2 to 10 miles farther east-northeast. All that 
was left of his house was R square piano, which was standing 
on its side sonie 300 feet directly iiorth of the foundations of 
the house, one encl being pounded full of grass. One pecu- 
liarity of the freaks of this storm was the unroofing of the 
post oflice a t  Thomas, leaving only the lower story standing, 
and in the window was still displayed the weather forecast 
card of the day : " Severe local thunderstorms this afternoon 
and to-night ; showers followed by fair, Tuesday." The fore- 
cast had been terribly fulfilled in this section. 

Tornadoes occurred, or windstorms were reported, a t  about 
6 11. in., local time, and a t  about 20 localities in the follow- 
ing counties, a6 represented on the map : Montcalni, Kal- 
kaska, Midland, Bay, Tuscola, Genesee, Lapeer, Oakland, 
Macomb, 8t. Clair, Sanilac, and Wayne, the most damage 
occurring in the counties of Oakland, Lapeer, and Genesee, 
in the order named. That in Kalkaska County simply cut a 
path through the woods, and did not touch any houses. 

The report of the damages from the storm a t  Mr. Cleniens', 
MacomL County, has not been received, I N  t the storm was 
quitt. severe there, and 2 lives were lost. 

The reports from all sources indicate that  there were 45 
lives lost, about 100 persons injured more or less severely, and 
about $400,000 in damages to houses, barns, etc. The report 
of the coinmittee gives also the amount of damage to crops, 
orchards, and fences in Lapeer and Oakland counties only. 

KITE EXPERIMENTS AT THE WEATHER BTJREBU. 
By C. F. YaRvm, Professor of Meteorology, U. S. Weather Bureau. 

[Continued from April REVIEW.] 

IN 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. 
lye will nest consider the action of the forces on kites and 
the form and construction of those with which experiments 
were made a t  the Weather Bureau. 

C~enerul rtwiaLrl;s O I L  single plane nitd cellular kites.-Before 
the writer began work upon the kite problem many efforts 
had been 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 esperi- 
iiient, if i t  did not bring about some worse result. The real 
cause of such difficulties was not fully understood a t  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 
believed to be less reliable than kites of the cellular type. The 
latter are necessarily heavier in construction, but the several 
snstaining surfaces seem to be disposed in a manner to actmith 
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  i t  bellies backward with the 
wind pressure. This looseness, however, is objectionable, for 
the reason that  i t  is dificult to make the two halves of tlie 
kite perfectly symmetrical. The covering, which is gmerally 
of cloth, is likely to stretch unevenly with exposure to winds. 
The kite thereby becomes unsymmetrical, even while in the 
air, and begins to hehave hndly. Probably no greater source 
of difficulty with singlr-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 tlie 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. I n  these latter, 
too, the stretched surfaces of covering material are, aa 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. 

ANALYhIS O F  FORCES ACTING ON KITES. 

Exp1awfio)i of term.-The ternis pull, lift, snd 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 regatded by the writer as the pull of the kite, or the ttnsion 
of the string. I do not see that any better or more descriptive 
words are needed. I n  the case of a long, deeply sagging line 
i t  is plain that  the absolute direction in which the pull ope- 
rates is very different a t  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 
a t  any and every point. To be explicit iu speaking of the 
pull, we need to specify also the point a t  which the teusion 
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 ytcll of the ki te ,  or the tensiolb of the wire, no matter a t  
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  &her 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 Zift the stoue off the gronnd 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 ineaning of the word dr i f t ,  as applied to the kite. That 
portion of the total pull which tends to drag the stone liori- 
zontally across the surface of the ground ie called the drift 
of the kite. It is that effect of the total pressure of the w i d  
uii the kite which tends to cause the kite to drift horizontally 
along with the wind. The kite must, however, be held in re- 
straint against the force of the wind, otherwise tlie drift, as 
a force, does not exist; if the kite is not restrained, motion sets 
up and the drift regmled as a force is greatly changed in 
amount. 

I n  the language of mechanics these words are perfectly de- 
fined by saying that drift is the horizon tal and l i f f  the vertical 
component of the p u l l .  

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 usually attached to the strilig. 
It is a matter of iiiiportauce a t  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 diflerent 
values a t  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 a t  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. A t  the point A, for example, the pu1Z is 
represented by the line A, B, tangent to the wire. By draw- 
ing horizontal and vertical lines through both d a d  B, the 
line A L represents the lift, the l ined  D the dr i f t .  Similarly, 
a t  it the lift and drift :ire represented by the lines Q 1 and n d.  
I n  this case the line a b is made equal to d B, that is, the 
tensions a t  the two points are regarded as equal. This could 
not be trne in an actual case, as the pull a t  a will always be 
less than a t  A, depending upon the weight of the portion of 
wire a A. Nevertheless, even though the pull is regarded as 
uniform in the diagram, the lift and drift are seen to be 
noticeably different. At 0, where we have supposed the line 
to Le horizontal the lift has vanished entirely and the drift 
is numerically equal to the pull. At the reel the lift is 110 
longer a true lifting force; i t  even acts downward. I n  other 
Words, the lift is negative. If a t  any point the kite line were 
exactly vertical, then the drift wonld entirely vanish and the 
lift would be numerically equal to the pull a t  that  point. 
Such cases will rarely occiir 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 uut 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 Ltt W. The line T P  P represents the nmgnitiide and 
direction of the p l l  of the string, W C: represents the force 
of gravity. W P‘ is the resultant of these two forces, a i d  
the direction the string takes below the point TI’ must be 
identical with Jf’ P‘. Moreover, the length of the line TV P‘ 
represents the tension in the string below W. 

RPRoliifion and con~binnt ion o j  forceu.-To proceed intelli- 
gently with the construction of kites a general knowledge of 
the action of the forces thereon is necessary. For 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 i t  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 a t  the kite. I n  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 a t  the kite. 

When the kite flies steadily in a fixed position these three 
forces are in equilibrium. Whenever they are not in eqni- 
libriuni 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, i t  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 bring 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 niay 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 niaintain 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 a precipitate dash to the earth. 

Of the three forces in action, gravity alone is perfectly 
constant in amount and direction. The tension on the string 
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 o n  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. 

I n  Fig. 38, A B C D represents, in cross section, a flat rec- 
tanguIar 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 a t  right angles 
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. I n  kites the edge surfaces are of 
relatively small extent, but their influence is large enough to 
be important and i t  is necessary, therefore, to notice the effect 
this ham 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. I n  other words, 
the skin friction is exceedingly slight. The action of the wind 
upon the surface is, therefore, in  the nature of a normal pres- 
mure exerted a t  every point. For if we suppose the ekin fric- 
tion to he zero, then the pressure at each point due to the 
wind will be exerted exactly a t  right angles to the surface a t  
that  point. I n  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 andexerting 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 the surface. P' P represents the 
relatively large pressure acting directly a t  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, Q P, which is the diagonal 
of a parallelogram formed on the lines PP' and P F. The 
total pressure on the whole surface of A 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 a t  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 a t  a less angle than 90° to the surface. It may be added 
here that the wind pressure esperienced by a plane surface is 
clue to the diminution of the pressure of the air on the back, 
or lee side, of the plate as well as to the direct inipact 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. 

I n  Fig. 28 the pressure of the wind a t  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 byexperiments, namely, that  the pres- 
sures are more intense over the forward portions of an in- 
clixled 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. I n  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 totrd 7 iorn~iZ p e s -  
B w c ,  or simply normal pressure. By way of excuse for what 
may seem to he a misuse of the word normal in this connec- 
tion, we may add that although we have already learned that 
when we iuclude the effects of skin friction the wind pressure 
can not be strictly normal, that  is, at right angles to the 
inclined surface; yet the friction eft'ect is generally so small 
that  we may for the present include it in the total pressure 
and still designate the combined efTects by the convenient 
term, normal pressnre, without serious inconsistency. 

Ceiiter of prcssirw-It is not enough to know that the total 
normal preesure on a plane is practically ilt 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 prexsicre, 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 a t  every point of the surface. If  the intensity of the 
pressure were the same a t  all points of the plate, then the 
center of pressure would be a t  the center of the surface. It 
was shown a!iove, however, that  with inclined surfaces the 
forces are most intense near the forward edges, therefore the 
center of pressure can not he a t  the center of the surface in 
such casem. 

Many experinients have been made to determine both the 
magnitude and the point of application of the normal pressure 
on inclined 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 i t  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, A 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 toindicate 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, A 0 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 he 
permanently unequal on the right and left halves of the 
plate. 

Edge premwes.-The pressure on the forward edge of the 
plate may be represented by the line, E P. in the same way 
that N 0 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 0 and E 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' 0 Q N .  N 0' is 
made equal to lV 0, and P' 0 is equal to E P. The diagonal 
line, Q 0 ,  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 i t  should 
be sufficient to introduce another force equal to 0' (2 and op- 
posed thereto, as the force 0' Q', for example. 

Fig. 30 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 r o u d e d  edge 
will tend to push the edge in the direction A P. The combi- 
nation of this force, with the normal pressure represented by 
N 0 (only a part of the surface is shown) may be effected by 
means of the parallelogram of forces ON' Q P'. Here, 
again, the line 0' Q represents in magnitude and direction, 
the total effect of the wind on the surface in question. 

I n  Fig. 30 the normal and the edge pressures are combined 
a t  the point 0, obtained by the intersection of the lines N 0 
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, 0', 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 presstcre, as the name of the combined effect repre- 
sented by the lines 0' Q in  Figs. 28 nnd 30. 

The important point it is designed to bring out in t,he 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 Diem- 
bers, necessarily parts of the kite structure) is always in- 
clined more or less away from a normal, as indicated by the 
lines 0 (3, 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 be quite flat, arid the effects of 
curvature must, therefore, also receive our consideration. 

Pressure o n  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 th3 

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. I n  Fig. 31, let A B represent a section of an arched 
surface, such as might exist in a kite. The curved line, A B,  
may be regarded as the path followed by a particle of air as i t  
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 caniiot indicate 
its character correctly nor locate definitely the position of 
the center of pressure. I n  the case of a plane surface we 
found that  the total pressure acted sensibly normal to the 
surface. I n  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 advauce the art of 
flight with wings, has made a great many experiments from 
which he has deduced both the magnitude and direction of 
the pressure on arched surfaces.' His nlethods 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 i t  will scarcely be possible in 
a given case to predict what direction or a t  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 a t  au angle of 
more than 90° to the chord of the arc. The line, N 0, may 
he regarded as indicating the resultant normal pressure. The 
angle, ,4 C N will generally be greater than a right angle. 
AR 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 a t  
every' point of the arched surface. The curvatiire 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 011 surfaces 
has been carried out in considerable detail because these mat- 
ters are of fundamental importance in arriving a t  a clear un- 
deretanding o€ the action of the kite. On0 can not ignore 
them and a t  the same time proceed intelligently to improve 
aud perfect kites. 

Efect of wai?ine.w, or jhttering.-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 mind presses 
strongly upon the windward sides of the waves, and thereby 
teuds to push the surface along in the direction d B. Sup- 
posing the surface free of waves, the resultant pressure might 
be represented by such a line as 0 (2. .If,  however, the wavy 
condition prevails, the resultant pressure will take such a 
direction as 0 Q .  

Whirls, or eddy efects.-There is another respect in which 
the action of the wind on the kite may be objectionable in 
character, that  is, may tend to depress the kite or drag i t  on- 
ward with the wind. I n  the absence of a better name this 
may be called the whirl or eddy effect. I n  some forms of 
kites a greater or less portion of the whole current of 
air affected by the presence of the kite is broken u p  into 
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numerous whirls and eddies. These may be formed when the 
air flowing against the kite is suddenly stopped, or when it€ 
movement is abruptly changed and diverted to a new direc- 
tion. Angles a d  changes in the continuity of the surfacee 
such as formed by the presence of tlie 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. St,rong 
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 niay remain nearly stationary in 
certain favorable spots. Such eddies or whirls, in a certain 
sense, may have much the same effect as obstructions to the 
flow of the air. Quite as much of an obstriictioii may be thus 
formed as if an excrescence of rigid material were placed on 
tlie kite a t  one of the points in question. In  cellular kites 
generally the cells are virtually short tubes through which 
large streams of air must flow. Prouounced eddy formations 
within these tubes have much the saine efiect as real obstruc- 
tions by which the flow of the air is as i t  were choked up. 

We can not attempt here to analyze in detail the action of 
these eddies. The illustrations employed above to aid the 
nlind in forming a conception of some of their effects are known 
to be faulty and imperfect and open to the criticisms of the ex- 
act physicist. Nevertheless, we perceive, by the sid of the 
comprehensive principle of the conservation of eaergy, that 
the power required to form these eddies and maintain the air 
within them in rapid motion ninst he derived by reaction 
from the kite and its string. The necessary reaction can be 
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 eliniinate or 
lessen the eddies will enable the same kite to obtain a higher 
elevation, other things remaining the same. 

We have already said that  the equilibrium of any forn! of 
kite depends upon the action of three forces, one of which is the 
wind pressure. I n  the foregoing discussiou we have aimed to 
show the coniples nature of the force t,hat we call the wind 
pressure. We will next endeavor to show the conditious 
which exist when equilibrium is established between the forces 
in question. It is well known by experience that  a condition 
of equilibrinm 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. 33. The surface is 
far froin being flat,. The line d B is straight, bnt, C D is 
Lowed forward, as indicatecl by the c,urved dotted line, C D, 
Fig. 34. Owing to i te  looseness the cloth is bellied Inckward 
Iiy the wind pressure so tliat in a cross section 011 a line such 
as c d the kite appears as shown in Fig. 34. Siinilarly a sec- 
tion 011 a line such as (I. 0 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 midrih as a fixed axis about 
which the kite may tilt laterally more or less. We will first 
consider the eqnili brium of the forces on the lateral halves of 
the kite. 

Latern1 si.cr.bil:it.y.-In the &se of loosely fitted coverings, 
the arching Imck of the surfa.ces in t,he manner indicated in 
the drawing is very pronou~~ced,  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 niidril?, d B, 
mist 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 variatious of the wind, the premure oil oue 

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 lnoved latera!ly into a position of less 
inclination to the wind, and the intensity of the pressure is 
thereby dirninishecl ; 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 thP opposing forces oii the two wings is still pre- 
served. If the covering of the kite is taut, so as to remain 
flat, the cross-section on c tl will appear inore nearly as shown 
in Fig. 36. A kite with such a surface is also able to preserve 
a condition of equilibrium between the pressures on the two 
wings, for tlie surfaces by tilting more or leas assuine different 
degrees of incliiiation to the wind, and within reasonable 
l i n i i t ~  a condition iu which the forces are balanced is possible 
a t  all times. The bending backmard of the lateral wing 
surfaces so as to foriii a dihedral augle, as shown in Fig. 36, 
lesseus slightly the angle of incliiiatioii of the surfaces to the 
wind. The lifting effect in snch a case is, therefore, less than 
with the same surface not so inclined, for i t  is plain that if 
the two wings \$ere hent l~ackwarcl t u  such an extent as to 
meet each other, all the lifting efYect would be qone. The 
slight loss in lifting power which occurs for the reason here 
given is, as i t  were, the price we niust 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 
suflicieiit safe-working stability. 

If, however, the cross stick of the kite is not bowed or in- 
cliued 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 be found to have lost all its lateral stability. 
Tilting sidewise does not, as formerly, restore the balance of 
forces, for, with a flat siirface, a change of incliuation afiects 
the pressure on the whole surface in the same way, a d  there 
is no tendency for the tiltiug to produce a balance between 
unequal forces on the two lialves 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 approxiniately flat surfaces, however, rarely or never 
exist in kites as ordiuarily made. The wind pressures bend 
the sticks and belly ont, the coverirlg in iiearly all cases t u  
such an extent and in such n manner that a t  least a slight 
condition of automatic stability is imparted to the kite. 

R e  have explained in the foregoing how the forces on the 
lateral halves of the Malay kite surface automatically balrtnce 
each other, even when the wiucl pressures are not uniformly 
distributed. We will next consider the equilihrium of the 
forces ill a longitnclinal sense, or i n  the fore and af t  diniension 
of the kite. 

Lvngitudi~ral stnbiZity.--U’r have already nientioned that 
the kite is restrained hy nieaiis of the Iwidle attached only to 
tlie midrib. We need to now consider how the pressures of 
the wind iipon the cloth surfaces are communicatecl to the 
rnernbers of the structure and finally to the midrib itself. 
The fihres of the cloth can resist the pressure of the wind 
only by virtue of tensional strains. Referring again to Fig. 
31, the arched enrfaces of the cloth there shown are under 
considerable tension, which, a t  the midrib, E,  is exerted ill 
the directions of the tangents E T and E T‘. There are similar 
tensional forces a t  Cy 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, E T and E T ,  is equivalent to a single 
force, E P. By a siinilar treatment of the reactions a t  the 
several portions of the kite frame, i t  will be found that all 
the forces may be concentrated upon the niiclrilJ. Let A B, 
Fig. 37, represent a side view of the niidrih 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  Q 0. .The center of gravity of the kite may 
always be found by well-known methods. Let y be the posi- 
tion of the center of gravity, then we may represent the weight 
of the kite by the line w. The combined efiect of both 
gravity and the wind is now found by means of the parallelo- 
gram of forces, 0' Q' R G .  The force represented by the line 
0' R is the resultant effect of both the wind and gravity on 
the kite. The kite can be in equililsriuni only when the string 
pulls in line with the force 0' R and through the point 0'. 
The string from the bridle must, therefore, take the position 
and direction shown, viz, 0' F L, and the tension 011 the string 
must be numerically equal to the force O'R. 

Dingran) of forces.-Fig. 37 is a typical diagram of the action 
of the forces 011 any kite. Such a diagram, especially that 
part including the parallelogram, 0' (2' 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 0 Q 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 A B, and the position of the point 0, are also 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 iucidence of the kite. The 
angle a in the diagram may, €or present piirposes, be regarded 
as the angle of incidence. 

To follow a little further the action of the forces on tlie 
kite. let us suppose the wind pressure to increase iu  intensity 
without change of direction or point of application. Let the 
increased pressure he represented by the line 0' 0,'. 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 0' is 
J I ~ W  no longer able to juet oppose and halauce the new re- 
sultant 0 R'. These two are inclined to each other a t  a slight 
angle, instead of being exactly opposite in direction. Re- 
sorting again to the well known method of the parallelogrniii 
of forces for combining the now unbalanced forces on the 
kite, we find that  there exists a small unbalanced effect, such 
as indicated by 0' M ,  which urges the kite forward and up- 
ward in the wind. (To avoid confusioii, the lines of the par- 
allelogram are omitted from the drawing.) The movement 
which results from the action of the force 0' dl causes sekeral 
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 wiod pressure shifts a d  the force 
also changes in direction. By means of these changes uew 
conditions are established in which complete equililJriuin of 
the forces again results. . 

We may now see the reason for usiiig the hridlr E E' R. 
If the string were tied directly to the kite at F ,  for example, 
the kite could he in equilibrium only when the irsiiltnizt 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 acw)niniodate 
itself to numerous conditions. Moreover, the tension of thp 
string acting a t  F and the wind prefising a t  I )  constitutp :I 
system of forces that are in stalde eqnilihrinm. 

This advantage of arranging the string to d raw froin a 
point a t  a distance in front of the kite suggests that  i t  Ibe em- 
ployed likewise to increase the lateral stability of the kite. 
For example, if E I;; Fig. 38, represents the hridle aa i t  is 
seen in the end view of the kite, the .point F niay be made 
fixed in reference to the kite hy use of two steady lines at- 
tached to points on the crow stick, as a t  f f. Such, or an 
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equivalent arrangement, that  produces a flxecl oint in front 
of the kite from which the string may draw, wil P be of apecia1 
advantage in the case of single plane kites whose surfaces are 
very nearly flat. * 

For the sake of simplicity i t  has been assumed in all that 
precedes concerning the diagram of forces, that the angle of 
inclination of the total reeultant wind force, Q 0, to the line, 
A B, can not be as great as 90°, which, for flat surfaces, rep- 
resents an ideal condition of absolutely no edge resistance, 
skin friction, etc. 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 snrfacw may 
be inclined forwnrd 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 snrfaces is more than offset by the defects that have 
been pointed out. Our assumption that the angle, (1 0 B, 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 be as great as 90°. For, the angle, B E  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 I; ancl 
E F would coincide. A very slight acquaintance with kite 
behavior will convince one that  this doesenot occur in prac- 
tice. The direction of the string a t  F L always falls hetween 
the strings E F aud B F. 

Up to the present point we have proceeded to draw the dia- 
gram of forces as if the force, 0 Q, 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 tlie string a t  
F L, and also determine its point of intersection with the 
kite. Furtherniore, the weight and the position of the center 
of gravity of the kite are alu axs determinable. Kno\liing, 
therefore, the resultant and one force for any given case, we 
are able to work the parallelograni of forces backward, as it 
were, and thus arrive a t  a complete knowledge of the un- 
known force, 0 0, 

C'o)idi t iom that r)~otl$t~ the angular. clcvcction of the I;itr.-The 
direction of the string, F L, that is the inclinatioii of the top 
end the kite string t(J the plane of the horrizon, considered 
in cnnnection with the angle of incidence of the kite, is a fun- 
daniental datum in the analysis arid conipari~on of the he- 
havior of kites. JVlien the string, from the ground to the 
kite is short and sensibly straight i t  will be noticed that 
the direction of the string a t  F L iiieasures 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 iniprovement, for 
it means that  the kite will tend to fly that much nearer the 
zenith. Bridling the kite so thnt the angle of incidence a is 
smaller )\ill, in general, cause i t  to fly more nearly overhead, 
hut we do not wish to consider thia case now for the reason that 
lessening the angle of incidence lessens the pull of the kite 
a t  the same time. It is designed to consider here only those 
niodifications that will increase the steepness of the liue F L 
without any change of the angle of incidence. \$'e will re- 
serve, for future ci~nsideratic~r~. the question as to what angle 
of incitle~tce is best. 

Let us observe the efl'ects of the weight of the kite itself. 
In  the parallelogram of forces, Fig. 37, the line 0' G repre- 
sents the total weight of the kite. If the weight of the kite 
can be diminiehed tlien the l b e  0' G will be shorter in rela- 
tion to 0' Q', and a new resultant, 0' y, will be formed having 
a steeper angle than the resultant 0 R. As the kite string 
in the new condition must come into line ui th  0' )'we see that 



162 MONTHLY WEATHER REVIEW. MAY, 1896 

lessening the weight will cause the kite, other things remain- 
ing the same, to stand a t  a higher angular elevation. It will 
be noticed, also, that  the resultant 0' r is longer than 0' 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 0 Q 
representing the total resultant wind pressure on the kite is not 
a t  right angles to A B. As 
has already been explained the influence which deflects the 
line away from the normal is 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 C D, the greater part of the surface .4 C D, Fig. 33, is 
presented to the wind a t  a much greater angle of incidence 
than the rest of the surface. I n  a certain sense this triangu- 
lar front of the Malay kite a s i t  narrows out to  the points C 
and D is little else than an edge surface, and the wind pres- 
sure thereon is of the sanie harmful character as upon real 
edge surfaces. The normal pressure on this surface takes 
such a direction 89 0 N, Fig. 39, and when this force is com- 
bined with the other pressures that  act more nearly a t  right 
angles to the kite surfaces, the total resultant is inclined a\\ ay 
from the normal more 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 Q 0 to incline 
backward and away from the normal to the line d B will have 
the effect of giving a smaller angular elevation to the line F 
L, when equilihrium 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 iu 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 the angular 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 been 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. I n  developing the 
kite so as to reach grent 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 makc 
his kites as light as possible, but all waviness and fluttering 
must he suppressed, and all those influences which tend t c  
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 abatement of a very important 
principle, the significance of which will more fully appear a~ 
the study of the action of the forces upon the kite is carried 
further. The principle has to do solely with the direction, rela. 

. 

The angle Q 0 B is less than 90°. 

,ive to the kite, in which the wind pressure acts upon it. The 
nagnitude of thie force is a matter for separate consideration. 
I'he principle may be stated as. follows : The condition of ideal 
;ficiency (that is ,  an egiciency of 100 pcr cent), i n  the action of 
uind forces upon a thin plane sitrface, obtains when the total re- 
d t a n t  pressitre i~ exactly normal to the sarfact,. The line Q o', 
Fig. 28, will, in the ideal case, form a right angle with CDand 
oe in the planeof the paper. With material plane surfaces the 
mgle Q 0' P' will generally be less, it can not he equal to or 
greater than a right angle. We have seen that with an 
trched surface thc resultant mny make an angle greater 
.han 90° with the chord of the arc, ]Jut we are unable for 
Lhe preeent to extend the above principle to the case of 
irched surfaces, as thus far no sufficiently esact knowledge 
If the direction of the resultant pressure exists to justify a 
itatemerit of its limiting direction in the ideal case. I n  the 
levelopiiient of the kite for the purpose of reaching very 
lofty elevations, the action of the wind upon it should ex- 
iibit the highest possible efficiency as the word is defined in 
.he 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 sanie, we aim to secure the maximum possible 
mgular elevation for the kite, those effects which tend to 
iepress the kite in angular elevation are of a harmful charac- 
ter and i t  will be convenient, hereafter, to employ the word 
harmful in this sense. 

It will not be appropriate in the present article to discuss 
Lhe diagrams of forces for different cases of wind force and 
Jirection, nor to develop the best arrangement of bridles, 
3tc. Many experimental difficulties are encountered in seek- 
ing exact numerical solutions for ordinary practical cases, 
and many observations are required. The writer having in- 
jicated, in a general way, how the action of the forces affect- 
ing the kite may be studied, hopes that  experts a t  work on 
the problem may test these ideas, pointing out errors and 
iefects that doubtless exist, but especially that they may set 
&bout securing the observational and numerical data which 
are so much needed in order to convert the kite, hitherto almost 
without exception the toy of boys aud men, into the highly 
3fficient and useful piece of scientific apparatus which i t  
3eems destined to become. 
FORMS AND CONYTRUCTION O F  THE WEATHER BUREAU KITES. 

The modification of the Hargrave kite, devised hy 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 been minutely given in the 
MONTHLY Ij'EATHER REVIEW for November, 1895, and their 
repetition here will not be necessary. The kite is shown in 
Fig. 40, from which the coiistrnction will be understood. 
Numerous niiiior variations were made in the main propor- 
tions, and in the dimensions of the sticks, etc. The main 
object in view a t  that time was to reduce the weight of the 
kite as far as possible without impairing the strength to such 
an exteut that  it would break when severely strained in the 
wind. This was effected by tapering off the sticks and other- 
wise ehaping them so that  the greatest amount of material 
was concentrated a t  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 a t  the side 
edges of the kite. The upper surfaces are greatly sheltered 
by the lower surfaces hear these side edges, and we can readily 
perceive that eddies, whose harmful etYects 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 i t  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 sinal1 webs of 
cloth, a a, were the only vertical surfaces introduced, and 
the trial proved that  the kite lacked those steady, stnble qual- 
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 ndnpted 
to steady the motions of the kite. 

The second form of kite carried out this idea. It is shown 
in Fig. 43. The only kite made of this kind was unsatisfac- 
tory because the frame work proved to be too light. I ts  flying 
qualities seemed to be as good as those of most of the kites 
tested a t  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 avnila- 
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 n 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, (1.  It 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. 39. 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. I n  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 wirk 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- 
self. It is well known that the wind constantly varies in 
force. Imagine the propelling arrangement to be driven hy 
a steel spring, it is plain thnt with the aid of suitahle 
mechanical devices every time the force of the wind increased 
the greater teneion on the wire could he mnde to wind up 
the spring more or less. Or, the variations in the wind force 
might be macle to flap wings in some useful manner. If the 
variations in the wind force proved to be inadequate the wire 
a t  the reel might be alternately pulled and slackened so a9 to 
produce considerable variations of tension. These ideas, i t  
is believed, possesses some novelty and possible merit. 

Fig. 46 ehows the original iden from which the kite illns- 
trated in Fig. 42 was evolved. 

~~ 

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 exercise, 
introduced a noteworthy ni ification of the diamond-cell 

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. I n  some the wing surfaces were made quite large. 
The results, however, were not so satisfactory. Seemingly, 
the best proportions are obtained when the greatest width of 
t.he triangulnr .wing is not more t,han one-half the lougitu- 
dinal dimensions of the kite. A greater width than this will 
mswer well in light ~ i l ~ d ~ ,  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 t,ook the 
highest angula,r elevation of any tested a t  that time, but ex- 
perience showed that they could not be fully depended upon 
to  stand as grent extremes of wird force as the kite without 
wings. I think t,here is much merit in t,his kite, and i t  seems 
probable that  by using a heavier and firmer grade of cloth 
for the wing siirfaces, 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 a.ddition 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 a t  least we wish it to 
withstand great extremes of wind force. U p  to the present 
time no attempt nppears to have been mnde to provide ar- 
rangements, autonintic or otherwise, for increasing or short- 
ening sail. Present practice in kite flying is like sending n 
yacht to sea with every sail set and without means for either 
reefing or furling them. The air ship, i t  is true, does not 
carry its sailors aboard, but i t  is not impossible that  it may 
in the future. I n  t,he mean t,ime inventive genius needs to 
provide sone  means by which the sustaining surfaces of n 
kite niny be easily varied without proportionate va,riations of 
weight. One kite may thus be adapted to great extremes of 
wind force, 

I n  the literature of kites we find the uee of flexible'surfaces 
strongly recommended, because, it, is stated, the beuding of the 
surfaces under gusts of wind eases off t.he 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 iden is good enough, in it.s 
way, but when we examine into the degree of flexibility pro- 
vided and compute the diminution in pressure resulting from 
the maximum possible flexure, i t  will be found that the pro- 
visions ordinarily mnde will prove entirely inadequate and 
that t,he great advantages claimed are largely imaginary. 
The force of the wind at 30 miles per hour is fully nine times 
ns great as a t  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 shall have occasion 
later to discuss this point to some further ext'ent. 

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 n vnrinble expanse of sustaining surfaces. 

Mr. Hunter also devised and constrncted the kite shown in 
Fig. 48. This was very successfully flown early in February, 
1S96. Other forms of kites proved to be superior, however, 
and more desirable in several respects. 

kite. This waB in December,. T! 895. A Malay kite was cut in  
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It is important to notice that  a kite almoet precisely eimilar 
to the winged cyliuder kite of Mr. Hunter was devised by Mr. 
W. H. Hammon, Forecast Official, in charge of the Weather 
Bureau office a t  San Francis 0, Cal. Accounts of the first 
trial of thie kite were publish& in the San Francisco Chron- 
icle of April 2, 1896. 

Fig. 49 is a drawing made from a photograph of this kite. 
Mr. Hammon dispensed with the ordinary bridle as a nieans 
of adjusting the string to the kite and adopted a novel bow- 
sprit arrangement. His device is described in his owii words 
as follows : 

Instead of attaching t,he string to the kite by a bellylmnd, I use a 
stick, the end of which is attached to the backbone of the kite about 
two-thirds of the distance back from the front edge of the first cell and 
then passed diagonally through the cell and out at the bottom of the 
front edge, where it is also fastened and extends about 16 inches down- 
ward in this diagonal direction. The string is then attached to this 
lower end. 

Speaking of securing automatic adjustability to winds of 
different force, he says this is also gained : 
BY attaching the bowsprit to the upper side of the cell only and then 

passing it thmuFh rubber hose attached to the front edge of the lower 
side of the cell instead of to the cell itself. The string is then fastened 
to t.he hose instead of to the bowsprit. The point intended to be gained 
is t,hat the Fell will spread with a high wind, thus narrowing the sur- 
face normal to the wind and diminishing the strain upon the string, 
at the mme time the bowsprit will be drawn further back in the hose, 
thus shortening the distance it extends below the lower edge of the 
kite, which causes the kite to hang more nearly parallel to the wind 
and thus diminishes the strains upon the string. 

A kite of this form has not thus far been tested a t  Wash- 
ington. 

Attention has already been called to the tendency of the 
cloth covering of kites to form waves and to emit a compara- 
tively loud sound caused by the fluttering. The manlier in 
which energy may be wasted in this action has also beeu 
shown. The full significance of this action did not force 
itself upon me, a t  firEt, and many experiments were made 
with kites of various forms, the cloth of which, scarcely with- 
out exception, fluttered more or less a t  all times. 

When the actual work of constructing improved forms of 
kites was resumed after the special investigations upon the 
best arrangement of kite line, reel, etc., were completed, the 
writer had become fully awakened to  the importance and 
harmful effects of waviness, eddies, edge pressures, etc. After 
careful thought in the light of this knowledge, he was fully 
convinced that the simple rectangular cell of the regular 
Hargrave kite is a most excellent form of cross section of the 
cell. The sustaining surfaces are disposed in the position of 
maximum effectiveness, as are also the vertical side surfaces, 
whose special function is to steady the motions of the kite 
and contribute to the lateral stability thereof. The causes 
which can produce eddies are present in  less degree than in 
many of the forms already described. The plan of construc- 
tion practiced by Hargrave and followed by Mr. Potter doee 
not, however, prevent fluttering of the cloth. From these 
considerations, however, I am led to  the belief that the simple 
rectangular cell is already the best, form we have as the basis 
of cellular and multiplane kites. 

To 
solve this problem the writer sought (1)  to lessen the weight 
of the kite without loss of strength; (2) to reduce hariiiful 
edge resistances : (3 )  to suppress waviness and fluttering; 
(4) to lessen and eliminate eddy efl'ects, and, finally, in order 
to increase the pull of the kite, other things remaining the 
same, (5)  to arch the surfaces of the cloth. 

The plan practiced by Hargrave of constructing the frame 
of the rectangular cells is shown in Fig. 50, so far as i t  can 
be made out from the general illustrations published by him 
in American Engineer, April, 1895. The details of the jointe 
in Fig. 50 are due to Mr, Potter, and while the suggested con- 

The problem was, therefore, how to improve this kite. 

~~ 

struction there indicated may be helpful to beginners, the 
point has 110 important bearing on the general plan of the 
frame. The important dimensions of a kite made according 
to this plan are indicated on the drawing. The sustaining 
surface of the kite is 24 square feet. The dimensions of the 
sticks (straight-grained white pine), where important and not 
shown on the drawing, are as follows :' All diagonal struts 
are + inch square, shaved round and notched and cleated on 
the ends. The strnta are firmly lashed together a t  poin t.s of 
crossing. All loiigitiidinal sticks (six in nnniber) are 4 by 3 
inch, edges rounded. The four lateral longitudinal sticks are 
made narrow between cells. These sticlie need not be made 
cont.innous. They were not, so made hy Hargrave. By making 
them coil tinuous and stringing them with a complete system 
oE diagonal ties made of fine, spring, phosphor-bronze wire, 
the frame of t.he kite is bet,ter able to withstand t,wisting and 
distortion. Made in this way the kite will prove to be an 
excellent flyer, and with winds of 12 miles per hour and over 
will be capable of reaching considerable elevations. 

Improz~ed constrrrcf.ion.-A modified constructiou of this form 
of cell is shown in Fig. 51. This, so far asknown to the writer, 
ha,s not been employed or described before. Sufficient details 
are therefore given to enable others to use it,, if desirecl. 

Rectanytcl(w .t'r.cr.?ae.c..-Slender frames, square dovetailed a t  
the corners, as shown in Fig. 53, constitute the basis of the 
cells. The frames are made remarkably strong and rigid 
against forces acting in their ow11 plane by means of the 
diagonal wire ties and the &rut through the middle. The 
sticks for kites of from 24 to 40 square feet of sustaining sur- 
face are of f-inch white pine, or spruce, Q inch wide, slightly 
more or less in proportion to the surface. A11 wire ties are 
of the best phosphor-bronze spring wire, 0.028 of an inch in 
diameter. To insert, the wires so as to insure accuracy in t,he 
form of the frames, strips of wood are nailed to the top of 
the workbench EO as to form a t,rue rectangle, within which 
the slender franie will snugly fit. The end of a wire is passed 
through i n c h e d  holes a t  A. A small fragment of sheet tin 
is placed under the wire to prevent it, from cutting its way 
into the wood when strained. One end of the wire is carried 
around the joint D a n d  twisted in the manner shown. If 
not already done, the frame must now be placed within the 
rectangular form on the workbench. While held in perfect 
shape therein the remaining end of the wire is passed around 
the joint a.t C and secured by twisting while uader consider- 
able tension. The s t rut  A B is generally only temporary. 
Any small stick answers the purpose, a.nd it need not he 
secured within the frame in any way except as it is held by 
friction. The longitudinal truss on midrib of the completed 
kite generally takes the place and serves t.he purpose of the 
strut A B. The frame is completed when the wire E B F is 
inserted and fastened. 

To secure the proper tension on the wires requires a little 
experience. Too much tension may easily be obtained, 
although if the knack of twisting bot,h the wires equally is 
not possessed the joints may slip and the wire become too 
slack. With the right degree of tension the frames warp 
more or less out of true when taken singly. This is corrected 
when the frames are asseinbled. 

In describing the best manner of splicing wire by twisting 
i t  was pointed out that both wires must be twisted a.round a 
c~nin ion  axis. The wire ties in the frame just described 
must he twisted in the same way. It takes but a moment to 
solder the twisted joints, and their strength is very greatly 
increased. The wire is also soldered to the pieces of t i n a t  
A, B. The wires a t  crossings are sonietinies wrapped with 

'To avoid repetition here, the reader is referred to the MONTHLY 
WEATHER REVIEW for November, 1895, for minute details concerning 
the construction and joining of the framework. 
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finer wire a.nd soldered; often, however, they are simply tied 
with fine strong waxed twine or thread. 

The next member of the frame work is the piece eniployed 
to join the frames with each other a t  the corners. Fig. 53 
shows the form of the stick and tlie tin angle pieces a t  t,he 
ends. The stick, originally inch sqiiare, is shaved down 
tapering a,nd parallel to the diagonal to about 4 inch a t  the 
ends. The t.in angle pieces i r e  secared bo t,he ends of the 
stick by lashing with No. 32 gilling thread thoroughly waxed. 

The cell.-The inmner  of connecting the frames with each 
other is shown in Fig. 54. Two connected frames constitnte 
the cell, niinus the covering. ThiR is siniply a long hand of 
cambric, generally 3 ya.rd wide. After the strip of cloth hn.s 
been torn to width and hemmecl, the lengt,h is ascert,nined by 
stretching the edge around one of t,he fraines, niarking oft', 
with pencil, where the stitching is to come. The opposite 
edge of tlie band is stret,ched aroulld 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 a t  the 
edges. These lines are overlapped and matched exactly. The 
cloth is then stitched on t.he mark aucl the seain finished a6 
siiits the taste of the q ~ e r a t o r .  This mrthod gives a cloth 
covering that  fibs perfectly. The tightness with which the 
cloth f i ts  may be varied to suit circunista~nces. The cloth 
need not in any c.ase be very t,ight. 

The coniplete frame of the cell may be put together and 
t,he cloth slipped over afterwards. This requires sonie care 
to avoid pulling the cloth awry. I prefer to set up two of 
the frames 0 1 1  edge and connect them a t  the angles by nieane 
of the connectors shown in Fig. 53, three of which me simply 
h i d  in place between the frames with the band of clobh 
loosely on the outside. When the fourth is put in place the 
clobh comes under tension and all the parts hold together 
with sonie security. The corners may then be lashed to- 
gether, as shown in Fig.,54. The edges of the cloth are se- 
cared to the cell by tacking it to t.he frames at intervala of 
several inches. I prefer, however, to secure i t  by eewing 
through the hem of the cloth and around the sticks of the 
frames. Stitches between one and two inches apart are sufli- 
cient. Fine bookbinders twine ie generally employed for thic 
purpose. Fully two square feet of sustaining surface i E  
gained in a kite of thirty-two square feet, by this method oi 
sewing, a8 i t  is iiot necessary to make the cloth overlap the 
frames. 

Lonyiksliwccl bn~.-Two cells joined by some sort of Iongi. 
tudinal truss make tlie coniplete kite. Several methods oi 
trussing the cells together have beeli tried, but thus far, 1 
think the strongest, inost rigid and a t  the same time sufi. 
ciently light truss has iiot been developed. In the first kitt 
made according to the new construction, the cells were con. 
nected a t  their four corners by adifferent plan than described 
above. Four long connecting pleces extending the full lengtt 
of the kite were employecl, 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 above plans of con. 
necting the cells forms a very rigid and strong kite framt 
when reinforced with diagonal ties of wire. The principal o b  
ject,ion t,o the arrangement of trusses just described is the f ad  
that  no good place results a t  which the bridle can be attached 
Either an additional piece or supplementary truss must bt 
placed in the central or median plane of the kite to which o 
simple bridle niay be attached, or, in the absence of such a 
piece, a more complicated bridleninst 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 he 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 t.hc 
dire& mind 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 first kite made with a truss of this form is shown in 
Fig. 56. The slender, diagonal side braces (L a and b b ,  Fig. 
51, had not, n t  that time been introduced. Without theni the 
kite lacks rigidity against forces acting a t  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 tlie djagonal side braces are considered an im- 
provement in most cnses. Furthermote, in flying these kites 
in tandem mishaps caused by the main wire getting caught 
bcttoce)i tlie cells of the kite are prevented when the cells are 
xnnected with each other a t  their lateral edges. Very slender 
ooiinectors are adequate both to stiffen the frame and to keep 
thil wire frum bet~-een the cells. 

ddrcciatnyr~ of c~o/istrtcctio,i.-The distinctive feature in the 
nbove described construction of the cells lies iu the fact that 
the cloth is bound with wood a t  all edgee. Being thereby 
made perfectly firm and rigid, it is found the cloth exhibits 
no tendency whatever to flutter or hreak 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 t l i i ~  construction, namely : a slender vertical 
strut, a t  d B, t inch thick, is the only obstruction to the free 
flow of the air through the interior of the cel1,escept the fine, 
diagonal tie wires. Referring to the Hargrave conetriiction, 
shown in Fig. 50, i t  may seem, a t  first thought, that the 
slender diagonal struts employed can have but  very little 
harmful influence. When we remember, hon ever, the effects 
of eddies and observe that the struts themselves and especially 
the relatively bulky knobs a t  the endg, where they thrust 
against the longituclinal members of the frame inside the cell, 
as also where they cross, are all fruitful causes of eddies, we 
are forced to the conviction that their elimination can not fail 
to prove highly beneficial. I n  the improved construction de- 
scribed, the niinimuni obstruction is offered to the easy flow 
of the air over all the surfaces axid through the cells of the 
kite. I n  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, honrever, 
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 tlie 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 coristruction 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 he some 20 per cent heavier than 
frames of similar size of the Potter-Hargrave construction. 
Eveu though I~rtlldicapped by this greater weight, tlie per- 
foriiiapce of the kite, ON ing to the advantages already pointed 
out, surpnsses in excellence that of any kite yet tested. Ou 
account of weight, however, the kite is not well adapted to 
work in light winds. 

HOK furrhcr improvt d.-When the he8t general proportions 

The truss itself is shown in Fig. 55. 

The weight of the beat and strongest kite thus far made is about 
1 . 9  otlnces 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 i t  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 iiicreae of strength and 
decrease of weight, as all material will be employed to the 
best advantage. 

The longitudinal truss, mfde to the dimentionv indicnted 
on the drawings, has, in some cases, proved too weak. At 
the present stage of the investigations considerable atteii tion 
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 i t  will be an easy matter to 
greatly improve the construction of the truss so as to secure 
adequate strength with the minimum weight. Thus fnr the 
st,icks of the rectangular frames have been made of the same 
size throughout, notwithstanding that  i t  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 remarke on  constructio~~s.-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 be, 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 be im- 
paired. The original construction of such a kite requires a 
little more time than other forms, but i t  retains its efficiency 
and symmetry a longer tinie 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 attain# 
able efficiency in the action of a given kite. Othe'r 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 balnnced valves and 
automatic cut-off gear. What is the excuse for this compli- 
cation?*fficiency. The improved engine will do twice the 
work, i t  may be, per pound of coal and barrel of wnter con- 
sumed. Just  so with 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 neceesary, increas- 
ing greatly both the danger of breaking the wire and the labor 
of winding i t  in. The incentive to fly kites to great elevations 
and thus excel1 all previous records is naturally very great. 
To do so 011 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 nf 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 breaking away with great loss of labor, wire, etc. 

[To be continued in June REVIEW.] 

NOTES BY THE EDITOR. 

LONG-RANGE FORECASTS. 

On the morning weather map of June 13, as published Isy 
the Weather Bureau a t  Portland, Oreg., Mr. B. S. Pague, the 
local forecast official, calls attention to the fact that  this map 
shows the first appearance in 1896 of the so-called type of 
summer weather conditions. 

I n  1895 this summer type ap eared on April 20, and the first winter 
type following that appeareg on November 12. Winter weather, 
namely, rain conditions, have continued from November 12, 1895, to 
June 12, 1896. There are two well-defined types of weather on the 
Pacific Coast, and these have some fourteen modifications. The pri- 
mary t pes are, first, the low area moving southward from Alaska 
along t i e  coast line to the fiftieth degree of north latitude, sometimes 
lower, then passing eastward; at  the same time the high ressure is 
off theCalifornia coast, and it finally moves eastward about t i e  fortieth 
degree of north latitude. These conditions are peculiar to the winter 
season and give rain. The second type is represented by the low areas 
passing eastward about the latitude of Sitka, Alaska, and then moving 
southeastward on the eastern slope of the Rocky Mountains toward 
the Great Lakes, the high pressures moving from and along the Cali- 
fornia coast northward along the coast line to the fiftieth degree of 
north latitude, thence eastward. These conditions give fair and warmer 
weather. 

The latter type is present for the first time this morning, for this 
year, and ex erience has shown that after the first appearance of the 
summer conxition the weather is more likely to be fair than rainy. 
It is not to be understood that absolute dryness is now anticipsted, 

Mr. Pague says : 

but rather that sunshine will predominate and the showers will be 
few. 

The high pessure will move eastward over British Colunibia and 
give fair weather and warmer on Sunday; Monday will be fair, and 
Tuesday promises to be fair and cooler, possibly some s rinkles of rain 
over western Washington and northwestern Oregon; &ednesday and 
Thursday should then be fair and warmer. Summer weather types 
produce weather such as is above outlined. 

FROSTS IN CALIFORNIA. 
Under date of May 5 Prof. E. W. Hilgard, President. o f  the 

University of California and Director of the Agricultural Ex- 
periment Station a t  Berkeley, Cal., writes as follows: 

The weather conditions in this State have been this pear so extra- 
orclinary that meteorological observations and forecasts are more than 
ever called for, ani1 are popularly demanded. Our ex erience with 
two of our stations this year has been ti sore one, a n i  will most ae- 
rioudy retard the settlement and modify agricultural practice in the 
districts concerned. At one station we find it necessar to completely 
remodel the varieties in our experimental orchard, azout 50 per cent 
having proved useless for any practical urpose on account of their 
sensitiveness to even light frost, and the fow temperatures of the sum- 
mer nights; this at  an elevation of only 1,400 feet, and in a locality 
where wholly unexpected. We are now actually carrying Russian ap- 
ples and other hardy fruits as far south as the latitude of San Luis 
Obispo, as the only reasonable hope of the fruit industry in that region. 
I n  the great valley of California, too, the havoc wrought by the frost 
has been exceedingly heavy, and localized in the most puzzling man- 
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KITE E X P E R I M E N T S  AT THE WEATHER BUREAU. 
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[Continued from the May REVIEW.] 

?ORkIS AND CONSTRUCTION O F  THE WEATHER BUREAU KITES. 
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]Jp.  BIJbtOll. l N 4 ,  

St. Louis, RIo. Ih!tT,. 

[Continued.] 

C ' h n r c d c  r id i c s  of wii iy  sir,:firl.c.s.-Tlit: cross-section of the 
rings of birds presents clinrncteristics that  are very different, 
is :t rule, froin those of a section of the surfaces ordinarily 
mployed in kites. As wings are evidently highly efficient 
nistaining mrfaces, we may do well to  analyze their form 
-arefully and inquire to what extent and in what respect 
.hose forms iiiay he copied with advantage in const8rncting 
iites. Aside froiii the arched form commonly characteristic 
)f wings and which in tlie same wing prohalily varies iiiort! 
)r less in amount with changesof pressure, WP observe that the 
'roiit edge is firm, rigid aud thick, and that the wing hecomes 
thinner and niore flexible towarcls the rear edge, which is 
llnstic and quite pliable uiider comparatively feeble forces. 
hlucli has been written conceriiing the advniitages of these 
)cJculiarities I)y some who have sought to solve the niysteries 
J f  the s iding flight of large birds. 

Without entering here into n detailed analysis of tlie action 
if the wind premire npon n wing and its reaction thereto, I 
tin conv i~~crd  that tlie peculiar usefulness various writers 
3eeli to attrilmte tu  every detail of the wing structure ia very 
iiuch exnggerated and overdrawn. At least grave errors and 
iiiscoiiceptions have resnlted because n sharp distinction has 
lot been drawn between tlie esfleiitially different use of its 
aings niade by the bird when employed in gliding or sailing 
light on fixed wiiigs, as contrasted with flight by flnpping the 
,vi iigs. 

The action of tlie wind iipoii the wings of sailing birds is 
iiiiiilar in several respects to the action of wind upon kites 
whereas, nothing in the nctioii of ordinary kites resembles the 
,ving-flapping of birds. Therefore, whatever qualities of 
r ing surfaces are of special advantage in sailing flight may 
ilso be of advantage in kite surfaces. By far the niost im- 
portant of these is the arched character of wing surfaces, 
.lie ndvantzges of which have already been noticed. In nddi- 
i o n  to this we observe that  the wing i A  thick 011 tlie front 
dge. It seenis hardly possible that  any other coiisidoratioii 
.hnn that of streiigth alone can cieteriiiine what this thick- 
~irss should ~ J P .  If nature could make a wing of adequate 
$rength but yet with a smaller sectional area, she would do 

Cricri
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so, i n d  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. We are dis- 
posed to regard this as purely an ipcidental result. To have 
made a perfectly rigid wing, nature would have been obliged 
to make a heavier wing, which would he to the bird’s clisad- 
vantage. The flexible wing is lighter, but yet of ample 
strength to resist the strains it niay be called upon to bear. 
Although it can be shown that  in wing-flapping-flight a slight 
advantage results from some flexibility, yet the sanie can not 
be shown to obtain to any important degree in sailing flight. 
We are forced, therefore, to the co~icliision that  for sailing 
flight the flexibility is an incidental clnality. 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 a t  conlparatively small angles of in- 
cidence, if there is any special merit in the characteristics of 
the rear ,edges a t  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 tipper and under surfaces areable to unite 
into one streairi which is not broken up  into o1)jectional)le 
eddies and whirls. 

Kitcs uiith w i t i g - l i k e  s~trficc~cs.--i+rave constructional difficul- 
ties are encountered in giving to the sustaiuing surfaces of 
kites those qualities that  we havp pointed out as being advan- 
tageous in the wings of birds. I n  one of the kites franiecl in 
accordance with the improved plan of construction described 
in the WEATHER REVIEW for May (page 164), the cloth was 
left free a t  the rear edge in order that  the siirfacr might Le 
thin and pliable, like the rear edge of a hird’s wing. This 
was acconiplished 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 hroken and the line of 
experiment was not carried any further. The dimensions of 
the kite are given in Table VI, No. 21. 

I?nproved kita with ro.cliecl surfuces.-Arcliing the mstainiiig 
siirfaces of the improved kite is a inatter of great simplicity. 
The cloth is simply left just a little slrtck between the two 
frames. Even when the cloth is fitted tight i t  will still arch up- 
ward to sonie extent when exposed to wind pressure. To make 
the depth of the arch about one-twelfth the cord requires, how- 
ever, a Blight loosenrss of the cloth between the frames. 
Thus far, I have made 110 effort to extend the a r c h ~ d  effect t u  
the side edges of the kite. The connecting sticks lietween the 
frames are straight. As a result the arched efiect is most 
prononnced iu  the middle portion, graclually diminishing as 
the sides are approached, where it practically disappears It 
is thus seen that  in this kite the arched foriii of the sur- 
faces can be secured without any additional material. When 
the first kite made of this f(Jr11L was flowii in a moderately 
fresh wind the longitndinal truss was completely broken in 
two within ten seconds from the time the kite was launched. 
The break occurred a t  the point of attachnieut of the I,ridle 
and was caused, it is believed, primarily by the relatively 
greater pulling power of the arched surfaces. A very siniilar 
kite of greater area and with seemingly a more frail 1(11i- 
gitudiual truss was flown iminediately afterward in fully 
as strong gusts of wind, but with no iiiishap whatever. When 
the broken truss was replaced by a stronger one the kite was 
flown with reinarkable success in very light winds. I n  fact 
tbis kite flew when the wind was too light to s~istkin other 
cellular kites. Up to  the first of Jnly, however, no real test 
of the kite with arched surfaces had been made, owing to the 
1 ack of favorable opportunity . 

nlodifitd ZongitidinnZ tn~ss.-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 ef-fective arched surfaces. To avoid this difliculty 
the bottom stick of the longitudinal trnss is arranged to come 
outside the cell, as shown in Fig. 57, which gives also the 
principal dimensions of the kite referred to iu the foregoing 
remarks. 

Oflicr inywoeed kites.-While the writer was engaged in  de- 
veloping and perfecting the construction of kites by means 
of the rectangular franies already described, Mr. Potter was 
working ~ i p  certain modified forms of the cells. These were 
trapezoidal in form, rather than rectangular. I n  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 hetter kite constructed with simply a trape- 
zoidal cell. 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 
rectangalar cells, also, and is reconiuiencled in preference to 
that shown in Fig. 50.’ 

Points oj* cirlt~untnge.-As already mentioned, the arrange- 
ment of struts adopted in the trapezoidal cell simplifies the 
construction considerably, with a slight gain in lightness a t  
the saiiie tinir. The side surfaces being set inclined consid- 
era1,ly to the vertical coiitriliute in  a slight degree as sustain- 
ing surfaces. The weight of the kite per unit area is rather 
less than that  of the rectangnlar cell of the same size. There 
is nothiag to prevent the cloth from fluttering, and the struts 
crossing within the interior of the cell oeer soiiie obstruction 
to the free flow of air through the cell. The oblique position 
of the side plaiirs causes tlielri to shelter in a slight degree 
the outer ends of the top surfaws, and it is believed thftre are 
more proiiounced 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 niost steady and stable of any em- 

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

The form of construction adopted in the trapezoid cell was 
also employed in innking the rectarigiilar cells. Prior to July 
1 exact tests of the relative iiierits of the two forms had not 
h e n  made, owing to the lack of favorable winds. 

The Weather Eiwem Kites.-Table V I  contains a schedule 
of the dirnensions, weights, etc., of the greater part of the 
kites eniployecl in the Weather Bureau experiments made be- 
tween December l, 1896, and July l ,  1896. Considerable care 
has h e n  expended in the preparation of this table in order to 
give full and accurate iiiforination concerning every import- 
an t  element. I n  conipariiig the results obtained with kites of 
different form, and with different kites of the sanie form, the 
weight per unit of sustaining area is a niost 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 ))est to give the total weight, rather than the weight p8r 
unit area, because the cfktira sustaining surface may not al- 
wavs t)e the sanie as the auvareut sustainine surface. For 

This is shown in Fig. 58. 

ployed. 

‘Fig. 50 wili be found in the Weather Review for May, 1S96. 
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example, a Malay kite 5 feet high and 5 feet broad appears tc 
have a surface 12.5 square 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 a t  C E D may sometimes be as much as 30° lesf 
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 about 
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 
systematic method is therefore needed for accurately cornpiit- 
ing the effective sustaining surfaces of kites of different 
forms. 

TABLE VI.--Dimen&ns of Wmth.t?r Bureau kite. 
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E~pZanation.-“ Rectangle by struts,” designates that  the 
cell is a rectangle, and the form is given by means of a set of 
etruts, such a8 shown in  Figs. 50 or 69. “Rectangle by 
frames,” designates that  the rectangular cell is constructed 
as explained in connection with Figs. 51 to 55. The width 
of the kite is the crosswise dimension of the kite, that  is, the 
dimensions a t  right angles to the direction of the flow of air 
over the surfaces. I n  the case of the di‘mond kites, the 
width is not measured from side to  aide in  a straight line, bnt 

~.. 

Fig. 34 will be found in the  Weather Review, April, 1S96. 

along the surface of the cloth. The width, therefore, repre- 
sents one-half the perimeter of the cell. An idea of weight of 
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 : 

Weight of silk per q u a r e  foot.. .............................. .0084 
Weight of nninsook per square foot.. ......... .: .............. .0126 
Weight of cambric IWP square foot.. .......................... OlS7 
Weight of muslin per square foot..  ........................... .02% 

Britl1c.-It was inipossilde to specify within the limits of 
the table the arrangement of the hridle on each kite. This 
was often changed with each experiinent and will receive con- 
sideration hereafter. 

Tritc c o d  crppcmnt crnylc of iiicirlc)ice.-Such a systeniatic 
method may he 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 rrngle of in- 
cit2eiic.c and tlie n l q ~ o , ~ / r t  o??!$c of i / i c ido icc  will be unclerstood 
from Figs. 60 and 61. V’ith such a kite as shown ih Fig. 60, 
the surface is f a t  and continuous, the angle which the wind 
makes with the midrih of tlie 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 0 W is the true n n g l c  of i?iridenre. If, how- 
ever, the surface is bent backward acroaa tlie 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 midrih is not the same a8 the angle between the 
wind and tlie plaues theinselves. Inasmuch as the angle be- 
tween the wind direction ancl the surfaces themselves can not 
easily be measured directly, we will generally prefer to meas- 
ure the angle between the wind mil midrib (or some similar 
longitudinal axis of thekite) as w ~ w c s c i z t r i t i w  of  the true angle 
of iiiciclmcp. In  those cases in which the angle between the 
\I ind and midrih is not the same as the true angle of incidence 
of the wind, the former angle, that  is, the angle A 0 11, will 
then be called the uppnrciit nnglc of incidenr.r. 

It will he readily understood by those familiar with geo- 
metric principles that thp trur angle of incidence of the sur- 
fiices in such a case as represeiited in Fig. 61 will he the angle 
A’ 0’ 11’’. A‘ fY is the line formed on the kite surfacos by the 
intersection of a plane through 11.’ 0’ and perpendicular to 
the kite surface. It can be shown without difficulty that t8he 
angle A’ TI” E‘ will always he the same as the amount by 
which the planes arr hent IJacktvard, that is, it, is the same 88 
the angle E D C. The relation hetween the real and apparent 
angle of incidence may he found as follows : 

POllnd E. 

Let 11 = the angle -4‘ 1P E‘= E D C‘. 
Let i = the rcnl angle of iiiciclence of the wind = A’ 0‘ If”. 
Also let CG = the apparent angle of incidence = It” 0‘ E‘. 
Then, by trigonoinetry- 

11” 0’ Hin. i = A’ TV’ - _ _  
= cos. b. 

W’ 0’ sin. CG =.E‘ W’ 
:. sin. i = sin. n cos. 1). 

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

When comparing, for example, two such kites as the cliamond 
cell and the rectangular cell, shown in Figs. 40’ and 50,’ it 
is plain that  when the midribs are set a t  the same angle in 
the air, the surfaces of the rectangular cell kite are inclined 
a t  a grenter 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 
kitps. fiome allowance must be intide. in  the caee of the 
~ 

‘Figs. 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 sonie 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 i n c h  a t' ions,we 
must know how much greater the pressure is a t  one inclina- 
tion than a t  another. Different esperiniental researches have 
given different results on this point. Chanute,' after a crit- 
ical analysis of all available data, has concluded that  D~icli- 
eniin's formula is probably the most accurate represen tation 
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 curvecl surfaces is 
known to be very different from that  for flat surfaces. As 
yet,'however, no sat#isfactory statement of this law for curvecl 
surfaces has been forniulated, so far as known to t,lie writer. 
Since the surfaces are sensil)ly flat in most of the cellular 
kites described in Talde VI, and as the angles of inridence 
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, thwi the percentage pressure, P, 
on the same surface inclined to the wind a t  an aiigle, i, will, 
by Duchemin's formula, he- 

100. 2 sin. i p =  ~~ 

1 - sin.' i 
The relative pressure upon inclined surfaces is of such im- 

portance in  connection with the kite prolileni, that  the v a l u ~  
of P for such angles of inclination as are likely to occur in 
kite work are extracted here from Chanute's larger table : 

Ta BLE VI I.-Pro1w rlional pres811 i v  on inclined $0 i! wrfiilcex. 

I n c 1 i n a - Proportional pressure. 
tion. 

0 CF 

65. ?2 
!23 67.! 
2.4 
25 71.1 

26 $8. ' 
75. ! 27 

?R ( 1 .  
m 7s. 1 
30 80. I 

21 63.; 

:n. i 

c,. 

I n  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 been computed on the Ijasis trhal 
the midrib or longitudinal axis of the kite makes an angleo 
18' with the wind. Nunierous nienmrenients have show1 
that  such an angle is roughly an average angle found in prac 
tice. I n  the case of a kite with cells of rectangnlar forni il 
is plain that  when the midrib is set a t  an angle o l  lSo to tht 
wind the surfaces are also a t  the same angle, a i d  no allow 
ance is necessary. If, however, we consider the dianioncl cel 
we see that  when the midrib is a t  18O to the wind the sur 
faces are at a less angle, and we therefore rate the kite as i 
its areawas less in the same proportion as its lifting powerii 
lessened by the slighter inclination of the surfaces. This ii 
further elucidated by an example. Kite No. 17, of Tahlc 
VI, is a diamond cell kite in which tlie cloth surface is ac 
tually 24 square feet. From the talmlated dinlensions of thc 
kite we find that  the angle by which the surfaces are hen 
backward from a flat surface is- 

b = 20.7' 
Assuming the apparent angle of incidence to he 18', tha 
'Progress in Flying Machines. 

3, a = 18O, we wil l  have for the true angle of incidence- 
sin. i = sin. 1SC x cos. 20.7@ = 0.2890 

'hat is, when the midrib of this kite is inclined to the wind 
,t an angle of lSo the surfaces are inclined a t  an angle of 
6.8'. From Table VI1 the pressure on a unit area of sur- 
ac,e a t  1s" is 56.5 per cent of t,he normal pressure, while 
t p n  t,he same area a t  16.8O the pressure is 53.3 per cent of 
he normal. Multiplying the area of the kite by the ratio 
if tlie above pressures, we obtain- 

:. i = 16.8' 

53 3 
56.5 

24 x = 22.6 @<I. ft. 

k a t  is to say, the 34 square feet of surface in the diamond cell 
qer iences  a pressure, other things remaining the same, that  
s j m t  equal to the pressure on 22.6 sq. ft.  of sustaining sur- 
'ace on a flat surface kite, or, a kite with cells of the rectangu- 
ar forni. 

We must notice further that  the pressure on the inclined 
mfnccs is not esertrd upward, 1Jnt is normal to the surface 
tiid amiines a laterally inclined direction, whereas, with 
iurfaces not inclined in the niannrr under consideration, the 
xessure is exerted almost directly upward. These differ- 
mces are shown in Fig. 62, which represents an end view of a 
,rapezoidnl cell. The pressure on the parallel surfaces may 
,e represented by lines such as 0 B, 0' B', while on the side 
3nrfacw the pressure acts in the direction of the lines L Sand  
C' 6'. The upward lifting effect of an inclined pressure, such 
i s  L S will be represented by a line such as L T. I n  reality, 
.he lines representing the effects mentioned above are not 
3trictly in tlie plane of the paper, hit are differently inclined 
thereto. We may, however, leave out of consideration as un- 
important the effects arising from the lines being differently 
inclined to the plane of the paper, and, hy doing so i t  re- 
wlts approsiinately that i f  P represents the pressure on a 
jnrfncr such as the side of  the trapezoid, or the surface of a 
lianioncl cell bite, then the upward directed effect of thispres- 
311re will he- 

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

53.3 Ecl~iivaleiitsiirface = 24 x ~ cos. 20.7O = 21.3 sq. ft .  56.5 
In other words the effective snstaini~ig surface of the kite in 
question is 31.2 square feet, which means that  this kite with 
54 square feet of actual surface (other things remaining the 
~ a i n e )  will pull the same as a kite with rectangular cells in 
which the total area of the top and bottom sul'fnces is 21.2 
square feet. 

In  a similar manner we may deterniinr the sustaining effect 
of the steeply inclined side surfaces in the trapezoid cell. 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 lSo to the wind- 

sin. i = sin. lSo x cos. 53.1O = 3354. 
:. i = 10.7'. 

That is, the true angle of incidence of the wind upon the 
By side surfaces is 10.7O when the mid rib is inclined 18O. 

means of the ratio of pressures we liave- 
35.9 
36.5 

16.7 x - - ~ -  = 10.6 
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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- 
solve the pressure on the inclined surfaces to an upward 
directed pressnre, 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. Adcl- 
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 above computations are based on an assumed angle of 
incidence of the midrib of 1 8 O .  If some other angle, such 
Its 120 or 3 5 O ,  had been a,ssumed, the result woiild still h a w  
heen very nearly t,he same ; ancl i t  will be found that  i t  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. 

Cfcnernl Rcszrlfs.--It is unnecessary to describe in detail the 
behavior and the comparat,ive results obtained with the 
several kites described in Table VI. I n  the earlier part of 
our experinients appliances were not available, or had not 
been devised, by which the action of the kites could be criti- 
cally a d y z e d  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 a t  the reel. Tests of this charac- 
ter are of very little aid in perfecting kites; about all that  
can he gained is a knowledge of the qualities of steadiness 
and general features of kite behavior, and added thereto a 
most valuable personal experience in the management of kites. 
I n  a subsequent section the methods of systematically ana- 
lyzing the action of kites that  were introduced later in the 
course of our experiments will be described. 

Relative steadiness of kites.-The most perfectly made kitme 
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 he 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 niotions of 
the kite, yet the amount that a kite will move under a given 
change depends upon tho nature of the kite itself. The cel- 
lular kites are all (I speak only of well made kites) much 
steadier than nearly flat single surface kites. Nevertheless, 
kites with cells of different proportions differ greatly in steadi- 
ness. Roughly speaking the greater the distance between 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 sisrfncc was 
relatively great, as compared with the qfect.ivc: swtwintuy sur- 
face. I n  the rectangular cells the side surfaces, under nornial 
conditions, do not experience any sustaining pressure a t  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. I n  many cases i t  no doubt hap- 
pens that the sudden inequality of pressures disappears and 
equilibrium is restored before the kite has shiftedits 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. I n  
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 founcl to lie relatively heavier than 
sinall 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 n considerable mas8 of air, which 
average pressnre is no doubt less irregular than the average 
pressure of the very sinal1 stream of air intercepted by a very 
small kite. 

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, is soon ahle to 
perceive when the motions are different from those caused by 
the usual variations of the wind, and therefore that some- 
thing is wrong with the kite. The caiise of erratic behavior 
in n 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 811 
right. 

Krlnfive nviglifs of kites.-The last column of Table V I  
gives the weights of the kites per sqnsre foot of sustaining 
surface. It is seen that very small kites, such as Nos. 3, 34, 
and 3.5, may be very light, nevertheless are quite stanch and 
strong. I t  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 eff'ects 
of edge pressures, waviness, eclclies, etc., is believed to be large 
in small kitw. 

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 sncl the weight of the rectangle and trapezoid kites 
is noticeably 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, 39, 
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 Wild blows hard 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 he 
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 brought 
out by the following consideration of the diagram of forces 
shown in Fig. 63. To avoid confusion of ideas a d  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 A B is drawn parallel to the lungi- 
tudinal axis of the kite and represents its inclination ; H N 
is a horizontal line; 0 is the point a t  which the lines of action 
of the wind pressure and gravity intersect. Let 0 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 snrface.) Let us suppose our kite weighs 
10 pounds per square foot. Now, wit,h a light wind of hetween 
8 and IO miles per hour experimental results show that the 
pressure per equare foot of sust,aining snrface in ordinary 
kites will he barely twice as great as the weight per sqmre 
foot. The line 0 Q, t,wice as long as 0 G, represents such a 
relation between t#hese forces, a i d  their resulta,nt is a force 
represented hy the line 0 It; 0 H represents t,he direction 
the top end of the string must take. Under these condit,ions 
the kite on a short string can at,t,itin only a low angular ele- 
vation,. represented hy the angle 0 H N .  If, however, the 
~ i n d  velocity were froin 13 to 14 miles per hour, the pressure 
per square foot would he about double the former pressure. 
The conditions of eqidibriuni for such a case are given by 
the pa,rallelogram 0 Q' R' Cf, and the string next the kite will 
t,ake the direction 0 R, which is very much steeper than its 
former direction, 0 H. It result.s, t.herefore, that  the angu1a.r 
elevation of the kite has been greatly increased by only a 
small increase in the wind force. Let us next consider t,he 
effect of a still greater wind velocity, for example, 20 miles 
per hour. The pressiire per square foot of siirface for this 
velocity is fully ten times the weight of the kite per square 
foot. By const,ructing the parallelogram 0 &" R" G, repre- 
senting these relations, we locate the line 0 H", which repre- 
sents t,he direction of t,he string next the kite. The string in 
tmhis 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 preesures it will be 
found the direction of the string approaches closer and closer 
t.o the direction of the liiie 0 M, which represents the maxi- 
miini possible steepnew of the string. This degree of steep- 
ness could be attained i f  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 
detriniental and causes the kite to fly a t  a low angle of eleva- 
tion. The sanie result will follow with a heavy kit,e in a 
heavy wind. That  is to say, whenever the wind pressure per 
square foot ie only two or three times the weight per square 
foot the kite can then attain only a low angle of elevation. 
On the other ha,nd, 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 
t,hough the wind pressures increase to fifteen or twenty times 
t,he weight, only a very slight increase in the angnlar eleva- 
tion will result. The efTect of such pressures is expended 
almost wholly in  increasing the tension on the kite string. 

0.n the ch.oice qf i)mtem'als i,n 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 he used to t,he 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 hest resiilts 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 ) W h a t  ntatem'als are best for kites?-silk is probably 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 becomes heavier unless the ma- 
terial has lieen varnished or ot,herwise rendered waterproof. 
The fahrics employed in balloon construction are both 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 mmufactured of silk hut these are not of sufficient 
strength to  use for kites without being reinforced with some 
sort of net,ting. 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 i t  will probably 
prove to he iniprac,ticahle to use metal in sheets thinner than 
one-hundredth of a,n inch (equal to three thicknesses of this 
printing paper.) Sheet a~lutninuin of this thickness weighs 
0.1414 pounds per square foot; sheet st.sel of the same size 
weighs .408 pound per square foot, but i t  much differ. Let 
u s  see how a kite of aluminum or steel will compare, in 
weight,, with a cloth a,nd wood kite. Kite number 23, of table 
VI, is the heaviest one listed except number 4, which was 
unsatisfact,ory. Sheets of alurninnni riveted together in the 
form of rectangular cells 45 x 21 x 19.2 inches would require 
additional material to make the cell rigid. Moreover a 
longit,udinal truss is required to m i t e  the cells. The wooden 
truss used in kite number 23 weighed just 0.664 pound, or a t  
the rate of 0.0260 pound per square foot of sustaining sur- 
face. The aluminum kite would require a truss a t  least as 
hea.vy as hhis, a,nd including t8he weight of the side surfaces 
of the cells but oniitting any allowance for the additional 
framing required to stiffen the cells, the total weight of the 
metal kite with wooden truss would be 0.329 pound per 
square foot of sustaining surface as compared with a weight 
of 0.136 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 franiing required in the cells. These com- 
putations show clearly that these sheet nietals can not be 
substituted for cloth in the construction of kit,es 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 t,he thin sheet of aluminum previously considered, 
and would probably require less framing to st,ifTen the cells. 
Such thin boards are likewise, however, too heavy for kite 
surfaces. 

Aluniinuni wire gauze, the meshes of which are filled with 
elastic varnish, has been proposed for aerial planes. Rnch 
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 
eQds 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 demity 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 he given the first ranks as probably best 
suited of all availahle materials for kite surfaces. They are 
relatively inexpensive and can be had in a great variety of 
grades or weights. 

Fms)iiii.y nznt.erials for kites must be chosen from among 
comparatively a few substances. Two or three different sorts 
of wood, aluminum, and steel make up the list. The ma- 
terial best adapted to a given use will often lie determined by 
the kind of strain to which i t  is subjected. 

(a . )  Tcnsile 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 a t  the rate of over 
350,000 pounds per squaw inch. The sanie 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 i t  wood is also an excellent material to resist tension. 
Selected speciniens 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 1u0,OOO a d  
150,000 pounds per square inch. The same weight of the 
better grades of rolled aluminmi bars sustain only allout 
80,000 pounds. 

( b . )  Crurthing stre?igth.--Steel is about eleven 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 conipres- 
sion, crush with strains of about 69,000, 77,000, and 103,000 
pounds, respectively ; similarly the light woods, white pine and 
spruce, crush at about 80,OOO pounds. Aluminum, therefore, is 
strikingly inferior to ordinary steel and hickory, and is practi- 
cally 011 a par with pine and spruce, a t  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, i t  can not be 
easily and cheaply procured in the appropriate forms nor in 
the small sizes required for use in the construction of kites 
of the ordinary dimensions. Even were steel of the deRired 
form available, its use in  small frames would prove trouhle- 
Borne and inconvenient, on account of the constructional diffi- 
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 ordiiiary 
grades of white pine and spruce. Bamboo isvery light, strniig, 
and elastic, hut its application is seriously limited by its pecu- 
liar forni, which admits of little or no variation without im- 
pairing the strength of the material. 

The foregoing considerations leave little room for qiiestiou 
as to  which materials are best suited in general for kite ccm- 
struction. The weight and strength of the materials men- 
tioned above are suminarized in Table VIII. 

The relative strength of the several materials is coinputeil 
with reference to their weight as compared with that of steel. 
Thus, if the tensile strength of steel is 100,OOO 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 weiyht, rated a t  38,000 pounds 
tensile strength per square inch, will be 81,000 pounds. The 
sectional area of the aluminum bar will IJe 3.89 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 reronautical engineering " in an article under this title 
by Prof. R. H. Thurston, of Cornel1 University, published in 

the Proceedings of the International Conference 011 &:rial 
Navigation, Chicago, 1893. 

TABLE VII1.- Weight  onol relative cltrenglh of matariala. 
- 

I I 

Material. 
Relative ~trength. 

pounds: 
Tension. I Compression. 

Pe i 
High grade steel, bars.. .............. 
Aluminum bars ....................... 
Ash .................................... 
Hickory .............................. 
Whiteuak ............................. 
White pine ........................... 
Spruce ................................ 

' l'7I ..ff 
4w 
169 
43 
43 
43 
2Y 
31 

I.. .................. 

NOTE.-The relative strengths in the above table were compiled from Thurstou'r 

( 3 )  How y i w n  mnten'alu are best cnydoyetl in the construc- 
tion of kites is a very interesting point, and will next receive 
a brief consideration. We have already heeii 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 niuch 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 forcea 
are sufticient 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 suhjectiug the mate- 
rial to lateral bending strains. By a well knnwn artifice of 
construction, i t  will nearly always be practicalde to substitute 
for large bending strains two other forces or strains. One of 
these will IJe coinpression, the other tension. T ~ U S  the slen- 
der stick, d B, Fig. 64, supportecl a t  each end, is unable alone 
to sustain nuy considerable load cliatributed over its length. 
If, however, a short column, C', and the tension members, 
T T, be introduced, the character of the atrains are entirely 
changed. The stick A B and the colunin C' will now be under 
coinpressioii, while T and T will Le put under tension by 
loading, nncl the strength of the devise is enormously in- 
creased, as every one knows. The stick is still subjected to 
h ic l ing  strains a t  points between the extremities and the 
foot of the coluain C', but the accumulated strains on a sec- 
tion a i d  its length are both half as great as in the case of the 
whole bar, circumstances that  con t r ih t e  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 IJY slender wires, whose weight will generally 
be of very little importance. Wires of hard drawn phosphor 
IJrOnZe 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 ingriiuity in dw&- 

tables. 
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Inch. 0 F. $ Inch. ....................................... ....................................... ..................................... 
23.66 72.7 38 0.72 

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 
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MEXICAN CLIMATOLOGICAL DATA. 

In  order to extend the isobars and isotherms southward so 
that the students of weather, climate and storms in the United 
States may properly appreciate the influence of the conditions 
that prevail over Mexico the Editor has compiled the follow- 
ing table from the Boletina Mensual for April, 1896, as 
published by the Central Meteorological Observatory of 
Mexico. The data there given in  metric measures have, of 
course, been converted into English measures. The Imromet- 
ric means are as given by mercurial baroineters under the 
influence of local gravity, and therefore need reductions to 
standard gravity, depending upon both latitude and altitude ; 
the influence of the latter is rather uncertain, but that  of the 
former is well known. For the sake of conformity with the 
other data published in  this REVIEW these corrections for 
local gravity have not been applied. 

Mexican datu for A p ' l ,  1896. 
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2.3 
;z 
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9 

61 

............ ........... 
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81 
38 
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75 
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46 
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32 
51 
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46 

61 
51 

............ 

............ ............ 

............ 

............ 
51 

............ 
49 ............ 
M ..... 

Aguascalientes.. ................... 
Clampeche ............................ 
Colima (Seininario j .......................... 
('ulirna ............................... 
Puliacaii .............................. 
Guadalajara (H.da B.) .............. 
Ctiiadalajara ( 0 1 ~ s .  d.  Est.) .......... 
i:uanajuat.o .......................... ................. 

) ........................ ................. ................. ................. 
Mexico (Obs.C!ent.) .................. 
Mexico (E. N. d e s . )  ................. 

o)  ................ .................... ............................ ............................. .................................. 
d.Est.)  ................. 

Piiebla (C!cd. Cat.). ................... 
Queretaro ............................ 
Real del Monte (E.de H.) ............ 
Salt.illo (c'ol. S.. Juan). ............... 
Ran Luis Potosi ...................... 
Silao.. ................................ 
Tacambaro. .................................. 
Tacubaya (Obs. Nac.) ............... 
Tampico (Hos. Mil.) ....................... 
Tehoacan ........................... 
Toluca.. .............................. 
'hejo (Hac.Silao, Oto.) ...................... 
Trinidad (near Leon) ............... 
Veracrue ............................. 

) ................ ................ 

Wsw. and ssw. 

Feet. 
6,112.3 

40.4 

1,2991.7 
112.2 

5,141.2 
5,186.4 
6,761.3 
4,757.3 

5,901.0 
34.6 
50.2 

7,4%.7 
7,m. 5 
6.401.0 
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,,956.3 

7,118.2 
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6,069.4 
9,005.2 
5,376.7 
6.53301.9 
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5,162.8 
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6,010.1 
47.9 8,015.2 

5,124.8 

!,312.4 
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2; 
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...... ...... 

...... ...... ..... 
!a. 97 
A3.M 
25.58 
24.13 
24.B 
!a. !x 
29.95 
1.08 
23.15 
1.95 
25.011 

22.58 

B.37 
34.16 

a.82 
24.10 

22. %5 

21.92 

...... 

...... ...... 

...... 

...... ..... 

...... ...... 

...... ...... ...... 
!a. 54 
25.05 

t 
~ 

4.92 
1.00  
1.72 
0.70 
0.30 
0.00 
0.00 
0.72 
0.43 
1.44 
2.43 

1.91) 

1.N 
0.20 

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

(Concludetl in the July REVIEW.)  
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Mem'cau datu. for May, 1896. 

Aguascalienten.. 

............................... ... ..... .... 

Mt!.rieati data for May, 189ti-C'ontinuecl. 

Stations. 

"uliacan .............................. 112.2 
4uadalajara iH.de B.). .............. 5,141.2 
Suadalajara (0hs.d. Est.). .......... 5,198.0 
hanajuato .......................... ~ 6,761.3 
lalapa.. ............... 
~ p o s  (Liceo Ourrra) . 
Leon.. ................ 
bfazat.lan .............................. 24.6 
bferida .............................. 50.2 

Puebla (c'ol. Cat..). ........... 
2ueretaro ............................ 3.M9.7 
Real d.Monte (E.de H.)  ............. 9,W5.2 
3altillab (CW.S.Jiiau! ............ 
Jan Luis Potosi .................. 
+lac> ......................................... 
I'acamLan) .......................... 
racubaya (Obs. Nac.) . 
ramyico tHor.Mil.) .......................... .......................... 6,132.8 ......................... 8,612.4 

Silao,Uto.) ..................... 
ear Leon). ............... G.010.1 ........................... 47.9 

............. ..... .................... 

....... 

* \v.and W b W .  t N., e ,and ne. $Ne.and nw. 

KITES, BALLOONS, AND CLOUDS. 

The excpllent series of investigat,ions bearing on the theory 
and practice of flying kites for meteorological purposes now 
l ~ i n g  published in the MONTHLY M'E.4THER REVIEW will, we 
hope, stiinulate inany others to eiiter this fascinatiug and 
important field of work. Kite flying was apparently first 
practised for meteorological purposes in the United States 
by Benjamin Franklin, 1752. Then came a long intewal up 
to the work done 1)y the Kite Club of Philadrlphia in 1837, 
as referred to by Espy, and again a long interval until Mr. 
Eddy began his work a t  Bayonne in 1890; although, perhnps 
in justice to himself, the Editor may remark that  in July, 1876, 
having for the first and only time in his life a chance to spend 
a week on the Jersey coast, he then flew kites a t  Ocean Beach 
and Asbury Park in order to determine the depth of the sea 
breeze, and had the pleasure 'of seeing the kite which had 
heen borne landward by the sea breeze soon reach the upper 
return current and he borne seaward by it. (See Preparatory 
Studies, p. 93.) 

hfr. RicAdie's experiments of 1885 and 1892 at Blue Hill in 
using the balloon $or studies in atmospheric electricity, and 
especially the work done by him and Mr. Potter in Washington 
in 1894 and, 1895, were promptly followed by encouraging action 
on the part of the Chief of the Weather Bureau, and in his first 
publication, Professor Moore expressed his intention to prose- 
cnte esplorations in the upper air by all possible means. The 
excellent results thus far attained by Professor Marvin are, 
we hope, but an earnest of the future work a t  Washington. 
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station, and furnished to the Weather Bureau through the 
courtesy of Prof. E. W. Hilgard, director, Berkeley, Cal. No 
corrections have heen applied to the records. Pomona, Cal., 
is in latitude N. 34O 3'. 

Hourly psrccnkzga of pmiblc aunshine near Pomono, Gal. 

Percentages of ssible sunshine recorded during the 
(IocaKean time) hours ending- 

P. M. 
I 

$0 71 36 .... ... 
83 83 $4 11 ... 
$0 67 68 P ... 
80 al 85 68 ? 
85 .93 85 79 1( 
W 9 9 W 9 3 3 c  

I ~- 

KITE EXPERIMENTS AT THE WEATHER BUREAU. 
By C. F. MARVIN, Profewor of Meteorology. U. S. Weather Bnrean 

[Continued from the June REVIEW.] 

EFFICIENCY. 

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

.accurate, and the observations linii ted to a very small nuin- 
her. Often, probably, but a single reading has been macle a t  
a favorable nionient when the kite had niomentarily attained 
an extreme elevation. Moreover, the observations have gen- 
erally been niade with the object of ascertaining the altitude 
of the kite when a long length of deeply sagging line  as 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 measuremen ts have, with one 
or two exceptions, been conspicuously absen t from any pub- 
lished accounts of kite experiments known to the writer. It 
is therefore impossible to f - m n  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 l i f t  a d  drift,  can he determined 
accurately only by aid of iiist~runiental measnrenients. 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 scien+ific 
investigations. 

Various methods of expressing numerically the merit of a 
given kite may be employed. The l i f t  ancl dr i f t  may be made 
the measure of excellence of a given kite. But the l i f t  and 
d r i f t  of a kite vary with every gust of wind, and i t  is difi- 
cult to deduce from these quantitiee 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 l i f t  
and dr i f t ,  aside from depending directlyupoii 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 a fashion that  the angle 
of incidence was, for example, 2 5 O ,  would, in all probability 
show a smaller lift and a larger drift than a much infer io~ 
kite bridled so that  its incidence was 15O.  This differ- 
ence of incidence would, in  all probability, wholly escape the 

iotice of an ordinary observer unless his atteution was specif- 
cally directed to discover it. Even if discerned with the eye 
he real numerical relation could be established only by care- 
'ully made instrumental observations. The l i f t  and dri f t  in 
,hemselves, therefore, do not constitute e suitable basis for a 
,rue numerical eRtimate of the useful effect available in a 
cite. They are in fact only conventional and derived ideas. 
We must go back of them to the fundamental forces from 
ivhich they are derived for the basis upon which true compnri- 
;om can be macle. Ef lc i ency  is the technical term widely 
mployed in all )>ranches of engineering to designate numer- 
cally the useful effect available in machines of any sort. 
rhus, we have the efficiency of a steam engine, of a boiler or 
'nrnnce, the efficiency of electric generators, motors, convert- 
m, etc., so likewise we may have the efficiency of kites. This 
nensure of merit. as adopted a t  the Weather Bureau for the 
>ompnrison of kites with each other, is based upon funda- 
iieiital mechanical principles, a n d  is mid(3ly applicable to any 
cind of kite. The resulting measure is not directly clependent 
ipon the angle of incidence of the kite or upon the direction 
~r force of the wind. 

Effiricncy of kitc.s.--The basis upon which any rating of 
:fficiency is cleclnced is very largely a matter of choice. I n  
lealing with machines ancl appliances for producing physi- 
:a1 or niechanical effects, economical coneiderations have 
nuch t(J do with the ultimate or alJsolute utilit>y of the de- 
vices employed. From the economic standpoint an efficiency 
rating is an exceedingly complex result,, clepending upon 
many factors of the most heterogenous character - cost of 
space, wages of employees, cost of transportation, interest on 
nvestment, etc. These factors can be related to each other 
~ n l y  in a highly arbitrary and empirical nianner. The eflici- 
?ncy of mechanical devices, as the term is ordinarily used, is 
not generally deduced upou the economical- lmsis but de- 
pends upon purely mechanical and physical ronsiderations 
3f cmse and effect. Dismissing economics we will likewise 
lefine the efliciency of kites upon the physical and mechani- 
:a1 hasis. Even here, choice may be macle among several 
methods. We may consider that  the most efficient kite is one 
which can attain the highest elevation. As we shall see here- 
zfter, 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 efficieiicy of a kite depend in any may upon the 
3tring is not desirable. Even if we eliminate, as we may, 
effects due wholly to the string, and make the efficiency of 
the kite depeud upon its power to attain elevation, we still 
make a had choice, for we would thereby fail to consider that 
kites may lie employed for other purposes than attaining 
elevations. A highly efficient kite from such a standpoint 
would be highly ine$cient if i t  were employed to pull sleds 
or carry a line ashore from a stranded vessel. 

A basis upon which the efficiency of a kite can be deduced, 
that is not open to such objections as raised above, may be 
had by considering only the inc l ina t ion  of t h e  total resultant 
&id 1JTCSSY"rt' to the surface of the kite. A kite, funda- 
mentally, is a surface either plane or curved against which 
i t  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 condi t ion of ideal e-tfii-ipncy ( t k a t  is, an eficievwy 
of 100 per ceut ) ,  i n  the actimi o,t' the wind upon  th in  p l m e  sur- 
faces, obtaiiaa whui the total resziltcrut pressure is exactly qiormal 
to  thc szcrface." Recognizing that  a kite is a surface against 
which the wiud shall press, me 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- 

' 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 6he “Analysis 
of forces” in the May REVIEW (page 157) and who has in 
mind the eflecta of the weight of the kite as set forth on  page 
203 of the June REVIEW is prepared to readily understmd the 
applicat,ion of the above-ment,ioned principles to the cleriva- 
tion of the cficiency of a kite. Under ided  condit3ions, t,liat. 
is, couditioris i n  which edge pressureR, surface or skin frict,ion, 
waviness a,nd flut.tering, eddy efl’ects, etc., are wholly absent8, 
i t  follows as a direct consequence of t,he principles already 
est,a,hlished that, the ideal kite, whose weight is considered in- 
appreciable ns compared with the wind pressure, will fly in 
such a mantier that  the dirwtioii of t,he st,ring nest t,he kite 
will make an angle of 90° with t,he snrface of the kit,e or with 
the longit~udinal a s i ~  bliereof. In  t,he case of an actual kite: 
of apprecia.l)le weight) a i d  inore or less imperfect in ot,lier re- 
spect.s, i t  wi l l  lie found upon measurement t,hat the direction o f  
the string nest, the kite will make an angle of less t.11a.n $IOo 
with t.he longitndinal axis. This angle between t,he direction 
of the string next the kite and the longitudinal axis of the 
kit,e is properly inacle t,he iiuiiierat,or of t,he efficie1ic.y ratio, 
nnd fur coiiveiiience and brevity we will cti11 i t  hereaft,er the 
effieie,ti.cy nnglr. If, u p l i  
nieasuriiig the aiigle lietawen the clirect,ioii of the wire aiid the 
kitme, i t  were found to l:)e 7 5 O ,  for esiiniple, then the efficiency 
of the kite would he given Iiy the ratio of this angle t.o 90@, 

Effcirncy = 75 + 90 = S34 per cent. 

This nieasurenimt relates fipecifically to the p ~ i t i o t i .  t,he 
kite takes in the air, ani1 does not ileal with tlie pu11 o f  t,he 
kito. IVc iiiigh t, t,liurefore, inore specifically call the above 
defined efficiency the position <ffj~.ic./icy. The pull is a fact,or 
wholly independent of the posi t ion when we consider sim- 
ply the mechanics of a kite, and i t  is well to keep these factors 
separate in estimating the merits of kites. 

The different positions that  kites of different efficiencies a@- 
siime when flying from a string which is eiblier so light or RO 

short that i t  d ~ e s  not sag to rtli appreciable extent is shown in 
Fig. 65. A B represent,s the midrib or longitudinal axis of a 
kite ; and the string is suppoeed to make an angle of 75O there- 
with, corresponding to a position efficiency of 83+ per cent. 
Theangle of inciclence of the horizoiit,al wind with the kite is 
supposed to be 20°. In  such a case the a,ngular elevation of 
the kite will be 5 5 O .  If, however, the kite were perfect, in 
which case the efficiency angle would be 90°, the position t.he 
kite would then take is shown a t  A‘ E’, and its angular eleva- 
tion would be YOo instead of 55O, the kite still retaining the 
same angle of incidence of SOo. It might be a,rgued that 
by changing tlie angle of incidence of the kite A B by the 
proper amount without changing its efficiency i t  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 position 
efficiency of kites applies strictly only to plane surface kites, 
and t,hroughout all preceding discussions where efficiency 
angles have been measured in reference to a midrib or longi- 
tudinal axis of the kite i t  has been a,ssumed, ae was generally 
the case in the Weather Bureau kites, that  the apparent cr.ngZr 
of incidence was also the f r u e  ungle of iiwidence.’ If this is 
not a t  least approximately so in a given kite, or if, as in a 
trapezoidal kite, the sustaining surfaces are a t  diflerent 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 

It is the angle A 0 R in Fig. 65. 

, t,liat,is- 

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 1111- 
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 0 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 nest the kite and the surface8,or tlie chord of the arc; 
that  is, we have no certain value for the denominator of the 
efficiency fraction. Some observations show that the angle 
ought to be greater than 90° in the ideal case, hut just how 
much greater ‘is not known. This is a matter which is a t  
1mwmt of minor importaace. I n  fact, this angle undoubtedly 
varies with every modification of the curvature of the arch, 
and possihly with changes in the angle of incidence. While, 
therefore, we may not tie alile to arrive a t  a mathematically 
correct numerical value of the cf icicizcy ratio in the case of 
arched surfaces, we still have in the qfficiciicy angle alone a 
wholly satisfactory basis for numerically rating the merit of 
any kite, whether with flat or u i th  arched surfaces. The 
most efficimt 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 
~urfaces. The foregoing reiuarks refer to the posiitinn cficianey 
of kites. Let 11s confiider briefly the pulling power of kites. 

Pitll.-In comparing the pulls of different kites, the coni- 
parifion must, of course, he n ~ a d e  always for the same condi- 
tions ; that iR, for the same velocity of the wind, the same 
:ingle 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 Imsis, such 11s already 
explained in the REVIEW for June, page 201. The following 
appear to I J ~  the principal causes why one kite should pull 
niure than another under otherwise similar conditions : Arch- 
ing the surfaces of the kites, as we have already explained, niay 
increase the pull very greatly. I n  kites of the cellular type 
the shelteriiig 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 
atid bottom extremities of such kites as the Malay, and the 
pull may he less in consequence. 

Ejiiciency-h oil, detfri,iiizfcl.-Having defined the mechanical 
significance of the efficiency of kites, the next point is how 
shall the necessary measures be made in order to computs 
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 toconstruct B small recording 
instrunlent 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 
be deduced. Since the angles between the bridle and the kite 
may always be known, t h e  record mentioned would suffice 
completely to give the desired efficiency angle. This sort of 
an instrumei!t could be combined with a small 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 ki te  indicator, since it would give the principal ele- 
ments required in working out the efficiency of kites and the 
action of the forces thereon. It was not considered advisable 
to attempt to introduce such an instrument for recording the 
elenien ts mentioned, a1 though the matter received serious 
consideration, and the dynamograph portion of the instrument 
for recoding the pull of the line, either a t  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 341. 

Incidence scale.-In the absence of the instrunient,s required 
for ma,king the above described automatic record of the effi- 
ciency angle, another method was devised for nieasuring by 
eye observatione, not only this angle, but the angle of inci- 
dence of the kit,e and, simult.aneously, its angular elevation. 
This method is best exphined in connection wit,h a kite with 
rectangular cells. By aid of a stencil made from a sheet of 
oil-board paper a series of gradnation lines 1 inch apart are 
boldly marked in black upon t,he white clot8h 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 broad, 
and each fifth line is about 2 inches longer a t  each end than 
the intermediate lines, which me about 4 inches long. 

The zero line of the scale is a t  the front edge of the cell. 
Figures need not be applied to any of the lines, as t,lie group- 
ing in fives renders the reading of the scale sufficiently easy 
and certain.' The sca,le, for convenience, iuay 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 part only of the incidence scale is visible, 
the remainder being concealed behind the lower surface of 
the cell. At a distance of a few hundred feet the numher of 
divisions of the scale exposed to view c,an be read wit,h t,he 
unassisted eye, but in our regular experiments d sinnll 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'^ tripod. Easy 
motion in both altitude a d  azimuth was provided, and in 
t,he absence of a regular vertical circle an accurately divided 
draughtsnian's protractor was arranged to give the angular ele- 
vation of the axis of the telescope. Assisted by tlie telescope, 
readings of the incidence scalee 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 t8he effect of the sag in the 
wire, which had to be taken into account in themanner here- 
after described, observations were nearly always made a t  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 angulm readings, when working a t  short range, pos- 
sess no significance. For the same reasons the estimates of 
the incidence scale were confined in general to half iiiches. 
To offset the coarseness of these measures observ a t' 1011s were 
repeated a t  intervals -of from 30 to 60 seconds, and ten or 
more readings made in each set from the inem of which the 
final deductions were made. 

The act of making au observation consist,s in bringing the 
kite in view in t.he telescope, and following its motions until 
a t  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 a t  this moment is the angular 
elevation of the kite, which is t,hus determined simultnneously 
with the scale reading. Fig. 67 shows the relation of the 
angles in question. The angle A a t  the kite ie  the observed 
angle of elevation ; i is the desired angle of incidence : the 
angle z is given by the equ a t '  Ion: 

S 
tan. z = - 

h 
in which h is obtained from the known height of the cell and 
8 is the reading of the incidence scale. 

Finally, i = 90° - ( A  + x). 
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 t,he sag in the wire. The dat,a for making the neces- 
eary allowance for the sag of tlie wire is obta.ined if ,  a t  the 
moment the scale reading is made with the telescope, an 
nssiet,ant observes the inclinat.ion of the wire a t  the reel. In  
R snhsec~ueiit section the mathemat~ical eqna t.ions of thecurve 
assumed by the kite wire will I J ~  discussed a t  length, and i t  
will be slio\vii that when the 6a.g in the wire a t  the reel is 
known the sag nest the kite can he found. For the present 
we will call these angles S' and S, and t,Iiey are so marked in 
Fig. 67. With the kite a t  a distance of 400 feet or more from 
the reel, lines of sight, such as R Vand R T", will be sensibly 
parallel, aIt,hough they are not so in the drawing, owing to 
the exxggerated size of the kite. In  practice, observations 
are made only when the sag in the wire is slight, in which 
case the angles 5' and 8' are nearly equal to each other. Owing 
to the peculiar character of t,he curve assumed by the wire, 
t,he angle 8 will be smaller than 5'' as a rule. The efficiency 
angle, including the ~ a g ,  is 

A + i + S .  
In.cbi,ii.ation of wire at red-As stat,ed above, the sag of the 

wire is obtained from a nieasnrement of the inclination of 
the wire a.t the reel. This was measured by niea,ns of a yro- 
tractor, arranged to hang over the wire with its diameter par- 
allel thereto, and provided with a light hand or index pivoted 
a t  the center of the arc and always assuming a vertical direc- 
tion, thus serving to indicate on t,he graduated arc the angle 
of inclination of the wire. This angle subtracted from the 
angular elevation of the kit,e. mea,sured from a point care- 
fully chosen just a t  one side of the reel, gives t,he angle 5". In  
strong winds the position of the index of the protractor was 
somotiines affected, and i t  wa,s necessary to weight the index 
with a small plumb-bob. Finally, the whole protractor was 
inclosed in a ghss  case. 

P.robublt- errors.-By means of the telescope and incidence 
scale siniultaneons observations of t,he 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 positmion of the kite. 
Observations must be made quickly and a t  favorable mo- 
ments. The mea,snrenient 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 mistdke, 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 
as 3O.  Repeated observations of the same kite on different 
days have been so consistent with ea,ch other t,hat it is be- 
lieved t8he errors are actually less than those just described. 
If a satisfactory rnea.sure is not ohtained in the manner de- 
scribed i t  is necessary simply to move the telescope back from 
the reel a short distance, so as to obtain such an  angle of 
view as T T, Fig. 67, resulting in more accurate measures. 
If efficiency tests are to be made a t  the same time, then an 
additional measurement of the angular elevation of the kite 
from a point near to and a t  one side of the reel will also be 
required. 

General renmrks on qficiewy.-The manner we have chosen 
for deducing the efficiency of a kite is such t.hat 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, e+. To include the effect of the 
weight with that  of tlie 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- 
s i p d  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 eficieiiey.-On page 203 of the June REVIEW the 
modifications produced in the direction of the string next the 
kite, due to the weight of tht? 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 
ch&nge in the efficiency angle, which is the angle A 0 H, 
A 0 H', A 0 H", etc., Fig. 63.' From a consideration of these 
points we see that  owing to effects arising from its own 
weight the efficiency of a bite in light wincls is less than in 
heavy winds. I n  Fig. 63 i t  was assumed that the direction 
of the resultant pressures 0 Q, 0 Q', 0 &", etc., corresponding 
to increasing wind forces, remained always a t  the same angle 
with the kite surface. This will be the case when the influ- 
ences due to edge pressures, waviness, eddies, etc., 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 i t  is probable that  the detrimental 
effects of eddies and fluttering are proportionally greater 
a t  high than a t  low velocities. It may, therefore, happen 
that a kite seriously defective in respect to these last-nien- 
tioned imperfections would, with moderate wind forces, show 
increasing efficiency up to a certain point, but that  in still 
dronger winds the efficiency would actually become less. In  
other words, the strong w i n d  would seem to  blow the Rite down.  
Such an instance has not come within niy own observation, 
but its probability is easily seen from a physical standpoint. 

Incidewe and eflcioicy.-The pressure of the wind upon the 
kite may be feeble, not alone becauseof light wind velocities, 
but also by reason of the kite flying a t  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. 

Bscendiiig air  curre?ats.-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 d descend- 
ing or ascending as well as a horizontal motion. Under these 
circumstances the actrlal 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 observer will 
not be misled into believing, as some have, that  the phe- 
nomenal behavior of a kite under such influences is due to 
some 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 assunies an 
angle of incidence of, say 1 5 O ,  then in an ascending current 
flowing in a direction inclined upwardly at an angle of loo 
the same kite would seem to assume an  angle of incidence of 
only 5 O  and would soar to  a point near the zenith, although 
still flying at an angle of incidence of 1 6 O .  

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

Fig. 63 will be found in the WEATHER 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 
so long as it is not modified in any way or the wind force is 
not too feeble. Since, as we have just eeen, the incidence and 
efficiency angles of a kite must be constant with given condi- 
tions, it necessarily results that  the. angular elevation will 
also be constant. When, therefore, we have fully e$ablished 
the constants of a given kite by careful measuren~ents under 
normal conditions of longitudinal air motion, the behavior 
of the kite under abnormal 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, i t  thus seems possible to measure, with 
st fair approximation, the upward inclination of movements 
of masses of air otherwiAe quite inaccessible. 

C'aiises of m o l l  cfficicncy.--We have found that when the 
w i d  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 favorahle conditions show that  efficiencies of 90 per 
cent and over may be attained. When, therefore, we find, 
under favorable conditions of wind, snialler efficiencies than 
this, we know a t  once 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 1 5 O  is probably as small as can be employed 
with advantage, a t  least with flat surface kites. I n  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 he, 
as i t  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 a d  apply them in general to kites of 
their own, so that  some idea can he had of the real duty that 
a given kite has performed. 

G E N E R A L  OB5ERVATIONS OF KITES. 

While the measurenients 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 
ascertain all the facts we wish to know concerning the be- 
havior of the kite. Among these the following are discussed : 

Mensurenicnt 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 ponnds, and when 
the tension on the wire was greater than this limit a pur- 
chase (in the mechanical sense) was obtained hy 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 answom for a maxi- 
mum strain of 100 pounds. 

Dy?tnmogmph .-Fig. 58 represents a small dynamograph 
clevised to give an automatic record of the tension of the wire. 
The clock is one of the very small, inexpensive house clocks 
OII 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 A A,  with 
the result that  the whole cylinder containing the clock re- 
volves a t  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 poiinds 
compresses the spring about one-sixth of an inch. This 1110- 
tion is magnifiecl and recorded with precision Ijy the pen in 
a manner readily uncleptood from the figure. The ilynamo- 
graph in its original form was designed for use with small 
kites with pulls of not to exceed 35 poiind6, whereas experi- 
ments were actually made requiring a greater range of scale. 
The necessary modifications in the dyii:~mvgraph to adapt i t  
to larger scales were not, however, made until after July 1. 

Meastiremen t s  of wi7i I! vcZocity.-No direct measurenient of 
the wind velocity was made during the kite experiments es- 
cept the continuous records made a t  the Weather Bureau. 
These records answered every purpose so far as the general 
experinienta were concernpd, bnt a rnuch more specific and 
local measurement is greatly needed in order to formulate the 
laws connecting the pressures per unit area with tlie angles of 
incidence, velocity of wind, perviousness of cloth, character of 
kite, etc. A sniall hnemonieter 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 a t  their true momentary velocities are 
fully recorded by i t  niid nionientary velocities for very brief 
periods have been deduced with the same accuracy as is at- 
tained in ordinary velocity nieasuremen ts. This instrument 
was, however, not available for use until after Jnly and its 
further description is reserved to accompany the publication 
of results we hope to attain by its use. 

Ilfeasureiwnta of angular clec~ztion.-The manner of mensm- 
ing the angular elevations of kites by aid of the telescope, as 
descrihed in the section on efficiency, is not the most conven- 
ient when nothing but tlie angular elevation is needed nor 
is its accuracy all that  can be desired in the case of lofty 
ascensions. Two other niethods have therefore been eni- 
ployed. 

Nephosrop.--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 monientarily and a t  perfectly equal intervals 
of time. The best results are secured if the instrument em- 
ployed adniits of being read or a t  least set a t  a precise inbtaiit 
of time. This is the case with the nephoscope employed by 
the Weather Bureau for observing the positions nncl niotions 
of clouds. It is shown in the illustration below ani1 was cle- 
scribed a t  length in the WEATHER REVIEW for January, p. I). 

I t s  ninnipulation i e  so simple that  scarcely more than one 
second is required for ascertaining the angular elevation of a 
kite. The nephoscope is mounted upon n firm table or snp- 
port near the reel and tlie mirror Mcarefully 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 siqht- 
ing knob .T on the staff A's& so that  the knob is also seen 
reflected at the center of the mirror. This setting can be 
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 niade at  esact intervals of thirty seconds 
for a period of five to ten minutes. The average of ten or 
twenty readings of this sort may be consi$ered 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- 

,rement of angular elevation under most circumstances. In  
he case of lofty ascensions, however, the kite appears very 
iny and is sometimes difficult to see. In  order to meaqpre 
he angular elevation accurately under such circumstances a 
extant fitted with a low-power glass has been employed. A 
niall plate-glass mirror about 12 inches square, mounted on 
hree leveliug screws, was used in place of the ordinary arti- 
cia1 horizon of mercury. The accuracy of this method of 
ieasuring tlie angulnr elevation is really more than demanded. 
t was not necessary to read the vernier of the graduated scale 
t all, as sufficient accuracy was attained by eye estimation of 
he minutes of the scale. By the optical principles involved 
i the use of tlie sextant with an artificial horizon the actual 
cale-reading gives double the angular elevation. At great 
eights the apparent position of a kite varies but little, nerer- 
heless our practice has been to read angles a t  comparatively 
hort intervals, so that a fair average position may be attained. 

Marvin's Improved Nephoscope. 

CaZcdntio)i 0.f hei!yl~t.-JYlien the sag in the wire is disre- 
arded the altitude of tlie kite is given by the equation : 

H = 1' sin. A .  
When r is the length of wire out and A is the angular ele- 

ation of thekite. This assumes that the length of a straight 
ne from tlie reel to the kite is the same as the length of the 
ire itself, which of course can not be true. If, however, the 
i g  in the wire is not over YOo a t  the reel, then roughly the 
traight line will be only about 3 per cent shorter than the 
.ire. For a sag of SOo the difference will he about 4 per cent. 
'he height, computed by the equation given above, should 
lien be cliuiinished by the proper percentage allowance for sag. 
tesults obtained in this way will be quite as accurate as by 
iore complicated methods of deducing the height by trian- 
illation or hy records of air pressure obtained from baro- 
raphs attached to the kites. Other accurate methods of 
oniputing the height wil l  he given in a subsequent section 
n the properties of the catenary, including the case of invisi- 
le kites. 

RESOLUTION O F  FORCEh. 

When the efficiency angle and pull are known for a given 
ite, also tlie briclle adjustment, we have the data for con- 
triicting a complete clingrani of the actual forces acting on 
he kite. By way of illustrating more in detail how the ana- 
?tical observations on kites have been conducted in tlie 
Veather Bureau investigations, and to show how the diagram 
€ forces is constructed and the resolution of forces carried 
ut  in an actual case, the following observations from our 
eld notebook are given : 
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Time. 
P. M. 

h .  n b  8 .  
3 51 Wf 
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pull. Inclination 
of wire. 

__________ 
Pminda. 0 

16 42.0 
14 41 5 
10 46.0 
8 j.2.0 

16 41.0 
1F 44.0 

16 41.0 
10 47.0 
8 39.0 

8 10. o 

12.1 1 $2.45 
~~ 
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Tee% of kii2 No. 30, May 19,1896 (see Tabla VI, Rewiew for June, p .  201). 
[Bridle adjusted as shown in Fig. 69; observations made wit.h700 feet of wire out.] 

~ 

Time. 
p.m. 

h. 911. 8. 
2 4 15 
2 8 2 0  
2 9 2 0  
2 10 45 
2 11 30 
2 13 00 
2 13 50 
2 14 90 
2 16 20 

2 LW 00 
2 21 20 

Means.. . 

2 ia 20 

.......... 

- 

Pull. 

Pbrold8 
20 
20 
25 

20 
20 
21 
24 
1 6  
15 
14 
10 
34 

4 -  

17.8 

~~ ~ 

4.21 1 54.8 

Elevation 
of kite. 

~ _ _ _  
0 

Go. 5 
57.5 
60.0 
61.0 
57.0 
58.0 
57.5 
60.5 
59.0 
59.5 
56.5 
55.0 
55.0 

5s. 0 

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

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

4.21 
30 tan. 2 = __ = 0.2105 whence z = 1 1 . 9 O .  

Hence, the incidence = 90° - (5S.Oo + 1 1 . 9 O )  = %).lo. 
Sag of wire a t  reel = 5S.W - 64.So = 3 . 2 O  = 8'. 
When the sag of tlie wire is small, as in this case, a close 

approxiniation to the sag a t  the kitr, that, is, the angle S 
is given by taking S = 81 % of S', therefore X = 2 . 6 O .  

Hence, the efficiency angle = 58.0° + 20.1@ + 2.8O = SO.io. 
so.7 
9U Whence the efficiency = - ~ = 909,. 

This kite was olisrrvrcl later on the saiiie day both l ~ y  the 
The telcscope and nephoscope with 2,000 feet of wire out. 

reac1i:igs are give11 below. 

0 
ar, 
45 
46 
46 
50 
50 
48 
45 
44 
47 

0 
.n. 5 

5'2.5 
51.5 
53.0 

Means .... I 20.01 5.0 1 45.6 I 53.75 
~~ 

Time of only first and la8t observst,ions noted. 

From these observations 2' = 14.0° ; incideuce = 22.3O ; S' = 
sag at reel = 8 . 2 O  ; S = 6 . 6 O  ; efficiency angle = S2.(j0 ; e a -  
ciency = 92%). 

From observations with the nephoscope the following 
results mere ohtained-2,OOO feet of wire out:  

Elevation 
of kite. 

~. 

0 

51.60 

If we hssiiine, 8s we are justified in doing, that  the average 
incidence of the kite was the same as actually ohserved in 
the observations made a few moments before we ahall have, 
ixxidence aseniiiecl to he 2'3.3O, sa.g in wire a t  reel, S' = 10.2O ; 
R = approximately 8.l0 ; eficieiicy angle = 82.9O ; whence the 
e$ciency = !Xi!';/. . 

We have given above three separate sets of observations. 
The amount of va.riat,iou in the eficiency angle that may be 
looked for under siicli conditions is shown in the three values, 

The pull on the mire was nieasnred at. the reel where i t  is 
less than the tension a t  the kit,e. The difference hetween the 
two mill clepencl tipon the relative inclination of the wire a t  
kite nncl reel. The matheniat~ical relation between t.he ten- 
sions a t  difierent points 011 the kite wire ches uot coiicern us 
a t  the present. iiionieut and is reserved for t,reatiiient i n  a sub- 
sqiien t. sect.ion. 

Dii/grct7,2 of' forcix-Fig. 70 shows t,he actiial diagram of 
forces correspoiiding to the resnlt,s oht.a.iiiec1 froiii the first set 
of (.)hservations. Tile center of gravit.y of the I;it,e is at the 
center of figure as a t  !I. Pn.ssing a line t,lirough F so as to 
int,ersect the axis of the kit,e at8 the efficiency angle, viz, 80.'io, 
we have the line L F 0 R which is tlie action line of the 
resultant of all the forces a t  t,he k i k .  To resolve this total 
resultant force into it,s components we draw a vertical line, 
y 0, through t,he center of gravity of t,he kibe mid lay off 
thereon from 0 dowumard the line 0 G, repremit,ing on a 
convenient scale t.he weight of t,he liit,e=3.59 poiinds. From 
propexties of the catena.ry i t  can he shown that mheu the ten- 
sioii of the mire a t  tlie reel is 17.8 pounds as ohserved in t.he 
preseut case t,he t,ension i t  t,he kite nuder t,he ohserved con- 
ditions will he 21.1 pounds. This force is represented I:ly t,he 
line 0 R drawn to the saiiie scale as  0 G. C!omplet,ing the 
pa,rallelogra,m of which 0 R and 0 0 are the diagonal and 
one side, respectively, we have t,he line 0 Q which reprtwmts 
the total rc?sult,aut of all tlie wind premires upon the kite. 
By nieasurement we find this resiilt,ant to be 44.4 pnnnds 
and l y  prolonging it.s action line downward we find that i t  
intersects the kit,e a.t an angle of 8 5 . 1 O .  

We wish now, from this diagram, to  arrive at mine idea as 
to the relstive int,ensity of t,he mind pressnre npon the front 
and rear cell8 of the kite. The front cell is freely expo~ed to 
t,he wind, while the rear cell is in soiiie degree sheltered, and 
we  may reasonably expect to find the pressures 011 the I:it,ter 
cleficient. When we wish t,o represent Ily a single force the 
comhinecl efl'ect of tlie mind pressures iipoii both the upper 
and lnwer surfmes of a cell, the principles of iiiechanics lead 
US to locate tlie point of action of t,ha.t single force inidmay 
I)et,ween t,he surfaces, provided the upper and lower pressures 
are eqiial. If t,hey are iinec~~ia~l, then the point of action niiist 
he l~rol)ort,ioiia.tely nearer the greater force. 

Now, i n  siicli a kit,e as  t,hat. uiider consideratinn t,lie upper 
and l o w r  snrfaces are separated hy a dist.ance a. 1itt.le grmter 
tliaii t,heir midth. 111 such a caw it  is helieved t,he upper 
surface a t  ordinary wind velocities can not he sheltered to 
any lnrge extent by the loner surface, and t h n t  the pressures 
on t,he two surfaces are ~ w s i l ~ l y  equal, at  lea.st in SO far ne 
concerns the interference of one surface with the other. 
Nevertheless, in t,he case of the rear cell i t  is quit,e p rohb le  
that the exposure of a t  le& t,he upper surface is fa.r from 
unohstructecl, and tlie pressure of the wincl upon the lower 
surface also may tie slightly deficient by reasou of the prox- 
imity of the frout cell. Therefore, it is probable that the 
1mint.e of action of siugle forces represei~tiiig the combined 
preasnrrs upon t,he upper arid lower surfaces of the cell can 
not with accuracy he placed miclwa,y het>ween the surfaces ; 
lrut CJW present, purposes do not require that these poiuts be 
locnt,ed with great accuracy. It. can be shown t1ia.t little or 
no sensihle error mill he produced in the resu1t.s we seek if we 

80.70, 82.60, and 92.90. 
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assume, as 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 C in 
Fig. 70. 

Returning now to the resolution of the forces, we found 
from the diagram that the line 0 Q represented the total wind 
pressure upon the kite. This force is made up of the pres- 
sures upoii the individual cells, and we have just found that  
the points of action of the pressures upon the iiidividual cells 
may be assumed to fall upon the line C 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 a t  the intersection of the 
lines 0 Q prolonged, and C C ;  that is, a t  O', and the total 
resultant is completely represented by the line 0' Q. 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 preseure 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 tlie 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 C of Fig. 70, and the force 
0' Q'. Before we can divide the force 0' Q into the two parts 
representing the wind pressures upon the front and rear cells, 
respectively, we niust 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 formu1:t. 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 formnla d= 
E (0.2 + 0.3 sin. i). Applied to the present case, 1 is the width 
of the cloth bands in the kite under conr-ideration, and i 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 a t  P and P'. Through the 
points thus found we draw the lines P N and P' N parallel 
to 0' Q' and proportional to the lines 0' P' and 0' P respect- 
ively. According to the well known principle of the lever, 
two forces represented hy the lines P N and P' N will be ex- 
actly equivalent to the single force 0 &', and vice versa. 
That  is to say, if 0' Q 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 assunie 
that  the action of the wind upon the forward cell is uiiim- 
peded and acts sensibly with the maxinium effect, then the 
rear cell experiences only 31 per cent as much pressure as the 
front cell. I n  other words, the efficiency of the rear cell is 
only 31 per cent. These results depend in a manner upon an 
assumed position of the center of pressure within the cells. 
But  any other logical assuniption that one may desire to  
make coucerning 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 i t  is placed at 
the extreme front edge of the cell, which would be ahsurd. 
there would still be some Gisparity. 

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 nieanE 
of analysis. It has been the aim in the Weather Bureau in- 

restigations to exhaustively analyze the action of kites in the 
iianner putlined ahove and thereby arrive a t  thebest possi- 
d e  forms and proportions. With the limited time and means 
Lvailable for constructing kites and for preparing the appar- 
ttus and accessories required in niakiiig the observation, only 
mrtial solutions have thus far been reached, although the 
most gratifying improvenients upon the original forms have 
? v ~ n  thus been effected. The line of study and esperinient 
iescrihed above is bptter calculated to lead to iipprovements 
11 kite flying than the simple flying of kites to just as great 
?levations as they can attain carrying n;eteorological instrn- 
iients with them a t  the same time, so as to obtain atmos- 
lheric records. It is inipossihle by this latter method to 
malyze tlie action of the kite or to discover any except the 
nost tangible and conspicuous iniperfections. All the finer 
btnils leading to the developnient of the best forins and pro- 
,ortiom of kites must always reniaiii beyond the grasp of 
iuch experiments. Table IS contains the results of the efi-  
:iency tests made upon kites up to July 1, 1896. 

TABLE IX.-Reaults qf eJkiericy testa. 

1896. 
March 26.. . 
bpril S..... 
Hay 11 ..... 
May11 ...... 
May15 ..... 
May15 ..... 
April 2%. . ! 1 
April 21. .... 
April 21. .. . . 
April 22. .. . . 
April 30..... 
May 11 ...... 
Juue l l . . .  .. 
Junell .  .... 
May 11 . . . { 
April %..... 
Juue 11.. . . . 
Juue 11. .... 
Juue l l . . .  .. 
May 19.. . . I I 

22 
24 
%I 
24 
24 
24 
23 3 
8 
8 
2.3 
2a 
2.3 
28 
23 
19 
19 
29 
!a 
33 
35 
3ti 
36 
36 
- 

Three plaues. 10 .... do ......... 10 .... do ......... 4 .... do ......... 10 ... do ......... 5 .... do ..... .... 10 
Two planes.. 6 .... do. .. .. .... 10 
Trapezoid.. . . E .... do .... ..... 10 .... do ......... 5 .... do. .... .... 9 .... do ..... .... IO .... do ......... 10 .... d o .  ... . .... 10 
Reat. struts.. 14 .... do. .... .... 10 
Trapezoid.. . . 10 .... d o . .  . . . . . . . 
Rect. struts.. lo 
Trapezoid ... 4 
Rectangle.. . . 12 .... do ..... .... 10 .... do ..... .... 10 

*The kites in this table 
iqg kites in Table VI. 

- 

: G  

ki% 
a$ 

2s 
W *  

si=! 

4 

# 

- 
d 

5$6 

56.1 
57.6 
59.0 
61.0 
55.3 
59.1 
56. I) 
49.6 
57.7 
53.4 
56.4 
4s. 2 
50.5 
46.6 w. 9 
45.0 
53.5 
48. 
4fi. 1 
58.0 
53.8 
52.6 

4 i .a  

- 
have the same numbers. 

Inclinat'n 
of wire. 

~ - 
2 

0' 

31.9 
53.8 
54.0 
55.6 
57.1 
51.1 
54.9 
53.7 
44. 8 
55.0 
48.9 
54.5 
45.3 
47.2 
41.9 
.la. 5 
36.7 
50.0 
44.0 
4). 0 
54.8 
45.6 
42, 4 

2 

$1 

~ 

- 
i c a 
2 - 
t) 

5t? 2 
48.8 
58.4 
eo. 5 
61.6 

5 8 . 4  
62.5 
58.3 
5-3.5 
60.4 
57. 1 
58.8 
50.5 
53.2 
50.5 
58.3 
51.7 
58.3 
v3.7 
sJ.4 
60.6 
t;o. 0 
60.2 

64.: 

- 

- 
Y 

rd 

w .  O W  
I2 c 

B - 
- 
i 
0 

21.0 
25.6 
23.8 
23.8 
15.8 
16.0 
23.9 
21.4 
16.3 
17.6 
17.8 
14.9 
15.6 
1Y.O 
15.1 
li. 9 
17. Y 
18.3 
15.5 
29.8 
14.7 
20.1 
22.2 
0, 0 
I. - 
- 

respect.ively, 

- 
a 

oi 
PI 

.- Ba 
i 

~ 

D 
77.2 
74.4 
82.2 
84.3 
77. 4 
80.2 
8'2.8 
83.9 
74.6 

t8.2 
72.0 
73.9 
69.5 
69.3 

70.0 
71.8 
75.5 
68.1 
80.7 
f32.2 
83.4 

0 

p . 1  

!?. cb.- ! 

- 

- 

- - 
IZ - 
1 
m .... .... 

26 
R 
12 
15 .... .... .... .... .... .... 
2; 
28.2 
E, 9 
8.6 
8.4 

31.1 
10.7 
3 

17. 8 
20.0 
12.2 

.... 

- 
as the correspond- 

Bride adjustmcnt.-The adjustment of the bridle of the 
kite is not a niatter of so much mystery and importance as 
is often supposed to be the case. It will be found, if proper 
esperinieuts are made, that very much the same results can 
lie obtained by tlie greatest variety of bridle arrangements, 
or e ~ ~ n  by discarding the bridle nltogether. I n  the case of 
tlie kite shown in Fig. SO, exactly the same results would 
have been ohtaiued if the bridle had been discarded and the 
wire attached directly to the kite frame a t  the point S. This, 
a t  least would be the case if there were no fluctuations in the 
wind, and its force and character hac1 corresponded to the 
average of tlie observed variable wind. Likewise any one of 
ninny other fornis of bridles, such as suggested by the several 
dotted lines in the diagram, might have been employed. The 
only condition which each of these arrangements niust satisfiy 
is that  the point of attachment of the wire must fall upon 
the line L 0. 

Rtendincss iit positio)) .-We have said there would be no dif- 
ferences arising froni tlie use of any of the several arrange- 
ments of bridles suggested, provided there were no fuctnn- 
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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Fwt. 
hP6 

2,02i  
2-33 
2.854 
2,120 
1,419 

2,156 
2,331 
J , W ~  
3.247 
3 ,6a  

would still be much the same. The complete analysis of thia 
element of the kite problem is comparatively complex and a 
few important points only will be brought out here. 

I n  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, a t  least, 
to permit the kite to assume a new position of equilibiuni. 
These variations may be divided into two groups : ( a )  varia- 
tions of direction, ( b )  variations of force. In treating of the 
variations under ( a  ). 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 an up 
and down sense. The motions of considerable masses of air 
may he either upwardly or downwardly inclined as well as 
horizon tal. 

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 shift from side to side. 
So long as 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. . 

Vpiations of force and direction.-Variations of either force 
or direction of motion, i f  inclined upward or downward, teiid 
to cause the kite to rise or fall. If the variation is only of 
the inclination of the direction of motion of the wind,  the^ 
the new position of equilibrium for the kite flying on a short 
and straight string will differ from the old by an nngular 
amount (if measured from the reel) sensibly equal to the 
change in the inclination of the wind's motion. These an- 
gular changes would he exactly equal i f  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, theii the bridle adjuet- 
ment may have much to do with the anioiint by which the 
kite will change its position. When the force of the wind is 
considerable, variations of the force will cause bot 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 resid ts 
depending upon the bridle. When the bridle is short, that is, 
when the point of attachment of the main linn 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 ap t  to result in large changes in angular 
elevation of the kite. when the force of the wind fans off 
greatly. With short bridles, the angle of incidence of the 
kite tends to be 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 bridle 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 

Singlediamond kite No.5; %square feet 
surface: wind favorable at first, hut 
gradually died out; pull from 90 to 24 
pouuds. 

Taudem of No 9 16 8 square feet. 200 
feet below ~ b .  i d  i% square feet! 200 
feet still lower i o .  5 %square leet. 
fair wind; total surfice, 57.0 squad 
feet. 

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 
$veri case can be fully established. As yet these studies 
ha17e not been sufficiently advanced to justify more detailed 
gtatements than given above. 

With a given form of bridle (preferahly one in which neither 
3f the angles nest  to the kite is a right angle), the angle of 
ncidence of the kite will be made x'/rinllcr if the point of at- 
Lachmeiit of the main line be shifted toward the .forward end 
If the kite, aiid vire z7er.w. 

Lo-fty asc.msions.--The favorable conditions of wind have 
3een generally employed for the p r p o s e  of conducting those 
tualytical Ntudieg of kite behavior which we believe to be the 
inost helpful in developing the ki te ;  'yet efforts have been 
nade, from time to time, to reach great elevations, either with 
t single kite or n tandem of two or more. Opportunities with 
'avorable winds are, however, infrequent i n  Washington. De- 
,ailed observations of a few of the more successful high ascen- 
lions will give an idea as to what kites of the kind employed 
nay be expected to do. These results are grouped in Table S. 

TABLE X-Detaiia of qieckd nneensions. 

803 
715 

1,749 
1, $14 
1,677 
1,6W 
1,705 
1,65H 
1,638 
1.638 
1.C28 
1,653 
2,769 
2,918 
2, E53 
%si6 
2, 8Ed 

2,896 
2, w 
2,749 
2,608 
2, 696 
2, w2 
3,112 
3,175 
3,197 
3, m 
3,252 
3,2W 

2 E 

Date. 

The first and second observations are 
the means of teu readings made upon 
trapezoidal kite No. 2%. 43.1 square 
feet of surface; the inbidence was 
14.93: 700 feet from the first a second 
trapezoid No. B 96.7squarefeet was 
attached ;n 150 &et of line; totai sur- 
face, 79.8 square feet. The wind was 
not very favorable durin theae ex- 
perimeuts and i t  was w i d  difficulty 
the second kite was started. 

1896. 
ran .5  

Peb.10 

Uar.2f 

Ppr.30 

- 

Time. 

- 
1. 111. 8 .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
, . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .... .. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... 
P.M. 

1 29 30 
136  15 
3 15 00 

15 30 
16 00 
I6 30 
1: 00 
17 30 
10 00 
10 30 
19 00 
19 30 

2 42 30 
44 10 
44 45 
45 
45 50 
48 35 

47 10 
49 21 
49 50 
6048 
51 30 
92 20 

3 00 45 
3 5  
9 45 
4 2 0  
5 10 
5 8  

. . . . . . . 

0 1  

43 &I 
35 :%I 
28 '47 
% 45 
W 15 
3838 

M "  
39 45 
34 10 
2955  

52 36 
36 15 
3400 
41 32 
43 10 
.12 35 
3330 
30 40 
SO 15 
3040 
91 35 
%I8 
5 6 5  
36 45 
33 50 
%a0 
3440 

53 24 
45 42 
61 ... 
511 .. 
57 ... 
5: 30 
5830 
%... 
55 ... 
55... 
5430 
56.. . 
43 48 
46 50 
4534 
45 59 
45 48 
46 5 
46 47 
46 23 
45 21 
48 25 
40 41 
42 29 
45 5 
3930 

39 45 
40 5 
402.4 
41 8 

37 A 

39 26 

LI 
Or; 

3 +l 

a l *  
f i m  
1 .c 

01 

g e  

Z F  
H 

~ 

0 1  

36 
I7 ...... ...... ...... ...... 
..... ...... ...... ...... ...... 
...... ...... ...... ...... ...... ...... ...... ...... ..... ..... ...... 
,.-.. 

...... .... . 
I . . . . .  ...... 
4854 

...... ..... 
52 ... 
52 3: 
50. .  . w... 
50.. . 
49 ... 
.IS... 
30... 
31 ... 
32.. . 
so... 
91. .  . 
50 30 
830 
26 3c 
!21... 
w. . .  
21.. . 
31 3c 
31 X 
22 31 
B... 
22... 
25 ... 
%... 

...... 

Remarks. 

cw 
2,350 
2,223 
2, GI35 
2, 719 
2,6W 
3.317 
3,065 
3, o!! 
3,065 
3,148 
3,400 

3,346 

3,418 

2 E 
3,390 

The flrst reading is the mean of ten 
made for measnrlng the incidence of 
kite, = 21 00. These are the first inci- 
dence measurements made in the 
Weather Bureau experiments. Yin- 
gle kite; three-plane rectaomlar 
cells, No. 22, 30.4 square feet; wind 
very favorable; pull from 0 to I6 
pound8 with 3,975 feet out, and from 
20 to 26 pounds with 6,010 feet out 
showing considerable increase of vey 
locity with elevation; inclination of 
wire at reel not recorded, but ex- 
ceeded 100. 
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CI 
or: 

G d  

a: 
32. 
:a & 
;B 
U 

631 
~. 

0 I 
a6 ... 
XI.... 
21.... 
I..... 
17.. .. 
16 90 
16.... 
16 .... 
10 90 
10.. .. 
10.... 

....... ....... ....... ....... ...... 
...... ...... ....... ...... ....... ...... ....... ...... ....... ....... ....... ...... ....... ....... ....... ...... ....... ...... ...... ....... ....... ....... ....... 

Date. 

_ _ ~  
1.596. 

Mag B 

- 

E 
B 
ZG 

3 
82 

1 
___ 

<:et. 
" 

" 
" 

6,,? 
*' 
" 

" 

'* 

0,AM 

?.:. , , ,+tJ 

9,:19 

91.900 

TABLIE X.--Deiaile of mid asceneions.-Continued. 

h. m. a. 
6 3 5  
7 10 
8 5 
8 6 0  

1845 

90 5 
9045 

,2220 

2 8 4 0 0  
3490 
3500 

3630 
3750 

4490 
45 
40 
46 45 
49 

2 50 30 

3 1 0 0  

a 17 40 

19 90 

........ 

........ 
2 4 2 0  

........ ........ 

........ ........ 

........ ........ ....... ........ ........ ........ ........ ........ a 16 .... ........ ........ 

0 

4157 
41 25 
3990 
89 9 

3550 

30% 
3790 
98 12 
8 5 0  

4136 
4200 
4 2 5  
4520 
4410 
4416 

3915 
37 00 
37 20 
98 55 
43 15 
43 44 
4430 
45 34 

4 8 ,  
90m 
2 9 %  
2940 
9045 
3456 
37 65 
37 48 
45.. .  
4580 

4666 
4600 

88 40 

M as 

4946 

46 3! 

46. .. 

Feel. 
3,342 

3: 180 
3,167 
3,916 
3,512 
3,572 
3,010 
3,053 
3,710 
3,735 

4,268 
4.503 
4,310 
4.413 
4,4w 
4,487 
4,912 
4.578 
4,355 

4,958 
5, oou 
6, oi! 
5,104 
5.238 
6,387 
4,725 
4,=3 

5, m 
5, e65 
5,650 
0,384 
6,419 
G, 474 
0,655 
0,474 

am 

:: % 

:;E 

Remarks. 

l'andem of twokites. Threc-plane kite 
No. 24 38.4 square feet surPace; two 
thouskd feet lower down the trape- 
zoid No. 28 was attached 43.lsquare 
feet.' The hind was just ;bout right. 
The sky was partly overcast with 
clouds. nnd towards 3 p. m. it became 
a parent that  a thunderstorm was 
lilely to  come up. The electrical dis- 
charges from the wire were very 
shar and followed each other in 
r a p i t  succcsslon producing sparks 
an inch or more'lon . Means were 
not available a t  the &ne for measur- 
ing the pull, and the inclination of 
the wire could not be measured with 
the device usually employed, owlug 
to  the unpleasant effecta from the 
electrlc discharges.* 

*The oup of observations made wlth 9.ooO feet of wire out represent the height 
of the %h 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 eeek shelter. The kites continued to fly for sevaral 
minutes dnring the storm hut finally broke loose. The storm was one of the most 
violent that has ever be& known in Washin ton. and much damage was done 
throughout the city to  roofs of houses etc. fi  loft steel flagstaff a t  Fort Myer 
near the point a t  which the kites w e d  flown, was t e n t  over by the force of thd 
wind atanangleof about4Pat the point about50 feet above theground, whereit waa 
held b gnys The kites were both found the flame afternoon a t  a distance of 15 
miles 8,e east of the point from which they were flown. Neither kite had been 
damaged by the storm, and both are still in good conditlon. 

THE KITE LINE. 

Thus far in the study of the behavior of kites and in the 
analysis of the forceo acting thereon we have considered, with 
few exceptions, only the kite itself. We mow 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 t,hat 
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 a t  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, a t  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 a t  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 0.f thc wire next the kite 
remuins alzvuys ut exactly thc same i i i c l i n a t i o ~  The incli- 
nation is not only the same for all positions, but is the 
same as it originally w a ~  a t  R K , .  Changes of the wind force 
and other influences inay cause this inclination of the wire t o  
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 efTects have been brought about under the lim- 
itations imposed by the action of gravity and the wind upoii 
t he  wire. We have mentioned the wind equally with gravity 
as afiecting the wire. It is probable that with rnnderate wind 
forces the pressure upon wire, owing to its fiiienesa in propor- 
tion to its weight and strength, is a smaller and less im- 
portant force than gravity. 

By the aid of well-known matheniatical formulse we can 
determine in  the most coinplete and exact manuer all the 
efTects clue to the action of gravity on the wire. On the other 
hand, the effects of the coinhined action of wind and gravity 
are of a very complex character, are but little known and 
understood, and can be niathexnatically represented only in a 
most general aud imperfect nianner. 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 hllowancee 
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, but when the curve it as- 
sumes is formed on a large radius, as in kite flying, the 
wire niay be regarded as perfectly flexible and the curve a 
true catenary, escept 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. I n  the case of strings, the wind effect is more impor- 
tant, and, moreover, the extensible properties of the string 
prevent the actiial curve from being a true catenary. We 
make mention of Lhese disturbing influences, but do not 
attempt to give them further consideration. 

The catenary possesses many very remarkable and interest- 
ing properties that  have a more or less important bearing 
upon the a r t  of flying kites. I n  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 : 

y = 4 s =  + cp - c ( 1 )  
8* = yx + 2 y c 

x =  c nap. log. S + 4 -  

e 
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t = w ( e  + y) ( 5 )  
In  these equations the origin of coordinates is taken a t  

the point where the ciirve is horizontal; s is the length of the 
curve measured from the origin, c is a constant, His the angle 
of inclination of the curve with the horizontal a t  the upper end 
of a portion of length 8,  t is the tension a t  this upper end, 
m d  w is the weight per unit length of the material of which 
the catenary is formed. 

The curve has 
similar branches on either side of 0 I-, but we are generally 
concerned with only a portion of the curve on one side. If 
the wire is just horizontal a t  the reel, then the poeition of the 
reel will be represented by the point 0 in the diagrnm. If 
the wire a t  the reel is inclined upward, more or less, then the 
position of the reel will be represeuted on the diagram by 
some such point as R, a t  which point the curve is inclined at 
the same angle as  the wire at the reel. 

Tension.-The tension of the wire a t  the‘lowest point, that 
is a t  0, when the curve is horizontal is less than a t  any other 
point. The quantity c in the equation above is given by the 

expression c=&. That  is, c is the length of a piece of wire 

whoee weight equals to! the tension in the curve at the lowest 
point. Extend the line I’ 0 down to 0’, making 0 0 = e, 
and draw the horizontal line D D .  This line is known as the 
directrix of the catenary. We found above that c was the 
length of a piece of wire whose weight equaled the tension 
a t  the lowest point. Any other vertical line, such fisc’, drawn 
from a point p on the catenary to the directrix represents, in 
like manner, the tension a t  the point p .  

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

In  Fig. 73 let A 0 B represent a catenary. 

W 

‘t COB. N‘ 
t’ - cos. t4 

Jlctri .nrim height.-Let P represent the point a t  which the 
kite acts on the wire, and suppose that  the reel is a t  0, the 
kite%dl then be a t  its 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 invarin- 
ble. Let the iiiclination of the wire next the kite be repre- 
sented I)y the angle @, as indicated in Fig. 73 ; then, au seen 
from the reel, the kite will have the angular elevation P 0 S 
= rP. If s is the length of the wire up to the kite then the 
height of t,he kite will he, from equation (l),  

h = y = 4 s ’  + c* - c 

Replacing c in this equat,ion hy its value in terms of tan. tr, 
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 ternis 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 
gnes a t  the same angle 1), and that  when the same length 
of line is out the bottom end is just horizontal, then equation 

(7)  tells us that  all these kites will be a t  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 wil l  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 )  

(8) 

in which for the same values of s, 8, and h the tension is di- 
rectly proportional to w. 

consideration of a single kite a t  P, Fig. 73, @ is the angular 
elevation of the kite observed a t  the horizontal point of the 
curve and when the linear altitude of the kite is a maximum. 
From trigonometry we have 

Angular elevation at maximrcm height.-Returning to the . 

tan. = 2 x 
Substituting in this equation the value of y in equation 

(7) and x from equation (3),  eliminating c by means of 
equation (4), and reducing, we get 

(9)  
1 - cos. @ 

cos. H nap. log. (sec. 1) +tan. e . )  t an .@= 2, x 
The second member of this very interesting equation con- 

tains only the quantity @. The meaning of this is that when a 
kite has taken out all the line i t  can carry, or when the line a t  
the reel is horizontal, the kite’s angular elevation will be a 
rninimum,.and will depend entirely upon the inclination of 
t,he upper part of the line next the kite. If we imngine 
ueveral kites of different sizes pulling with different forces, 
but all pulling their respective lines a t  the same angle, 
then these kites, when each 1ia.s lifted all the wire it can 
carry, will all have the same angular elevation measured 
froin the lowest point of the line. If these lowest points 
are all brought together a t  a coininon point represented, for 
example, a t  0, in Fig. 73, the kites will all take up positions 
one behind the other as a t  P, P’, P‘’, etc., on the straight line, 
0 P. 

I.mlinnls.-It results from the above that i f  we draw a 
large series of catenaries, each corresponding to a given 
value of c, upon the same coordinate axes as in  Fig. 74, then 
a line like 0 C,  radinting from the origin 0, will intersect 
every conceivable catenary a t  the same angle, and the tan- 
gents to the curves a t  the points of intersection will form a 
system of parallel lines. Any other radial line, as 0 C’, will 
intersect a t  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 a t  the points of in- 
tersection. All conceivable catenaries formed upon the co- 
ordinate axes 0 S and 0 I’ must, in the diagram, be com- 
prised within the space above the axis 0 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 differeut kites. Other things 
remaining the same, however, the real problem in designing 
kites that shall attain great elevations is to cause this angle 
to be as great as possible. We see'now the reason for this. 
The position of a kite which pulls the wire a t  an angle of 50° to 
the horizontal must, for the maximiin1 height, be represented 
by a point on the line 0 C, of Fig. 75. The corresponding 
angular elevation @, as seen from the reel and as given by 
equation (9) ,  is only P, = 2 8 O  48', and it makes no difference 
what kiud of line is employed or how much is paid out, the 
position of the kite pulling a t  an angle of 5 0 O  must, when it 
attains its maximum elevation, he represented by a point 
on the isoclinal C3,. Similarly, a kite pulling a t  60° attains 
its maximuni elevation a t  an apparent augular altitude of 
@ = 3 7 O  13', and in the diagram, Fig. 75, its position is repre- 
sented by some point on the isoclinal C,. 

Isoclinalu f o r  pzcticul canes.-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 a t  what an- 
gles the wire is actually pulled in practical cages. Table IS 
contains the results of nunierous observations upon kites and 
the angles we now seek are given iu one column under the 
heading 8 = inclination of wire a t  kite. The smallest 0 angle 
recorded is 48.8O and the largest 64.3O 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 due to differeuces 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 case6 be ohtailled with kites of light weight by ad- 
justiug the bridle 60 that  the angle of incidence is small. 
I n  that  case, however, the wind pressure is lessened and the 
gain that  arises from a steeper angle of pull ii more than 
counterbalanced, perhaps, by the diminution in  the amount 
of the pull. The selection of the most advautagous angle of 
incidence is an interesting point which will be considered later 

Eqz~itensals.-Referring again to Fig. 75 we recall that  we 
found that, when a t  their maximum height, the position€ 
of all kites pulling a t  50° may be represented by points on 
the isoclinal C,, similarly those of kites pulling a t  60O by 
points upon the isoclinal C,. Now, suppope it were possihle 
to  cause a kite to continue to pull with the same constant 
force, while the direction of the pull a t  the kite is changed 
i t  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 answei 
to this question consists in drawing a line in Fig. 75 of such 
a character that  the tensions on all the catenaries a t  the points 
of intersection with the new line will be the same. Such in. 
tersecting lines may be called equitensals, since they cut thc 
catenaries a t  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 a t  a point whose eleva. 
tion is h and where the curve is inclined a t  an angle 8, 

t = w ( & + h )  
from which 

s -  t - h T u  
sin. tt TU cos. @ 

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

3ubstituting this expression in equation (7) and solving for 
6 we have 

(10) 
h =  t ( 1  -cos.@) '10 

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

t .  
S = - 6111. e 

PU 

Equation (10) gives us the maximum height attainable by 
R given kite pulling a t  an angle 8 with tension t ,  the wire 
weighing 'tu pounds per unit length. Equation (11) gives the 
length of wire required by the kite to attain this position. 

I n  Fig. 75 T T is an equitensal passing through the point 
P. The points a t  which this line crosses the isoclinals C,, 
C,, C,,, etc., are the positions t,hat would be taken by kites 
that are a t  their maximum altitudes and all pulling equally 
hard, but at angles of 50°, 60°, and 65O respectively. In con- 
3trncting any equitensal, such as T T, we observe that if h,, 
aquals the height a t  which the equitensal crosses the isoclinal 
of 50°, then the height a t  which i t  crosses the isoclinal of 60° 
will be 

Drawing a horizontal line on the diagram a t  a height 
= 1.4h, above the line 0 X ,  the point a t  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- 
inum length of the curved line of wire that a kite pulling 
with a certain force can sustain when the angle of pull a t  
the kite is 50°, then by pulling with the same force a t  an 
angle of 60°, it will carry up a length of wire given by the 
expression 

These results may be presented in another and perhaps 
more striking manner. Suppose a kite pulling with (1 cer- 
tain force a t  an angle of 50° is able 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 a t  an angle of 60° in- 
stead, i t  will attain an elevation of 1,400 feet, being a direct 
gain of 400 feet in 1,OOO for an increase of loo in  the angle. 
The length of wire required in the first case will be 2,145 feet, 
and in the second case2,425 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 3.155 pounds per 1,OOO 
feet, the tension required a t  the kite i n  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 in 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 effeots, etc., then by 
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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 loo in the angle of pull are sometimes possible in 
practical cases with no loss in intensity of pull. 

Incidence for inccximuin 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 mas 
shown on page 241 that  when the wind pressures upon kites 
became relatively small, as may lie 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 iiicidence not only always lessens the pull 
but it may also lessen the angle a t  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 a t  too great 
an angle of incidence i t  will fail to reach a great elevation, 
because in spite of the strong pull it may exert, the direction 
of this pull is a t  too nnfavorahle an angle for the best effect. 
On the other hand, too small an angle of incidence, owing to 
the falling off in efficiency, likewise fails to bring 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 iR changed, 
and arising more particularly in light winds it is prohahle 
that  the incidence f o r  nmriinztnb qffcct should be determined 
independently and separately for each kite. Data is not 
available by which this can be done a t  present, and i t  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 e a -  
ciency of 100 per cent, or we may ascertain the best inci- 
dence of actual kites of several stated efficiencies. The com- 
plete solution would require that  we snypose 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. 

Beat incidenceideal case.-If i is the angle of incidence of 
the kite, then, in  the- ideal case, the direction of pull will be, 

e = (900 - i). 
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 sin. i 
1 + sin.'i 

P =  Po 

I n  this expression P represents the proportional pressure 
upon the inclined surfaces of the kite and Po the correspond- 
ing pressure of the wind upon 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, 

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

The pull of an actual kite-that is, the tension in the wire a t  
its upper end-is represented by the diagoual of a parallelo- 
rani, of which P from the above equation is one side and 

%V, the weight of the kite, is the adjacent side. The included 
angle is lSOo - i. I n  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 ;  iu 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 a t  the upper end, 

2 6in.i t = p -  

From this equation and ( l o ) ,  first replacing 
Po 1 + gin: i 

in the latter 
by its value, t )  = ( 90° - i), we have : 

(13)  
2P sin. i - s i i ~ . ~  i h = _-" ~- - - 
7u 1 + sin.' i 

This equation gives in terms of the angle of incidence the 
height attainable by a given ideal flat kite when i t  has taken 
out all the line it can sustain. To find the incidence which 
wi l l  give the maximum possible elevation, we need only t6 
determine the value of i from the differential coefficient of 
equation (13) when that  coefficient is placed equal to zero. 
That is, 

whence 

That is, 

and 

sin.a i + 2 sin. i =-I. 

sin. i = f 4%- 1 = + 0.4142or -2.4142 

i = 240 28'. 
The angle of incidence with which the ideal flat surface 

kite can attain the highest elevation is therefore 2 4 O  28', and 
the corresponding inclination of the wire a t  the kite is 6 5 O  
82'. The angular elevation of the kite from the reel when 
t,he wire is horizontal will be, from equation (9) ,  @ = 4 2 O  47'. 

Best incidence for actual kite.-In the case of the actual kite 
t8he efficiency will necessarily always be less than 100 per 
cent, which is practically equivalent to saying that  in the 
actual kite the angle between 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- 
ner ; that is, if g represents the angular deflection due to grav- 
ity or the weight of the kite, and c that  due to edge pressures, 
then the direction of pull will be deflected away from the nor- 
nial to the kite surfaces by an angular amount, represented by 
(e + 9 ) .  The relatiom 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 0 Q will be 
P'=P sec. e .  Furthermore, in the triangle of forces 0 Q R, 
from trigonometry, the side 0 R - pull of kite, will be given 
by the expression, 

t =  J P '  sec.'e + W'-  2 P 1Vsec.e cos. (i + e )  (16) 
The angle e is not a known quantity ; it is a small angle 

which is, it seems, practically constant in a given kite, but 

(15) 
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63000' 
180.33' 
4404030' 
240 49 ' 

1, OOO 
i .  5 

2,444 
0.410 , 

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 3a, whereas 
with inferior kites the value has slightly exceeded loo. The 
term sec. e 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. ( i  + e )  it may be said that  i ,  the 
Lest incidence for the actual kite must necessarily be snialler 
than that  for the ideal flat surface kite, which we have found 
to he 24O 28'. The reason for this is that  the effects due to 
edge pressures, wavinees, eddies, etc., tend to depress the kite 
by forcing i t  to leeward away from the zenith. To @fleet 
this it is necessary to set the kite a t  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 24O. Since e ,  as we have seen 
for the better class of cellular kites observed, is less than 3", 
we may assume that  i + e 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 a8sume 
,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 he 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 mill msume 
that the weight of the kite in equation (16) is expressed in 
terms of P, thus, TI'= b P, in which b is a sinall fraction 
rarely as great as  0.3 and often less than 0.1. 

According to the several assumptioris we have made above 
equation ( 16) becomes, 

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

Pull = t = P 4 1 + b' - 2 a  b = k P 

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. Thie 
is not strictly the case, for there is a slight variation dde 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 1% 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 =goo-  (e  + g )  -i. 

90° - (e  + g ) ,  it will  be noted;ia 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 thic 
angle the efficiency angle (page 239). Knowing t,he percentage 
efficiency, E, uf a kite, the efficiency angle, D, is given by thc 
relation, 

D=9OX E 
and for the inclination of the wire at the kite we may writc 

e = D - i  

with the values of t and 8, given above, and equation 
(lo), 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 ; (13) 
is the corresponding equation for ideal kites, 

(18) 
2 k P, (sin. i - A cos. i sin. i - B sin.' i) 

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

Equation 
(18) then reduces to (13) €or the ideal kit,e as should be the 
case. 

(1  + sin.'i) h =  
1U 

When the eficiency is 100% D = 90° and k = 1. 

Differentiating (18) and reducing, we have, 

] (19) 
2 k P, (cos. i - A )  cos.' i - - ---___- - d h  

cli w(l+sin.'i)' + asin.i(Asin.i--cos.i) 

which is quite analogous to the similar equation (14) for 
ideal kites. Placing the second member equal to zero for a 
maximum, we obtain a form convenient for computation, as 
follows : 

cos. i = A 1 - 2 i - - tan. i) r A ] (20) 

B and A,  it will be remembered, depend upon the efficiency. 
When this is 100 per cent, equation (20) reduces to, 

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 SI, 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 efficiency of 95 per 
cent is not by any means unattainable when the wind velocity 
is favorable-that is, 15 miles per hour or more. 

TABLE XI.-Brat anglee of ineidmca for jlat-aurfacc f i l e s .  

sin. i = =t 4 2 -  1, 

Efficiency angle. .e 
Beat inc!dence .... t 
Inclination . . . . . . .6 
Elevation.. . . . . . . .O 
Altitude feet . . . . h 
Pull, odnda . . . . . .t 
Lengtt of wire..  . .a 
Ratio.. . . . . . . . . h i  8 

70 % 75 % 

673.30' 
19033' 
4735ir 
%017' 

1,102 
7.8 

2.703 
0.444 

In additmion to the best angles of incidence for actual kites 
of several efficiencies, Table SI gives the maximum heights 
attainable, computed from equation ( 18), upon a uniform 
basis of such conditions as would be required by the kite of 
70 per cent efficiency to attain an elevation of 1,OOO 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, i t  
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 h. = 1,OOO when i = 18O30', and solving 
for 2 k Po + 'w = 12,090. The assumption that  k is constant, 
as explained above, wil l  not affect the results to an impor- 
tant  extent. The pull, t ,  a t  the kite and the length of wire, 8, 
may be found most easily from equations (10) and ( l l ) ,  
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respectively, in which w is tlie weight per foot of the steel 
wire employed a t  tlie Weather Bureau, viz, 0.002155 pounds. 

A kite showing an efficiency of 85 per cent will, in niost 
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 feet. For an ascension of 1 mile the85  per cent kite 
would be deficient by over 1,700 feet, that  is, the 95 per cent 
kite under precisely the same circunistances would ascend 
1,700 feet more than the mile. 

It is plain that where sizcli large gains as this are possible, 
i t  devolves upon every one who aims to get the highest eleva- 
tions to fully inforin himself as  to the real merit of his kites 
and see to i t  that  they are bridled ancl flown tinder the heat 
adj iistnien ts. 

The results wliicli 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 distingnished from arched 
surfaces. The best incidence for arched surfaces is undoubt- 
edly smaller than for flat surfaces. We have also disregarded 
the effect of the wind upou the wire, which while small, is 
still of some importance, and as its efl’ect is to drift the kite 
to a position further away from the zenith than wodld other- 
wise be attained, the best incidence when the wind effect is 
included will be smaller than given in Table SI. 

Jfuxinzun~ SMJ 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 S’, Fig. 67. We will siinilarly use 
the term slack to designate the difference between tlie length 
of the chord and the length of the curve itself. 

When the wire is horizontal a t  the reel the angle of sag a t  
that  point is then the sanie as the angular elevation of the 
kite, that  is Sf=@, the sag a t  the kite is similarly, S = CI - @. 
Dealing with portions of the catenary on one side only of 
the I’ axis, 5” is the nirtximum sag possible. 

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

h 
sin. @ 

1 ’ = -  

combining this equation with ( 7 )  we get, 
8 ( 1- cos. e)  

y =  
sin. H sin. @ 

and the slack will be, 

1 ,-,.=,( 1- 1 - cos. e 
sin. t, sin. @ 

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

Partial ascensio)is.-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 utniost limit and stis- 
tain all the wire they can carry. All those conditione which 
tend to produce the best results when the wire is horizontal 
a t  the reel are equally beneficial in the case of partial ascen- 
sions where the kite carries up only part of the wire i t  can 
sustain, and the portion a t  the reel is inclined to the horizon- 
ta l  a t  a slight angle. Partial ascensions are the usual cases in 
practice. When the wire a t  the reel beconies horizontal 
the frequent dixninntions of wind force allow i t  to tempo- 
rarily sag to the ground or to interfere with trees, buildings, 
etc., and in general, therefore, we must provide some margin 
within which the usual variations of pull niay 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 

xitenary, the last portion of the ascent 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 assumed by a kite passing 
iipward from the reel to a maximum elevation, as shown in 
Fig. 72, was pointed out on page 246. The several curves of 
the wire are all portions of one and the same catenary, that 
IS? portions of the curve R E=,. When but, a short length of 
wire is out, its curve is the portion of the catenary from K, 
lown to such a p i n t  as R,. With greater and greater lengths 
If wire out i t  is ae if the reel were nioved backward and 
:lownward along the catenary passing through positions 
3uch as R, R,, etc., while the kite has remained stationary. 
When we know tlie angle of inclination of the wire a t  the 
reel in a given case we can lotate its position on the catenary. 
The diagram in Fig. 76 represents all conceivable catenaries 
ind rimy therefore be employed to represent graphically any 
partial ascension. For example, if the wire a t  the reel is in- 
:lined a t  an angle, H‘ = loo, then the position of the reel is 
represented in the diagram by some point on the isoclinal 
C,o. The particular point on the isoclinal will depend upon 
the tension, f ’ ,  a t  the reel. If this is known, then the position 
3f the reel is located a t  the point of intersection of the isocli- 
nal Cl0. and tlie equitensal t’. The catenary paasiiig through 
the point of intersection is the particular one representing 
the kite wire in the given case and the positioii of the kite a t  
the upper elid may be located in several wnys. 

If tl, the inclination of the wire a t  the kite is, for example, 
9 = GOo, then tlie position of the kite will be represented by 
the point of intersection of the particular catenary already 
found with tlie isoclinal C,. If @ ‘  is the angular elevation 
3f the kite from the reel we may lay off on the diagram a 
line making the angle @ ’ with 0 X and passing through the 
point representing the position of the reel. The upper inter- 
3ection of this line, with the particular catenary representing 
the kite line, gives the position of the kite. There is still 
mother and more general graphicnl way of locating the kite 
on the cliagrani. It i R  possible to  draw a system of lines on 
the diagram resembling the eqnitensals and crossing the cate- 
naries, but cutting off cqzcul a ~ c 8  of the curves measured 
Eroni the origin. The equation for these equiarcals is oh- 
tained simply by making @ and h the variables in equation (7) 
thus : 

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,ooO feet. Having 
located on the diagram the position of the reel, in the case 
of a partial ascension, the eqniarcrtl passing through that 
point 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 ancl the kite. 

By such niethocls as we have thus described a diagram of 
the kind shown in Fig. 75 may be employed as a graphic 
chart coniplet,ely representative of any ascension that niay be 
macle with a single kite. Numerical tables for deducing 
slevations, etc., will probably be preferable in many cases 
but the chart shows the results graphically and has been dis- 
oussed a t  length more particularly because of the several 
interesting properties of the catenary involved in its use. 

Gc ii  PI-^ e yuiit io I( R for part icr 1 cmcension 8.-Fig. 77 represents 
Q partial ascension in which the reel is a t  R and the kite a t  
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I Slack, Z ..................... 
e ~ w 1 9 ’  ............................ 

Slack 9 ..................... 
e - 5 5 ” { 9 f . . . :  ........................ 

2 9 )  ............................ B = 6 ( P ( S 1 a c k , $  .................... 

.................... ........................ 
_ _ _ ~  

K,  with the origin of coordinates at 0. Letters designa.ting 
the coordinates of t,he catenary at the point representing the 
reel are distinguished by a superscript, (’). The linear ele- 
vation of the kite is h = y - y’ and the length of wire out is 
1 = a-a’. 

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

00. 100. w. 

3.23 2.@3 1.11 
33.80 3f.P 3 6 . P  

3.87 2.55 1.53 
32.80 36.60 40.40 

4.59 5.10 1.97 
37.20 40.8O 44.30 

5.17 9.65 2.43 
4‘2.20 45.4” 48.56 

_________ 

y’ = 1‘ ( 1 - COE. e ‘ )  
‘117 

Eliminating c from equation (1) by its value in terms of 
t’ and 6’ and replacing s by its value s = 1 + - sin. tir’ we ob- t’ 

2 0  

600. 
-- 
............ ............ 
0.08 =.eo 
0.13 

55.40 

0.98 
58.50 

tain, 

600. 

...... ...... 

...... 
0.03 

62.60 

...... 

Whence, 

From this equation we learn that  when the length of wire 
out is known together with the tension and inclination a t  the 
reel, the height of the kite is given, even though i t  is con- 
cealed from view, as by c l o d s ,  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 momentnry 
variations that  take place in the tension of the wire, calcu- 
lations of elevations depending upon the tension a t  the reel 
will not, as a rule, be as accurate as those deduced by other 
methods, but equation ( 2 2 )  will undoubtedly prove useful in 
cases where other methods of ascertaining elevation are not 
available. 

In  passing, i t  may he remarked that  the elevatiou of an 
invisible kite deduced by equation (22) will he inore accu- 
rate, as the sag in the wire is greater. 

If H and t are the inclination and tensioii of the wire at 
the kite, we may write, 

t t ‘  y = - ( 1 - cos. e ) ,  and y’ =r - (1  - cos. H’) 
?U ’!I? 

whence, by equation (6) ,  we get, 

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

sion in  the wire at the reel in a given case, we may observe 
the angular elevation, @‘, of the kite from the reel, and if we 
can determine the relation between @’ and t ‘ ,  the latter may 
he eliiiiinated from equation ( 2 2 ) .  From trigonometry we 
have 

h tan. @’ = ~ 

2 - 2‘ 
The value of T’ in terms of t‘ and e’, deduced from equa. 

tions (3 ) ,  (4), and ( l l ) ,  is, 

(24) t ’  

Similarly the value of z is, 

z’= - cos. 6)’ nap. log. (sec. 13‘ + tan. H ’ )  
W 

‘$7 

From these values of 2: and x’ and the value of h given i r  
( 2 2 ) ,  we obtain a very complex transcendental equation 
representing the relation between the angular elevation ai 

~~ ~ ~ ______ 

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 methoda of approximation. It will 
not, therefore, be practicable to eliminate t’ from equation 
( 2 5 )  in the manner conteniplated, 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 likely to occur in practice, and thus provide 
a method for accurately computing the height of kites, in par- 
tial ascensions, that does not depend upou the tension of the 
wire. 

Slcirk i?i the  w i w  i n  pnrtirtl nscensiona.--let T be the length 
of the chord of the catenary from the reel to the kite, then, 

11. 
sin. @’ 

“e- 

1’ elack = 1 - 1‘ and percentage of slack = 1 - - 
1 

The ratio of any chorcl of ti catenary to the correspouding 
nrc is given by the equation 

( 2 6 )  
1’ - cos. H’ --OH. r )  

1 sin.@’sin. (e-H’) 
t which niiy be obtaiued from equation ( 2 3 )  by elitninatiug- 

in  terms of 1. 
The relation between @’, t), and H’ is obtained by forming 

an equation for x similar to (24) for .TI, wheuce, with the 
value of h in (%), there results, 

_ _  

‘70 

sec. H-gec. e’ 
I 

11 tan. @’= __ 
.r - .r‘ sec. H + tan. “1 ( 2 7 )  6ec. H’ + tan. H’ 

Table SI1 contains a series of values of @’ deduced from 
equntion (27)  corresponding to such assumed values of 13 and 
e’ as niay occur in practice. With rach value of @’ is also 
tnh la ted  the corresponding percentage of slack coniputed 
by nieans of equation (26). The resnlts are rigorous repre- 
sentations of the properties of the catenary, and even though 
the wind efl’ect has been omitted, the relations of the quan- 
tities concerned are such that  the wind effect on the wire can 
not modify the percentage of slack, corr~sponding to given 
values of @‘ and e’, except by a quantity of secondary mag- 
ni tude. 

TABLE SII.-Angultar e l emiwn and percentages of slack. 

I Q’=Inclination of wire at reel. 

300. 

0.51 
41.00 

0.78 
44.20 

1.11 
47.w 

1.48 
51.7O 

. S’. 

400. 

0.13 
45.30 

0.29 
48.20 

0.50 
51.4O 

0.76 
55.00 

e = w  .......................... 
8 = 5 5 O  ......................... 
0=W .......................... 
@ = G O  .......................... 
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The practical use made of Table XI1 is as follows : With @’ 
and 1 we compute the approximate elevation of the kite from 
the equation, h‘ = 1 sin. a’;  with I’ and 8’ we take from Table 
XI1 the corresponding percentage of slack ; deducting froin 
h‘ 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 : 

Anglee 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, a t  the kite. The ratio 
S + S’ of these angles is nearly constant when S’ is small, and 
i t  varies but little with different values of e‘. In  computing 
these ratios we have used the relations S’= P-@’ and 
S =  e-@’, which are apparent froin Fig. 77, and the values 
of a‘ deduced from equation (27). 

Altitude a8 dependent upon pu~l.-Kites of different size pull 
with different forces. The maximum altitude a kite pulling 
with a given force t ,  a t  an  inclination 8 can attain is given by 
equation (10) thus, 

(10) 
(1 -cos. e)  h - t  

‘1U 

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 a t  the same angle, were made to pull, without interference, 
a t  the end of the line, i t  is plain that thecomhined 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 au important niatter in itself 
but does not directly concern us here as onr 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- 
trihution 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 a t  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 i t  be em- 
ployed with actual kites to attain the maximum elevation? 
We shall find that  the same general equations will enable us 
to answer both these questions. 

General equations for tandem.-Our equations will be snffi- 
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 8 wil l  represent the intensity and inclination of the 
pull of any of the kites. 

Fig. 78 represents the forces acting a t  the point a t  which a 
secoud kite is attached to the line from the topmost or so- 
called pilot kite. Using a notation similar to that already 
employed, ti’ and t’ are, respectively, the inclination and pull 
of the portion of wire just above the point a t  which the 
second kite is attached. (e‘ and t’ result from the action 
of the pilot kite.) 8, and t ,  are respectively the inclination 
and pull of the portion of wire just below the point at which 
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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, 

whence, 

an equntion which represents the resiiltant or combined pull 
of the two kites. The direction, Ha, i n  which this pull is ex- 
erted, is obtained as follows: In  the triangle of forces t ,  t’, 
and t,, let n 1Je the angle included between the sides t‘ and t,, 
then, 

t .  sin. a = - SIU.  (8 - e’) 
t* 

From the diagram i t  is seen that, 

I n  assurniug that  the second kite pulls a t  an angle 8 and 
tension t a t  the point where it is attached to the main line 
we neglect, as we may without sensible error, the influence 
of the short connecting wire between the kite and main line. 

The conibined action of the two kitee is, by theabove equa- 
tions, conipletely expressed in terms of the power of onekite. 
By a precisely similar process we may  determine the effect of 
addhlg a third, a fourth, or any number of subordinate kites 
in tandem. As o w  object is to discover the best arrange- 
ment of kites in taudem i t  will suffice if we make conipari- 
sons on the basis of t w o  kites only, since if there is a gain or 
a loss with two kites, a similar result will obtain with three 
or more. 

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

€t seems scarcely necessary to say that  under no circum- 
stauces whatever should a second kite be attached that does 
not pull abooe. the main line and thus tend to lift it. To at- 
tach a subordinate kite that  pulls belozo the main line, and 
therefore drags i t  lower, wo~ild, obviously, be aheurd if we aim 
to attain great elevations. 

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

H2 = @’ + a 

This equation can be transfornied into the following: 
(‘ 1-R+ 4 1  +R’+ 2Rcos.(ti-@’)’) 

- COS. 6’ R + COS. (8 - 8’) [ 
+ sin. @’sin. (@ - 8‘) 
Where R = cos. 8 + cos. 8’. 

Equation (30) expresses the maximum height that can be 
attained hy two equal kites in terms depending upon the 
power of one of the kites and the point a t  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 : 

Bmf utilization qf a g i v e n  pull.-Assume that  the two kites 
are attached side by side on the end of the main line. In  thie 
case, 

8’ = 8, and R = 1, 
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whence the height becomes, 
2t H, = - ( 1 - cos. e), 
'1U 

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 loo, 20°, 30°, and including the case where the second 
kite is not attached until the top kite has carried up all the 
wire i t  can sustain, in which case 8' = 0. We will assume 
that the kites pull a t  an angle @ =  5 5 O ,  and compute the 
elevations on the basis of the maximum height being 5,000 
feet. The results are : 

Feet. ig;:: 
40 

'' ZOO, t Y x 3 5 O  EL2 =4,850 le50 

Maximum effect, both kites at the top. . . . . . . . . . . . EL. = 5,000.. . . . . 
Seconcllkite atta$etl , l y e  the sag is loo, 8 /  =45" H2 =4,960 

6 6  " " '' 30°, 8' = 25' H2 = 4,GWJ 310 
I 6  " " " 40°, 8' = 1 5 O  H2 ~ 4 , 4 7 0  530 
6 6  6 6  " " 500,8/ = 50 H, =4,300 800 
6 6  " '6 " 550, e'= 00 Il2=4,04O 960 

We find here that there is a continually incrcasiug loss in 
the elevation attained when flying kites tancleni, depending 
upon how much the line is permitted to sag before the second 
kite is attached. The best results correspond to the least stLg 
of the wire between kites, arid the maximum efiect is obtained 
when e' = t, ; but this may niean either of two things : ( 1 )  that  
the kites are placed side by side a t  the end of the line or (3) 
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 \JY its kite 
just as it is by gravity. From the properties of the catenary 
thus brought out it results that the inaxiniuni 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.stcac1iness of pull thereby 
secured uuder actual conditions of variahle winds and greater 
security 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 a maximum a t  the top. In  reel- 
ing in a long line of kites, it is an advantage 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 euch advantages, we 
must not lose sight of the marked superiority of one large 
kite a t  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 iustructive 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 a t  all elevations. No matter what value @' may 
have between Oo and No, the equation shows that  two bal- 
loons in  tandem will go twice as  high as one, etc. Furtlier- 
more, it will be found that  equation (30) shows that  less loss 
results in tandem arrangements the steeper the angle a t  
which each kite pulls, that  is, the greater the value of 1). 

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

Thne far our consideration of tandem flying hae been coil- 
6ned 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 a t  the outer end of the line) aud this is the only fea- 
sible arrangement) or by acting with a portion of the pull upon 
each particle of the wire just as gravity acts to pull it down. 

Bcst icfilisation 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 a t  the end of the given line a kite 
so 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 a t  some point well down up011 the line, where, by rea- 
sou 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 br larger and larger the more and 
niow the liiie is permitted to sag. Equation (38), inverted, 
tells us how much n kite i t  is prqosed to add, can pull with- 
out exceeding the strength of the line; t ,  in that equation 
heconies y', the working tension that the line can sustain ; 
t) is the direction or inclination of the pull to the horizontal ; 
H' is the inclination and 1' the tension of the wire a t  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 CJ" is the inclination of this pull, then since 

r cos e'' t ' =  J-L= 
cos. e' TR,, 

we get, 

t=T J i - ~ q  l-cos. ( H - - H ~ - - R ,  cos. (e-et)](si) [ 
Equation (31)  shows that the second kite can pull the 

hardest if i t  is attached where the main line has sagged 
down to the horizontal condition ; that is, where (3' = 0; but 
we have already foand that this is the opposite of the condi- 
tions that  must be satisfied to attain high elevations. The 
final conclusions are idain, namely : ( 1) To ytilize 11 given 
pull to the best advantage i t  must be conceutrated a t  the end 
of the line; ( 2 ) ,  to attain the maximum elevation with a line 
of a given strength every part of i t  must be subjected to the 
maxinium strain that i t  can sustain. In  other words, we 
must attach the largest kite the line can carry a t  the topend, 
and then little by little, as the line sags and the tension 
thereon diminishes, the tension must be increased up to the 
safe limit by additional kites. Equation (31) applies broadly 
to all cases, and ie independent of the weight of the line per 
unit length, which means that  we need consider only T, the 
maxiinum safe working tension of the particular line that  is 
employed, thus embracing the case where fine lines a t  the start 
are joined to stronger lines as the pull increases. 

The u&id-inLpre.ssed catenary.-The special resul ts 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 e 
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 effed 
of the wind pressure upon the wire will be greater, both be. 
cause of the steeper inclination of the latter and the greatei 
force of the wind. \Ire can not conceive that any apprecinblc 
friction arises in the flow of the wind over the wire, and as a 
result the wind pressure must be normal to the wire a t  every 
point. Let the pressure upon a small element of the wire a i  
p be represented by the line p w. Also let 1) .(I represent the 
weight of the same element. The effect will tlieii be the aame 
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 mind and gravity. Drawing in a similar niaiiner the 
resultant pressure a t  other pointsof the curve we see that the 
ciirve assumed by the wire must be one that results from the 
action of a nearly constant force, which tends to p e a s  the 
wire in a direction such as P R. If we consider only a 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 12. I n  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. I n  other words, the general f o ) w  of the curve wil l  
be given by the equations we have already deduced, if we im- 
agine-the origin of coordinatea to he shifted to a new poyition 
as 0' I-', 0' X', which tlre parallel and perpendicular to the 
line P R. The t e n s i o n ,  also, will be given approximately hg 
those equations if we imagine 10 to be increased in proportion 
to the ratio of the linea p r  to p g .  

A very simple way of experimentally studying the efYects 
that  result from shifting the origin of coordinates in the man- 
ner mentioned as applied to kites, cousists in laying off on a 
drawing hoard an  inclined line, A B, representing the angiilnr 
elevation of a e  kite under consideration. Draw A B', forming 
the angle 8' with the horizontal, and representing the inclina- 

tion of the wire a t  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 6' a t  the reel, and we may locate ita 
point of crossing the line at B. Fixing these points of the 
chain by pins or otherwise, it wil l  be found that by raising one 
edge so that the board stands on its corner, thereby inclining 
the line A B a t  different angles in a vertical plane we cause 
important changes in the inclination of the chain a t  its fixed 
points. I n  order to restore the original inclination, preserv- 
ing still the same length of chain between the points A B, and 
the upper extremity of the chain upon the line A B, it will be 
found necessary to make the end B approach A as the line 
B 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 experinien tal observations have given accurate 
data concerniug the magnitude of the wind effect, it will not 
be desirable to attempt to deduce equations representing the 
combined action of wind and gravity. This interesting and 
important hranch of the kite problem must be left for solution 
in the fntnre. 

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 comnionly 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 
nseful results according to the requirements of any particular 
case. The groundwork we have aimed to lay for this work is 
not as complete as we could wish, owing to the limited time 
Rvailable for the Weather Bureau kite experiments, hut it is 
hoped to extend the work to more promising forins of kites 
than those that have thus far  been ernployed. 

The Editor of the REVIEW has shown a deep personal in- 
trrest, in hot11 the kite experinieuts themselves and in the 
publication of this series of articles in the REVIEW and the 
n riter wishes to acknowledge the benefits that  have resulted 
From his careful revision of the manuscript and proof. - 

NOTES BY THE EDITOR. 
THE ST. LOUIS TORNADO. 

The great tornado of May 27, 1896, a t  St. Louis will lonp 
continue to furnieh material for interesting articles and 
reminiscences, and the Editor hopes to select from these 
such items as may be of value to meteorology. The follow- 
ing is extracted from an  excellent article in the Occident, by 
Prof. E. S. Holden, Director of the Lick Observatory. Profes- 
sor Holden's remarks as to the forecasting of this tornado by 
the Weather Bureau are omitted, as these forecasts were dis- 
seminated much earlier and more widely than he was aware 
of. 

During the month of May I was in St. Louis and was an eye witnese 
of the 'destruction caused by the great tornado of May 97. I n  former 

ears, 1881 to 1855, I was stationed at the Washburn Observator of the 
6niversity of Wisconsin (Madison), which lies in a region su%ject to 
tornadoes, and made it my business to study the causes and effects of 
these violent local storms so far as opportunity offered. 

On the afternoon of May 27 I was in Forest Park in St. Louis with 
one of m daughters, about 3 o'clock, and the aspect of the sky at once 
remindeg both of UB of the " tornado-skies " we had been used to see. 
The upper sk was covered with a faint veil of grayish clouds parted 
into r? ular siapes roughly rectangular and some four or five degrees 
on a a f e .  Between these figures were darker lanes, of gray-blue color. 
All around the visible horizon, from north, through west, to south, 

* * * * * * * 

there was a rim of brass lurid sky. I n  the west, or a little north of 
west and also in the soutiwest, were two heav black, towering clouds, 
roughly rectangular in figure. The aspect of t tese clouds was careful1 
watched to see if they 8ent out fibrous, twisted offshoots downwar$ 
and the brassy rim of sky nest the horizon was examined to see if the 
color deepened toward green. 

Either of these signs would, so far as our previous experience went, 
have indicated the coming of a veritable tornado. So long as they 
were absent the indications were for a severe tliunderstorm later in 
the evening. It was " hurricane weather" and not " tornado weather " 
at first. A little before 4 o'clock the sky looked decidedly more 
threatening 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 
rooms were on the eastern side, the safer side, which relieved the 
slight feeling of anxiety somewhat. 

* * * * * * c 
My own experience was sufficiently exciting. As I have said, our 

rooms were on the lee side of the hotel facing a street running north 
and south. Loaded wagons in the street below were blown off their 
wheels, and the horses thrown down. The heavy ironcornice of a tall 
building in course of construction was hurled to the street and de- 
stroyed; another building was set on fire by lightning which entered 
by the wires on the roof; the hotel chimney-stack was blown down, 
causing a damage to glass, etc., of some $5,O00 and wounding several 
ein loyees, etc. 

T!e wind first blew violently u the street (north) and after the 
center of the storm had passed it suxdenly changed direction 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 when 
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