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unexceptionable result. However, let  us assume that  this 
slight influence really does exist, and le t  us examine the 
amount of this influence a little more closely. Its magnitude 
is expressecl b y  the percentages of the favorable cases. We 
will, however, for once greatly exaggerate and assume that  
these favorable cases amount to a surplus of 5 per cent. That 
is to say that in 100 cases 55 succeed ancl 15 fail. Now, if  you 
use such liinar rilles for weather predictions, what does i t  ad- 
vantage you in  isolated, single cases? For instance, you are 
in doubt as to whether the rain is to be expected or not;  the 
influence of tlie moon indicates rain with a weight of 0.05. 
I n  spite of this small weight, if now you forecast bad weather, 
yon will, if 100 such cases occur, have a failure in  45 cases. 
Had you paid no attention to the inflnence of the iuoon, you 
would possibly have had 50 failures. Thus, in this case of 5 
per cent of surplus, that' woulcl be tlie whole effect of your 
consideration of the moon's influence. But  we have in fact 
assumed an exaggerated case. and the real iiifluence of the 
moon is in  every case less than one-half of this, i f  iiideetl i t  
really exists a t  all. 

You may rest assured that  the professional nieteorolofiists 
accept, nay even seek for, everything that can give them m y  
assistance whatever in their weather predictions. By con- 
stant investigation ancl study we may hope to advance step 1)y 
step, and per cent by per cent. Every single per cent of 
agreement that  is gained iq an important nclvance am1 suc 

KITE FLYING IN THE TROPICS. 
I(1 C>J I \  C R  L E'A\.I~. ,  alstwl Baltiiiuwe, RId , D r t e m l x ~ ~  2;. 1111~3. 

On June 1, 1903, an expedition under the auspices of the 
Cfeographical Society of Baltimore, directed by Dr. Cteorge E. 
Shattuck, Secretary to the Society, left Baltimore on the two- 
masted schooner l f i i i .  H. T i l i t  Ahiic, for the Baliaiua Tslantl~. 
The purpose of the expedition was to make a scientific surxey 
of the islandh d o n g  the lines of geology, physiography, h ~ t a n y ,  
climatologp, terrestrial magnetism, iiiarine life, nnd tropical 
diseases. The scientific staff, comprising 25 iuem1)ers. x i s  
selected largely from men a t  one time o r  another connected 
with the Johns Hopkins University and from represent a t ' 1ves 
of seireral of the scientific departments of tlie Vnited States 
Government. 

Included in the equipment for a study of tlie cliinatnlogical 
couditions of the idaiids was a complete nutfit for investi- 
gating, on a small scale. the conditions of the upper atmos- 
phere, loaned to the director of the expedition 1)s the  C'hief of 
the Weat8her Bureau. This outfit consisted of one medium- 
sized and one large box kite, two  meteorographs, a hand reel 
with 15,000 feet of steel piano wire, ancl a nephoscope for idti- 
tude measurements. I n  aclclition, the instrnnientnl equipmelit 
included a Richarc1 barograph, a thermograph, and a hygro- 
graph. a sling pSJ-Chrometer, a rain gage, and a rain recorder, 
the property of tlie hlarylancl State Weather Serviw. Provision 
mas also niacle for observations of ocean surface temperiitures 
from Baltimore to Nnssatu ant1 return, for tide observations, 
and for a magnetic hurvey of tlie islands by the writer. the 
results of which will he published later. The present report 
is contined to a discussion of the results of kite flying a t  
Nassau. the principal town of the Baliama Islands. 

Head winds and rough weather caused consicleralde tlelay 
and inconvenience on tlie outward voyage. and tlie expedi- 
tion did not reach Nassau until the 17th of June. Tlirough 
the courtesy of Mr. Flagler. the use of the grounds a i d  clu1,- 
house connected with the Colonial Hotel was kindly granted 
for the kite experiments. These grounds n ere by far the iuost 
suitable place to be found in the vicinity of Nassau for tlie 
purpose, being one of the few open stretches of tielcl upon tlie 
entire island. Situated west of the town of Nassau, along tlie 
northern coast of the island and just  lielow the ruins of old 

For t  Charlotte, the field afforded a free sweep of the air in 
the direction of the prevailing easterly winds of these lati- 
tudes. The Islaiicl of New Providence, upon which Nassau is 
situated, is a sinall island, measuring less thau 20 miles from 
east to west and about 7 or 8 miles from north to south a t  its 
widest point. It lies about 150 miles to the east of  tlie southeru 
point of Florida, in latitude 25" north. longitude 77" 30' w-est, 
along tlie northern edge of the trades. 

Several clays were spent in unpacking ancl mounting the 
meteorological, magnetic, and tide instruments. ancl the kites, 
and in waiting for favorable mincls. It was not until the 27th 
of .June that  the wind seemed of sufficient strength to warrant 
an attempt to raise a kite. At this season of the year winds 
above 10 miles per hour can not lie counted on daily, excepting 
for short periocls. Beginning a t  sunrise with a breeze of 5 
or (i miles from the east-southeast, tlie strength increased by 
noon to S or 9 miles. with occasional higher velocities, but  
selcloui exceeded 15 miles per hour. 

To one accustoiued to tlie rapid ancl extreme fluctuations of 
temperate zone weather, the tropical conditions appear monot- 
onously uniforiu ; clear skies with intense sunshine, a few 
imtches of loosely formed cumulus  cloucls, au occasional shower 
o f  sliort duration, a sinall range of the thermometer, gener- 
:tlly, a t  this sea\on, keeping within the limits of 80' and goo, 
these are coliclitions which inny repeat themselves day after 
clay for long periods. Though tlie tlirect sunshine is intense, 
the atmospliere is not excessively oppressive, being moderately 
dry, aiitl selclom stagnant. So far as ~ierhonal comfort is con- 
cerned. these conclitions are less trying than the warni, muggy 
clays of the coastal plain of the Middle Atlantic States. In  
tliese islanclb tliere i h  generally a sufficient breeze for comfort 
when not ex1)oseecl to the direct rays of the sun; from the warm 
niniht a i d  stagnant atinosphere of the hliddle States tliere is 
often no escape. even under the shelter of roof or tree. 

A p r e l i i h n r y  flight was iuacle on  June 27, Letmeen 11 
a. 111. and 1 p. ni.. using the siiialler 7-foot kite. The wind 
wrns east-south-east,, n n c l  blowing with a velocity of about 10 
miles per hour. No effort mas made to reach any considerable 
Iieight, the main purpose being to  test the kite ancl apparatus. 
The maxiiniiiu elevation was slightly over lo00 feet. 
In all of the experiments condiictecl a t  Nassau, the kite 

meteorograph wits checkecl by iiieans of an aneroid barometer 
ant1 a sling psychrometer a t  the burface just before the kite 
was raised. a i d  a t  short iutervals until the close of the flight. 
I n  addition, tlie 1 ~ ~ 0 g r a 1 ~ h ,  thermograph, and hygrograph 
were installetl in the Nassau Cable (Mice, about three-fourths 
of a iuile distant, by the courtesy of A h .  P. H. Burns, Snper- 
intentlent of the Bahaina Calile; these instruments in turii 
were checked frequently by means of eye observations of the 
theriiioiueters a i d  mercurial 1)aronieter a t  the Cable Office. 

On Jul;v 1 the kite was raihetl a t  10 a. ni. and not lowered 
uutil nearly 5 1). iu. The wind wah eaht-southeast, with a veloc- 
i ty of 15 miles, until 1 p. IU. .  when the velocity fell to 11 miles, 
which was maintained until the eucl of tlie flight. The day 
was marked by an unusual amount of c loudin~ss ,  varying be- 
tween fixe and seren tenths, mostly cumulus, with a few alto- 
cuiiiuluh. h light scud occasionally passed under tlie kite. 
On several occasions the kite mas entirely obscured, being 
sometimes in the lbassing cloud, and sometimes above it. The 
greatest elevation attained was about 2600  feet a t  13:23 1). m., 
with A temperature a t  the kite of (i9", and a surface tempera- 
ture of 83". The atniospheric pressure, as registered on the 
kite meteorograph, mas 27.60 inches, and a t  the surface 30.03 
inches. It was with considerable clifficulty that  the kite was 
maintainecl at the higher elevations. The tracings of t8he kite 
meteorograph, (see figs. 1. 2, 31, shon constant fluctuations, 
doubtless largely due to frequent reeling and unreeling in 
attempts to  increase the altitude of the kite, bu t  in a measure 
also to be attriliuted to variation iu the strength of the wind. 
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On the following clay, Ju ly  3, the larger 9-foot kite was 
launched. The winJ \vas from the east-qoutheast, and nn- 
steady, with a velocity varying between 8 ant1 10 miles per 
hour;  the sky was from t h e e  to four tenths cloucled. Not 
much was to be expected nncler these conditions. The great- 
est elevation slightly exceeclecl 2500 feet. The kite was raised 
shortly after 3 11. in., aucl lowered a little before 6 1). III. The 
lowest temperature recorded a t  the kite was SO", with S5" a t  
the surface: the pressure fell from 30.03 inches a t  the surface 
to 37.60 inches a t  tlie highest level. The mine irregularities 
in  the meteorograph tracings are to be found in  the reoortls 
of this ascent as mere noted in the previous ascent. In  facat 
this is a characteristic of all of the tracings, which would seem 
to point to  a rapid falling off in wind velocity above a iiioderate 
eleo a t' ion. 

The nes t  ascent was attempted late in the afternoon of July 
3. between 5 and X 1). in. A gnod strong wind was blowing 
from the east-southeast, the weather coiiditioiis were unisettlecl, 
the cloudiness varying from five to seven tenths cumulus aiicl 
cumulo-nimbus. A sclu:~11 arose about 6:3U p. in., with a short 
shower of rain, during which niy colleague and myself sought 
shelter in the clubhouse. The rain and squall lasted from ten 
to fifteen minutes. The kite wire mas carefully grounded, bu t  
small discharges of atiuospheric electricity were several times 
felt. We had no facilities for measuring the potential, but  
the shocks experienced iiow and then on accidental contact 
with the wire were not severe, even on the approach of the 

squall. The kite reached an elevation of nearly 4000 feet, and 
was inaintaiiied a t  a high elevation for fully two hours with- 
out much iuanipnlntion of tlie reel. The kite behaved well 
from ascent to laiiding, and an int,eresting and valuable record 
w a s  looked for; hit to our dismay on examining the meteoro- 
graph it mas foulid that  the clock hael stmoppeel within fift.een 
iuiiiutes after the beginning of the axcent. Save for the masi- 
iiiuin anel ~uinimuni points of pressure, temperature, and hu- 
iniclitg, ancl the altitude observations. there was no record of 
one of the most interesting of the (i ascents made during our 
stay at  Nassau. The lowest teiuperature recordecl, was 6 5 O ,  
with a surface teiuperature of 7s'; the lowest pressure was 
was 26.30 inches, with 30.03 inches a t  the surface. 

On the clay preceding our departure from Nassau, namely, 
on J ~ i l y  6, \$e cletermiiied to t ry  the esperiment of flying one 
of our kit8es from the deck of a ifloving vessel. The practica- 
bility of t,liis method had already been fully denionstrated by 
IIr. Rotch. Director of the Blue Hill Oliservatory, near Boston, 
and by others who followed his initiative, in the North Atlantic 
waters. We hoped by this method of artificially "raising a 
breeze '' to attain a higher altitucle than we had reached in 
the l ight land winds, aucl a t  the same time countecl upon 
adcling to  our knowledge of the tem1)er:tture and humidity 
conditions over the ocean in  these latit,ucles. There loas \cry 
little material to select from in tlie way of steam locomotion, 
wind being the motive power for practically all the water craft 
in this vicinity. The choice lay between a large and powerful 
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FIG. %-Nassau, Bahamn Island.;. *July 2. 1903, 3 to  6 p. 111. 

steam tug  belonging to the companj- running the regular line 
of steamers between New Tork. Nassau, ant1 Havana, In i t  for 
which an  exorbitant charge was deinanclecl. and a small steam 
launcli used for conveying passengers across the channel to a 
pleasure resort on Hug Island. The sinaller vessel was chosen. 
A t  11 a. in. we left the harbor of Nassau on the -4/ 
larger of the two kites and the complete outfit. The party 
accompanying ine comprised in addition to the crew of t,hree 
men, my colleague, Mr. J. E. Routh, who took charge of the 
nephoscope for the altitude observations, Rev. Mr. Lambnt,, 
who actecl as recorder, and two natives a t  the reel. Leaving 
the channel we steamed out to the north of Hog Island. a long 
and narrow strip of lizncl lying to the north of the Island of 
New Providence. Going a mile or two beyond land, we 
steamed into the wind with a velocity of about 5 to G knots 
an hour. The boat was siiiall and somewhat top-heavy, and 
there was a considerable ground swell ; between the rolling 
and pitching of the boat ani1 the resulting phgsiological effects 
i t  was with difficulty tha t  we kept ourselves and the reel r ight 
side up. Barring a slight clelny caused by the snapping, a t  
the moment of ascent, of tlie sniall steel safety line at,tached 
to  the kite, which had to be replacecl by a piece of twine, 
there were no hitches or accidents. The kite rose swiftly and 
steadily to an eleration of about -1000 feet. With a vessel of 
greater speed we coulcl doubtless hare reached a higher ele- 
vation. The surface wind was about 12 miles per hour;  to 
this we aclded about 5 miles, the speed of oiir launch. It seems 

FIG. 3.-NnhhaLi. Balinriia I 4 n n d s ,  011 briard the $teain launch Alicia, 
*July I;, 1903, 11 a .  m. to 1 p. in. 

dou1)tful froin o ~ i r  experience during 5 ascents. whether i t  
~vould  Le po5sible greatly to exceed this limit a t  this season of 
the year uithont the aid of an artificial wind, even by means 
of additional kites. There is apparently a diminution of wind 
velocity above the elevation of allout 4000 feet, in this respect 
clift'ering froin the conditions in  the temperate latitudes, where 
the velocity steadily increases 1111 to  the limits thus far attained. 
This supposition is also borne out by obsenntions of the few 
upper cloucls seen duriug our stay of five or six weeks in these 
latitudes. A few cloucls of the upper layer were observed, 
hu t  their slight northward motion was to  be detected only 
after the most careful observationsby means of the nephoscope. 

The lowest temperature recorded during the ascent of the 
6th was 63", with a surface temperature of K3" ;  the lowest 
barometric pressure WRS 26.40 inches, with a surface reading 
of 30.05 inches. The humidity ranged from 73 per cent a t  the 
surface to 9s per cent. A portion of the record mas lost owing 
to tlie stopping of the clock a few minutes before the highest 
elevation was reached, hu t  practically all the record during 
the ascending branch of the curve was intact. The kite left 
the boat a t  11:lO a. m., reached its greatest eleration a t  12:20 
11. m., and was lowerecl a t  1:12 11. m. The surface wind was 
east-southeast throughout, as during all preceecling flights. 
The kite ~ a r i e t l  bu t  little iii azimuth from that of the surface 
mind, hom~ver ,  there was always a slight change to a more 
southerly direction of the wind in the region of the kite. 
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The east-southeast wind carried the kite beyond the limits of 
the island in all bu t  the first ascent. In  the subsequent higher 
elevations the kite was always a considerable distance beyond 
the coast line over the sea. In view of this fact and the sinal1 
size of the island, all of the observations may be regarded 
practically as ocean conditions, escepting those recorded within 
the first two or three hundred feet above the surface. 

TEMPERATURE RESITLTS. 

The average temperature conclitioiis from tlie surface to an 
elevation of approximately 4000 feet are presented in tabnlar 
form, ancl charted in figs. 4 and 5.  Observations on the 

L FuU Zrnes .=-cem* LbOHFd t c n r s  d e u c e d  

FIG. &--Nassau Baharna Islands, June  27 to July 6, 1903. 

FIQ. 5.-Nassau, Baharna Islantls, eJune 27, Jrily 1, 2, 6, 1903. Average 
condition dwing four ascents. 

nephoscope for angular elevation of the kite, 2nd reaclings of 
the dial on the reel for lengt,h of wire out. were made every 
five or ten minutes and sometimes more frequently. Froni 
these records and from the tracings of the kite meteorograph, 
averages were computed and plotted for each 100 feet ancl 

each 500 feet of elevation. The actual decrease in each 500 
feet, the rate of decrease per 1000 feet, and the number of feet 
of ele.vation causing a decrease of 1' F. are shown in the fol- 
lowing table: 

Tentperatitre decr~ci.se. Average of .foitr ct8ceiits e m 1  xriwily observnlb?i8. 
~~~ ~ ~ ~ ~ . ~ p  ~~~ ~~ ~ ~~ 

1 501) 1 1000 1 1500 1 2u06 I 2W0 1 3600 I 3506 I 4W.l ILIeno. 
lpp . ~ ~~ ~ 

I Depnrture frsm rurlhce tern- 
peratiire, degrees. . . . . . . 

Rate of decrease prr 1MJ 
qlrgrres. . . . . . . . . . . , . . . , 

Nuirihrr of fFet per 1" rlecrznw 
in tt ,mp~ratiirc. .  . . . . . . . . . . . . , . 

Comparing these results with those obtained a t  other points 
under the auspices of the Weather Bureau in the simmer of 
1S9S we find a close agreement. Practicallj- a11 of the Nas- 
sau experiments were conclucted in the afternoon. Taking 
from Bulletin F, of the Weatlier Bureau, the results of the 
Washiugtoii, D. C'., afternoon observations and the mean of the 
afternoon observations a t  17 localities in  the United States, 
and p1:tcing tlicni alongside the Nassau observations, tlie rate 
of decreabe is seen to be aliiiost identical: 

Coiirlicircitir.c rctlc of d~rrr~n..r~ ;ti tetttprtrliire p r  lO/JO .f>et. 
--__ 

The rate of decrease in temperature computed from averagefi 
for each 100 feet is also shown in fig. 5 (n). 

DECREASE IN PREhSURE. 

As tlie altitude of the meteoragraph is determined trigono- 
nietricallg we may compute the average rate of decrease in 
pressure during 4 flights as shown in the following table, which 
also shows the number of observations eiiiployed and tlie 
average teiuperatnre of the air in each column of 1000 feet: 

Reile of ~ l ~ c r ~ c t s r  in pr~8~aio.e .  

In fig. 5 (0) the rate of decrease iii pressure is shown graphi- 
cally. The plottecl observations for which tlie curve is drawn 
are averages for each successive 100 feet. The total number 
of observations employed in the construction of the curve is 
about 75. 

EEL 4TII-E HL1UII)ITT. 

Observations of relative huiuiclity at the surfnce were ob- 
tained bg means of a Richard hyjiriigrapli, caheckecl by direct 
determinations of huiiiiclitg by means of a sling psychrometer. 
The readings derived from the  kite h) grograph tracings were 
averaged for each 100 feet of elevation, atad these averages in 
turn grouped in order to obtain average values for each suc- 
cessive column of 500 feet. I n  tlie following table these val- 
use are reprocluced ; the average humiclities are also shown 
graphically in curve ( ( a )  of fig. 5 :  
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Obsen~~t ions  at Nassau, July 2, 190.9. 

Atmospheric conditions. 

Surface. I At kite. 

Increaee of relative humidity; avmage of four ascent%. 

Elevation. I ~ 

Siiniber of Relative 
vbswvniioiia. huinidity. 'levation. 
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____ 

Hu- 
iiiid- 
it?. 

TiNe 

Teiii- 
I'era- 
tiirr. 

_~ 
As will be seen by inspection of the percentages of relative 

humidity, there is a steady increase from the surface to  the higli- 
est elevations reached, namely 4000 feet, excepting the layer lie- 
tween 2500 feet and 3000 feet. where there is an interruption to 
the steady increase. The drop from 93 per ceut to 89 per cent 
near the 8oOO-foot level is prohalily clue to  RU excessive value 
just below the 2500-foot level, brought about by the kite 1iass- 
ing through a cloud a t  this level on t h e e  or four occnsions. 
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1, 812 
?,?I8 
1,840 
1.614 
1,165' 
1,230 
I .  121 
1.298 
1.0'23' 
1. 05:3 

73s 

nchea. 
30. os 
30.05 
311. 05 
m. 05 
30 05 
30 05 
30.115 
30. u5 
30.05 
30. 05 
30. OS 
SO. 05 

30.0'3 
30.03 
30.03 

3u. u3 
20. 03 
Y O .  03 
30.0'2 
30. ll2 
3u.02 
30.0'2 
30.1Y2 
30. U2 
311. I)? 

30.03 

3n.02 
.do. 0 2  
30.02 
30. 0'2 
30. (1'2 
31). I)? 
3O.lJ2 

3IJ. 02 
31). 0'2 
30.0'' 

:{n. n? 

9 .  I,, ch*,s. 
75 esr.,lS tjn.05 
75 . . I I ~ B  ... 2% 37 
I ,  . , 1181  ... 2Y. nu 
i 7  . . < l o  ... 2 S . 6 0  
67 . ,118, ... 2S.40 
67 . . i lv  ... 2s. 20 
6 i  . .dv  . . .  2% IU 
72 . . d 4 ,  ... 27.80 
7 2  . . d a b  ... 27.S11 
72 ..do, ... 2i.80 
70 ..do, ... 2i.W 
711 . . d 4 b  ... 27. 88 

_- 
U 

15s 
11q 
11s 
1'25 
I l l  
10s 
101 
1 I?  
106 
1UI 
1211 

104 
1 O i  
loti 
111 
120 
9 i  

10; 
95 

11:: 
111.5 
110 
121) 
1113 
1 2.2 
112 
I UIJ 
9S 
93 
YS 
YX 
85 

1lJG 
!Ill 

Fwl. 
n 

3.532 
2, S2.i 
2 . 5 w  
2,792 
2, s55 
2, 9 5  
3 , l l S  
2, Si5 

3,564 
::..I55 
3, IiOIJ', 
3, X50 
::. ilnl 
:.::is 
:i. 5 w  
3, :m 
3, 251; 
2. $135 
2,500 
1. ! U S  

:I05 
0 

9IJ4 

r , ich+x 
BIJ. 0.7 
3 J .  (13 
::0, 11.5 
:ju.115 
:;u. 05 
3 J .  115 
x. 05 
30. 05 
31). 05 
XI. u5 

30. (15 
:;0.05 
3 1 .  05 
::0. 05 
3u. 0s 

30.05 
:XI. (6 
3IJ. 0.5 
:XI. 0.; 
xu. 10s 
:;ti. 105 

;<u. 0: 

21). 05 

:Jl. IJ5 

Frcl. 
0 
F? 

112 
112 
$14 
Ilk 

1011 
!I:$ 
$11: 

l(ll 

1 U l  
1111 
1111 
105 
I l l 1  
1111 
1111 
1111 
l ( I 1  
101 
1111 
101 
1111 

...... 

0 

S:: 
S:: 
5:; 
Si; 
s:3 
5:; 
8:; 
S:: 
x:j 
S:; 

S3 
8:; 
4:: 
S:; 
S:: 
S:: 
ri:i 
83 
S:$ 

S:; 
S:< 
h:; 
h:: 

e 
x:? I .i 
74 s.5 
1x1 :I:: 
1i:r !UI 

I;h ?.(I 
l i i  s5 
1;1; $10 
l i i  $15. 
6: ....... 
I X  . . . . . . .  
$ 5  . . . . . . .  
ti.? ....... 
ti:< :I3 
I:.? ....... 
/;s ....... 
6L . . . . . . .  
6.; ..... 
6.; ....... 
ti: . . . . . . .  
I:? ....... 
;.< ....... 

-. 

I;$ !in 

I ,  
I - ....... 

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

... 27. G(J 

... 

78 1 . . 4 I t n . . . l  2Y.III 

... 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  ... 

... 

. . .  

. . .  . . .  

. . .  
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It m a g  be of interest to  record the relation esisting between 
the length of wire out ancl the angular ancl vertical elevation 
of the kite. This relationship is shown in the following table, 
in which the average d u e s  f u r  a11 observations of each flight 
are given: 

0 
~ _ _ _ _ ~  

Light s<,iifI uuiler kite. 
1 1 ~ ~ .  0 Kite in n.ui i i i i lu*.  f Kite olrsriirctl h j  c u i ~ ~ u l u s .  
kite. h Kitv iu cuiiiiilcciiini1iu.c. I Thundrr  at. 4:M 1,. 111 .  
y runriuy uortlianrd. Avrmgr prewire  decrease 0.1U 
:rature decrease lo F. per 173 feet. 

c Kite in c i ~ ~ i i u l u s  at 1 a 5 culrlulus, 
d Light ra in .  1. 

\Fhvlr* bky'cl 
J A few cirrri. 
inch per 107 fe 

rlt'l-l~uluulos. 
1 iu cnmul~~-ui 
ded in rrgiou I 
.Ioiida apparei 

Average ten 
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June ?i . . . . . . . . . . . . . . . . .  12 
July 1 .................. 34 

July 2 ................... 1s 
July Ij ................... 22 

JlIUP ?;-July 6 . .  ......... 
Means . . . . . . . . . . . . . .  

July 2 ................... 1 16 

1 02 

Relation beticwen length of wire and e.kvation of kife. 

Pwl. 
1041 137 

IS6H 
"i2? 3 S  36 1 SG.5 
3!li$i 44 -12 3ti::s 
47% $2 30 2x65 

,"s 01 FWl. 

351i 23 30 

: w 1  33 '13 1914 

1 Nuiiiber uf  1 Average 1 Average sngu- 1 Average eleva- 
observatiiins. l ~ n g t h  ofwirr. larelevation. tion abf kite. Ilate. 

~~~~ ~. ~~~ ~ ~~~ ~~ ~ 

May ........................................... 
Juue ......................................... 
J u l y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
AllgII*t ......................................... 

A l n i l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
fila). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.Iaur . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.Tuly.. 
.illgllst ........................................ 

Total h r  ~ r o q i  at 'n~oi i  ..................... 

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

1s:1:1. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
J u l y . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Aag1I.t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  Ti,t:%l for cnip A W L ~ ~ D I I  

1961 I. 
April . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
hlny . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. l l l l l t .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.Tuly.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A llyllst ........................................ 

3 

5 

14 

3 
4 

:1 
{ 

11; 

4 
12 
11 
4 
fi 

3i 

I 1  

- ~ -  

i 
11 

I 

, 

The average ratio of elevation to length of wire for all 
heights is a trifle less than 0.60. This value is based on 102 
observations. The ratio varied but  little throughout the es- 
periments. The arer:tge ratio for 18 elevations exceeding 300() 
was 0.59. The average angular elevation of the kite mas 3 9 O  
28' for all observations, ancl 3s" 30' for the 18 eleratiom ex- 
ceeding 3000 feet. ~- 

THUNDERSTORMS A T  LINCOLN, NEBR. 
Hy .lanit\ H. HPhV( E R ,  Olmer\t.r, trultrd *tntr\ \\cathe1 R u i m u ,  rlate8l Llua oilu, Nrlbi , 

l h e i i i l , r i  1'1. I!lO? 

The following estratts, revised to December 1,1903. are from 
an article on Thunderstorms, by  Mr. James H. Spencer, 0 1 1 -  
server, United States Weather Bureau, Lincoln, Nelw., which 
was officially published in the Proceedings of the Nebraska 
Academy of Sciences, Vol. VII :  

Thunderstorms have more than usual iutereht t o  the  rebidelits of itiost 
of the States lying between the BIibsissippi R1t er and the  easterii 41)pe 
of the Rocky Mountains. I n  thi+ great iegion they Iirl)tJablj StljJl i l?.  not 
less than two-thirds o f  the piecipitatiim during the  sunlnit'r uiouths. an11 
crop failure or S U C C ~ S ~  tlepeucls v q  largely upun their  freiluwrcy, extent. 
and t he  amount of rainfall. * * * * b k * 

Careful ref-ords of t h u n d e r ~ t o r t n ~  ha\ e liren kept for Lmciihi, N e l ~ r . ,  
since April 1, 1896, and althnugli a longer recoril is  nib( 

t rustuorthy aveiageb for comliarisiin. the  statistit.5 
record for the eight years eiidliig Nnve~iiber :30, 1%13, ~iart~vuldil) '  f i  ~r t h e  
crop seasons will be found nf interest 

The total  number of thunderstorm+ pa%ing o ~ e r  the ztatiiin fair the 
entire period was 303, or an a\ rrage nf YX fur t.ai.h year. b l i i > u t  MI 11er 
cent occurred during the night I f iom 7 00 11. 111. to 7 : O O  a. in.)  aiitl a1Julit 
70 per cent. between noon and iiiiilnight. Nearlj HI) per relit were le- 
corded as coming froiu some westerly tlirwtiou. Two huntlreil ancl forty- 
four of the  308 thunderztorin-, or $1 ~ i e r  rent. cif t he  entire nuinher. 0 1 . -  

curred during the  forty month5 o f  the  eight 1'ra)11 asonz-f rnni A pi i I to 
August, incluhive-the time (if )-ear in Nebrasba 
neeiled. TIIP distribution cif the  storm+ ti?. y 
month5 of the crop seasoI1, the  total  raiufall fur each month, anil the all- 
proximate amount which fell iluring thuntlrrstrirms. are gi\ en in the fol- 
ing table: 

Thus i t  is  found tha t  about 70 per cent. of the total amount of rdinfall 
for the crop seabon is due to the  passage of tliunderztiirius. anil that  the 
percentage of rninfall from thuniler5tornis during the  most critical crc~li 
months in  Nebraska-July an11 .4ugu.;t-i+ %till greater. The a\ rrage 
rainfall for each crop season, esi lulling that  due t o  tliunderstorius. was 
only 6.25 inches. * t $. t .% * 

The masiiiium wind \elocity for the  right par s ,  and t he  highest ~ v e r  
recorded for five minutes at L i n c i h ,  was 80 n r i l e ~   pi^ hour. oceurriiig 
in the thunderstorin of May 12, 1896. No xery p e a t  tlamage resulted 
from this  storm. 

The year 1900 furnished a n  unusual iiuml~ei uf eswssive \\iiirl awl 
precipitation records for Lincoln. Both the nuiiilier of tliunclerstorin+ 
and the rainfall were considerably a l ~ o ~ e  the  normal. During the thun- 
derstorm of July 15 o i e r  3 inches CJf nater fell, inore than two-thirilh nf 
which occurred in one Iiour. A mouth later. on dugubt  16 and 17, 4.37 
inches of water fell in twenty-four hiiurs. an amount more than 1 inch 
in excess of the normal rainfall for that  month. During the  thunder- 
storm of August 23,0.61 of an inch was recorded in fix e minuteb. At this 
rate our entire annual precipitation would o c w r  in less than four hoiirs. 
During the storm of August 31 occurlril t he  highest wind 1 elocity for 
t he  year, averaging 78 miles per hour for fire minutes, bu t  for one min- 
ute  exceeding 100 miles per hour. Hundred5 of trees were bltiuu tlo\ru 

The instructions for Weather Bureau obseri erz require tha t  thunder- 
s torms be recorded when thunder is  heard at t he  staticin, without refer- 
ence to any other feature.-ED. 

~~ ~~ ~~ - 

Total flir vrop w n d ~ u  . . . . . . . . . . . . . . . . . . . .  
1:1111, 

April . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
JIay 
Juue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
d u l y .  
. lugllhf . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total fur crnlb hrns0U . . . . . . . . . . . . . . . . . . .  

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

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

191r2. 

or had large limbs blown off atid the  roofs of a nuinber of Lluildings were 
badly damaged. 

The SUILlIIJer of 1902 also gave some very interebtiug thunderstorm 
data  for Lincoln. Tho total raiufall for ,Julie ant1 duly was 20.18 inches, 
or within 6.58 inches of  the  yearly unrnial: o f  this aninunt 86 per cent. 
occui red duriug thunllerstorius. The July rainfall n-as 11.35 inches, or 
three t imes the  nornial aniount. It is interectiiig to note that  of this 
amount only 0.HY c.f an invh occurred during the tweli e hours encliug at 
8 p. in. 

The thunilerstorni of Ma) 26;- 1903, wah the mozt destructive on record 
at the station. d mnsimuni winil x eliwity o f  71; niilrs an liuur was re- 
t*ortle(l. ALont o i i p  mile soiithwest o f  the  office the s t o r ~ ~  appeared to 
tie PWII more severe. end se\eral  large building.: neie  damaged by the 
wiiiil to the extent cif uenrly %lOl~,lU~. 

Tkioid rstorms n f  Lincoln. L\7t 6,. 
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1 
3 
$I 

5 
i 

2.5 

1 S!Ifi. 
.i pri I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M:1y. .  .......................................... 
,111111. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.1111y. ........................................ 
Aug11st.. ..................................... 

Tutal fnrcranp S P ~ S ~ W I . .  . . . . . . . . . . . . . . . . .  
l!IIIX. 

April . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M a y .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.Tuur . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.Tuly.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
-1 I1 g u s t ........................................ 

4:3 

3 
13 

1 1  
1" 

Prrcipitatiw (in inchrs). 

Total for 
Inuuth. 

-____ 

4. R i  
10. 1 I 
3. 1J5 
5. 63 
3. ::!I 

26. i 5  

6.15 
9. ?:! 
9. 17 
'1.54 
9. fin 

15. i i  

3. 8s 
4. 3:j 
3. 99 
:j. 98 
:<. 45 

1:i. 5s 

1.49 
?. "9 
s. ::9 
1. 4 i  
2.66 

16. 311 

4.33 
4. 5lJ 
2. 541 
fi. 66 
9. 0 i  

--- 

-__ 

5 . 0 6  

1.46 
1.36 
1. $2 
2. 94 
1. u: 
s. SI) 

o. 67 
3. 65 
h. s3 

11.:;5 
4. 35 

2s. 3.5 

2. 5!1 
10. i:! 
2.60 
2, 07 
6. 4.5 

rota1 4luring 
thuililer- 

, storwb. 
~~ ~ 

2. 62 
4.20 
2. 43 
3. Y2 
1. i i  

14.94 

2.86 
1.32 

0.00 
1. y'? 

ti. 73 

0. ?" 
2.90 
I , %  
3. fig 
'1. 6$ 

-- 

n. 63 

-- 

11). i 5  

0. R i  
1. s i  
8. 35 
1. I5 
1.74 

14.68 

1.44 
4. 14 
2. 44 
5. iti 
6.91 

22. il  

u. 53 
1.69 
1.24 
2. 83 
6. 73 

7.1'' 

0.11 
1.34 
7. 20 

16. 21 
3. Si 

2'2. 7 3  

3. 72 
7. .si 
1. 52 
:;. O i  
5. 

RECENT STUDIES ON THE SOLAR CONSTANT OF 
RADIATION. 

By i'. I;, . ~ B B O T .  Reprinted froiu duiitlisunian MiscPllanwus ('ollprtious ia>uarterly I s s i w ~ .  
v ~ h n i e  45. Published rleceinlrer 9,  19118. i,Heri.e(l l ty  the author. I 

1NTRUDUc'TII:IN. 

Within the last two years the observations of the Smith- 
sonian Astrophysical Observatory uiider the direction of the 


