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AN ACCOUNT A N D  ANALYSIS OF T H E  M E l S l N O E R  FREE-BALLOON FLIGHTS 

By V. E. JAKL 

[Weather Bureau, Washington, March, 1926I 

The main pur ose of the flights niade by the late 
Dr. C. LeRoy heisinger can be best expressed by 
quoting from some of his correspondence on the sub- 
‘ect, in which he ro osed that the flights be undertaken 
f y  him for the F $ 7  eat ier Bureau, in cooperation with the 
Army Air Service. The following is an estract from one 
of his memoranda : 

We now have at our disposal the inachinery for making free- 
air pressure maps, and the one big problem in connection with them 
is to  learn to  i n t y r e t  them. Can we have confidence in them 
in deriving t h e  life history” of free-air currents? The free 
balloon (manned) furnishes the only means of obtaining a n  ob- 
servation upon the pa th  of air moving in response t o  given pres- 
sure gradients. Except for convection induced by thernial in- 
equalities, the  air probably has but  sinall vertical component even 
when being forced aloft by “wedges” of cold air. 

It may be opportune here to say that this expedition 
was the consummation of an enterprise that Doctor 
Meisinger had advocated and repeatedly striven to un- 
dertake for a number of yetiis. The inception of the 
idea in his mind may be said to date back to the post- 
war days of his service as lieutenant and meteorological 
officer in the balloon school of the Briny Air Service a t  
Fort Omaha, N e b .  On April 16-17, 1919, while a t  
Fort Omaha, he took part HS one of the pilots in a con- 
stant-altitude flight made with two balloons taking off 
at the same time, but flying a t  dflererit altitudes. This 
Aight was the first esperinient at maintaining it balloon 
at constant altitude in which he Imrticipated, and proved 
ver interesting to him from a ineteorolo i d  standpoint. 

eared in the August, 1919, number of the MONTHLY k EATHER REVIEW, 47 : 535-535, he concludes with the 
following paragraph : 

It is obvious t h a t  the  data  obtained in a single a t tempt  of this 
kind are too meager t o  be the foundation of any  theoretical work. 
Nevertheless, a large number of such observations, where an 
attempt t o  maintain a constant elevation is strictly adhered to, 
wwld certainly contribute t o  our knowledge of the  motion of air 
about centers of high and low pressure. 

As a trained balloon pilot and keen meteorologist, it 
was natural that after his entry into the Weather Bureau 
he should have felt the urge to carry on t>he work sug- 
gested to hiin by his Army esperience, as an important 
aid to meteorolog . A further incentive to undertake 
these flights was $is concern over problems connected 
with practical interpretation of his laborious work on 

er-air pressure reduction, the results of which were 
lished in his monograph on “The Preparation and 

of Free-Air Pressure Ma  s for Centra! and 

SUPPLEMENT No. 21). As already quoted from him, he 
saw in the proposed flights a means to prove the trust- 

In  i is description and analysis of the figlit, which ap- 
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, 
worthiness of his upper-air pressure 

program of work laid out for carrying 

to ins ire confidence in their use. A 

given by Doctor Meisinger in an article that appeared in 
the MONTHLY WEATHER REVIEW for Jnnuar , 1924. 52: 
27-29, under the caption, “ The Balloon Jroject and 
What We Hope to Acco.niplish.” 

The flighth, 10 in all, were made froin Scott Field, near 
St. Louis, hlo., during the period frorn April 1 to June 2, 
1931. In each flight the balloon was intinned jointlv by 
Doctor Meisinger and by Lieut. Jumes T. Neely of the 
Army Air Service, who served in the capacity of co- ilot 
in all but the first flight. The choice of time for t ?I ese 
flights arose from Doctor hfeisinger’s conviction tha& 
spring would be most propitious. In  this connection he 
wrote: “But  I ani convinced that flights of 18 to 34 hours 
arid even longer could be made a t  a proximately 
constant elevations under conditions in w E ich ordinary 
convection currents are not active, and such times Itre 
frequent in early hpring.” 

It developed that the character of the weather in the 
spring of 1924 roved unfax-orable for carrying out his 
froject to the iegree of fulfillment that he had hoped 
or. In  many respects the weather maps had the char- 

acteristics of summer, i. e., ill-defined pressure systems, 
unsettled weather, thunderstorms, and considerable con- 
vectional activity a t  various times. There were there- 
fore few conditions that were ideal for his purpose, while 
the very cvntlitions he hoped to avnid in his choice of 
time of year for the flights were predominant. I t  is s 
tribute to  his zeal and to the courage of both pilots that, 
having eniharked on the project, i t  was carried through 
in s ite of difficulties and repeated dangerous conditiam. 

fell short of achieving the main results sought. &E 
an interpretation of the logs and records it, is apparent 
that, in only a minority of the flights was anything ap- 
proximating constant altitude for a considerable &e- 
tance realized. Much of the value of the records was 
of course lost with his death, for with his competence 
and absorption in the subject, cou led with his expen- 

interpretations of many features of the records, that we 
only a matter of conjecture to others. From a general 
appraisal of the work, it is apparent to the writer, that 
so far as i t  has been possible to compare the aths of the 

tion of the accuracy of the beisinuer upper--&ir pressure 
reduction method was accomplishes 

Whether the flights justified Doctor Meisinger’s faith 
in the free-balloon as a means of demonstrating free-air 

line o P the history, aiins and purposes of 

&der the circumstances the project for the most 

ence in making the flights, he woii f d have made certain 

flights with appropriate up er-air isobars, t \ e veri6ca- 
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trajectories, is tt matter that does not easily lend itself 
to an unqualified answer, principally because, under the 
enerslly unfavorable weather, the possibilities of free- 

%dooning to that end were not given a fair test. The 
ddinkation of upper-air trajectories is an extremely diffi- 
cult thing to ap  roach from any method of observation. 

maintaining a free-balloon a t  a constant altitude for any 
prolonged period, considerations of rertical component 
of air movement obviously enter into the problem. A 
possible underestimation of the factor of vertical move- 
ment by Doctor Meisinger is apparent in the paragrnph 
from him already quoted that “escept for convection 

In addition to t K e welI-nigh insurmountable difficulty of 

FIO. 1.-Pressure distributlon and wind direction at 2 kilometers above sen level, 8 
a. m., 75th meridian time, April2, 1924. Balloon pnth 111 hea\ 5 line 

induced by thermal inequalities the air probably has but 
smsll vertical component, etc.” Whether or not he un- 
derestimated this phase of the problem depends of course 
on his conception of “ small vertical component .” Hom- 
ever, an instance ap ears in the first flight, in which, if 
the conclusions of t i e  P writer are correct. the mime of 
the balloon did not re resent an air trajectory through- 

proximately constant altitude and closely followed t le 
up er-air isobars. An analysis of this flight is given 
b f  e ow, and this is followed in turn by a discussion of all 
the remaining flights in the order in which they were 
made. 

P out its length, even t R ough the balloon flew a t  an a - 

@At-April 1, 5:37 p. m., 90th meridian time, 
2. 5 :  10 p. m., 75th meridian time. L:tncIiiig. 

S. C., GY0 miles from starting point. 
The balloon’s path is plotted on figures 1 and 2 ,  which 
show the isobars a t  2,000 meters, and the surface iso- 
therms and sea level isobars, respectively, for 7 a. in., 
A ril 2. The 7 a. m. observation of the 2d hns been 

and 2,000-meter pressure distribution, inasmuch as this 
time falls about midway of the flight, and the upper- 
air pressure reduction tables are based on the a. m. ob- 
servations only. Arrows indicate wind directions a t  
2,000 meters, derived from pilot balloon observations 
taken on the morning of the 2d. 

se P ected as best representing the accompanying sen level 

The close coincidence of the balloon path with the 
2,OOO-meter isobars is a t  once &marent, although the 
balloon actually traveled a t  an altitude somewhat 
greater than 2,000 meters during a lar e portion of the 

observed durin the fliuht, a record of which ap ears 

view of its bearing on the problem of air trajectory. 
Possibly erroneous temperature readings might be as- 
sumed from the circumstance of approaching dawn and 
effect of sunlight on balloon and instrument. Temper- 
ature observations were made by means of a nickeled 
Assniann psyclirometer suspended by a cord about 15 
feet below the basket. However, the rise is already 
apparent in the readings at  1:35 a. m. and 4:20 a. m., 
by comparing. them with int,erpolated readings at  cor- 
responding altitudes in the early part of hhe flight. More- 
over, an oriuinnl note appears on the nieteorogram at  
2 a. m. reaxing. “Temperature rise about 1.3’ C,” in 
ex lanntion of t~ sudden short rise in the altitude of the 

(See fig. : 3 . )  It should tils0 be noted that the 
low temperatures recorded in the first few hours of the 
flight were like\\ isc obserrecl whilr the sun was above the 
horizon. It must therefore be concluded that a t  least 
the greater part of the observed rise in temperature was 

time. Attention is nest directed to t 5 e temperatures 

in Table 1. Tfe  rise aker 1:35 a. m. is notewort i y in 

ha P loon. 

FIG. L?.-F’ressure distribution at sea level and surface isotherms,.S a. m., 75th merldien 
time, April 2, 1934 Balloon pnth in heavy line 

real. This im lies a state of stable equilibrium of the 

lying the southeastern states on the morning of the 2d. 
By noting the displacement of the HIGH toward the west 
a t  2.000 meters, as compared with its position on the 
sui-face map, i t  is appment that comparatively low tem- 
peratures in the lower levels mer  the eastern states con- 
tributed largely toward determining the position of the 
HIGH on the surface, and that temperatures aloft over the 
southeastern states were robably not much lower than 
a t  the surface. 
was encountered by the balloon a t  the altitudes in wgch 
it flew while passing from the Missouri Valley to South 
Carolina. 

air, or n small 7 apse rate within the HIGH that was over- 

It is evi 2 ent then that a warmer re ‘on 
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Altitude I Teniperaturr 1.. Feet 1 Meters 1 '(*. 1 O F .  

' Time, 90th nreridiau 
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FIG. Y.--IIrttwrogr:im of b:illunn night of April I-?. lW4 
NOTL-Kev to references to origin:il uotes Rppr:iriiig un meteorogram: a "Settling tiwing to nrwturnRI cooling 1110 bdllost tliroaiil"; LI "T~iUlJcrRtUl'e rise about 1.3' C."; 

 sunrise". d'"Equi1ibriurn uininteinrd without vnlving during tiny"; c "Eatimntwl top of haze loycr"; 1 Desrent suddriily :iwrlt~rnte4i, IiiJparPntl:; brcnum of cuoling 
aftcr passin'g hrloa top of hrze layer." 

tion at  Due West on the lst,  wliic'h s'ii~m-s ti fdliiig t,eiii- 
peratmure itt 1 , .WO niet,ers: &I, iii 1iot.e of t,!ie frtct, t,litit t.l:e 
teniyerttture o ~ e r  Scot,t. Fieltl, 14' F.. at 4,000 nietcrs on 
the lst, was pot,eutittllp very iietdy t.lw m i i e  tis the YUT- 
face t.emper,rt.ure, 43' F., tit Sn.vanii;rh ut.  t,iir t l .  in. ob- 
seilrttt.ion of the l d .  Tlir infercnw is strong t'hitt, a re i- 

rlo "South Carolina on t,lie 1stm-3t:l. would be :I three- 
dimensional one, and t.liereforP in ip~ .4h le  of tletlur!tion 
from direct ohservat,ion. 

In t.liis connection it iiiuq' be. iiot.rd t l tnt  uiicler cwt.ain 
conditions 2% mass of cold air nloft may be t,raiisportetl 
considerable distances sout.liwarc1 without. material iii- 
crease in teniperatm.e resuhing. As it niatker of coni sri- 

10, 1924 ' (see Free-Air Summary. MONTHLY WEATHER 
REVIEW, Mtircli. 1924, 52: 1731, wherein such u t.rans art. 
of cold air over a long iiort.li-sout;h route is shown. +lie 
diffeience is to be found in the fwt t,liat, on hlnrcli 10 
cold air simplv displaced the warmer air in front of i t  to ;I 
ponsiderable ,height. above the ground ill t,lre rear of L I ~  
intense Low, where presumably tlie saiiie configurat.ion 
of isobars prevailed within the wrt,icwl 1iniit.s of ohserra- 

resent,at.ion of the trajectory of air Iilnft, 'fron~ Scott. Fie 1 il 

son, citat,ion is made of the records of Due West on h. P arc:Ii 

t.riliutioii d y  fur ti i i i imt i i i t .  ahout iiiidwiy of the t h e  
v1:ipwil duriiig the flight., during ~.11ic11 pt-ricd tlic surface 
prtwure uiidwwwt. not icenhlr cmliiuigea. 'l'he p. 111. map 
( I f  t w  11 t t i  in p,rrticulur siiiws ti marlid divergence of 
tlir si~a-lcyill iwhnrs frim tli(isr represeiit,iiig tlie 1,000 
iiic.trr pressiirt~s at, '7 i i .  i i i . ,  011 the 13t.h. This flight as 
w ~ l l  :is t , l int  uf April 1-2, scwi is  to gin1 e:-idence that a 
cert.tiiii st,:hilit,y u t  upper-ziir prcssure ccmlit.ioiis, coni- 
pirecl witii c.liaiigtis on tiie ground, prevails during periods 
#-heii sui-f:ic~ pressure grnclients ure not very pronounced. 
'~"IIc s11rftic.t. n~id  I qUOO-~~iet,c~r isijhrs tit. 7 8. 111. of the 
1 2t'll. t1JgPt'lllT with t.hr pi th  of t.ha bullooii, tire reproduced 
in lipure 4. 

Th.irtE j i ,qht .  --April 18, 7:::s p. n?. to April 19, 
5 5 0  a. iii., !iOt.li nieridian time. L:iiiding, u t  Lebanon, 
'I'eiiii. 111 a few hours' st.eady rise lifter t.he take-off! an 
dt.itudi? of about S,OOO feet wus uttained. iit which point 
it. WLS discovered tliat t.h$ ballooii was leaking. Descent 
wis then nitidtb to 1 , ~ o ( J  feet. and effort. niade to maintain 
that alt,it,ucle f(Jr t:he remaining few houiu of t-lie flight. 
Owing to the nat,ure'of the record, due t,o the behavior 
of tlie hdoon,  it has i iu t  bcx~11 t,hought 'of suficient 
vdue for furtlier cliscussiuii. 
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Fourth ight.-April 23, 5 p. m., to April 24, 3:50 

Wis., 436 niiles from starting point. A brief account of 
this flight is given in tLe MONTHLY WEATHER HEVIEW 
for April, 1921, 52:214-316. in connect.ion wit,li a. de- 
scription of the National Balloon Kace from San dn-  
tonio, Tes. During t1ia.t portion of the flight estending 
in an arc. froni Scott Field to the point on Lake Jlicliigan 
where, a t  about S a. ni., the balloon turned to the west,. 

constant altitude avemging I ,600 feet, above 

p. m., 90t .R meridian time. Landing made at Kavarino, 

groun a was maintained, after which variable winds u-it11 

FIO. 4.-Pressure dlstrlbution at sea lew1,and 1 kllometer above sea levs!. 8 a. in., i5th 
merldlan time. Apnl 12, 19%. Solid lines are sen level isobars; dashed lines we 1 
kilometer isobars; and hesvy line balloon path 

threatening weather were encountered, and to muint.:~in 
a constant altitude was no lon er possible. This nioder- 

occur-i. e., winds paralIelingthe suihce isobars. IIoB.- 
ever, the first part of t.he arc shows a well-defined out,fIow 
from the HIGH sit,unt.rd to tlie east,, and the latt,er port ion 
a pronounced inllow toward a northern est.ension or rcin- 
forcement of the iiIc;H, where surface teiiipernt,urcs \\-ere 
lower. While pilot-balloon obserrut.ions silu\4Td tlie 
same arrangement of wind directions, t.he free-balloon 
fli lit proves RS an actual t.raject,ory ~ l i a t ,  the pilot,- 

line of flow. A further verification of this traject,ory is 
given in the record of t.eniperatures, which shows a 

uite constant. tein erature of about 15' C. t,Iiroughout, 

loon was traveling nort.liward. A h e r  record of t.cni- 
erature made ut  about t.he same altitude, \+-l,cn t,l:e 

galloon was t.ra.veling \vest,wmd, showed a much lower 
reading, indicating that at, the point, along Green Bay 
where the balloon was compelled to make an abrupt 
change in its alt,itude and course the trajecbory c.linngcd 
to one having a pronounced ascending coni onent.. 
Fi ures 5 and 6 show in det.ail the pat,h of the Ealloon 
an 9 the surrounding sea level meseure for 7 D. ni.. 23d. 

ate altitude is that a t  which or 5 iriarilv "gradient \+kids'' 

ba K loon observations show merely as an inst,mt,sneous 

%e const.ant alt,it.uc P e port.ion of the flight. d e r e  the bal- 

pressure map for 7 a. m., 24th (not reproduced), shows 
a close corresp0ndenc.e with the surface isobars a t  the 
same time. 

FijfhJlighf.--Bpril 29, 3 to 10 p. ni., 90th meridian 
t.iine. I ~ n d i n g ,  a t  Hart.sbur Mo., 130 niiles nearly 

ArBansns, and when the balloon took off , t,he surface 
wind wns sout,liwest a t  Scott Field and northeast a t  
Colunibia, Mo., 1':O niiles to the west. The flight was 
t,iierefore made close t,o-and apparent,ly ended directly 
at-t.he wind-shift, line. 9 constant altitude of about 
4,7(10 feet wtis maintained from 4 p. in. to S p. m. in an 
east,-sout.heast wind. Owing to cloudy weather and 
preci it,nt.ion, makina t.he locating of the balloon's posi- 
tion iifficult to the pgot,s, the course of the last, two hours 
of the tliglit is uncertain, escept t,hat it  is c.learly evident 
thst  the descent from 9 to 10 p. ni. was made in a north- 
erly wind. 
As the LOW was rigorous and moving, and as the 

flight was of short duration and length and near the 
time of t,lie p. in. obserrat,ion, it is obvious that no 

due west, of starting point. T LOW was centered over 

FIO. 5.-Pressure distribution at sea level, 8 p. m., 75th meridian 
Balloon path ~n heavy line 

time, April 23, 1924. 

useful comparison is ossible with upper-air 

Interest in bliis fli lit, is cent.ered in the records of weat,her, 
t,eniperat,ure, a n i  wind direction, and comparison of 
t,hem with corresponding surface weather elements and 
changes therein. Making allowance for possible inaccu- 
racy in out.lining the pat,li of the balloon, i t  is apparent 
from Figure 7 that the course lay either along the direc- 
tion of the sea-level isobars. or deviat.ed somewhat from 

inasniucli HS t,'hey nppy P t.o R. m. obseirat,ions ony, 

and 7 a. m., 24th yespectire$, the path of h e  balloon General pre- 
being reproduced on both charts. The 1,000-meter cipitation attended the LOW, and rain and snow were 

them in the direction of higher pressure. 
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encountered at  intervals during the flight,, the snow being 
observed in t:hc occasional stiort, ascents int.0 lii@ier 

Rain became increusillaly frequent! as the ha1 o(;n pro- 
ressed westward. until at. t lie western t,erminus of t'lie 

Eight steady rain conipellctl t,he decision t.0 descend. 
The temperature recorded wns generally about 6' C!. 

at the constant altitude of 4,700 feet, which compnred 
with 1 3 . 3 O  C. on the ground at  St.. Louis at, 7 p. in., shows 

altitudes where near-freezing temperatures y\-a11ed. 

FIO. I.-Pressure distrihution ut sea level. 8 a. m.. 7Sth mpridian time, April 24, 1824. 
Balloon path in hravy line 

a lapse rate practically equal to t,he moist adia.batic for 
the given temperatures. This evidently represents the 
state of the a.ir over that part of Missouri t,rawrsed bv 6he 
balloon up to the time the wind shift occurred. h o n i  
the fact, that the surface wind became nort,herly at Coluni- 
hia at 9 a. m., and at  St.. Louis soon a.ft.er 8 p. ni., it. is 
clear that the last portion of t,he flight was made in nn 
easterl wind underrun by one of increasing depth froni 

cipitation in this port,ion of the LOW niny be ascri ed. 
The horizontal trajec,tory of a.ir toward t,lie west-nort,li- 
west, represented by the constant alt.it.ude port.ion of blie 
flight, unquestionabl underwent a radical change at  t.he 

seems an inevitable conclusion that, to w1iat.ever hori- 
zontal direction the trajectory cont,inued, a st,rong vertical 
component applied. 

Szdh$ight.-bfay 7, 5 p. ni., t.0 May S, 2 a. ni., 8Ot,li 
meridian time. Landinu mnde at  Henderson, Hy., 1.10 
miles to the east-sout%enst. of start.ing point. The 
met.eorogram shows that in a gradual ascent, of two hours 
an altitude of about, 7,000 feet, wns attained. which w7it;h 
sonie variations of a few- hundred feet. was niaintained for 
about three hours. Following this brief period at  con- 

g.. a nort t erly direct.ion, to which circunist,ance t8he 

point where the ha1 T oon wns compelled t.0 descend. I t  

- 

stant altitude, t,he records show a more or less irregular 
desc.ent lasting four hours. The flight was mnde in the rear 
of a low-pressure area t,lia.t covered most of t,lie eastern 
half of t tie count.ry and caused general precipit,ation 
within its confines. As in t,lie fliglit inimrdiat.ely pre- 
ceding this one. rnin and snow, tending t.o heconie con- 
t.inuous, conipelled t,he descent. As nearly as can be . 
ascert,ained h n i  t,he log, t3ie bnllcbon drif t.ed in a direction 
t,lint varied from nortli~r.est-sout,lieast, in the lower levels 
t,o a.pprosiniat,ely w-esb-east a.t t,he 7,OOO-foot alt.itude, 
t,he speed being somewhat grent.er aloft, than near the 
ground. The nearest, ninps in point of t h e  a.nd a l t h d e  
t,o which t,liis flight can be referred a.re t,he sea level and 
2,000-nieter niaps for 7 p. ni., Mny 7, and 7 n. ni., May 8,  
respecbively. l'hese show close a eement between the 

alt.it.udes. Owing t.0 the short distance (60 to 70 miles) 
at which a const.ant altit.ude was possible, neither the 
path of t.he hlloon nor the niaps npplicable to it are 
reproduced. 

The value of t,his flight, apart, froni what can be 
derived bearing on the main purpose of the projec.t, lies 
in the somewhat unique upper-air dat.a it furnishes. I t  
represents an obserrat.ion tha.t, under similar conditions 

isobars and the pat,h of the bal F oon at  corresponding 

FIG. ;.--Pressure distribution at sea level and surface winds. 8 p. m.. 75th meridian 
time. April 20, 18%. Balloon path in hrnry line 

of westher ca.n not be wholly duplicated by ordinary 
methods of nerology, due to t,he liniit,ations of kitme and 
pilot.-balloon observat,ions during the prevalence of 
>recipit,at,ion. An esnniinat.ion of the lo shows t,hat the 

were encountered in vsrious st.rnta from about 3,500 feet 
nlt.it.ude to ns high RS P,OOO feet.. A rather coniplete 
record of t.cniperat,ure was t.aken during t,he ascent, and 
at. frequent int,ervnls while drifting at  high altitude, the 

h o o n  was repeatedly in nnd out, of c B oud banks that 
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FIG. K-Presurr liislributicm at s m  I i * v ~ l .  k 1'. 1 1 1 . .  ;51h nirriilin~i timr. N a y  2". 19%. 
S;nliil Iiiiw. 11. m.. ??d; i l m h ~ d  liiivs, end 8 a. ni.. 7St.h meridian timi*. M:+y  2% I E 4 .  

a. m.. 2.M. Rallnon path in heavy linr. 
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The balloon took a course about east-southeast, in the 
short distance i t  traveled at  a high altitude during the 
early part of the flight,: and thereafter, at! the low ahi- 
tude in which the fli&t H-as complet.ed, tke coiirse was 
about east-northeast,, approsimately conforming t.o t,Le 
isobars in the rear of a HIGH thnt overlay the f;c)ut.h- 
eastern States. Figure Y shows the sea-level isobaric lines 
a t  7 p. m., 22d, and i a. m.. 33d. and the pat.li of t.he 
balloon. On account, of t,he low altitude at. \i.liicli the 
balloon flew from about E ransd le ,  Ind., t.o the Iniiding 
place, this portion of t.l:e fligli t, is direct,ly conipnmble 
with the pressure gradients and changes therein fit, t,he 
surface. The comparison shows that the direct.iim of 
flight changed to conforin with the clianging configiirn- 
tion of the isobars; also that tlie balloon moved frcmi x 
region of falling pressure to one where t:he pressure was 
rising, as is shown in the followina record of sea-lewl 
pressures near the beginning a n 8  end of t.he flight,: 
7 p. m., 23d, St. Louis %.SS, Hoseville, Ohio, 2$).S4: 
7. a. in., 23d, St. Louis 29.70, Roseville. Ohio, 29.96. 

The evidence of this and the preceding. flight is that, 
a t  those levels near the ground where winds indictit,ed 

ressure grtldjents are fully expressed. 

the surface isobars, irrespect,ive of changes in prcssur~, 
such changes in pressure by c:orollary being iniposed 
by changes aloft. S t  may seem t.list this conclusion must. 
be qualified as not having universal application, aft,er 
considering some case:, as, for esainple, t.he flight. of April 
33-24, in wliicdi tdie ccmsc? of t,he hulloon sllon-ed n n  
outflow from the rctw of tt HIGII.  c*l~t~ngiiig lntcbr to a111 in- 
flow. The Iiiat.ter hinges lnrgrly ~ I I  liorizc~i~t~til :I I I C I  verti- 
cal teiuperaturi? ~lui11eiit.s. and t.hcreforc. the tliglit. of 
April 33-34 probaxly d c ~ ~ s  ~ i o t  in\-alidat.e t,he c.cmclusions 
derived froin this (.)ne. iiitisniii(:h as  in tdie foriiier flight. 
the balloon was ttpproacning a region of petit. tlivorsit,y 
of tem erature m-it.liin narrow 1iniit.s in d l  direct ions. 

90th meridian t h e .  This flight was made in t,he soutli- 
east portion of a rather ill-defined area of low prc:: SSlllP, 
cent,ered near the upper Mississippi Valley. (See fig. 9.1 
The trajectory of tile flight, deterinined from the log 
shows a somewha.tf irreplar course towird tile north and 
northeast, hut tireraging ahout. nort,h-nn~.t,li~..~st., ns 
shown by a line drawn from Scot,t, Field t.0 Mont.icrllo, 
Ill., 125 miles distant,, near which town the h:dlonn fell. 
The courso was apparent.ly direrted more t.nward t.lw 
east in the higher alt~itwles. in agreement v.-ith pilot - 
balloon observations innde r t  few imlrs earlier. The h l -  
loon did not. adhere to any cert.nin nlt.it.ude for inow t,liaii 
a few minutes a t  a t,inie, as the niet.eoropani shows t.hnt. 
it  rose and fell in a serics of ascents t.o sucessiwly higher 
altitudes. (See fig. 10.) In each case the descent. WIS 
made to almost e s a d y  600 feet above ground. This 
procedure in manipulating the balloon can. hardly hr 
attribut,ed to threatening wcat,her conditions nn t:he as- 
sumption that each descent, was made as R prrxnution 
against rec.urrent, dangerous conditions. ’1 .h  only 
mention found in t.he log of t,hreat.ening or drtngerous 
weather is at, 9:lO 1). 111.. w’here the follwving mitry ap- 
pears: “Occasional lightmiling flashes in distance.” That. 
this observation gave tke li0t.s 110 concern 11.8 t.0 it,s 

ossible port,ent is indicnt,ed E y t,lie fact, t’hnt. iminedintcly 
following this entry, wtiicli was iiiacle at. low nlt.it,ucIe, t;lie 
balloon was allowed to rise again t,o a. high altit.ucle. 

The regularity wit.h which tt cert.ain a1t.ituclu was 
reached on each descent suggest,s that. tlic? balloon was 
under control a t  all times until the end, and t.llat t,lie 

ace 
ory o P air particles is defined by the t.rend of 

Tent 1 $ight.--.Jiine 3, 4:lO p. ni. t.o nbout 11 p. 111. 

FIG. O.--Pn=ss~~re distrihution at sea level 8 m.. 75th meridian time. June 2. 1924. 
Rolloon p+ti inseaeavy line 

alt.ernate ascents and descents were robably deliberately 

purpose might five been is ’ven in the followin ext,ract 
froin t,he wnthgs of Doctor iieisingsr, a h a d y  re erred to: 

Fligh1.s at Yaryiiig elevcrtioils: * * * to begiii a flight in the 
soutl~c.rly current in front of a cyclone,. proceed northward in it 
until one is shove tlie e:tstcrly surface wnd,  axid allow the balloon 
altc-riiately tn ascend and descend Qliroiigh the cloud lager from 
one streaxil t.0 the other. By coming below the cloud layer for, 
say, a half hour, one could pick up his location, then ascend through 
the cloud and remain above it for another half hour, after which 
a.~ioCher descent, coold be made, position oht.ained, indefinitely so 
long a.s the hsllast and gns permitted. This would give the 
direr t inn o f  h t h  st.reams. 

Opposed to this idea of purposeful manipulation of the 
nltitucle of t,ho balloon, is the fact that no altitude was 
niaint.aincc1 long enough t,n det,ermine t,he direction of 
stream flow. I t  is therefore possible aft,er all t,hat the 
pec.uliar record of altit.ude. was due t-o diffic.ulty in c.on- 
t,rnlling the ba.lloon, as was inferred to he the case in the 
previous two flight,s. 
control is conveyed by the fre uent ent,ries of ba last 
released while the balloon was 8 escending, of which an 
inst.ance is shown in the escerpt.ed last four lines of the 
log gi1-m helow. 

made with a urpose in mind. 1 clue to what this 

P K 

T of 
1nt.imat.ion of such difficult! 

FIG. l0.--3Icteorogrmu of balloon flight of June 2,1924 
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At the time t,hc balloon took off , weather was unset tletl 
and t,hrent,ening over a coiisitlernhle iuea surrounding 
Scott Field, especially to t,lw nort.liwest.. A fairly well- 
defined but soniewhiit dist,ort,cil winil-shift. line est.c~niling 
from Oklahoma to the Upper Ldies ant1 passing t.i) t,hc 
west and nort.hwest of Scot,t, Field, ti;' eiirs on the p. 111. 
ma of June 2. 

tliunclerstornis were rrport,eil fr1-n n lnrgc port,iiin of the 
region east of t,he Mississippi Kiwr. It. seems prolxihle 
that the advance of the wi~icl-sliift line over t.lw path 
of flight of the balloon was rt1spiiiisil)le for t.hc clc\*elop- 
ment of weather conditions t,liitt ~::i.usecl tlie &sf ruct,ion 
of the balloon. In this connection t,lic wind record over 
central Illinois in t.he lat,e l i o u i ~  of June 2 is significiint, 
inasmuch as the h i e  of wind shiIt. shown by t.lie ancino- 
graphs is very close to the npprcixiniat.c t.imc? uf the ilisns- 
ter. At Peoria, Gci miles northwest of hIont.icello, t.lie 
wind shift,ecl abru tly from soubli to nnrthwest a.t 10 :I5 

At Spring K 'elcl, 55 miles t,o t.he w-est-southwsL id 
KZtice1loJ the wind sliift.ei1 ii1)ruptly frtoiii soutiiwest, to 
west a t  10:47 p. m.; while at. St.. Louis, 125 niiles t.o the 
south-southwest the wind rimainecl sout.li froni 9 3.j p. 111. 
to midnight, after which it. became sout.liwest, and lnt.ctr 
northwest.. 

Conditions probably dit1 not. ttppe:ir dzing~r~.ius to t lie 
pilots until aftfter the last ent,ry in t,hc log, w1iic.h wzis mnde 
a t  10:48 p. m.! when the hnlloon 1in.d rcnchcd t,lie highcst 
point of any ascent, and just hefore it hegn.n the rapid 
descent that  wtis soon t.o bc f(tl1uwcd by tl:r death of hoth 
pilots. The first. mention in thc lrlg ot' t.lie hnlloon being 
in clouds appeared a t  9 : N  p. m., which prohnhly ninrks 
the beginning of development nf threatening weather in 
the vicinity of the balloon. Tlie following is n copy of 
the entries in the last four lints of tlie log: 

B 7 a. ni. Junc 3 t r ic wind-sliiit. line 
ha C r  advanced sout, ii' icnst\varc-l, and rains wit.h scat,terrtl 

- ....... . . .  .-. 

Remarks Time Altitude Bnllast ITernprn-I 
(p. m . l i  (feet) (bags) /ture (OF.); 

.. -. . . . . . . . .  ._ 

'-I-- 1 I .......... 0 w r  Mnenn. In cloud. \+'0.4\V. 

1 1 .......... KSD wenthrr hullcl,in rcc'd. 
9:50 '1 i .......... 5 mi. p. Dwntiir. 

3fi Taking sltitiide tn  try t u  pn rnrtwnril :ind I a v n i d m w .  ~- __ - . 
17,440 a)m?ctnd. 

The conditions surrounding t.he line of flight fii.oored 
t.he formation of inst,abilit,y showers m c l  t.liunder- 
storms. This is indicat,ed both by t,he tempera t.urr 
record of the balloon mcl t.he a.erological CJbSC'1'\xtilln8 
at Royal Center, Incl., &out 200 niilcs air-ay. A s  the 
balloon recorcl of t.emperat.ure agrees quitc well wit11 t11ii.t 
obserred at, 12oyal (?ent.er a few hours enrlior, the IZn? id 
Cent.er iierological record, I)ciiig iiiow complc.t.r, is rc- 
produced, and appears in Tnhle 2 .  I!. will br notcil t.li:it. 
there WRS a pra.ct,ically dry adinbnt,ic 1:ipse rate frnm t,he 
ground t.o 2,000 mrt.ers, wit.h 100 per cmt, 1iiimirlit.y 
near the t,op of the record. T h e  csviilence n.11 points to 
an unstable condit.ion nlong the pitt,li of the hnlloon, 
which in connection wit,li the pwsimit.y of the wind-shift 
line, macle the posit,ion of the hctlloon ai precarious onv. 

TABLE 2.-Fres-air condiliotrs nl Roprl C'i,tilcr, I t i d . 9  on Jioic :?, 1924 
- ..... ~. -. ........... 

Time (p. m.) 
rpcr rent: 
-- 

2:m (surfam) ...................... 
2:15 _._____________________________ 
3:36 ............................... 
4.41 ............................... 5.015 ~ 3.1 . 100 
5: 00. .............................. 1.464 s. n 73 
5:E 51; 

...................... A i  6:lS (surfnee) 225 I 
............................... fin4 ~ 12.2 

I i -~ . 

Tlie met enrugrani shows n rnpicl drop taking 13 minutes 
from the last liigli point rrnched nt '7,440 fret clown to a n  
tiltitide ol' 1,701) feet. Bdow this point the record IS 
hlurrtd, but dcscment for tlie rcniainder of tlie distance 
t o  the ground W I I S  pr(hh1-j- at, the same or even rester 
r; i tP of spw(l. ,\fter n sliori intcrv-nl, corresponfing to 
almit 12 niinuttas on the nieteorciprsni. but iinclouhteclly 
tluc. in part :it lciist to jarring of tle instrument (:RusFd 
hy Iniitlinp of the l)iiskrt, thr rrccirrl shows n rapid rise 
froni t l ir  grc>iin(l to 1 .%M f w t ,  fnllowrrl immediately by 
an rc ual1~- or nuire rn id fall. Thp total duration crf 
this r ns t  asccbiit and ( P escent wiis :lhtJut sis or sewn 
mi nut  es. 

l'hc tlt.sctmt from i , 4 M  fwt,  at xhout 10:30 p. m.. 
wliilr much more rnpicl than anq nf the previous descents, 
w i s  still ii pnrcntly too slow t o  intlicntr thut any accident 
hail 1)c~fnl P en the pilt~ts. I t  is pr(tl>ilhle that on nccount 
of suddenly clevrloping tlwenteninp writher, a quick 
descent wits decicletl upon. and that the last part of the 
tle.;cr.nt \\-'tis so liastenctl hg  ralring tlirit n hurnpv landing 
was made. ,bcc>nt w-ns again hegun e\-idrntly by in- 
t.eiition. mil \i-hcn un iiltitutle C J f  1.51J1J fcet w-ns renched 
thv hirllnon bccnme ignited. causing its destruction with 
tragic consequences. 
T h  cnuse of ignition of the hlloon was undoubtedly 

either a direct stroke of lightiijng. or u spark, probably 
froni thc radio antenna, occurring siniultaneoiisly with R 
tliscllnrge of lightning. .in esaniple of the severity of 
the clinrw possible on the radio antenna during threaten- 
ing watTier is given in t.lie following rstract from a letter 
hy Dnctor hleisinger referring to the last ortion of the 
fjigiit of -\!xi1 23-24. wlieu flying close to tfunc1erstornis: 

The Imlletin the next day (April 24) at. 11 a .  in., was not listened 
to, iiig to henry static which not only prevented our hearing 
niwe tllaii I\XJC's t h e  signals h i t  a h J  caused such violent spark- 
ing about the rsdio set as to cniise 11s to reel in the trniling antenna 
and attach it to the counterpoise, which operation was not ncconi- 
pli4ierl without the reception of violent shocks by Lieutenant 
Neely. 

Anotlier pnssSihlr souref' of clnnwr in free hnllooning 
iliiring thuntlerstornis is rnmtionecl%?- hlr. Rnlph Upson, 
the nnted n t w i n : i u t .  From the July 1, 1!l?-l nuniher of 
thc Nntional .icrnnniitic. Association Rex icw, the follow- 
ing paragraph from an artkle by Mr. 1Tpson is quoted: 

Lhiring the past few 1lliJnthS it Ims hceii brought out by authixi- 
ties on electrustnticu that 3 disclinrqr nf gas or ballast from a free 
ball:Jctn in flidit seems to hrenk d w n  the dielectric of the air. and 
pro\ide a path for a charze tn piss film clorid to cloud, or to a 
lesser e\tcwt from cloud to groiiiid. 

Frniii the testinimT nf p'rs m s  living in the vicinity of 
tlie plncc nhc.re the. c1isnqtr.r occiirrtd. it has heen ascer- 
tninr.t l  that the h:tllomi raright fire siniultaneonslp with 
or snoii after the orrrirrencc nf n crash of lightniny. It 
is therrfore w r y  prd~ahle  that the balloon wns struck 
tlirwtly bv a stroke of liglitnin:. Other evidence, such 
ns ct-militiun and position of  the wreckage nncl bodies of 
t l w  pilot<, lenrls strniigly to the hrlief that, Doctor 
R.1 risinger was instniitly killed wlirn the hallnon was 
i g i t d ,  iiiitl that Iitwtennnt Nedy niet his death in the 
rtt t.cnipt to save himself hy pnrachiitinq 

C'OSCLUHTONS 

1. Tlie flights of this series add to the tcatimony of 
ordinary aerological observations to the effect that tree- 
air pressure maps according to the hfeisinger system cnn 
alwiiys be relied on as being a t  least approximately 
correct. The qualification implied by saying '' ap rosi- 

as i t  is, on the comparatively meager records of aero- 
niatcly " refers to the crudities inherent in a system Q lased, 
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logical observations available. Now t,hat the long-sought 
foundation for a reliable system of pressure rccluction is 
laid out., further developments in aerological work ancl 
the establishment of truer free-air normals, hold nut 
hopes of future refinements in t,he system t.0 the point of 
unreserved acceptance of the resu1t.s. 
3. As brought out in the test of this paper, there are a 

number of difficulties in the way of representing free-air 
trn‘ectories by means of the free balloon, or of accept,ing 

difficulties, in practice, of maintaining constant alt.il.ude 
and deterniining the locat,ion of the balloon, and con- 
siderations of vertical component of air movement. The 
questiori as to whether furt’lier pract,ice of free ballooning 
might lead to closer approximation to t,he facts on t.1m 
particular point, vies with the cluest,ion as t,o whether 
the additional knowledge gained would justi€g t.he effort. 
and expense inrolred. 

3. Referring to the general problem of frce-ballooning 
wit,h relation to meteorology, t,here can be no question 
as to the reciprocal benefits of one bo t.he ot,her; in fact,, 
the very dependence of ballooning on niet,eorology com- 
pels t,he belief that meteorology can not help but ncld to 
its fund of knowledge from a pursuit, to which i t  is indis- 
pensable. There are a number of problems in niet.eor- 
ology peculiarly adapt,able to free balloon investiga.t.ion, 

sue \ i representation as Talid. The chief of these are tho 

some of sufficient importance to make this means of 
at,t,eni t, a t  solution well w0rt.h the effort. Suggestions 
of sue r i problems, t,hnt incident,nlly were accessorial rea- 
sons for Mcisinger’s flighs, are contained in bhe test  of 
this paper, a.s, for esam le, in t,he fift.h and sixt,h flig1it.s. 

~ n y  prograni of free-Ralloonin for met,eorologicul pur- 
poses must necessarily conbemp K at.e flig1it.s in unsettled 
weather, rains, and snows, BS well a.s in fair weather. 

of 
aeronaut.ics. ‘&e great danger lies, of course, in t un- 
derstornis. The t,ragic denouement of this roject. fol- 
lowing so soon afte.r thc toll of lives esactcd \ y the. con- 
ditions during t,he Nationnl and Int,ernat,ional Balloon 
rnccs of 1933, emphasizes the menme of t,hunderstorms 
t,o inflnmmablu charged balloons. It is a niatt.er of rec- 
ord that in all instances in reccnt years of disasters to 
manned. balloons at,tribut.able t,b t.linnderst,orms t.he voy- 
agers were awwe beforehand of the risks t,hey mere facing. 
It. is sufficient, test.inionin1 t.o the aid rendered by meteor- 
ology in t.his field t.hat. it. can warn of danger even t.hougli 
it. can not. pro hesy disaster. Safety in free-ballooning 
will he reabzcc P when precaut,ion is no longer made sub- 
nrc1inat.e t.0 liipalt y t.o purpose ancl when it, is conceded 
that “safety first ’ is as applicable and justifiable in this 
line of scient,ific work a.s in any other pearetime endeavor. 

ronounce a.gainst flights in any but fair weat,lier 

z go a lono way t,oward aclmit,t.ing t.hc fut,ilit, 

O N  T H E  MEAN VARIABILITY IN RANDOM S E R I E S ’  

By EDGAR W. WOOLARD 

[IT. 6. Weather Bureau, WnshinKton. U .  r., March ?i, IK!5] 

The human mind is so constituted t,hat,, when c~)ii- 
fronted by an ext,ensive array of numericd dat,a, it. is 
incapable of adequately grasping the signific,ance of t,he 
figures or of detectin and comprehending t,he relnt,ions 

defeck, special methods, known as statistical, have been 
devised for the scientific treat,ment of collections nf 
data pertaining to K U ~ S  henoniena. St.at,ist.ics ncrom- 

their significance can be more readily grasped, ancl by 
inventing special analytical processes designed to rereal 
the laws and relations concealed in t,he figures. 

One common statistical procedure for rendering d a h  
amenable t,o our mental facukies is that, of replacing 
the original lar e body of raw numerica.1 mat.eria1 by a 
very small a n f  compact, set of summary c0efficient.s 
which concisely, et adequat.ely and comprehensively, 
resume in t,hemse s ves all the essential features of t.he 
complete dat.a. Of course such a replacement is neces- 
sarily made a t  the expense of de.t.ai1-no summary can, 
bv virtue of its very nature, cont.ain all the fact,s--but 
t.he effort is made to retain in the summary all t.he fact,s 
and feat.ures essential or relevant to t J l P  p rpow.7  in hand. 

An ext.ensive body of numerical data may thus he 
succinctly described or charact.erized by, and. at. lerrst. 
for nmny purposes of statistical andpsis, may be replaced 
by, a. brief set of statistica.1 coefficients or indices, one 

and laws eshibited B y the data. To overcome this 

plishes its object by disp P aying data in forms such t.liat 

I In view of the usefulness of the so-called Gouterenu ratio In meteorologir.?l invrstigs 
tions Mr Woolard was ssked to examine the question ns to whethrr there could n c ~ l  he 
derefoped a generalization of Gouterrau’s theorem, rhirh 3s ne understand it  RplJlic‘: 
strictly to numbers in a Gaussian distrihiition. From a vers superfirinl examination 
on my own part, I am impressed with the fart that this ratio. Qhilp nnt ronstnnlly eqiinl 
to the square root of 2,,(1.4IL neverthelesshas p value differing hiit little from that vnliw 
for wry wldol differing frequenrv distributions. For e.\ample. the U-shaped clistri- 
hntion of a tahfe of sines seems to lend to R ratio of shout 1.25. 

The problem might be stated RS follows: 
Given R limited series of numbers. R, h, e. . . . !i. of whirh 1.. f b  . . . fk rrpresent 

the relative frequenries of thnw numhers. Regardlesn of the order nf s~~cccs~inn. the 
mean deviation of these numbers may be evpressed RS md.  If the areragr value of the 
mean vnrlstion of the numbers in a sequence of unrelated numhers is v, what IS the 
ratio of vimdP-C. F. Marcin. 

coefficient, for each of t,he import,ant, and relevant fea- 
tures of the data. The com arat.ive analysis of two 
different. set,s of dat.a, and of t. 1 e respectire phenomena 
to which they pertain, in respect. to each of their essen- 
t,ial c.haract.erist.ics, then becomes largely a matter of the 
comparison of corresponding statistical indices: two 
different phenomenn may he identical in that aspect 
characterized by the arit,liniet,ic niem of t,he da.t,a, and 
yet differ widely in respect to bhe feature rharact.erized 
by, say, the standard deviation. Obviously, in any 
uiven cnse it is a mat.t,er of very great! importance to 
Ke sure we ha.ve inc.luded in the set of c.ciefficient.s an 
indes for each and every iniportmt aspect of the phenom- 
ena. iinder consideration. 

Now, the st,at.ist,ical coefficients perhining to a single 
varinhre to which nesrly all the att,ent,ion of stat,isticians 
has t.lius far been directedpelat,e entirely t.o t,he various 
charact.eristics of t,he fre uency distribution.’ In niost 
cases! perhaps, this is sii %i cient, but in some problems, 
inc.lurling many import.ant met.e.orologica1 applications, 
at  least one other feat,ure of the data must be hken  
into considernt,ion. viz, the order ?f .swtress.i.on. If t.he 
st,nt,isticnl dn.t.a in hand relate to, say, biometric measure- 
ments, it. is immaterid in whrtt. order the clata. are re- 
sent,ecl: but. if t,he data relabe t.0 the successive vn P lies 
tdwn on hy a. time-rnriahle, trlie order in which the 
vn1ut.s occur niny be quite relevant. 

Thc order of succession is. in fact, one of the many 
peculiar prohlrnis ericouiiterecl 
the Theory of Probabilit,y 
“Errors ” t.o metrorologirttl data: the 
rialjlcs frequcmt.ly tlo not, conforni t.0 the condit,ions under 
which t.he niat,hcmat.ic:il t.hcorics are valid. St,a tisticd 
- . . . _ _  . ____-- 

1 See 0. I:. Yiile, IntrodutAinrr lo  thr Throry of Ptnlialirs. rhap. vii. i ed.. London, 1E4. 
2 See. e. E.. V. 13. Ryd. 9 n  Omputstinu 01 TbIeteorologiml Observations. Danske 

Metcorolavgislir Institut, Mfddrl t lsrr  .Vr. 8.  Copenhagen, 191:. 


