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To obtain the highest degree of accuracy in pilot bal- 
loon work i t  is believed that a standard rate of ascent 
should be adopted for both one nnd two theodolite work. 
All balloons used should be ns near the same weight and 
shape as it  is practicable to obtain. They shnulcl be 
inflated so as to cause them to ascend at tlie stnndard 
rate. A balloon weighing 30 grnms inflated so 8s t u  give 
it a free lift of 132 grams will, it is beliavecl, be found to 
be a convenient combination to use. Such a balloon 
should ascend at the rate of approsimately IS3 meters 
(600 feet) er minute. The use of hnlloona of the smi! 
weight an d! the same free lift has the effect of eliminating 
some of the possible sources of error niiide in computing 
the results of the ascensions. Observers ninking two- 
theodolite observations will become f rtniiliar with tlic 
conditions tha.t produce variations from t,he c?spectml 
rate of ascent of the balloons ancl it is balicvecl that ulti- 
mately desirable dn.ta on this problem may be collectotl. 
Increasing considerably the frce lift of a balloon aboTo 
132 grams does not incrense the rate of ascent sufficient.ly 

the additional expense involved in securing 

80 compensate for the increa.ae of rate in the lower 
levels, certain corrections may be introduced in the com- 

utations of the altitude of the balloon clurin the first 

balloon ascensions made in the United States the coni- 
puted altitudes of the balloons agree best with the actual 
altitudes if the rate of ascent as indicated by the Signal 
Corps formula be increased by 20 per cent for tlie iirst 
minute of the ascension, 10 per cent €or the second and 
third minutes, and 5 per cont for the fourth nnd fifth 
minutes, respectively. A long series of observations 
will probabl indicatc that an jndiviclual serics of cwrrrc- 
tions shoul B be used for each station, and, as Table 1 
indicates, these corrections wry for tho diflerenb 1ioui.s 
of the day and for the different weather conditions. 
However, it is evident from an esaminntion of the data 
in Tables 1 and 2 and it is shown also in Table 3 that the 
introduction of these corrections for the first five niinut.cs 
of the ascension iniproves the accuracy of one theodolite 
observation. 

Table 3 shows the agreement of one-theodolite obper- 
vations with two-theodolite observations with ancl w1 t,h- 
out the corrections named above. 
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TABLE 3.--.Vunal~r of o!ie-theodolttt obseriotimie. 
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30 
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7 
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At end of minutes. 

1 ........................ 
2..  ...................... a ........................ 
4 ........................ 
5 ........................ 

15 ........................ 
21). ....................... 
25 ........................ .w ........................ 
3.5 ........................ 

in ........................ 

Table 4 indicates the agreenient of one-theodolite 
observatious with two-theodolite observations and, there- 
fore, the degree of accuracy that may be expected from 
one-theodolite observations. 
TABLE 4.-8hoiuin.g how single-thcodolite obseruataons agree wrth double- 

theodolatc obseriiataom, imxde nt .four stntzons. 
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1.16 
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6? 
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than 50 
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4 
4 
4 
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0 
0 
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- 

Num- 
ber of 
obser- 

vations. 

150 
161 
163 
162 
183 
158 
10B 
62 
46 
30 
20 
8 

1,229 

In preptxring the above t:xbles it was assunied that 
observations made with two theodolites were correct, and 
where the OTW theodolite computations gave cliff erelit 
rmilts it was assumed that the one theodolite method 
was in crror. I t  is recognized that this assuni tion niay 

theodolites were uscd, altitudes computed froni the three 
base lines were in very good agreement, usually within 
4 per cent. 

A number of ascensionsawere made with three to five 
bdloons, each of the smie free lift, tied together. The 
results are not conclusivch, but these groups of balloons 
appeared to ascend at  a soniewhab more nearly constant 
rnta and at  about the same rate as the average rate of a 
number of iiidividud balloons of the same free lift. 

l w  qwstioiied. However, in several cases w 7 ieti three 

SOME RECENT PAPERS ON THE RATE OF ASCENT OF PILOT BALLOONS. 

(Abstract and discussion.) 

By W. R. G R E ~ Q .  

In  1917 It. Wenger advanced the theory that raria- 
tions from average rates of ascent of pilot balloons are 
caused by turbulence of the air. this turbulence being due 
to. various factors, including topographic irregularities, 
insolation effects, and marked changes in wind direction 
or speed as increasing altitudes are reached. A s  a corol- 
lary he states that the observed variations in rates of 
ascent can not be accepted as indicating the j~rosence of 
ascending or descending currents in the atmosphere, hut 
rather that they constitute R direct measurement of tlie 
degree of turbu1enc.e therein. This view is quite at  
variance with that conimonly held before Wsnger s paper 
was published. 

. Recently there ha\-e appeared in Notwe two notes in 
which issue is taken witli Wenger's conclusions. In the 

first E! Van Bemnieleii prcsents results based upon three 
very coniplet,e svies of obse-ations ab Bstavia, Bandung, 
and on a small coral island in Dlie J a m  Sea. Insolation 
WLS very active at  the first t,wo places, but, negligible at  
the third. The results show at the land stations a 
niarked increase in ascent in t,he first! kilometer during 
the daytinit!, this increase beii1.g greatest between noon 
mid 0 p. in., and no increase what.erer at  night; at  the 
small island stat.ion there was no variat.ion either day or 
night. Van Bemnielen conclucles, t,herefore, t.hat varia- 
t.ioiis are due alniost entirely to vertical c.ui-rents, more 
especially since in his observations there was rarely 
found a velocity as high as 15 ni. p. s., above which, ac- 
cording t.0 Wengcr, the effect.s of turbulence become most 
pronounced. [Wenger states that a mzu turbulent state 

I Die Steige xhwindigkeit der Cummiballone und die Turbulenc in der Atturnphiire. 
Avnakn der &dromphie und Maritimen Meteorologie, 1917,45: 121-137. 

3 Hixh Rates of Ascent of Pilot Balloons, Nature (London,, June 17, 1920, pp. 4S-488; 
abstr. in Sei. Ab. ,  Doe. 30,1920, pp. 61M15. 
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enters at  these hi h velocities. This, however, is only 
one of several confitions causing turbulenca.--TV. R. G.] 

In the second note refemd to,s Mr. J. S. Dines coni- 
pares Van Bemmelen’s resu1t.s wit,h those obt.ained in a 
series of observations in the Scilly Islands and arrives at  
the same conclusion. He st.ates that the islands are so 
small that no conwction effect.s ~-oulcl he espect.cr1, but 
that, owin to the rocky ancl hilly nat;lire of these islands! 

expected. Nevertheless, t-lie averages show little raritt- 
tion in the rate of rtscr?nt wyith alt.itude, the rate heing, if 
anything, slightly less below than above 1 kilometer. 
It should be noted, however, that turhlence due t’o the 
islands would not extend to any great heiaht, since t.liey 
cover only a small area ancl do not rise Love 40 or 51) 
meters. In  the original publication referred t0.I t,he 
average rates of ascent are gi-reii for 5 minute periods, all 
observations being included. For the first 5 minutes, 
the rat,e is 161 m. 1). m., but if we consider the first and 
second minutes only we find that t,he rates are higher than 
the average, via, 164 and 168, respectively. Moreover, 
7 of the ascents, viz, Nos. 4, 18, 19, 24, 31, 33, and 33, 
were made under coliclitions of bicretwing wind d o c !  ty 
with altitude reaching approsiniat,ely 15 in. p. s. duri i i~ 
tlie first 5 minutes of ascent. Fil-e of the cases cit.e8 
show a rate of ascent coiisi<leraldy above t,he averngs in 
the first 2 minut.es; one shows nearly t,he averagc rate, 
and one, a rate somewhat below the average. Tlie 
mean values for the 7 cases are 178 111 the first niiiiute, 
181 in the second, and 167, 153, and 157 in the t,liiril, 
fourth, and fifth minutes, respectirely. Tlie niean for 
the entire 5 minutes is 167. Averages 1)ased on so small 
a number of observations are not, of course, concluske, 
yet the evidence semis to point to the esist.ence of t.ur- 
bulence in the lower levels a i d  a reszr.7fi.ng iitcmise i ) ~  
rates of asceiit o the baZ7001is. 

recent re ort of ilot balloon observations itt Butlers 
Cross, Sayisbury hain.6 The aut,hor, Nr. Batty, has 
used 225 ascents in his analysis and has classifiotl t.hom 
according to time of day, amount of c.loud, suifnce wind 
force, and gradient wind direction. His conclusions may 
be summarued as follows. 

1. The average rate of ascent for all observations is 
eatest in the f k t  minute, decreases during tlie nest 

g u r  minutes, and remains practically constant, thereafter. 
2. The rate of ascent is greatest at  about noon. 
3. It increases somewhat with increasing cloudiness. 
4. It  is greater in stron than in light uyinds. 

c o d e r a b l g  during an. ascent there were lmrge a~avilinttoii,~ 
in the rates qf ascent, especialty between. 1,000 and 2,000 
feet” (300 to 600 .mJ. 
‘ 6.  (( Gu&y mrjkce  ct inds roodttce lmrge .r.a&tion.s 

consider& K e turbiilende during s t.rong wincls .iinwZd he 

Of considera f le interest in this general connection is 8 

5.  ( ( I n  cases where t i e s.u.cface w ind  uns chnnqing 

the rate o ascent qj’ pilot ba 7 loom eqwcially in the cfir.rt 1,600 j i e t  4- ’ (4.60 m.). 
The last three conclusions strongly support Wengor’s 

view that turbulence, induced by strong winds or by 
sharp changes in wind direction or velocity, is responsible 
for much of the observed variation in the ascensionnl 
rates of balloons. At the same time conclusion 3 slicws 
clearly that convect,ion likewise has an appreciable cffect 
on rates of ascent. But is not conwction nierelp one 
of the many forms of turbulence? Undoubtedly so. 

~ 

a The Rate of Ascent of Pilot Balloolis. Ntiture (London 1 July S, 1920, p 5S. 
4 Cave Capt. C. J. P and Dines J. R. Soundin- with h ! o t  Ba!loons in the Irles,of 

&illy, kovember a d  ]Decemher,’1911. Mcttroro:o:ical Otlice. C;eolihysical hiririoirs 
No. 14, London, 1920. M. O.,22Orl. 

b Battv R. P. An anal s of tho rate of a w n t  of pilot balloons at Bntler4 Cri~Rs, 
Snlisbufy) Plain. MeteoroGcal Office. Professional Notes No. 12. L o I ~ L I o ~ ,  19’20. 
M.O. 24Ob. 

Thfort.unately, the idea has become rather general that 
conrert,ion means air in more or. less uniform vertical 
niotion. Instmead. the motmion is Kery unemn and un- 
st,eacly-in no senw regular for any great veriical distance. 
The ballohn, following the line of least resist,a,nce, goes 
froni one x-erticnl gust into the nest higher one. This 
is shown by its more active darting, stair-step like 
motion--n phenomenon familiar to every balloon 
ohper\-er-wlion con~ection is active. Hence it can not 
1;e assumed that ohms- ed variations from an average 
rato of ascent indicate the esist,ence of uniform \--ertical 
movement in the ntmosphero. 

l’ho paper by Chpt. Sherry shows very conclusidy 
that turbulence due to winds is more effecfive than that 
clue to insolabtion in producing variat,ions in the ascen- 
sionnl rates of balloons. By referring to Table 1 in that 
pti.por we see that clepartures are grentest when strong 
winds provnil, and that they are nearly as large when 
minds ritpidly increase with altitude; also, when convec- 
t,ion is presumably nctii-e. When winds are light and 
increase but slightly with altitude, there is comparatively 
little increiise in rate of ascent, escept during the first 
minn t.e. 

Tho results given by the authors of tho papers thus 
hriefly reviewed are really not contradictory at all. 
They all show that the rate of ascent is higher than the 
average w-hen the air through which the balloons rise 
is in n stat.e of turbulence. This turbulence may be 
clue to unequal heating of ad’accnt masses of air, to 

layers. 
Aside Irom t,lie additional light that it throws on this 

subject, Chpt. Shcryy’s paper is of special iiit,erest and 
iniport,anci: in thnt it shows that the value of K in the 
Signal C o i p  formulii is not nititerially altored by the 
ncldit~iuna.1 d a h  considercd. (See fourth magraph in 

adopt,etl in 101s tint1 has been in use since then in this 
count.ry. It wns based uf>on about 1,000 observations! 
In the present study 165 additional observations, care- 
fully niaclc at  swcrad stations o erated by the 1Tnit.ed 

Bureau, hiLve been included and the resultant value of 
tlie constant is found to be 73. (NoTE.-In reality the 
differenr~c! is slightly less than that indicated, the original 
~-alue being 71.1 and the new one 71.S.) The constant 
73 mill be usccl in this country beginning April 1, 1921. 

additive corrections, referred to in 
paper. These are, as there 
minute, 10 for the second 
fourth and fifth minutes. 

Without these it is found, in double theodolite observa- 
tions, thut tlie art.ual values nearly all lie on one side of 
t.he values computed from the formula; by introducing 
thosc! correct,ioiis t.he results will on the average be in 
close agreement. Of interest in this connection is the 
following nu be by Cnpt.. Sherry, written after the com- 
plet,ion of his papcr : 

Mr. l3att.v (RPC f0nt.not.e 5 )  used balloons weighing from 20 to 30 
grams. the iormrr with cj? grams free lift and thslatter with 72 
free lift. Balloons weighing bt.t.ween these amounts were filler;: 
portionatclp. l’lie Signal C!nrps forniula indicates that the rate of 
amwit, of a ljdloon weighing 20 gram and having a free lift of 62 gram 
will be 151.4 ni. p. m.; for a balloon weighing 30 grama with a free 
lift of 72 jirams the rate of ascent will be 151.S ni. m. The following 
is a cmnparieon of the observed rate of ascent of%r. Batty‘s balloons 

eSht~ry. Cant. n. J.,.. and Watcrman. Lietit. A. T. Tha Mi:itary Yetcgrological 
Yrrvicc i l l  thi  C:iiiied ulnles during the War. XIONTHLY WEATHIR REVIEW, April, 
1919, p. 21s. 

to ~ographic irregultirit.ies, to h igh wind speeds or to 
cli I€ went wind directions or speeds, or both, of adjoining 

Ca.pt. Shcrry’s paper.) ‘The original va r ue, 71, wm 

States Signnl C!orps mid the l. P nited States Weather 

~ 
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... -. . -. ... - - 
1 ......................... : .................................... 
a .............................................................. 
3.. ............................................................ 
4... ........................................................... 
5 .............................................................. 
Mean from 5 to 10 minutes. ................................... 

and the rate indicated by the Signal Corps formula if the constant of 
72 is adopted and the additions are made to the first five minutes: 

____I_--- 
181 
1m 
164 1.w 
1.57 
153.2 

Minnte. 
hfr. Ratty'sl Signal 

ol~servcd Corps 
rate m t e  

(m p.m.!.! (m. p. m.1. 
I 

181.9 
166.9 
11;ti. 9 
1 .%a. 3 
15v.3 
151.6 

The agreement in this table is reniarliahly close, tmt l  
strongly confirms the arcurary of tho newly detorniind 
constant, as well as tlie necessity OF introducing ndclitive 
corrections during the first five minutes. 

A REPORT O N  TWO PILOT-BALLOON ASCENTS MADE A T  
SHOEBURYNESS.' 
B y N .  P. JOHNSON. 

(Rwiew repriiitel from The Mrteorolojlcd MJjcinr, London, Dec.. 1920., p. 247.) 

In the tm-o ascents to which this note is clevot.et1, the 
pilot balloons were followed with two theodolites nnd 
also with a range finder. It, so happened that in each 
case the balloon developed a defect after reaching 25,000 
or 30,000 feet: the first dropped mther cuickly, the 

theodolite method, that the rnt.e of ascsnt was uniform, 
would have led to entirely false results, bhe wind being 
credited with speed of 100 feet per second st 60,f)c)O fcet. 

The principal moral of the paper is that when iufornis- 
tion as to air currents a t  co:isidernhle heights is dcrivc!c-l 
from the one-theodolite method it. must be used with 
the greatest caution: it also brings out how niuch is to 
be learned concerning the structuro of the atmosphere 
by the more elaborate two-theodolite met,hod. 

second very slowly. The usun.1 assumption o t t,he single- 

VISIBILITY OF PILOT BALLOONS. 

By NELSON K. JOHNSON. 
[Abstracted from the hkteorolo~ical Magazine, December, 1920. Vol. 55, pp. 24!&251.3 

In  order to determine the niost suitable color for pilot 
balloons under various atmospheric conditions, four 
ascents were made a t  Shochuryness, two difTerent,ly- 
colored hltlloons, tied to ether with ttbout B n  feet of 

three cases a red and a white hslloon were i i s ~ ~ l ,  blue ~ R T -  
ing dread-y been foulid unsatisfactory except against a 
dense w-hite hac.kground. 

nuni paint were used. This trcrctiiient was not effcct.iw, 
because the paint dried lt Brnh gray without any mct.allic. 
luster. The suggestion is mndr, however, that if pilot 
I.)alloons can he coated in the same nimner as arc kite 
balloons, 1,ot.h their o wcity and t.heir reflect,ing power 
would be increased. 
white Idloons i t  was found t.liizt the. white ones are best 
in sunshine because of t,heir greater reliec ting power, and 
the red in cloudy wsltther because of their grmtcr 
opacity. 

Ttie author summarizes his results as follows; 
" (1) Bgninst a background of continuous, dense 

white cloud eithcr rrd or blue should bo used. 

thread, being used in eac a ascent. In each of  the first 

white bulloon and another ,white one coated wit.11 ti 
In the fourth ascent. :I 

!I n the tliree ascents with red and 

- 
1 PiJfesiioiaZ N~lcs ,  N A  13. Brit. MIsteoro1o:ical OXie publication. 

' I  (3) If the sky contri.ins slight cirrus or haze, red is 
tho correct color to emplog. 

': (3) On occmionv on which t.he sky is cloudless and of 
n decp blue colur, a white balloon should be selected."- 
15'. R. G. 

VERTICAL CURRENT DETECTED BY COMPARING CLOUD 
MOTION WITH APPARENT SPEED OF PILOT BALLOON. 

By JOSEPH LESHAN. 
[Wrzthrr Bureau, Washiiigloii, 1). C., Pee. 22, 1920.1 

SYNOPSIS. 

The pilot. hallmn ascension mark ut Washington. 1). C., on the 
afternnon of Noremher 23, 1920, showc.d a ra id rise in velocity up 
to the SW-meter level, and an almost. equalry ra.pid decline there- 
after to the 1.SW-meter leyel, when t,hc balloon entered a roll of strato- 
cuniuliis cloud. The appeaiance of the clouds and a nephoscope obser- 
vation macle at that time seem to show that the balloon gained about 
100 nieters during the last minute of ascenRion over the assumed rate 
of ascent. and t.hat the ye1ocit.y during the last minute should be cor- 
rected from G.2 to 13.3 meters per second. 

d comparison of tlie altitude-velocity curve for this 
ascension (the I i en~y  line in t.he figure) with other 
altitude-ve1ocit:y curves for ascrnsions in t.he vicinity 
taken within eight hours, shows that nll but one of the 
A/EXRS 
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FIG 1.-A1titudese:ocity graphs for pilot balloon observations Nov. 23 1820. Wind 
Airectioiis at Washington are indicated at every ZOO meters (oo-d., ~ - V l r . ) .  

curves hare approsimabely the same general character- 
istics escept that none of them reaches as high a velocity 
n.t  its masiinum, nor does nny of them reach as low a 
velocity a t  its minimum. ' 

ecu1in.r ftwtures of the curve i n  

balloon was in a downward current of air up to about the 
Son-meter level, and in an iipward current tlurin the 

o1it.c system of observabion would give higher and lower 
coni ~ i i  t,ecl velocities respect tirely. 

Tho ap )ea.rance of the lowest strato-cumulus cloud- 

this suppositian, as the cloucls were in hands lying a prox- 
imittely northeast-southwest, and were probably Pormed 
on tho crests of an air wave moving spprosimately from 
the northwest. It can be easily seen that with the 
halloon in the downward current, of the wave the angle 
would be depressed and give a greater computed velocity, 
and conversely with the balloon in t,he ascending portion 
of the wave. 

Nephoscope readings nt the t.ime of tho observat.ion 
indicated that the cloud which the balloon entered was 
nio\-ing a t  the rate of 7 meters per second for every thou- 
sand meters of elevation. While it is not certain that 

The reason for the 
question might he esp P ained by the supposition that. the 

lntter part. of the flight. Such currents in a. single t Fi eod- 

layer a t  t ll e time of ohsor-ration would tend to hear out 


