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INTRODUCTION 

The relense of 31 r d i o  sounding bnlloons n t  the Massn- 
chusetts Institut,e of Technology during the mont,hs of 
February, Mnrch, and April 1037 wn.s a joint progr:ini of 
the Harrard Blue Hill Observntory and the Inst,itute. 
The Blue Hill Observntory having developed tlie met,eoro- 
grnph wished to denionstrate its reliability and to show 
tha.t it could be operated nncl consistent results ohtnined 
by persons other thnn the invent,or. The Met,eorologicnl 
Depnrtinent of the Institute having n program of upper- 
air resen.rch, particularly in connection with hurricnnes, 
wished to test this instrument, acquire familiarity with 
its operation, and decide if it would be suibuble for use in 
its investigations. In addit,ion it wns thought advisnble 
to see if tlie records could be ev:ilunteil in a sufficiently 
short time to be used for synopt,ic purposes, to compare 
result,s with those of the nirplnne meteorograph, antl to 
decide whether the radio inst.rument could supplnnt tlie 
airplane. For t,hese purposes launchings were macle from 
the Massnchusetts Instmit8ute of Technology n.t the same 
time the airplane t’ook ofl from en.st Boston. Particular 
nttention was given to the development of techniques for 
preparing n.nd launching the ra.dio instmment and to the 
reduction of these operations to a roubine procedure. 

It wn,s ori+inlly int,cnded to relense an instrument 
ench morning for 30 dnys in succession, with the hope 
that, in this period both good and bad weather wit,li 
strong winds antl precipitation would be e.spe.rie.iiced. 
However, most of the nscent8s were mncle in fair wentlier 
with clear skies a.nd light winds. In order to make ns 
many tests as possible in bad weather, t’he schedule wns 
broken several times when fair weather prevailed over 
long periods. Findly, nfter 24 instruments had been 
released, a.nd only 2 stormy dnys had heen encountered, 
the series was stopped and the remaining instruments 
were subsequently released in stormy wen.ther only over 
a eriod of 4 weeks. 

$he results ohtnined from these nscents, even from 
those made: in bad wenther, justify use of this instriiment 
for synoptic as well as re,sertrch purposes. While the 
instrument needs improving, especially on t,he matter of 
“c.ontacts”, the present deficienc.ie.s a.re not very srrious 
and should not prevent the use of the instmment even in 
its present state. 
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INSTRUMENT 

A very brief description of the instrument will be given 
here; nnd the render is referred to the Bulletin of the 
American Meteorologicnl Society, May 1936, for complete 
de tails. 

The conveutionnl, but tiny, meteorograph elements carry 
affised to them short arms which describe an.arc on the 
surface of FL narrow cylinder as ench element is nctunted 
by its respective force. These elements nre mounted 
about the cylinder at  such angles thnt their pens do not 
interfere. In addition, there is a dummy pen resting on 
the cylinder, but fised in position and serving ns n point 
of reference. A lielis of fine wire is wound on the surface 
of the cylinder, embedded in insulntion, then ground down 
flush with the cylindrical surfnce so thnt the wire is 
esposed and n smooth surface mnde for the pen arms to 
slide on. 

The cylintler is revolved by n clock at  the rnte of two 
revolutions per minute. As the revolving helis comes 
under nny one of the pens an electric circuit is closed 
which gives out a radio signal when in flight or actuntes 
n recorder relny when in the lnhorntory. As long ns nll 
pens remain stntionnry they will be a t  n constnnt distance 
from the reference line and their contacts will have the 
same relntionship with respect to time. If n pen should 
move, contact will be rrmcle either sooner or lnter than at  
its previous position. This vnrintion in time is a measure 
of the chance in the meteoroIogicn1 element nctunting 
thnt pen. Contacts are recorded in n siniiInr fashion. 
To fncilitnte rendings, instead of using n revolving drum, 
paper is fed n t  a constant rnte pnst a moving pen. The 
pen itself is carried across the pnper on nn endless chnin 
a t  such a rnte thnt it returns to the stnrting edge nfter 
ench revohtion of the helis. Ench time that n contact 
is made by the instrument, n relay trips the pen and a 
ninrk is left on the paper. As long ns all motions are 
uniform, distances between contacts on the pnper nre a 
niensiire of time nnd of the mngnitude of the element to 
be mensured. It follows that contacts must be positivo 
and sharp either at  “mn1;e” or “hrenk”, otherwise mens- 
urea distances will be inaccurate and errors will result. 

Theoretically the instrument hns an nccuracy of 0.lo C. 
in temperature, nnd in these esperinients this accuracy 
has often been nttnined. However, in some cases con- 
tacts have varied in length ns well its missed nltogether 
for considerable periods. This vnrintion in contact length 
reduced accurrtcy to nbout 1’ C. Pressure contacts hnve 
also given some trouble, although not as much ns those 
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of temperature. I n  actual flight, contacts from the 
pressure element fall on a regular curve, and whenever 
contacts are imperfect the curves can be smoothed over 
short i n t e n d s  wthout loss of accuracy. Humidity con- 
tacts were the least troublesome because the range for 
humidity was so large that variance in contact length 
caused a discrepancy of less than 1 percent. It was 
found that a large range of the humidity pen was an 
impediment to rapid evaluation. As a result, the hu- 
midity pens of the later instruments had a smaller range, 
the contact error for humidity then being of about the same 
proportion as for temperature. It may well be that a 
heavier wire on the helix or a different type of pen will 
give better contacts; a t  any rate, more work should be 
done on the instrunients to lmprove them. 

CALIBRATIONS 

All the meteorographs were calibrated in the hlas- 
sachusetts Institute of Technology pressure-temperature 
calibration chamber, in which calibrations for tempern- 
ture, for pressure at  room temperature, and for pressure 
at  low temperature were made for each instrument. At 
Harvard one instrument was calibrated at  a time, but if 
a chamber could accommodate several instruments, and 
a recorder were available for each, all could be calibrated 
in the same time that would be required for one. The 
hlassachusetts Institute of Technology chamber is a 
large one, but only one recorder was available; neverthe- 
less four instruments were calibrated a t  a time. 

Wires were led out from each instrument to a panel 
near the recorder. When a steady state was reached 
within tlie chamber, an instrument was switched on for 
about a minute, or until the complete cycle was covered, 
then disconnected and another instrument switched on. 
After all instruments had thus recorded, the chamber was 
cooled (for a temperature calibration), and a sufficient 
time allowed until a steady state was reached; the above 
procedure wns then repeated. 

At first considerable difficulty was encountered in 
identifying the various elements. With only one instru- 
ment in the chamber all changes are shown on the record 
as they occur; and identification is easily made. In  the 
method just outlined only a few points are recorded from 
each instrument and as the record is discontinuous, time 
is required for orientation. For *a pressure-temperature 
calibration, the humidity record IS not needed, and if it 
were disconnected, confusion would be considerably re- 
duced in multiple calibrations. The instruments are now 
manufactured so as to facilitate this; the humidity pcn is 
constructed so that for either a temperature or pressure 
calibration it may be placed in the “off” position. Fur- 
thermore, for a temperature calibration, the pressure re- 
mains constant, and conversely the temperature remains 
constant in a pressure calibration. 

It follows that, besides the line of reference contacts, 
there will be one more line which will not vary. For any 
one instrument there will be three contacts throughout 
the calibration, two of which will be separated by a con- 
stant distance, and the remaining contact is that of the 
element being calibrated. By considering each instru- 
ment separately, points are easily identified by the above 
process of elimination and marked with a distinguishing 
color. There is a further saving in time when multiple 
calibrations are made: whatever computations are required 
for the reduction of pressure data will be applicable to all 
instruments alike, hence such computations are made only 
once. 

Having identified the various elements and deternlined 
their distances from the reference line, calibration curves 
are plotted in the same way :LS for an airplane meteoro- 
graph with the following variations: both temperature and 
pressure elements on the instrument have a range of two 
or more turns of the spiral, while tlie recorder gives deflec- 
tions as though from only one turn. Parallel reference 
lines are plotted on paper ut distances equal to the recorder 
cycle, ant1 measured deflections from the recorder are plot- 
ted a corresponding distance froin the appropriate refer- 
ence line. With only three such reference lines for the 
entire range of an eleiiient no question arises as to which 
reference line is to be used for any point. 

Humidity calibrations are made in a separate chamber; 
all four pens are allowed to make contacts but three of 
them are separated by constant distances. The varying 
contact is that of humidity while the remaining three are 
identified by noting their relative positions and by refer- 
ring to the calibration curves of pressure and temperature. 

The temperature element of the instrument is excellent 
nncl its calibration curve is almost a straight line. In 
addition these elements are so uniform that their calibra- 
tion curves have approximately the same slope. The 
coiiiparison of all curves showed a maximum cliff erence of 
2’ C. If a t,oleritnce of lo were permissible, the instru- 
ment, in cnpnhle hands, could be used without calibration 
for an ordinaiy synoptic ascent. 

RELEASING 

Prior to release, the instrument was placed in the 
pressure chamber and the pressure was first reduced to 
about 50 millibars and then nllowed to return to atmos- 
pheric pressure. Inasmuch as pressure calibrations were 
made after tbe imeroid had been exercised, it was thought 
desirable to release the instrument with the aneroid in the 
same state as during calibration. A few tests made lately 
showed that the differences between readings in either 
state were less than the precision with which they can be 
read. However, further tests should be made before the 
above procedure may be considered an unnecessary 
refinement. 

The radio is attached to the nieteorograph and the 
assembly is tested and carried to the instrument shelter 
where it remains for about 5 minutes in order to acquire 
a steady state in the proper environment. Meanwhile the 
radio receiver and recorder me started and the signals are 
observed as the contacts are made. If contacts are satis- 
factory, the instrument is attached to the inflated balloon 
and released. 

BALLOONS AND LAUNCHING 

At the beginning of the series, two balloons were used: 
one filled to about 1,000 grams lift serving as the tractor 
and mother with approximately 600 grams (depending 
upon the weight of the instrument) to act as a parachute. 
Both balloons being alike the larger one was espected to 
burst and the smaller one to check the speed of descent of 
the instrunlent. In  tm-o instances the descent was fol- 
lowed; in both cases the rate of fall was slow enough to 
indicate that the second balloon was intact. The two 
balloons were tied as closely together as possible. Pre- 
vious ascents with long leads between the balloons proved 
iinsatisfactor-y, because turbulence acting on the balloons 
separately caused violent and irregular motions of the 
instrument. With both balloons tied together there is 
always a fear that fragments from the burst balloon may 
tear the smaller one and that the instrument may then 
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fall freely to the ground. Tlie fact that one instrument 
was found on the sidewalk in a thickly settled district 
shows t8hat this fear is not groundless. The last six instru- 
ments were released with one balloon each and with a 
parachute inside of tlie balloon. Wit8h this method there 
is a probability that the lines niay foul, preventing the 
chute from opening; even if it  is fast,ened below the bal- 
loon, there is da.nger of the parachute icing in stormy 
weather. One balloon with a, parachute is to be preferred, 
but the design a d  1oc:ition of the parachute shoulcl receive 
further sbudy. 

Luunchings were made from the roof of the Guggen- 
heim Building. This was not a favorable location because 
of the maze of antennae wires and the c.lose proximity of 
taller buildings. The balloons were filled in a penthouse 
and then c.arried to the lee side and launched. Difficul- 
ties were experienced in handling and launching the bal- 
loons even in nioclerate w-inds. It is fortunate that at  no 
tinie WLS the wind stronger than 25 miles an hour, other- 
wise it is feared there would have been many failures. It 
is essential that some form of launc,ling device be used and 
that more experiments be made wi=h parachutes to develop 
a suitable met8hocl of fastening in order to insure safety. 

Rates of ascent vary over wide values depending upon 
whether one or two balloons are used. According to the 
instrument nmnufacturer, high rates of ascent are desir- 
able in order t.o get as great an altitude as possible before 
the radio signal bec.omes too weak t,o record. Witch the 
new battery system developed in the hIassachuset8ts Imti- 
tute of Technology luborat,ory, radio signals c m  be l i e d  
for several hours. Therefore lower rates of asc,ent can now 
be used witah the following sclvmtages: (1) Tlie teuipera- 
ture intlications being niade once every 30 seconds, a inore 
detailed picture of t,emperature variations mill be arail- 
able. (2) The hair hygron~eter with its c,haracteristic high 
lag will now have more t h e  to acquire the correct read- 
ing. (3) Less hydrogen will be required and greater 
altit,ude will be reached. 

The unsntisfactory readings from the hair hygrometer 
in these tests as compared with those froin the airplane 
meteorograph are wholly clue to the high rates of ascent 
of the balloon. As far as tlie teniperature element is con- 
cerned, its characteristic,s are such that slower rates of 
ascent and consequently reduced ventilation will not 
affect its readings. 

With two balloons the rate of ascent varied from 150 to 
200 met'ers per minute, while with one it increased to 300 
meters and more. An ascensional rate of 100 meters per 
minute would be satisfnctory except in the cases of tein- 
perature inversions and icing conditions. Rates of ascent 
have been observed to decrease a t  teinperature inversions; 
and balloons have ceased c,limbing and have even desc.end- 
ed when in clouds under icing conditions. Whenever, in 
the operator's judgment, these conditions prevail, higher 
rates of ascent should be used if soundings are desired 
through and above the cloud layer. A few cases occurred 
where the balloons descended several kilometers and then 
rose again. At first thought it would seem to be some in- 
struniental defect, but both temperature and humidity 
traces show-ed corresponding changes. Irrespective of 
which "climb cycle" was evaluated, the results were the 
same. 

In  June 1936 sonie'preliniinary tests of the radio meteor- 
ograph were made at  Elniira, N. I-., during whic,li Jau- 
rriotte n.eteorographs were released simultaneously with 
the radio instruments. I n  one instance a radio instrument 
showed pressure and t,eniperature changes corresponding 
to a desc.ent of about 2 kilometers and then a resumption 

of ascent. Lucldy the Jaumotte instrument accompany- 
ing this asc.ent was recovered; it too showed a similar 
behavior. The record is shown in figure 1. 

EVALUATIONS 

Rapid evaluation of the recorded signals is iiiiportnnt 
if the data are to be used for synoptic purposes. For this 
reason tlie recorder should show inconiing signals in such 
a form thnt the operat.or can pick out, suitable points. 
If signals :we received on a tape recorder, even a skilled 
observer cannot select desirable points by inspection 
alone. Evaluation of all signals is unnecess:try and re- 
quires considerable time. A drum recorder similar to 
a chronograph is bet'ter than a tape recorder in thnt signals 
are shown to better advantage, but wit'h tlie drum it is 
necessary to wait until the asce.nt is c.oinple.ted before 
starting evaluation. It is for these reasons t'httt the more 
expensive recorder described earlier (p. 219) is used. Not 
only are the signals s h o ~ ~ m  in the most desirnble met.hod 
but evaluation can be sta.rtect almost immediately after 
the instrunient has been launched. 

If the traces 
of a11 airplane meteorograph record were moved closer 
together so that they intersected, the result would be very 
similar. It is important thnt the element's be identified 
before the evaluation is started. This can be done in oiie 
of two ways: (0.) With known surface data (i. e. tempera- 
ture), refer to  the cdibration curve arid measure the dis- 
t,iince from the reference line to the tenipern.t'ure reading. 
This same distance set off on tlie record will be found be- 
tween two c.ontacts; one will be temperature the ot,lier 
reference. Their relative positions will be the same as on 
the calibration curve. This is repeated with the pressure 
rending. (6) By wnitiIig a few minutes after lnudiing, 
ident,ificat,ion is quickly made by inspection : contac.ts made 
by the reference pen will be MI a strn.ig1it line. Those 
made by the temperature element will form ,z line sloping 
to the right as temperature decreases while pressure con- 
tacts will form a line sloping to the left. Having identi- 
fied them, a colored line is drawn across the contacts of 
ewli element. By having a different color for each ele- 
ment there will be no confusion of distances in t'he evalua- 
tion. From this point on, t,he evaluItt8ion is the same as 
in airplane meteorograph procedure. Points are selected 
and numbered on the temperature and humidity traces, 
and corresponding ones set on those of pressure and ref- 
erence. To determine the value of an element at  a given 
point, its distance from the reference line is nieasurecl with 
a pair of dividers, this same distance is set off' on the cali- 
bration curve, and tlie value is then read off the scale. 
For any one measurement t,here can be read about three 
values, only one of which will be correct. For example, on 
the trace in figure 2 the correct temperature for point 
number 3 is read as -4.5' C. The other values are -28.2 
and -41.7. Their separation is so great that no a.mbiguity 
arise,s .as to which value is correct. Furthermore t'he 
rea.dings of the preceding points indic,ate on which cycle 
the temperature should be read. If there is a large gap 
in the record, the time scale as well as t,he correspondmg 
values of pressure will guide in the selection of the proper 
reading. 

The speed of evaluat'ion is greatly increased by using 
thin tracing paper in t,he recorder. W'hen the thin paper 
record is placed over the calibration c.urve, the values of 
t8he selected points can be read off directly. With tlie 
clock running steadily so that tlie refergnce contacts fall 
on a struight line, this method is the speediest yet 
deve1opc.d. 

A c.opy of a record is shown in figure 2 .  
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FIGURE 1. 

RESULTS 

Tlie results obtained are shown in table 1.  i? brief 
description of the various items will be made although for 
the most part the table is self-explanatory. 

The variation in weight is due mostly to the din’erent 
types of A and B batteries and of insulation used. 

Although no great attempt was made to launch instru- 
ments a t  an exact time, the table shows only a few minutes 
variation €rom 6 a. m. Delays of about 10 minutes 
occurred when hydrogen tanks were changed, or occ:t- 
sionally when a balloon required patching. It is evident 
that radio instruments c m  be launched on schedule with 
more regularity t8han airplane soundings. 

Under “time legible” is the number of minutes during 
which the records were of legible quality; the remaining 
portion lied large gaps or weak and irregular contacts. 
Evaluation of this latter part lias been cleierred. 

A theoretical ceiling of about 20 kilometers is espected 
considering the amount of gas used and the weight of the 

instrunlent; only eight reached an alt,itude approxinistely 
equal to  this. The cause for the remaining instruments 
hiLring low heights is assigned in a few cases to faulty 
balloons but mostly to the poor quality of contacts and 
mdio performnnce. An abrupt increase to higher alti- 
tudes Hfter Eebruary 24 is due to n chnnge in the type of 
batteries used in the radio transmitter. 

tTnder the column “clarity of contacts” is described 
the condition of that portion of the record which was 
ewluntetl. There were only a few records, and those 
 ere short ones, in which contacts were of excellent 
quality. In  the majority of cases, however, contacts 
I\ ere reasonably clear and interruptions, if any occurred, 
were short, and evaluation could easily be made. There 
mere sis records in which one or more elements failed to 
record for a considerable period, or contacts in general 
were so irregular that evaluation was macle tedious. 
Four instruments gave such poor records that evaluations 
were quite difficult and results were of questionable 
accuracy. 
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TABLE 1 .-Sunimazy of Harvard-Massachusetts Institute of Technology radiosonde experiments 
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Receiver failed after 7 minutec. re- 
ception. Repsired and reception 
resumed after midpt. All cant. 
douhle ani1 irreg. Clark very slowl 

R, H, & P good. T weck and irreg. 
after quarter of flight. 

R ,  LI, + P good. T irreg. with large 
gyps in record. 1st flight using 1 
balloon snd  pamchote. 

No pressure contwt.l No evaluat.ion. 
Ref. Food but  double cont. P irregu- 

iar and missing. T irremlar and 
variable. 

P and H good. T failed after 24 
nun. Ref. failed after 20 min. 
Clock slowed near end. 

Very poor record! Temp. very poor 
with large KBPS. P no contacts for 
1st half. Evaluation msde assum- 
ing a constant. rate of ascent. to pstn. 

Abrupt failure! Recnrd not evaluated 
approx. ht. 4 km. 

Clock? W. 8 ._.___ 

1 Rain. 
2 Snow. 
11 balloon, 1,400 grams. 
4 1 ]arm F. Specla1 tube. 
1 Speclal balloon, 2,ooO grams. 

After the f i s t  few days, the special effort to transmit the 
results as quickly as possible was discontinued. They 
were then transmitted about 2 hours afte,r the instruments 
were launched. Actual times varied, depending upon the 
duration of ascent and the quality of the record. If a 
steady schedule of releases were maintained, results could 
be on the line about a half hour after the completion of 
the ascents. 

COMPARISON O F  RESULTS WITH THOSE O F  AIRPLANE 
METEOROGRAPH 

Previous c,omparisons between balloon soundings and 
those macle with nn a,irplane had been made by the Insti- 
tute on three separate occasions. In  the course of upper- 
air studies with Jaumotte instruments over St. Louis, 
hilo., data were compared both with those of the Weather 
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Bureau, and with an independent set of soundings made 
by the Massachusetts Institute of Technology airplnne. 
Theresults from nu these were in close ngreement. 

Sinular agreement a t  Boston was espected with the 
rnclio meteorograph, but temperatures obtained bv the n i r -  
plane instrument,s were higher by over 2 O  C. The two 
curves when plotted on the same charts showed consistent 
discrepancies, with the curve from the airplnne meteoro- 
graph displaced to higher temperatures. In  figure 3 is 

we deduce that discrepancies were not due to errors in 
standard thermometers but to calibrations. The airplane 
meteorogrnph wns recnlibrated on March 18, first in the 
Massachusetts Institute of Technology laboratory and 
later by the Weather Bureau. Due care was tnken not to 
disturb the instrument or change its adjustment prior to 
these calibrations. In  both cases the new temperature 
calibration was found to he different from that which was 
made in December of 1036. It wns from the latter curve 
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SUNDAY, FEBRUARY 28, 1937. 0604 E.S.T. R.M.F.*73 
FIGURE 3. 

shown an adiabatic c.hart on which simultaneous soundings 
by airplnne and radio meteorographs are plotted. Since 
the radio instruments were individually calibrated, a con- 
sistent difference with the airplane meteorograph meant 
that either the Mnssachusetts Institute of Technology 
thermometer was in error or the calibrntion of the airplme 
meteorograph was inapplicnble. Moreover the first 
temperature reading of flights always agreed, from which 

that temperature determinations were made during com- 
pnrative tests with radio meteorographs. Since the radio 
soundings were made during March, the cnlibration made 
in that month would probably be more applicable than the 
one made in December, as the instrument could have 
changed in calibration either suddenly, or gradually over a 
period of weeks. However, the consistent variation from 
radio meteorograph records shows that its calibration 
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remained unchanged during the testing period; therefore temperature a t  take off), the error would be only lo- as 
the instrument must have changed calibration before indicated a t  B. 
February 17, 1937. Although it is more difficult to establish a base froni 

The March and December calibration curves are shown readings outdoors, it is necessary that this be clone in 
in figure 4. If the data as transmitted (based on the order to reduce the magnitude of calibration errors. As 
December curve) are recomputed u&q the hiarch an additional safeguard the instrument should be cali- 
calibration, results from the radio meteorograph show brated more frequently. 
excellent agreement with t,hose from the sirplnrie instru- Furthermore, in plotting the adiabatic chart, 6he surface 
ment,. On March 18 the airplane carried a different mete- temperature should be that from the instrument and not 

Emp. Ca/& - f v e z  No. 38 - 

1 M M 3 

FIQURB 4 .  

orograph; the results of that day, which are indicated in 
figure 5, show good agreement. No more compnrisons 
coulcl be made becnuse the series wtis discontinued with 
that day. Additional tests were made by sending up the 
two meteorographs in the airplane; both showed good 
agreement. The record from the “questionable” nieteoro- 
graph was evaluated twice; once with the calibration of 
March and again with that of December. With the 
latter calibration, the values were displaced from the 
March values in exactly the same manner as the radio 
meteorograph values were. 

Irrespective of the type of instrument used in making 
an aerological sounding, it is necessary to take check 
readings just before the nscent, and the reference line on 
the calibration curve should be established from them. 
A base reading made indoors, especially in winter, may 
lead to serious errorv should the instrument be out of 
adjustment. By making settings a t  the outdoor tem- 
perature, instrument readings will be correct at  the take- 
off and variations from true values at  higher altitudes 
due to faulty calibration will be reduced considerably. 
The following example, referring to the calibration in 
figure 5, will make this clear: Assume a usual winter 
condition with a surface temperature of Oo C. and a 
minimum temperature of -%!io C. If the base line were 
established from n room temperature reading (about 
20’ C.), the calibration curve will be used over a 45’ 
rnnge of temperature and the error due to faulty calibrs- 
tion would be 4O C. as shown a t  A. On the other hand, 
if the base line were established from zero degrees (the 

the shelter reading. If the calibration curve is correct 
and the base line set from t.he shelter reading, both values 
will of course rea.d t,he same. Otherwise, the initial lapse 
rates will be false, and depending on the error of calibra- 
tion, nonesisting inversions or very steep lapse rates may 
be indicated. 

With the exception of the additional t,rouble involved 
in t8he drawing of a separate calibration curve for each 
radio meteorograph, this instrument, has c.ertain advan- 
tages over the airplane meteorograph. Surface readings 
from t,he instrument are checked against those in the 
shelter. Then relative distances from all contacts are 
coniparecl on the calibration curve, and any change of 
adjustment of the instrument will be a.pparent before.it is 
released. Besides the advantage of obtaining higher 
altitudes than the airplane, the radio records can be 
evaluated with a considerable saving in time because t’hey 
ma,y be worked out simultaneously with the ascent. 

NOTES ON TUBE AND BATTERY TESTS IN THE 
LABORATORY AND DURING FLIGHT 

By D. P. KEILY 

I n  connection with the preparation and release of the 
Hnrvard radio-meteorographs used in this series of upper 
air soundings, a short study was made, under controlled 
laboratory conditions, of the op.eration of the tubes and 
batteries supplied with the radio portion of the instru- 
ment. 


