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FOREWORD 

The author wishes to aclmowledge the able nssistance 

and cooperation of Blue Hills Observatory (Harvard University), 

the Feiber Instrument Company, and the U, S. Department of 

Agriculture, Weather Bureau, lll the preparation of th:Ls report. 
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THE RADIOTELEMETER & ITS IMPORTA.1/CE TO AVIATION 

By 

R. W. Knight 

SUM!v:ARY 

Tills report gives a brief h,_story lead1ng up to 

present developments of the various methods employed 1n the 

procurement of aerological data in the free or upper air, 

which is beyond the range of surface recordJ...Dg instruments. 

It emphasizes the importance to aviation of accurate 

weather forecasting, and recounts the work which has been done 

' in this ecience" 

The radiotelemeter is a devicG which is carried into 

the stratosphere by a free balloon and consists of instruments 

to register temperature, hU11Udity and pressure, and which, by 

means of an automatic ultra-high frequency radio transmitter, 

emits signals which carry such aerological data to the record1ng 

station on the ground. 

The present radiotelemeter is the result of experimenta­

tion in the United States and in Europe. In this country several 

leadJ.ng universities and 1nstitutions have contributed to its 

development. The National Bureau of Standards wa~ responsible 

for much of the technical perfection of the instruments. 

/;/i36i" 



A detailed description of the "radiotelemeter", with 

its component uruts, its use in obtaining aerological data, the 

method of operation, and its usefulness, are discussed. Illus­

trations are included for purposes of clarification and ready 

reference, 

The use of tsletype circuits for transmission of 

weather data is briefly covered, The limitations of the instru­

ment and the trend of development as well as the u. S. Weather 

Bureau program pertaining to aarological observations are 

discu~sed. 

This latest method in the study of aerology, although 

it has not yet reached a stage of perfection, has proved its 

value and its practicability for a definite place in future 

programs, 

INTRODUCTION 

Safety in aviation is very largely dependent upon 

accurate weather reports and reliable forecasts. Weather data 

are provided hourly from points along the airways by trained 

observers. Since meteorological changes may take place in a 

very few hours, advance information as to such changes becomes 

highly important. 

The Civil Aeronautics Authority is particularly interested 

in weather from the standpoint of air safety and this study was 

made to determine the present status of aerology. 
!/;(36.--
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This report is submitted for the purpose of acquainting 

those interested in aviation with the latest methods for the 

procurement of aerological data upon which to base forecasts. 

The information is disseminated with a view to coordinating the 

work being done and to assist in the correlation of_furtber expen­

mentation in this field. 

The study of upper air conditions is sometimes called 

"meteorology of the free atmosphere•, but more generally it is 

termed 11aerology". It consists of the various methods of exploring 

and obtaining data pertinent to the upper atmosphere or upper 

strata, including the stratosphere, where topographical conditions 

have little or no effect. 

The importance of accurate weather forecasting to 

aviation can hardly be overemphasized. Methous of weather fore­

casting have been llrlproved from year to year, and much credit 

for this progress is due the United States Weather Bureau and 

cooperating agencies including the U. s. Army Air Corps, the 

u. S. Navy, the National Bureau of Standards, the air carriers, 

and the leading universities of the country. 

It should be realized that the subJects of meteorology 

and forecasting have been studied in all their phases by specialists 

for many years. Not very many years ago it was learned that 

weather travels. It was also found that characteristic types of 

/~3s~ 



clouds indicated certain types of weat~er, and that areas of high 

and low pressure moved in characteristic fashion. The causes of 

various la.nds of precipitation, and other fundamental principles of 

meteorological phenomena were discovered, but little was known 

about the unexplored upper regions, including the stratosphere, 

and their influence on weathero 

Progress in the science of weather study was greatly 

accelerated with the advent of telegraphy, followed by the tele­

type. Then came the manned balloon, the kite with instruments 

attached, the sounding balloon, followed by the airplane, and 

more recently the radiotelemeter. 

The coming of the airplane not only speeded up the 

study of aerology by its use in making upper air soundings at 

altitudes of up to 17,000 feet, but it also increased the demand 

for more accurate weather forecasting in the interest of safety, 

The Civil Aeronautics Authority has developed more than 

23,000 miles of lighted and radio-equipped airways and teletype 

conmrunication systems for transmission of weather reports between 

stations. When it is realized that scheduled air transports fly 

in excess of 50 million miles annually, and that military services 

and miscellaneous commercial and private flying augment this by 

much more than an equal number of miles each year, the vital 

importance of accurate weather forecasting by the U. So Weather 

Bureau and &ffiliBted agencies can be appreciated, 
11-/J6~ 
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The backbone of a comprehensive meteorological sernce 

is COJillilU!UCations. The extensive network of teletype circUJ.ts 

that crisscross the nation, supplies this need adequately. Nearly 

one-third (215) of the more than 700 weather reporting stations in 

this country are being operated by the personnel OI the Civil 

Aeronautics Authority (formerly by the Bureau of Air Commerce) in 

conJunction with their regular communications actinties. The close 

cooperation of the Weather Bureau and the Bureau of Air Commerce 

made this system possible. 

The Cinl Aeronautics Authority recognizes the importance 

of greater safety in anation through intelligent long range 

planr.ing, and is lending every support and assistance possible to 

encourage the further development of aerology. 

BRIEF HISTORY OF UPPER AIR SOUNDINGS 

The need for information concerning conditions in the 

upper air has long been recognized. Work, in this connection, 

prior to 1916, was conducted by means of kites, manned balloons, 

captive balloons, and sounding balloons. The f~cts disclosed by 

these methods were somewhat meager. 

DurD,g the World War, a British flying officer while in 

France, became interested in the possibilities of meteorological 

observations from aircraft. He made notes of his observations 

that stratus clouds were most frequent in anti-cyclones; a tem._oera­

ture inversion existed immediately above the stratus layer; the 
/t/3',/J 



lowest temperature of a cloud formation was near its upper 

surface; and definite heights of cumuli were necessary for 

thunderstorm development. 

Other observations followed, and in 1918 - 1919, a total 

of 550 airplane observations of temperature and hll!Illdity was made 

in France by British meteorologists, the data being used in current 

forecasting. 

This type of free-air investigation continued in Great 

Britain and in other European countries for a while. In the 

SUllllllers of 1924 and 1925, the records of soundings to heights of 

between 15,000 - 21,000 fee~ obtained in Belgium, were presented 

in a report by M. Jaumotte, Director of the Belgium Meteorological 

Institute, He si...stained the BJerknes Theory that 11 the end result 

of the Juxtaposition of two air masses of different temperature was 

a superposition of the tropical air over the polar air nth lill.Xlng 

of negligible importance", as opposed to the Exner Theory that the 

end result was a complete mixing of the two masses. This is merely 

cited to indicate how recent have been the discoveries of upper air 

phenomena, which prove or disprove various theories of many years 

standing. 

The first meteorological airplane obser'cations in the 

United States were conducted by the U. So Signal Corps in coopera­

tion nth the U, So Weather Bureau at Aberdeen Proving Grounds in 

1918. The results, although useful, were not entirely successful, 
/j/36', 
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due to the difficulties encountered in mounting the recording 

instruments on the airplane in such a way as to prov:i.de good 

ventilation, and at the same time to avoid excessive v:i.braticn. 

During 1923, the Weather Bureau, cooperating w:i.th the 

U. s. Army Air Corps at Bolling Field, Washington, B. c., arranged 

a number of flights for the purpose of exa.miru.ng the dust content 

of the air to dete=e the relation between dustiness and v:i.si-

Flights were also made by the Bureau of Aeronautics, 

Navy Department, in cooperation with the Weather Bureau in April, 

1925, at the Naval Air Station, Anacostia, D. G. These flights 

were made to an altitude of 10,000 feet, and marked the begiruung 

of the use of obtained aerological data in current forecasting. 

The adoption of a definite program of airplane weather 

observations marked the first step in bringing about a decided change 

in free-air exploration. It was then realized that the use of kites 

would eventually be abandoned. The practical method appeared to be 

a cooperative arrangement by the War and Navy Departments for 

regular flights conducted at strategically located fields over the 

entire country. The data obtained would be of immediate benefit 

to aviation and would increase the accuracy of general weather fore­

casting, This plan did not become a reality, however, until July, 

1934. 

In July, 1931, the Weather Bureau abandoned all but two 

upper air soundings by means of kites, and contracted for daily air­
/~a•-r 
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plane weather flJ.ghts at Omaha, Cleveland, Chicago, and Dallas. 

The data obtamed were supplemented by sJ.11Ular data secured lll aJ.r­

plane flJ.ghts of Naval Air Stations along the Pacific Coast. The 

two remainlllg Weather Bureau stations using la.tea for observations 

discontmued their use lll 1933, 

The following arrangements were made: Meteorological instru­

ments (Aerometeorographs), which recorded the desired information, 

were fastened to the struts of the au-plane. Upon returning to the 

ground, the data were evaluated, and the aerological information thus 

obtamed was dispatched to the Weather Bureau at Washington, and to 

otherfurecast centers, This plan of upper air soundings is still lll 

effect, 

Valuable work was done by the Massachusetts Institute of 

Teclmology during the winter of 1930 - 1931, by investigating records 

of about 1300 soundings made by means of la.tes and airplanes, This 

resulted in an :unproved method for the greater utilization of upper 

air soundings, At Boston, the Army Air Corps cooperated by furnishing 

an airplane and pilot for daily observations throughout each school 

year, which continued until December, 1937, This work by M.I.T, and, 

later the work of the California Institute of Teclmology, and others, 

in utilizing airplane soundings for air mass analysis, have been of 

l.llll'.lleasurable value, 

On July 1, 1934, the U, S, Weather Bureau increased the 

number of airplane observation stations to six, The Arrrry maJ.ntained 

seven, the National Guard one, and the Navy's cooperation brought the 

total number to 23 stations, 
F/36~ 
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The Bureau of Air Commerce cooperated and the Civ;.l 

Aeronautics Authority continues to do so. It supplies airway 

radio and teletype circuits for the tranSIIUssion of the data, 

beginning each morning at 7:10 E.S.T,, which makes it available 

to all District and Airway Forecast Centers in the United States 

for the preparation of morning forecasts. 

In addition to the use of box kites, since discontinued, 

and aircraft with meteorological instruments attached, pilot balloons 

were, and still are, being released daily, when nsibility permits, 

at nearly 70 airport stations and offices of tte Weather Bureau 

to obtain information as to the direction and velocity of Wlllds at 

various altitudes, They also serve to give the height of the 

ceiling (distance from ground to lower cloud level or fog bank). 

This information is secured through the use of a theodolite, The 

operator sights the balloon through the instrument, makes notes 

of the angular readings, and then computes the data by triangulation. 

Research work is now being conducted on a radio pilot 

balloon, for use during periods of low ceilings and poor visibility, 

which holds great promise. This will be discussed briefly in a 

later chapter. 

RECENT DEVELOPMENT 

FrOIII ti.me to time sounding balloons were sent aloft by the 

Weather Bureau to obtain data from heights greater than those possi­

ble through the use of kites or airplanes. Beginning in 1926, the 
/'/3{,f" 
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Fergusson Balloon Meteorograph was used, but was later discontlllued. 

These balloons, filled with hydrogen, varied lll size from less 

than one, to several meters lll diameter. The plan generally used 

was to seal the ba]loon and send it aloft. As it continued to 

expand, due to the thinning atmosphere, it would eventually burst, 

The recording instruments (meteorographs) then floated to earth by 

means of a small parachute. Radio was not then available and, 

while some instruments became lost, appronmately 85 per cent of 

them were returned in some areas for a small reward. The chief 

disadvantage of this system is that the meteorograph records are 

frequently not available until days, weeks, and sometimes months 

afterward (and lll one case 23 years later) which render them useless 

for forecasting purposes. 

Radio soundlllg balloons first underwent experimentation 

lll France. This work was conducted by Capt. Robert Bureau, of the 

French Meteorological Office, A light, short-wave radio-telegraphic 

transmitter was suspended from the soundlllg balloon. It was designed 

to give indications of the pressure and temperature elements of 

aerological instruments neven after the latter has entered the 

stratosphere". 

The first radio balloon sounding for temperature was made 

on January 17, 1929, and was followed by s'lveral others. 

Leading universities of this country, as well as those 

abroad, have been worklllg for years to perfect an instrument for 

the automatic tranSllllssion of aerological data by radio which would 
/'fiJ6Y-



have a reasonable amount of dependability, 

The recent deVBlopment of ultra-high frequency radio of 

s=ple design and inexpensiVB construction, together with the 

=proVBment and simplification of meteorological instruments of 

light weight, have brought us to the era of the radiotelemeter for 

upper air soundings. 

Pror.unent among the American educational institutions in 

this work haVB been the Blue Hill Observatory of Harvard University, 

the Massachusetts Institute of Technology, and the California 

Institute of Technology. The Army and Navy have carried on independ­

ent research, and also haVB collaborated with these institutio~s, 

and with the National Bureau of Standards and the u. s. Weather 

Bureau wno have been ready at all times with eVBry possible assist-

ance. 

In December, 1936, the Blue Hill Observatory, usmg its 

Harvard instruments, conducted the first regular schedule of radio 

soundings with free balloons in the United States. 

From February to April, 1937, Massachusetts Institute of 

Technology and Blue Hill Observatory Jointly conducted 31 radio 

soundings with Harvard radiotelemeters (then called radiometeoro­

graphs), proving their practicability in nearly all types of 

weather. 

On September 1 ar.d October 1, 1937 the U.S. Weather 

Bureau began daily radio soundings at three stations including 
/-f'J<>P-
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Boston, where the Harvard instrument was employed, thereby g:LV1llg 

the observatory further opportunity to improve equipment and 

technique. 

An ultra-high frequency radio tranSID.J.tter, and aerological 

instruments denoting pressure, temperature, and hU!lUdity had been 

improved. For example, the clock movement rotating the helix was 

found to operate longer when lubricated with graphite than with 

oil. It became apparent that the more simple each unit was 

designed, within limits, the better it performed its work. 

RA.DIOTELEMETER ADVANTAGES 

Just as the airplane replaced the kite in serology, so 

is the radiotelemeter probably destined to supplant the airplane 

at least to a great extent. 

The advantages of this small J.IIBtrument over any other 

method of aerology yet devised are significant, and are limited 

only by the ability of experts to perfect further the mechanism. 

Listed below are a few of the outstanding advantages of 

the radiotelemeter in comparison with aircraft for upper air 

soundings 

1. Ability to go aloft regardless of weather conditions. 
2. Ability to reach the stratosphere. 
J. Instantaneous tr;µismission of serological data by radio. 
4. The obtaimng of information pertaining to icing condi-

tions, without risk. 
5. Relative low cost when built in quantity production. 
6. ElJ.mJ.na.tion of all hazards to equipment and personnel. 
7, Greater coverage (more observations) due to probable 

decreased cost. 
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At the present time, the instruments, while haVJ.ng 

occasional failures, are quite accurate and dependable, 

DESCRIPTION OF APPARATUS 

Rad~otelemeters of other manufacture using the Ollan~ 

type principle, are quite SJJ!lJ.lar to those of Harvard, but a 

lengthy technical discussion is unnecessary for the purposes of 

this report. The following chapters will briefly describe that 

instrument, step by step. 

Definitions 

The instrumeno which is used for upper air observations 

is known either as a 11Radiometeorograph" or a "Radiotelemeter•. 

'The entire observation is, in reality, a radiometeorograph observa­

tion including recordings and evaluations on the ground, Since the 

instrument itself has no graph the U, S, Weather Bureau terms it 

the latter, which designation will be used in this report, The 

three meteorological instruments which measure pressure, temperature, 

and humidity will be termed 11 Pressure Element", "Temperature Element", 

and "Humidity Element", These three elements combined will be 

termed 11 Instrument 11 , and the electrical dev:i.ce which tranB111J.ts the 

information will be termed 11 Trans1n1tter11 • The entire unit will be 

called 11Radiotelemeter 11 • 

II/~ b',-
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Housing 

The housing of the latest Harvard unit consists of a 

balsa--wood box hav.mg outside dimensions of 7½" x J J/$11 x 2½11 , 

with a wall thickness of one-half inch. It weighs less than J 

ounces, yet is sturdy enough to withstand normal handling wibhout 

inJury to the equipment, 

The side on which the aerological instruments a~e mounted, 

as well as both ends, are painted white in order to provide shielding 

against false temperature recordings which would otherwise be caused 

by absorption of radiation from the sun in the upper atmosphere. 

The balance of the box is painted black to absorb warmth for the 

benefit of the clock mechanism, battery, and transmitter, A thin 

alUDW1um shielding with open ends is built aro'Jild the instruments 

on the J J/811 x 7½• side of the box on which they are mounted to 

guard against false temperature readings by preventing actual contact 

of the solar rays with the bimetal thermometer, and to protect all 

of the elements. 

The opposite side of the box opens by a slide door and 

allows easy access to the transmitter. (Fig, 1) 

One of the most difficult problems encountered was the 

drive mechanism which converts the deflections of the instrumental 

elements into time signals. The observatory experimented with 

standard clock movements, special imported clock movements, fan 
J'f.J6f' 



Fig, 1 

The Harvard Radiotelemeter with antenna attached. f,S;1inted black and white h011ses 
the transmitter and clock~ The key :',__;:3 for winding the clc•:ik ~ 'The alumimnu shield 
ccnre:cs the aerolog:icR.l instruments. f;liding door (or;. betton) is for access to trans­
mitter~ Total ·vrejght 1.8 pounds 

(About t-oro-th:i..rds actual siz,e) 
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drives, governors', gravity drives, a!ld small electric motors, 

For all practical purposes, the ~ratch or small clock 

movement was found to be the most satisfactory answer to the 

problem. It was necessary to redesign the mechanism, however, to 

double--qmck time, In other words, the movement used is a twelve 

hour watch instead of a twenty-four, and the drive shaft which would 

ordinarily actuate the second ha.~d at the rate of one revolution per. 

minute, drives the helix two revolutions per minute, The movement 

is eqmpped with a.~ escapement of 600 beats per lllJ.JlUte. The 

mechanism used is that of an ordinary tl,50 watch of reliable manu-

facture, 

The h'llix is a small shaft of about 1/811 in diameter and 

111 long. It is made of insulated material, wtuch is non-conductive 

to electricity. It is wound spirally from top to bottom three tJ.J11es 

by silver wire, which is countersunk in the insulation and turned 

down by a tiny lathe, so that the entire surface is smooth and even. 

The silver wire is electrically connected to the transmitter, The 

four pens (reference, pressure, temperature, and humidity) are like­

wise wired, and each time one of the pens slides over the silver wire 

of the helix a contact is made whieh bridges the grid leak of the 

transnutter. The circmt is then completed and the sequence signal 

is emitted by the transmitter to the observing station. The measure­

ment of time between the reference pen and each of the other element 
if'3<,f'" 
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pens (tw::.ce each minute), is the read,ng desired. 

The helJ) shaft has t~o bearings - onG in che clock and 

the other in the bakelite rain shield or housing. The housirig 

is cast integrally with the base to which the clock is attached on 

the inside, and the instruments on the outside of the box. This 

bakelite shield:rng, or housing, ~ncloses only about two-thirds of 

the helix, the open space being allovred for the pens to make their 

contacts (Fig, 2). 

Reference Pen 

Th'l reference pen is fastened to the common bakellte base 

and coE1es JD contact ~'1-th the lower portion (part nearest the :::lock) 

Qf the helix, The pen 1-s a f:cxed point and does c1ot move, thus it 

comes in contact with the helix eacl-i time at exactly the same poirit 

=d with the same tl.m8 interval, 

Measurements of pressure, temperature, arid hJl!IJ.dity are 

always made in relation to the reference pen, Just as altitu.cles 

are J:I1easured above or below sea level, ths serological readings are 

measured from this comm0n dat,J..'ll point. 

Pressure Element 

The barometer is of the aneroid type, which is evacuated, 

and hermetically sealed, In coJ:I1mon WJ..th the other elements, it is 

fastened to the bakelite base. This type cf b=ometer is used 

extensivel0r in measuring pressures, (Fig, 2) 
;,y:31,,<,-



(About actual size) 

Fig. 2 

A. 
B. 

D. 
E. 
F. 
G. 
H. 
T 
J... 

.. T. 
K. 

Aneroid barometer with 4 cells 
Hygrometer showing hairs and pen 
Temperature element 
Shield for temperature eleriient 
Bakelite base 
Reference pen 
Pressure pen 
Helj_x 
Upper bearing for heliv 
Tempe:rature pen 
Rain shield around helix 
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Outside pressure changes cause the expansion or 

contraction of the cell, When carried to higher altitudes, where 

pressures become le~s, the cell expands and the pressure pen, in 

contaco with the helix, moves up or out, contacting the silver wire 

of the helix at a different time interval with respect to the 

reference pen. Conversely, when descending to lower altitudes, 

the atmospheric pressure increases, and causes contraction. The 

pressure pen in this case moves down, or in, toward the base of 

the helix. Differentials of pressure between the atmosphere and 

the inside of the cell control the movement of the pressure pen, 

Temperature Element 

The temperature element is of the bimetal thermometer 

type. It is mounted on the common bakelite base, with its pen 

coJ!llllg in contact with the helix at the top, or near the outer end 

of the shaft. (Fig. 2) 

The temperature element is shielded by a thin, light­

weight metal cylinder or shell, two inches long and 3/4" in 

diameter, with both ends open, Shielding is necessary in order to 

obtain true temperature readings by preventing actual contact of 

the element with the sun's rays, and also for protection in handling, 

particularly after calibration. 

The temperature element itself, mounted inside the shield, 

is about 3/4" long, curved cylindrically around 250° with a diameter 

of 5/1611. It is fastened by two metal pins at each corner of the 
l"f3bV 
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lower open side to the same base as that of the shield, To the 

upper outer corner of the other open side the temperature pen is 

fastened, which contacts the helix. 

The metal used in the temperature element is extremely 

sensitive to temperature changes. As the instrument rises and the 

temperature falls, the curved element contracts, or tends to curl 

up and close the gap of its open end, thereby drawing the pen 

wluch is in contact with the helix to the direction of the reference 

pen, 

Conversely, as the instrument descends by parachute mto 

lugher temperatures, the element expands, or tends to uncurl, pulling 

the pen away from the reference pen. This is all told llJ graphic 

form at the observing station on the automatic recorder, in the same 

fasluon as the pressure element always llJ direct relationship to 

the reference pen recordings" 

Temperature readings of this element have been quite 

accurate from sea level to the stratosphere, where they rema:ln 

constant, Such lllf'crmation is useful to the Weather Bureau in 

preparing forecasts. 

Humidity Element 

Accurate hygrC111Str1o meaaurementa o! the rad1otelemeter 

are of utmo:.t importance, but they are made dit':f1cul.t by the laok 

0£ a hygrometer which react6 quickly at low temperatures. 
IJ./Jl,f' 
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At the present tJ..me the hair hygrometer is used, It has 

five strands of h1l1!18Jl hair, each 1½n long, stretched up and over 

the hllillldity pen which J.ll turn contacts the helix. As the humidity 

of the air increases, the hairs lengt;hen. This causes the pen, 

which has a slight spring tension, to move out, or away from the 

base of the helix and the reference pen. As the humidity decreases, 

the hairs contract or tighten, and thus pull the pen down, or J.ll 

the direction of the base of the helix, and closer to the reference 

pen. The humidity readings, like the others, are evaluated with 
C 

respect to the reference pen, 

The hygrometer is attached to the common base along with 

the other elements, and is located halfway between the pressure and 

t'emperature elements, (Fig. 2) ' 

Humidity data are now reliable only to altitudes of 

approximately 15,000 feet, due to lag and to the inability of the 

J.J1strument to react favorably J.ll extremely low temperatures, which 

cause the hairs to freeze, and render accurate calculation of 

relative humidity allllost J..mpossible, 

Diligent work is now being carried on bJ the National 

Bureau of Standards and other organizations to perfect a more 

accurate and,sensitive IBstrument to replace the human hair for 

humidity measurement, Encouraging results have been produced to 

date, 
ftfJ i;i,-
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Calibration 

All of the elements, or instruments, must be carefully 

calibrated before being used, otherwise such errors would exist 

as to maks the record of readings valueless. 

The work of calibration requires about two hours and is 

done in a special chamber designed for that purpose (Fig. J). The 

chamber is a box about the size of a large, old-fashioned hamper, 

well--built and insulated, which accollJIIlodates seven instruments at 

one t1.1De. The recorder, on a continuous chain, and located adJacent 

to the calibration chamber, automatically makes records of each 

of the elements, determined by their distances to marks made by 

the reference pen, A relay trips a recording pen each time that 

contacts are made, by an instrument, or element, with the helix. 

These pens are attached vertically to the endless chain and are 

carried across the paper at such a rate that they return to the 

starting edge after each revolution of the helix. If an element 

pen should move, contact will be made either sooner or later than 

its prenous position. The variation in time is a measure of the 

change in the element actuating that pen. Contacts must be positive 

and sharp at "make" or "break", otherwise the measured distances 

will be inaccurate. The traits or peculiarities of each element 

are thus definitely known. 

The same type of recorder, although mechanically different 

in some respects, is used for recording data during actual soundings. 
1/fJ br 
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Fig. 3 
Calibration chamber, during humidity caJibr2.ti..on (Moist test). Reco:rder at right. 
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The methods emploYBd m sllI!Ulating comparable conditions to those 

found m the stratosphere for calibration purposes are mterestmg 

and somewhat ingenious. Dry ice and alcohol are used to obtam 

lower temperatures and they are circulated by a pump to mduce 

temperatures to below -50° C. All stages of -r.emperature and 

pressure are used from those found in the room to the exl:remes to 

be found 15 miles above the ground. The humidity element is like­

wise calibrated by inducing various degrees of hunudity withm the 

chamber. 

The equipment at Boston is located m the Airport Weather 

Office. After calibration, the instruments are handled carefully 

and as little as possible, so that the delicate elements will not be 

disturbed, 

Transmitter 

The tranS!lUtter is located inside the housing or box. 

In comparison with other transmitters, it might be considered a 

!lll.niature, since it is so small and light that it could easily be 

slipped in one's coat pocket without notice. (Fig. 4) 

The radio transmitter operates on a fixed frequency of 

68 megacycles. This frequency is high enough to avoLd most of the 

congestion on the radio spectrum. It is favorable for transmission 

over great distances with a mm.mum of power; moreover the short 

antenna measuring seven feet used for this frequency simplifies the 

launching problems. 
IJ/36f-



(Actual size) 

Fig. 4 

Complete transmitter used in the Harvard instrument. The clock is located behind the 
tuhe. 



The single tube used is, in reality, two in one, as it 

serves a dual purpose, It is a low filament current twin-triode 

tube, in a push-pull tuned oscillator circuit, which does the work 

of the two tubes formerly used, 

Attached near the base of the tube is the coiled tuning 

inductance. 

At the other end of the box there is located a uni-eell 

dry battery, no larger than an ordinary flashlignt cell, which 

supplies the filament current, Another battery, even smaller, 

supplies the plate current of 45 volts, 

'.Fnere is ample space left for the insertion of a water 

container and the light packing used to delay the penetration of the 

extreme cold to the batteries, clock, and transmitter, 

Sii;nals are emitted each time tne circuit is closed -

four times every 30 seconds. This is done as each of the four pens 

contact the silver wire of the helix, wluch makes a complete revolu­

tion every 30 seconds. 

Radiotelemeter Unit 

Th3 antire unit, comprising the housing, aerolog:i.cal 

instrumen~s, transmitter, clock, water container, and packing, 

ready for ascensJ.on weighs 800 grams, or e1:Jout 1.8 pounds. It 

is wrapped in a very fine, soft crepe paper, as an additional pre­

caution against the intense cold, The open ended shield covering 

t~e aerological instru.ments, however, is left uncovered so chat 
/J/3b~ 



-23-

actual conditions of the upper air will be reported as found. 

DESCRIPTION OF OPERATION 

Launclung 

The launching can probably be best understood from a 

description of an actual ascent IT.a.de at the Weather Bureau airport 

office, Boston, at 4·15 )~~, March 10, 1938, The stages of technique 

involved were· ro~tine tests, assembly, launching, recording, 

evaluation and dlspatcn of the data to Washington. 

The radiotelemeter unit had been previously assembled with 

calibrated instruments, transnntter and a seven foot antenna, The 

water container was placed Wlohin the box, the clock was started, 

and the assembly was carefully packed and wrapped, It was then 

carried to the inst.rumenLi shel-cer where i Li remained fo.r about 10 

minutes in order to acquire a steady state in the proper environ­

ment. While there, the radio receiver and recorder in the Weather 

Office were tuned in, and the signals were observed as the contacts 

were made. A standby radiotelemeter was ready for service in case 

of malfunctioning. Everyr,hing fu.."'lctioned properly, however, and 

preparations continued for the launcning. 

The balloon used was of cast laoex rubber. It weighed 

only 350 grams (2/3 of a pound) and when inflated with hydrogen to 

a diameter of 5 feet, chis oype wo0d usually soar with its burden 

to altitudes of ten to fifteen miles before expanding to the burst­

ing point. The inflation of hydrogen fro* the cylindrical contai,."'ler 
J'/36f' 
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was done with care to prevent any chance of fire, Weights were 

attached to the bottom of the balloon, and when it was capable 

of lifting a little more than two pounds, the diameter of ohe 

balloon was about five feet. It was then tied tightlyWJ.th cord 

at the neck to prevent any escape of the gas, and was carried out-

side. (Fig, 5) 

A heavy string about six feet long was attached to the 

neck of the balloon and to chis string was tied an envelope 

containing a warning of the fire hazard should the balloon be found 

intact. The finder was requested to read the enclosures and was 

offered a reward of one dollar for the return of the instruments. 

The enclosures consisted of a franked Bticker, self-addressed to 

the Weather Bureau Airport Station at Boston, a 11 1/&'tY FRAGILE" 

sticker, a self-addressed franked postcard giving mailing instruc­

tions, a questionnaire for details of the discovery, information 

regarding its original release, purpose thereof, etc. 

To the lower end of the string was attached the parachute 

made of plain red, silk cloth, with shroud strings two feet long, 

These were attached to a rin~ or two tWJ.sted reeds, which in turn 

was tied to another heavy string ten feet in length, Eight rubber 

cords tied at the top and bottom of this string allowed slack, to 

guard against undue shock to the instrulllents while in turbulent 

air, To the lower end of the string was tied the seven foot 

aerial actached to the radiotelemeter. 
/f-31,'r 



Fig. 5 

I 
i 
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Inflating the balloon. Note the weights 1.mder bc1,lloono It is inflated until capable 
of lifting mo:re than 2 lbs. Operater at left is holding riaracbute ready to be attach3d 
in the final assembly. 
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With this done, the entire assembly comprismg (from 

top to bottom) the balloon, string vnth envelope attached, parachute 

with riggmg, string with rubber shock cords, aerial, and radio­

telemeter was then ready for release. (Fig. 6) 

Signals were being emitted several minutes prior to the 

actual launching, The radio receiver was tuned m. The recorder 

was in operation, and the signal impulses made oheir four marks 

every thirty seconds on the margin-guide-perforated recordmg 

paper, wluch moved at a very slm~ but constant rate from its 

roll out on to the table, (Fig, 7) 

The balloon with its cargo was released at precisely 

5 27 AM and began its ascent at the rate of approximately 700 feet 

per minute, The observers proceeded to the weather office 'L'llllledi­

ately to keep the radio tuned, to see that the recording eqmpment 

continued functioning, and to perform the important work of 

evaluating rapidly the recorded signals for synoptic purposes, 

Soundings, Recordings, and Evaluations 

Evaluation began within a very few minutes after the 

instrument was launched, 

The reference line of dots or small dasnes made by 

contacts of the reference pen was easily discernible by the com­

paratively straight course it followed across the paper, A colored 

lme was drawn across these contacts as they progressed, and from 

this line the other measurements were taken, Contacts made by the 

temperature element were qmckly identified, as this lme had a 
IJ./31,',s 
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The sound:Lng equipment is sent aloft. One of the m1i."nerous e:qJerimental flights, 
differing in :=iome respects from that described_. but in on,,ration. 
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Fig. 7 

Hecorder J.n operation. 
each element, for later 
phones for tuning. 

Operator is cl.rawing lines connecting signal impulse marks for 
measurement and evaluation. Radio receiver (left) with ear-



definite and rather steady trend to the right, indicating falling 

temperatures. A differently colored line was drawn through this 

series of contact marks. The pressure contacts formed a line 

wering to the left, denoting decreased pressure, as did the hunudity 

line which meandered, indicating various degrees of moisture in the 

air. Each of these lines was giwn its individual color, and thus 

the four tracks were followed without doubt or confusion. (Fig.8) 

Significant, or progressive points, were selected and 

numbered in corresponding positions on the four lines or tracks. 

To determine the value of an element at a given point, the distance 

was measured from the reference line to the same pol-<~t on ohe element 

line by a pair of dividers. (Fig. 9) The same distance was set off 

on the calibration curve, and the value was then read off the scale, 

then plotted on the Adiabatic Chart. This routine of measurement 

was repeated over and over for each of the elements, and as the 

balloon continued to rise with its ticking, transmitting, data-find­

ing cargo, it was only a matter of a few moments unoil the altitude, 

temperature and hunudity encountered on the wandering course were 

known. 

Belo~ is a greatly abbreviated record of the sounding. 

It will be noted that humidity evaluations were omitted after passing 

above the 10,000 foot level due to lag, largely induced by the hairs 

of the hygrometer freezing and stiffening, and the rapid rate of 

ascent. 
/~o6F 
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R. Mr #.95 March 18, 1.937. 0627 ES. T. 

, A typo.cal record111g, Note comparata.vely straight reference l111e, also tPmjWrature 
111versa.ons, _ _fluatuat111g humidJ.ty and steady fall of pressure, the latter denot111g 
111creas111g alta.tude. The temperature recorda.ng was picked up (lower J.eft) where it ran 
off paper (lower nght). Likewise the pressure recordJ.ng was picked up (center ra.ght) 
where a.t ran off paper (center left). Numbers denote corresponda.ng posita.ons. They Ne 
written in as the recorda.ng progresses to obtain correct measurements. For example, 
measurement from the reference hne at station 1110 11 would be to station "10" of the 
other record111gs. 
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Fig. 9 

The recorder. Operator is measuring distances from the reference line to the other lines 
with a divider. He then sets off the same distance on the calibration curve, reads the 
value frpm the scale, then plots the data on the adiabatic chart. 
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Altitude Temperature Humidity 

2,000 feet 19° (F) 71 
4,000 II 12° If 70 
6,000 11 17° II 69 
8,000 II uo II 63 

10,000 " go II 64 
14,000 II -20 " 
37,900 " -680 " (-55° C) 
43,000 II -52° II (-46.5 C) 
72,200 II -49° II (-45 C) 

The equipment went to an altitude of 72,200 feet, nearly 

14 miles high. It reached this altitude at 7.04 M!, in one hour 

1md 37 minutes after the launching, It was noticed that the pressure 

element contact marks swung sharply to the right at this point, 

indicating increased pressure wluch, undoubtedly, was caused by 

the bursting of the balloon, followed by th~ opening of the para­

chute and the beginning of the trip back to earth. T'ne signals 

continued for six minutes and then ceased at 7:10 AM, probably due 

to stoppage of the clock mechanism because of extreme cold, or from 

an unknown cause. 

The tranSIIllssion of signals had continued for one hour, 

43 minutes, and the sounding at Boston for March 10th was considered 

successful. 

While the flight was in progress, the data had been 

recorded, evaluated, and graphed. Conditions were known up to the 

stratosphere. It was learned, for instance, that at about a mile 

high there existed a temperature inversion, the temperature being 

5° (F) higher at 6,000 feet than at 4,000 feet, It was found that 

the cold.est temperature recorded was 68° (F) below zero at 37,900 
/1'36?' 
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feet, and that another temperature J..nversion e=sted at 43,000 

feet, where it rose to -52° (F). It continued to warm up i:radually 

to -49° (F) at 72,200 feet, remaining quite steady for the last 

J0,000 feet. 

Comnnnncations 

Fully as important as accumulating the aerological data 

is the prompt dispatch of the information to the forecasters of 

the U.S. Weather Bureau at Washington, D. C,, and other forecast 

centers, prior to the synoptic hour, 7:30 AM E.S.T. 

The Civil Aeronautics Authority maintains teletype circuits, 

augmented by poJ..nt to poJ..nt radio which provide a network of colIJlllWli­

cations facilities covering the airways of the country. Through a 

cooperative arrangement, the u. S, Weather Bureau utilizes this 

equipment for the transmission of weather data. Consequently, 

information concerning weather conditions to be found on any civil 

airway withl.Il the hour is available on bulletin boards to pilots 

and others. The Authority broadcasts such information by radio at 

periodic J..ntervals during each hour for the benefit of airmen in 

flight. (Fig. 10) 

At Boston, as at many other important stations, the U.S. 

Weather Bureau and the Airways Operations Division of the Civil 

Aeronautics Authority share adJacent offices where all facilities are 

available. When an operator types a message on the teletypewriter, 

the same message is reproduced J..nstantaneously along that particular 

circuit. There are relay or clearing house stations, called principal 
l'/36f? 
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Interior of a Civil Aeronautics Authority airways teletype station showing teletypewriter 
machines and radio broadcast booth. The radio operator in the booth is rnaking a 
scheduled hourly broadcast +,o airmen. 
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teletype stations, for relaying messages to other points. 

Boston to Washington messages are quickly relayed at Newark and 

are received at Washington shortly after transmission at Boston. 

The first report of soundings was put on the tape at 

approximately 6:JO AM. The radiotelemeter had been aloft nearly an 

hour and the data already received gave the forecasters in 

Washington and other centers advance information with which to begin 

work. The final message was dispatched at 7:12 AM and the informa­

tion was in the forecaster's hands well ahead of the synoptic hour 

of 7:30 AM, E.S.T. llhen all data from all sections of the country 

are plotted for the daily forecasts •. 

Salvage 

The question arises as to how many instruments are found 

and returned to the u. s. Weather Bureau and the damage done to them 

iri landing and handling. 

Below are a few examples: 

Location Number released 

Fairbanks, Alaska ·••0••······· 
Los Angeles, California ••••••• 
Amari.llo, Te:xa.s •............•. 
Dallas,. Texa.s o •••••• • · ••••••••• 

Waco, Texas· .................... . 
Denver,-Oolorado •.•••......••• 
Oma.b.a, Nebraska •••.•......••.. 
Fa.I"~, N. D. • •••••..•.. , ....•. 
H1ll"On, S • D. • .•••.. ., ..•.•..•.. 
St • I..oui.s, Mo • • ............... . 
Nashville,' Tenn. • . ; .......... . 
A tla.Il ta, ~. . ................. . 
Boston, Mass. ••r••·•·······•·• 
!Jfat.r 

83 ............ 
117 . ........... 

8 • • a a a • • • • • • D 

77 . ........... 
44 ............ 
15 0 ••••••••••• 

Jll . ........... 
64 . ........... 
26 . ........... 

123 . ............ 
15 ••••o••••••• 
JO . ........... 
80 ............. 

Percentage found 

1% 
22% 
50% 
BJ% 
84% 
87% 
91% 
91% 
92% 
92% 
81% 
43% 

4% 



T'nese figures are a fe,- months old, but ohey serve to 

indicate thao the percenoage of recovery is S-w.::'prisingly high" 

Recovery of i~struments sen~ ~p from Bos~on 1s very low due ~o ~ns 

prevalence of prevailmg ri..71ds from the west blmn.ng the msurume::.-~s 

to sea~ Three of these instrQ~ents were found on vape Cod, a na.r-~,..,--

strip of land 65 ID.lles east, southeasc of Boston" 

Sometimes the da1Tiage ~o ~ne instrurr.e~~ ~s exr,ensive, ~U\ 

usually it ~s criv.:_al and che apparatus cru:: be repaired and re-

caliorated at srna.~l expenseo Informa~ion concernL7lg uhe location 

where ~ey are f01.u1a :.s use:L ""GO tne V'"ea~her Bureau .. 

DISCUSSION 

L:um.~ations and Tre~a 

The present radio~eleme~er r__as no :nea..~s by which inforrrE.-

tion concerning haze, visibilrcy, sr..cnr levels.,, "I;llrbulence, etc.,, c2.~-

be provided. 

It is not ye~ able to de~e~--=u:e acc:.::.rately the height o~ 

clouds:; except wne:c -r;~e observer is thorough-2.y experienced in bo-c.:=. 

instruments and meteorologyo Improved hygro"':le~ers will ~elp t~ 

remedy chis deficie~cy" Blue Hil:s Ooservatory and other orga.,lZ= 

tions are exper1.men~ing with the ~se of photo.-e:ec~ric cells for 

this purpose" Io is generally believed chat this is one proper 

method of attack on tlns problem which shows every ind.icatio:; of 

early soluciono 
i-'136',' 
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The present 1J1Strum.ent has not yet been developed to 

the poino where it can provide information concerm.ng the direction 

and velocity cf winds at different altitudes durmg periods of low 

ceil1J1gs. The method whicn has been the subJect of extensive 

experimentation employed a radio sounding balloon enutt=g radio 

signals on which bearings were taken with radio direction f1J1ders 

from two po1J1ts a few miles apart. The desired data were then 

calculaced by criangulation. The errors were reduced to about 2°, 

but this was not accurace enough to be of any great value, the 

practical lJ.mJ.ts being less than} of 1° and the desirable precision 

of direction, 1/10 of 1°, 

A research program of some magnitude looking to the solu­

tion of this problem has been in progress for several years at the 

Califorma Institute of Technology, Able assistance and collaboration 

has been provided by Captain o. c. Maier, U.S. Arnry Signal Corps, 

at present attached to the Meteorological Section of the U.S. Army 

Air Corps. 

The Institute has been working on a theory different froN 

the one mencioned in the foregoing. Ins~ead of the short wave 

previously used they are employing an ultra-snort wave length of 

1.67 meters with surprising success. A parabolic ancenna is emp~oyed 

ana the parabolic principle is used throughout. Only one receiving 

station is usea instead of two as in the other plan. These experts, 

headed oy research physicist Anthony Easton, are nowtraclang 

the radio s01r1ding balloons experimentally wich appro=ately the same 
'J/3•(< 
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degree of precisioh that is accomplished by the present tneodolite 

system m clear weathero Work is going forward now in develop:u1g 

an automatic tracking dev,~ce wluch is expected to be perfected in the 

near fu'Cure o 

T'ne excellent work of the California Institute of Technology 

gives promise of an early solution of one o~ the most pressing needs 

of aviationo 

U. S, Weather Bureau Program 

Recognizmg the value of aerological observations by 

radiotelemeters the u. S. Weather Bureau recently a~rarded contracts 

for the furnishi.,~g of instruments to stations at Nashville, Sault Steo 

Marie, Oakland, Oklahoma City, Omaha, and Fargo for daily observa­

tions. This program began with the new fiscal year on July 1, 1938, 

and replaced airplanes for upper air soundings a-c those s-cationso 

Con-c~actors have the responsibility of furnishing tne 

raaiotelemeters and ground equipment on a lease basis, and i~stall­

ing the lat-cer, Sp8cifica-cions called for close tolerances, but 

-were broad eno~gh so ~ha~ any type or aesigr. of instrument would be 

acceptable if it rae b W.L th per.for'.u1ance requ:.remen"'[.S" 

T'nlS lS tne first step taken by the Uo So Wea-cher Bureau 

in estaolishJ..ng radiotelemeter aerological obser-Vcl.t10J sto"'[.ions on 

anyt'ling but a tn al or e:;..3>er:,mental bas:cs o Only the lack of funds 

prevents the Bureau from having several times this manyo In addi-

tion 'CO Lte foregoing radiotelemeter statio~s, the 3creau is 
llf'36Y 



El Paso, Chicago, and Billings. 

Army is mala..ng daily radioteleme~er oose=va~ions a~ Pat~eTson Field, 

The U o So Navy is aJ..so coope::-2.ting by cont1_J. .. ..t.lI1g Lihe da::i..ly 

rad1otelemeter observa~ions a"G AI'-acostia Ka"7al Air SL1a~1on and 

appronill2.tely t7felve d.ai:y airpJ..2.r:.e c'::se:-112.~J..m:s at sc2~L1erad polfftS 

throughout the Wescern Henusphere, 

CONCLUSIONS 

FoT several years authorities have reco~izeC Line value of 

air - mass analysis as an important aid to accuTate forecascingo It 

is well lmoVHl tha"G the assistance obtained fro~ 10; a..!d 0he experie~ce 

gained from the study of weacher maps have proved an L~porcant adJur:ct 

to this work, 

Forecasters are depeJding more and more on aerological 

data for analysis. Now, with the ~se of radiooelemecers this informa-

t1on can be available to the~ every day despi~& .-,-eatne~ c~ndit~onso 

With the more complete and regcl.ar L>i:'ormacion now available from 

this source, it is certain that the work being cor-C~c7eC := .. n air-mass 

analysis -nll become J.ncreasingly effective ana ~o~ecast~ng f-:irljher 

improved. 

The step be1.ng taken by ljfle U o S., Weauhe:' B-.1.r'eau.;i describea. 

in the preceding chapter~ deno~es progress~ The C~ve~~~L=!~lj and 

installation of this new bulj prove2 method of U?per 2.i::- 50U."2dL.7.gS 
/¥36/? 



is well Justified. The sl.X aerological stations establishea by the 

Bureau in July will be very helpful, but more are needed. 

Eventually, the Bureau hopes to have a network of 40 or 

50 aerological stations distributed throughuut the country. With 

such a system, tne data will be a~sembled, charted, and analyzed 

at central points. When this enlarged program is put into effect, 

weather forecasting should be more dependable. 

Greacer coverage of reports will make possible greater 

precision l<~ studying and analyzing trends, followed by improved 

forecasts. 

The radiotelemeter, following the airplane, dominaces a 

field al.most untouched a few years ago in dailyeynoptic meteorology. 

It is contribucing to safety in aviation by providing information 

which enables forecasters to predict weather accurately. This is one 

of the great needs of aVJ.ation. 

Improvement in the inscruments will continue co come. FJJ 

enlarged program 1s qUJ.te cer~a1n to follow, resu.2.~irg ~nan eVB~ 

improVJ.ng weather forecast serVJ.ce which promises co solve some of 

the problems which scill confront students of -,,eather. 
/~,6~ 
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