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FOHEWORD

The author wishes to acknowledge the able assistance
and cooperation of Blue Hills Observatory (Harvard University),
the Feiber Instrument Company, and the U. S. Department of

Agriculture, Weather Bureau, in the preparation of this report.
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THE RADIOTELEMETER & ITS IMPCRTAIICE TO AVIATION

By
He W. Knight

SULMARY

Thzs report gives a braef hastory leading up to
present developments of the various methods employed in the
procurement of aerological data in the Iree or upper air,
which 15 beyond the range of surface recording instruments.

It emphasizes the importance to aviation of accurate
weather forecasting, and recounts the work which has been done
in this acience,

The radiotelemeter 18 a device which i1s carried into
the stratosphere by a free balloon and consists of instruments
to reguister temperature, humdity and pressure, and which, by
means of an automaztic ulira-high frequency radic itransmitter,
em1ts s1gnals which carry such aerologncal data to the recording
station on the ground.

The present radictelemeter 1s the result of experimenta—
tion 1n the Unaited States and in Furope. In this country several
leading wnaversities and institutions have contributed to its
development. The National Bureau of Standards was responsible

for much of the technical perfection of the instruments.
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A detailed descraption of the "radiotelemeter", with
1ts component umits, 1ts use 1n obtaining aerological data, the
method of operation, and i1ts usefulness, are discussed. Illus—
trations are i1ncluded for purposes of clarification and ready
reference,

Ths use of telebyps circuits for transmission of
weather data 1s briefly covered., The lumitations of the instru-
ment and the trend of development as well as the U, 5. Weather
Bureau program pertaining to asrological observations are
discussed.

This latest method in the study of aerology, although
1t has not yet reached a stage of perfection, has proved 1ts
value and its practicability for a definite place in future

programs,

TNTRODUCTION

Safety 1n aviation 1s very largely dependent upon
accurate weather reports and reliable forecasts, Weather data
are provided hourly from points zlong the airways by itrained
observers. Since meteorological changes may take place in a
very few hours, advance information as to such changes becomes
highly important.

The Caival Aeronautics Authority 1s particularly interested
1n weather from the standpoint of air safety and this study was

made to determine the present status of aerology.
ris



—3—

This report 1s 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 1s dissemnated with a view to coordinating the
work being done and to assist in the correlation of further experi-
mentation 1n thas faeld,

The study of upper air conditions is sometimes called
"meteorology of the free atmosphere", but more generally it 1s
termed "aerology™. It consists of the various methods of exploring
and obtaining data pertinent to the upper atmosphere or upper
strata, including the stratosphere, where topographical condations
have little or no effect.

The mportance of accurate weather forecasting teo
aviation can hardly be overemphasized., Methoas of weather fore-
casting have been improved from year to year, and much credit
for this progress i1s 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 umversities 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 1t was learmed that

weather trawels, It was also found that characteristic types of
IHBET



clouds indicated certain types of weather, and that areas of high
and low pressure moved 1n characteristzc fashion. The causes of
various lkands 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 weather.

Progress 1in the science of weather study was greatly
accelerated wath 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 aerclogy by 1ts use in making upper air soundings at
altitudes of up to 17,000 feet, but 1t also increased the demand
for more accurate weather forecasting in the interest of safety.

The Caval Aercnautics Authority has developed more than
23,000 mles of lighted and radio—equipped airways and teletype
commmication systems for transmission of weather reports between
stations. When 1t 1s realized that scheduled air transports fly
1n excess of 50 million miles anhually, and that mlitary services
and miscellaneous commercial and private flying augment this by
much more than an egqual number of miles each year, the vital
wmportance of accurats weather forecasting by the U, S. Weather

Bureau and affilisted agencies can be appreciated.
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The backbone of a comprehensive meteorclogical service
15 communications. The extensive network of teletype circuits
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 of the Cival
Aeronautics Authority (formerly by the Bureau of Ailr Commerce) in
conjunction with their regular communications activaties. The close
cooperation of the Weather Bureau and the Bureau of Air Commerce
made this system possible,

The Cival Aercnautics Authority recognizes the importance
of greater safety i1n avaation through intelligent long range
planrming, and i1s lending every support and assistance possible to

encourage the further development of aerology.

BRIEF HISTORY OF UPPER ATR SOUNDINGS

The need for information concerning conditions in the
upper alr has long been recognized. Work, in this comnnection,
prior to 1916, was conducted by means of kites, manned balloons,
captive balloons, and sounding balloons. The fects disclosed by
these methods were somewhat meager,

During the World War, a British flying officer while in
France, became interested in the possibilities of meteorological
observations from aircraft. He made netes of his observations
that  stratus clouds were most frequent in anti—cyclones; a tempera-—

ture 1nversion existed i1mmediately above the stratus laysr; the
IHIEE



G

lowest temperature of z cloud formation was near 1ts upper
surface; and definite heights of cumuli were necessary for
thunderstorm development.,

Other observaticns followed, and in 1918 - 1919, a tobal
of 550 airplane observations of temperature and humdity vas made
in France by British meteorologists, the data being used in current
forecasting.

This type of free-air investigation continued in Great
Britzin and in other European countries for a while, In the
summers of 1924 and 1925, the records of soundings to heights of
between 15,000 — 21,00C feet, obtained an Belgium, were presented
1n a report by M. Jaumotte, Director of the Belgium Meteorological
Institute., He sustained the Bjerknes Theory that "the end result
of the juxtaposition of two air masses of different temperature was
a superposition of the tropical air over the polar air with mixaing
of negligible 1mportance", as opposed tc the Exner Theory that the
end result was a complete mxaing of the two masses., This 1s merely
cited to indicate how recent have besen the discoveries of upper alr
phenomena, which prove or disprove various theories of many years
standing.

The first metecrological airplane observations in the
United States were conducted by the U. S. Sigrnal Corps in coopera—
tion wath the U, 3. Weather Bureau a2l Aberdeen Proving Grounds in

1918. The results, although useful, were not entirely successful,
SHE3ET
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due to the difficulties encountered in mounting the recording
anstruments or the airplane an such a way as to provade good
ventilation, and at the same time to avoid excessive vabraticn.

Duraing 1923, the Weather Bureau, cooperating with the
U. S. Army Air Corps at Bollang Field, Washington, B. G., arranged
a number of flights for the purpose of examiming the dust content
of the air to determine the relation between dustiness and visi-~
bilaty.

Flaghts were also made by the Bureau of Aeronautics,

Navy Department, in cooperation wath the Weather Bureau in April,
1925, at the Naval Air Station, Anacostia, D. C. Thege flights
were made to an altitude of 10,000 feet, and marked the beginmang
of the use of obtained aerological data in current forecasting.

The adoption of a definite program of airplane weather
observations marked the fairst 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 strategrcally located faelds 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, untal July,
1934.

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

upper air soundings by means of kites, and contracted for daily air-
pPETS
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plane weather flaghts at Omaha, Cleveland, Chucago, and Dallas,

The data obtained were supplemented by similar data secured in air-
plane flights of Naval Air Stations along the Pacific Coast. The
two reméinlng Weather Bureau stations using lntes for observations
discontinued thexr use 1n 1933,

The fellowing arrangements were made: Meteorological instru—
ments (Aerometeorographs), which recorded the desired information,
were fastened to the struts of the airplane. Upon retuwrning to the
ground, the data were evaluated, and the aerological information thus
obtained was dispatched to the Weather Bureau at Washington, and to
other drecast centers. This plan of upper air soundings 1s still in
effect,

Valuable work was done by the Massachugetts Institute of
Technology during the winter of 1930 - 1931, by investigating records
of about 1300 soundings made by means of lates and airplanes. This
resulted in an improved 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 untal December, 1937. This work by M.I.T. and,
later the work of the Califormia Institute of Technology, and others,
in utalizaing airplene soundings for air mass amalysis, have been of
immeasurable value.

On July 1, 1934, the U, S. Weather Bureau increased the
nuzber of airplane observation stations to six. The Army maintained
seven, the National Guard one, and the Navy's cooperataion brought the

tolal mumber to 23 statilons, J
#2365
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The Bureau of Air Commerce cooperated and the Ciwval
Aeronautics Authority continues to do so. It supplies airway
radio and teletype circuits for the transmission of the data,
beganning each morning at 7:10 E.S.T., which makes 1t 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 visibility permits,
at nearly 70 airport stations and offices of the Weather Bureau
to obtain information as to the direction and velocity of winds 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 1s 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 1s now being conducted on a radio pilot
balloon, for use during periods of low ceilings and poor vaisibility,
which holds great promise. This will be discussed briefly 2n a

later chapter.

RECENT DEVELOPMENT
From time to time sounding balloons were sent aloft by the
Weather Bureau to obtain date from heights greater than those possi~

ble through the use of lkntes or airplanes. Beginming in 1926, the
I4IEE ‘
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Fergusson Balloon Meteorograph was used, but was later discontinuved.
These ballcons, filled with hydrogen, varied in size from less

than one, to several meters in diameter, The plan generally used
was to seal the balloon and send 1t aloft. As 1t continued to
expand, due to the thinming atmosphere, 1t would eventually burst.
The recording instruments (meteorographs) then floated to earth by
means of a small parachute. Radio was not then avaxzlable and,
while some instruments became lost, approxamately 85 per cent of
them were returned in some areas for a small reward. The chief
disadvantage of this system 1s that the meteoregraph records are
frequently not available untal days, weeks, and sometimes months
afterward (and in one case 23 years later) which render them useless
for forecasting purposes.

Radioc sounding balloons first wmderwent experimentation
in France, Thas work was conducted by Capt. Robert Bureau, of the
French Meteorological Office. A light, short-wave radio-telegraphic
transmitter was suspended from the sounding balloon. It was designed
to give indacations of the pressure and temperature elements of
aerological instruments "even after the latter has entered the
stratoaphere®,

The first radio balloon sounding for temperature was made
on Janvary 17, 1929, and was followed by several others,

Leading umversities of th1s country, as well as those
abroad, have been working for years to perfect an instrument for

the automatic transmission of aerclogical data by radio which would
SYBEY
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have a reasonable amount of dependability,

The recent dewvelopment of ultra-~high fregquency radioc of
simple design and inexpensive construction, together with the
improvement and simplafication of meteorological instruments of
Iaght weight, have brought us to the era of the radiotelemeter for
upper axr soundings.

Prominent among the American educational institutions in
this work have been the Blue Hill Observatory of Harvard University,
the Massachusetts Institute of Technology, and the Califormia
Institute of Technology. The Army and Navy have carried on independ—
ent research, and also have collaborated with these institutions,
and with the National Bureau of Standards and the U, S, Weather
Bureau who have been ready at all times wath every possible assist-
ance,

In December, 1936, the Blue Hill Observatory, using 1ts
Harvard instruments, conducted the first regular schedule of radio
soundings with free balloons in the United States.

From February to Apral, 1937, Massachusetts Institute of
Technology and Blue HEill Observatory jointly conducted 31 radio
soundings with Harverd radiotelemeters {then called radiometeoro-—
graphs), proving their practicability in nearly all types of
weather,

On September 1 ard October 1, 1937 the U, S. Weather

Bureau began daily radio soundings at three stations including
SHIEE
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Boston, where the Harvard instrument was employed, thereby givang
the observatory further opportunity to 1mprove equipment and
techmigue,

An uwltra~high frequency radio transmitter, and aerological
instruments denoting pressure, temperature, and humidity had been
improved. For example, the clock movement rotating the helix was
found to operate longer when lubricated with graphaite than with
o1l. It became apparent that the more simple each unit was

designed, within limits, the better i1t performed i1ts work.

RADICTELEMETEER. ADVANTAGES

Just as the airplane replaced the kite in aerology, so
15 the radiotelemeter probably destined to supplant the airplane
at least to a great extent.

The advantages of this small instrument over any other
method of aerclogy yet devised are significant, and are limited
only by the ability of experts to perfect further the mechanism.

Iasted below are a few of the outstanding adventages of
the radiotelemeter in comparisen wath aircraft for upper aar
soundings

l. Ability to go aleft regardless of weather conditions.

2. Abilaty to reach the stratosphere,

3. Instantaneous transmssion of aerclogical data by radao.

4 The obtaimng of information pertaining to icing condi—
tions, without risk,

5. Relative low cost when bualt in quantity production.

6. Elimmation of all hazards to equipment and persornel,

7. OGreater coverage (more observations) due to probable
decreased cost.

sHA3EE
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At the present tame, the instruments, while havang

occasional failures, are quite accurate and dependable.

DESCRIPTION OF APPARATUS
Radiotelemeters of other manufacture using the 01llanc
type prineiple, are quite sumlar to those of Harvard, but =
lengthy technical discussion 1s unnecessary for the purposes of
thris report. The following chapters will briefly desecraibe that

instrument,, step by step.

Definitions

The instrument which 18 used for upper air observations
1s lmown either as a "Radiometeorograph" or a "Hadiotelemeter®.
The entaire observation 1s, in realaty, a radiometeorograph observa-
tion including recordings and evaluations on the ground. Since the
instrument 1tself has no graph the U, S. Weather Burean terms 1t
the latter, which designation will be used in thas report. The
three meteorological instruments which measure pressure, temperature,
and humdity wall be termed "Pressure Element", "Temperature Elementm
and "Humdity Element®., These three elements combined will be
termed "Instrument", and the electrical device which transmits the
informaticn will be termed "Transmitter", The entire unit waill be

called "Radiotelemetern,
YLD ER



Housing

The housing of the latest Harvard unit c¢onsists of a
balsa-wood box havang outside dimensions of 73" x 3 3/8" x 2%",
with a wall thickness of one-half inch. It weighs less than 3
ounces, yet 1s sturdy enough to withstand normal handling without
wnjury to the equapment,

The side on which the aerclogical instruments are mounted,
as well as both ends, are painted whate in order to provide shielding
against false temperature recordings which would otherwise be caused
by abgorption of radiation from the sun in the upper atmosphere.

The balance of the box 1s painted black to absorb warmth for the
benefit of the clock mechanism, battery, and transmtter. A thin
alumnum shielding with open ends is built around the instruments

on the 3 3/8" x 7i" 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)

Clock

One of the most dafficult problems encountered was the
drive mechanism which converts the deflections of the instrumental
elements into time signals. The cbservatory experimented with

standard clock movements, special imported clock movements, fan
/4368



The Harvard Radiotelemetver with anterms attached.
tne transmitter and clock.
covers the asrological instrumenta.
Total weight 1.2 pounds.

The key f¢ for winding the clo
Sliding door {(on @

P

bouwt two-thirds actual

sinted black and white hous
2k, The alumimm shield
tom! is for access to trans-
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drives, governors, gravity drives, and small electric motors.

For all practical purpeses, the watch or small clock
movenent was found to be the most satisfactory answer to the
problem. It was necessary to redesign the mechanism, however, to
double—quick time. In other words, the movement used 1s a twelve
hour watch instead of a twenty-four, and the drive shaft which would
ordinarily actuate the second hand at the rate of one revolution per-
mnute, drives the helix two revolutions per mnute. The movement
1s equpped with an escapement of 600 beats per minute. The
mechanise used 1s that of an ordinary #1.50 watch of reliable manu-

facture,

Helix

The helix 15 a small shaft of about 1/8" in diameter and
1" long., It 15 made of insulated material, whach 1s non-conductive
to electracity. It 1s wound spirally from top to bottom three times
by silver ware, which 1s countersunk in the insulation and turned
down by a tiny lathe, so that the entare surface is smooth and even.
The silver wire 1s electrically connected to the transmitter. The
four pens (reference, pressure, temperature, and humidity) are like~
wmse wired, and each time one of the pens slides over the silver wire
of the helix a contact 15 made whieh bradges the grid leak of the
transmitter, The circuit 15 then completed and the segquence signal
15 cmtted by the transmtter to the observing station., The measure-

ment of time between the reference pen and each of the other element
YL o
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pens (twice each minute), 1s the reading desired.

The heliz shaft has two bearings — onz in Jhe clock and
the other in the bakelaite rain shield or housing. The housing
15 cast integrally with the base to which the clock i1s atteched on
the i1nside, and the instruments on the outside of the box. This
bakelite shielding, or housing, cncloses only about two-thirds of
the helix, the cpen space being allowed for the pens to make their

contacts (Fig. 2).

Raference Pen

Ths reference pen 15 fastened to the common bzkelite base
and comes 1n contact with the lower portion (part nearest the clock)
of the helix, The pen 15 a faxed point and dees not move, thus 1t
comes imt contact with the helix ecach time at exactly the same point
and with the same time interval,

Measurements of pressure, temperature, and hamd:ty are
always made 1p relation to the reference penrn. Just as altitudes
are measured azbove or below sea level, the aerolegical readings are

measured from this common datum point.

Pressure Elemsnt

The barometer is of the aneroid type, which 1s evacuated,
and hermetically sealed. In cormon with the other elsments, 1t 1s
fastened to the bhakelite base, This type cf barometer 1s used

extensively in measuring pressures. (Fig, 2)
BT
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Qutside pregsure changes cause the expansion or
contraction of the cell, When carried to higher altitudes, where
pressures become less, the cell expands and the pressure pen, in
contact with the helix, moves up or cut, contacting the silver wire
of the helax 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., Differentzals of pressure between the atmosphere and

the inside of the call control the movement of the pressure pen.

Temperaturse Element

The temperature elsment 1s of the bimetal thermometer
type. It is mounted on the common bakelite base, with 1ts pen
coming 1n contact with the helix at the top, or near the outer end
of the shaft, (Fig, 2)

The temperature element 1s shielded by a thin, light-
me1ght metal cylinder or shell, two inches long and 3/4" in
diameter, with both ends open. JShielding 1s necessary in order to
cbtain 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 1tself, mounted inside the shield,
1s about 3/4" long, curved eylindrically around 250° with a diameter

of 5/16", It 1s fastened by two metal pins at each corner of the
/364
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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 helzx.

The metal used in the temperature element s 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 1ts open end, thereby drawing the pen
which 15 in contact wath the helix to the direction of the reference
pen,

Conversely, as the instrument descends by parachute into
higher temperatures, the element expands, or tends to uncurl, pulling
the pen away from the reference pen. This 1s all told in graphic
form at the observang station on the automatic recorder, in the same
fashion as the pressure element always 1n direct relationship to
the reference pen recordings.

Temperature readings of this element have been quite
accurate from sea level to the strabtosphere, where they remain

constant. Such infermation 13 useful to the Weather Bursau in

preparing forecasts.

Humidifx Element

Accurate hygrometric messurements of the radiotelemeter
are of wtmost importancs, but they sre made difficult by the lack

of & hygrometer which reacts qulckly at low temperatures,
13T
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Lt the present time the hair hygrometer is used, It has
five strands of human hair, each 13n long, stretched up and over
the humdity pen which in turn contacts the helix., As the humdity
of the air increases, the hairs lengthen. This causes the pen,
which has a slight spring tension, to move outl, or away from the
base of the helix and the reference pen., 4s the humdity decreases,
the hairs contract or tighten, and thus pull the pen down, or in
the direction of the bage of the helix, and closer to the reference
pen. The humdity readings, 11%e the others, are evaluated with
respect to the reference pen.

The hygrometer i1s attached to the common base along with
the other elements, and 1s located halfway between the pressure and
témperature elements, (Fig. 2)

Humdity data are now relizble only te altitudes of
approximately 15,000 feet, due to lag and to the 1nability of the
instrmment to reaet favorably in extremely low temberatures, which
cause the hairs to freeze, and render accurate calculation of
relative humdity almost 1mpo;sib1e.

Di1ligent work 1s now being carried on by the National
Bureau of Standards and other orgamizations to perfect a more
accurate and, semsitive instrument to replace the human hair for
humidity measurement. Encouraging results have been produced to

date,
HAEET
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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 make the record of readings valueless.

The work of calibration requires about two hours and is
done 1n a special chamber designed for that purpose (Fig. 3). The
chamber 1s a box zbout the size of a large, cld-fashioned hamper,
well-bmilt and insuwlated, which accommodates seven instrumsnts at
one time, The recorder, on a continuous chain, and located adjscent
to the calabratzon chamber, automatically makes records of each
of the elements, determinsd 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 retwrn to the
starting edge after ezch revolution of the helix, If an element
pen should move, contact will be made either sooner or later than
1ts prevaious position, The variation in time 1s a measure of the
change 1n the element actuating that pen. Contacts must be positaive
and sharp at "“make" or "break", otherwise the measured distances
w211 be inaccurate, The traits or peculiarities of each element
are thus defimiiely known.

The same type of recorder, although mechamically different

11 some respects, 1s used for recording data during actual soundings.
JHIBE
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Aa1ihration chamber, during pumidity calibretion (Moist test). Recorder at right.
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The methods employed 1n sumulating comparable conditions to those
found in the stratosphere for calibration purposes are interesting
and somewhat ingenious. DIry ice and alcohol are used to obtain
lower temperatures and they are circulated by a pump to induce
temperatures to below -50° C. All stages of temperature and
pressure are used from those found in the room to the extremes to
be found 15 miles above the ground. The humidity element 1s like~
wise calibrated by inducing various degrees of humdity waithin the
chamber.

The equipment at Boston is located in the Aarport Weather
Office., After calibration, the instruments are handled carefully
and as little as possible, so that the delicate elements will not be

dasturbed,

Transmitter

The transmitter 18 located inside the housing cor box.
In comparison with other transmitters,; i1t might be considered a
miniature, since i1t 1s so small and light that 1t could easily be
slipped 1n one's coat pocket without notice, (Fig. 4)

The radio transmitter operates on 2 fixed frequency of
68 megacycles. Ths frequency 15 high enough to avoid most of the
congestion on the radio spectrum. It 1s favorable for transmission
over great distances wath a minimm of power; moreover the short

antenna measurang seven feet used for this frequency simplifies the

launching problems.
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(Actual size)

Fig. 4

Complete transmitter used in the Harvard instriment.
tube.,

HKIEF

The clock

is located behind the
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The single tube used i1s, 1n realaty, two i1n one, as 1t
serves a dual purpcse, It 1s a low filament current twin-triode
tube, 1n a push-pull ituned oscillator circuit, which does the work
ol the two tubes formerly used.

Attached near the base of the Tube 15 the coiled tuning
inductancs.

At the other end of the box thers 15 located & uni—cell
dry battery, no larger than an ordinary flashlignt cell, which
supplies the filament current. Ancther battery, even smaller,
supplies the plate current of 45 wvolis.

Thers 1s ample space left for the insertion of a watler
container and the light packing used to deleay the penetration of the
extreme cold to the batteries, clock, and transmitter,

Signals are emitted sach btime tne circwit is closed -
four times every 30 seconds. This 1s done as each of the four pens
contact the silver wire of the helix, which makes a complete revolu-

ticn every 30 seconds.

Radiotelemeter Unat

The zntire unit, comprising the housing, aerological
instruments, transmitter, clock, water container, and packing,
ready for ascension weighs 800 grams, or sbout 1,8 pounds. It
1s wrapped 1n & very fine, soft crepe paper, as an additional pre-
caution against the intense cold, The open ended shield covering

the aerological instruments, however, 1s left umcovered so that
JHBEE
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actual condaitions of the upper azir will be reported as found,

DESCRIPTTION OF QPERATION
Latnehan

The launching can probably be best understood from a
descraiption of an actual ascent made at the Weather Bureau airport
office, Boston, at 4'15 AM, Merch 10, 1938. The stages of technique
involved were+ routine tests, assembly, launching, recording,
evaluation and dispatch of the data to Washingtom.

The radictelemeter tmait had been previously assembled with
calibrated instruments, transmtter and a seven foot antenna. The
water container was placed wzthin the box, the clock was started,
and the assembly was carefully packed and wrapped. It was then
carried tc the insirument sheiter where 1t remained for aboub 10
mnutes 1n order to acquare a sieady state 1n the proper environ-
ment. Whaile there, the radic receirver and recorder in the Weather
Office were tumed in, and the sigmalis were cbserved as the comtacts
were made. A standby radooteiemeter was ready for servace 1n case
of mlfwnetioning. Everything functioned properly, however, and
preparations conbzmued for the lsuncning.

The balloon used was of cast latex rubber. It weighed
only 350 grams (2/3 of a pound) and when inflated with hydrogen to
a diameter of 5 feet, this type would usually soar with its burden
to altitudes of ten to fiftesn miles before expanding to the bursi-

1ng point., The i1nflation of hydrogen from the cylindracal container
/H36F
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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 1t was capable

of lafting a little more than twe pounds, the diameter of the
balloon was about five feet., It was then tied ti1ghtly wath cord
at the neck to prevent any escape of the gas, and was carried out-
side, (Fig. 5)

A heavy straing about six feet long was attached to the
neck of the balloon and to tlns string was tied an envelope
containing a warning of the fire hazard should the balleoon be found
intact, The finder was requested to read the enclosures and was
offered 2z reward of one dollar for the return of the instruments.
The enclosures consisted of a franked sticker, self-addressed to
the Weather Bureau Airport Station at Boston, a "VERY FRAGILE"
sticker, a self—addressed franked postecard giving mazling instruc-
tions, a questionnaire for details of the discovery, information
regarding 1ts original release, purpose thereof, etc.

To the lower end of the siring was attached the parachute
made of plain red, silk cloth, with shroud strings two feel long.
These were attached to a ring of two twisted reeds, which in turn
was tied to another heavy strang ten feet in length. ZEight rubber
cords tied at the top and bottom of thais string allowed slack, to
guard against undue shock to the instruments while i1n turbulent
air, To the lower end of the string was tzed the seven foot

aerial attached to the radictelemster.
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Fig, 5

Inflating the balloon,

of 1ifting more than 2

in the finsl assembly.
JH3EE
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With this done, the entire assembly comprising (from
top to bottom) the balloon, strang wath envelope attached, parachute
with riggang, straing with rubber shock cords, aerial, and radio-
telemeter was then ready for reclease. (Fig, &)

S1gnals were being emitted several minutes prior to the
actual launching, The radio receiver was tuned in. The recorder
was 1in operation, and the signal impulses made their four marks
every thirty seconds on the margin-gurde-perforated recording
paper, which moved at a very slow but constant rate from its
roll out on to the table. (Fig. 7)

The belloon with 1ts cargo was released at precisely
5 27 AM and began 1ts ascent at the rate of approximately 700 feset
per minute. The observers procesded to the weather office 1mmedi—
ately to keep the radio tuned, to see that the recording equaipment
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 manutes 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 1t followed across the paper. A colored
line was drawn across these contacts as they progressed, and from
this line the other measurements wers taken. Contacts made by the

temperature element were quickly i1dentified, as this line had a
IHBEG



The sounding equipment is sent aloft. One of
differing in some respects from that describe
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Fig. 7

Operator is drawing lines connecting signal impulse marks for

Recorder in operation.
each element, for later measurement and evaluvation. Radio receiver (left) with ear-

phones for tuning.
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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 Iine
veerang to the left, denoting decreased pressure, as did the humdity
line which medndered, indicating various degrees of molsture in the
air. BEach of these 1lines was given 1ts individual cclor, and thus
the four tracks were followed without doubt or confusion. (Fig.S)

Signaficant, or progressive points, were selected and
numbersd 1n corresponding positions on the four lines or tracks.
To determine the value of an element at a given point, the disitance
was measured from the reference lane to the same point on the element
lane by a pair of divaders. (Fig. 9) The szme 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 ol measurement
was repeated over and over for each of the elements, and as the
balloon contanued to rise with its ticking, transmitting, data-find-
1ng cargo, 1t was only a matter of a few moments until the altitude,
temperature and humdity encountered on the wandering course were
known.

Belor 1s a greatly abbrevzated record of the sounding.
It w1ll be noted that humidity evaluations were omaiitted after passing
above the 10,000 foot level dus to lag, largely induced by the hairs
of the hygrometer freezing and stiffening, and the rapid rate of

ascent.,
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Fig. 8

A typreal recording., Note comparatively straight reference line, also temperature
inversions, fluctuating humidaty and steady fall of preasure, the latter denoting
increasing altitude. The temperature recording was picked up (lower left) where 1t ran
off paper (lower right). Likewise the pressure recording was picked up (center right)
where 1t ran off paper (center left). Numbers denote corresponding positions. They are
written in as the recording progresses toc obtain correct measurements. For example,
measvrement from the reference line at station "10" would be to station M10W of the

other recordings.
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Fige. S

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 from the scale, then plots the data on the adiabatic chart.
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Altitude Temperature Bumdity
2,000 feet 19° (F 71
4,000 120 70
g,ooo L 172 m 29
OOO 1§ 13 i 3
1o:ooo N go 64
14,000 n 20 n -
37,900 ® 680 1 (=55° C) -
43,000 529 m (46,5 C) -
72,200 ~49° (45 C) -

The equipment went to an altitude of 72,200 feet, nearly
14 males high. It reached this altitude at 7.04 AM, an one hour
and 37 minutes after the launching. It was noticed that the pressure
element contact marks swung sharply fo the right at this point,
indicating increased pressure which, undoubtedly, was caused by
the bursting of the bzlloon, followed by the opening of the para-
chute and the beginning of the trip back to earth. The signals
contimied for six mrnmutes 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 transmission 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 learmed, for instance, that at about a mile
high there exasted a temperature inversion, the temperature being
5° (F) higher at 6,000 feet than at 4,000 feet, It was found that

the coldest temperature recorded was 68° (F) below zero at 37,900
SHIEE
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feet, and that another temperature inversion exasted at 43,000
feet, where 1t rose to -52° (F). It continued to warm up gradvally
to =499 (F) at 72,200 feet, remaining quite steady for the last

30,000 feet.,

Commmaications

Fully as important as accumulating the aerological data
18 the prompt dispatch of the information to the forecasters of
the U, 5. 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,
augnented by point to point radio which provide a network of communi-—
cations facilitzes covering the airways of the country. Through a
cooperative arrangsment, the U, S. Weather Bureau utilizes this
equipment for the transmission of weather data. Consequently,
information concerning weather condations to be found on any civil
airway within the hour 1s available on bulletin boards to pilotis
and others, The Authority broadcasts such information by radio at
periodic 1ntervals during each hour for the bensfit of airmen in
fiight, (Fig. 10)

At Boston, as at many other important stations, the U. 5.
Weather Bureau and the Airways Operataons Division of the Cival
Aeronautics Authority share adjacent offices where all facilities zre
available. TWhen an operator types z message on the teletypewriter,
the same message 15 reproduced instantaneously aleng that particular

circuit. There are relay or clearing house stations, called principal
1436



Fig. 10

Interior of a Civil Aeronautics Authority airways teletype station showing teletypewriter
machines and radic broadcast booth, The radio operator in the booth is making 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 réceived at Washington shortly after transmission at Boston.

— The first report of soundings was put 6n the tape at
approximately 6:30 AM. ‘The radiotelemeter had been aloft nearly an
hour and the datm already received gave the forecasters in
Hhshington‘and other centers advance information with which to begiﬁ
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.5.T, when all data from all éections of the country

are plotted for the daily forecasts.

Salvage

The question arises ag to how many instruments are found
and returned to the U, S5, Weather Bureau and the damage done to them
in landing and handling.

Below are & few examples:

Locatlon Number released Percentage found
Fairbanks, Alaskd .eececesancse B3 teevennnenss 1%
Los Angeles, California ....... 117 eveennneens . 22%
Amarillo, TeXasS ..evvveesvacnss B tivesncnsann 50%
Dallas, TEXAS cveevesseosssanse T7 veeseancaens 83%
Waco, TeX8B cieeerccvervrsvscss by »evesensasen 84%
Denver, Colorado «..cseseensecea 15 ceveinnrnanns 87%
Omaha, Nebraska ¢.eeececersssss 311 sevesnnvivss 91%
Fargo, No De ceveviinscnncnnens B4 sesennasanses 917
Huron, S. Dus sesssvscesesenceces 20 vievesnasons 92%
St. LoUiS, MOv sevevesrenvasere 123 errennnenees  O2%
Naghville, TeNN. sececevensross 15 cevencnensan 81%
At1anta, GBe seevesseeesecncene 30 vhennnenens . 132
Boston, Mas8S. .c.sesereecnsevens 10 S 4%
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These figures zre a fev menths cld, but they serve to
indicate that the percenzage of recovery is surprisingly high.
Recovery of iastruments sent up from Beston i1s very low due ©o tns
prevalence of prevailing winds from the west blowing the instrumer:s
to sea. Three of tnese instrumenits were found on wape Cod, a narr~—
strip of land 65 mles east, scutheast of Boston.

Sometimes the damage To Tne 1nsirursrt -§ eXiensive, >
usually 1t 2s Trivzal and the zpparstus car be repaired and re-—

caliprated at sma’l expense. Informaticn concerning the location

where waey are fowng 1s usaltl to tne Veazher RBursau

DISCUSSION

Iomtatarons and Treng

The present redictelemeter has no means by which informe-
tion concernming hazs, visibilivy, snew lewels, turbulence, ete. ca.
be provided,

It 15 not yet able to deverrine accvrately the height of
clouds, except wher vne cbserver 1s thoroughly experaenced 1n bots
instruments and meteorclogy. Improved hygrowstvers will help Gz
remedy this deficisncy, Blus Hills Opservatiory and other orgzaise
tiong are experimenting with the use of pnoto~elecwuric cells for
this purpcse. It 18 generally believed that this 15 tne proper

method of attack on this problem which shows every indicatien of

early solution,
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The present instrument has not yet been developed to
the point where 1t can provade information concerning the direction
and velocity of minds at different altitudes during perieds of low
ceilings., The metheod whieh has been the subject of extensive
experimentation employed & radio sounding balloon emtiing radio
signals on which bearings were taken with radio direction finders
from two points a2 few miles apart. The desired datze were then
calculated by triangulation. The errors were reduced to about 2°,
but this was net accurate erough to be of any great wvalue, the
practical lxmits besing less than 3 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 1n progress for scveral years at the
Califorma Institute of Technology. Able assistance and collzboration
has been provided by Captain O, C, Maier, U, S. Army Signal Corps,
at present attached to the Meteorolegical Section of the U. S. Army
Axr Corps.

The Institute has been workinz on a theory different from
the one mentioned i1n the foregoing. Instead of the short wave
previously used they are employing an ultra-snort wave length of
1.67 meters with surprising success. A parabolic antenna 1s empioyed
ana the parabolic principle 15 used throughout. Only one receivaing
ghation 15 usea insiead of two as in the other plan. These experts,
headed oy research physicist Anthony Zaston, are now traclking

the radio sownding balloons experimentally with approxamately the same
14386
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degree of precision that 18 accomplished by the present thecdolite
system 1n clear weather. Work i1s going forward now in develcping
an sutomatic tracking devace which 15 expected to be perfected in ths

near furure.

The excellent work of the Califorgira Institute cof Technology
gives promise of an early solution of one of the most rressing needs

of avation,

U. S, Weather Bureau Program

Recognizing the value of aerological cbservations by
radiotelemeters the U, 3. Weather Bureau recently awarded contracts
for the furnishing of instruments to stations at Nashvalle, Sault Ste.
Marie, Oakland, Oklahoma City, Omaha, and Fargo for daily observe—
tions, This program began with the new fiscal year on Juiy 1, 1938,
and repiaced airplanes for upper air soundingd a2t those stations.

Conmractors have the responsibilivy of furnishing tne
radrotelemeters and ground equipment on a lease basis, and install-
ing the latzer, OSpecifications called for close tolerances, but
were broad snough so thau any type or assign of instrument would be
zcceptable 1f it wmeb with performarce regqu-remsnts.

This 18 tne first step taken by the U. 5. Weather 3Bursau
in estaplishing radiotslemeter aerclogical observaticn staticns on
anything but 2 trial or experimental basis., 0Only the lack of funds
rrevents the Bureau from having several itimes this meny. In addi-

tion to 1he foregoinzg radiotelemeter staticns, the Bureau 1s
s



maintaining airplane stations a: Salt La<e Caty, Spogane, Cheyemne,
Bl Paso, Chicage, and Billings,

In cooy=ration with tns U, 3. Teather Surea., tioe J. S.
Army 15 mslang daily radiotelemeter ooServetions av Pavierson Field,
Fairfield, Ohio, and at Barksdale Field, Shreveport, Lou-siana,

The U, 5. Navy 1s aiso cooperating Ly contiauing the daily
radiotelemeter observavions atv Aracostiz Nawzl air Stevion and
approxamately twelve dailly axrplene ooservaTLONS ab scauverad polnts

throughout the Western Hemsphere.

CCONCLUSIONS

For several years authorities have recognized tne value of
alr -~ mass analysis as an important a2id to accurate forecascing. It
18 well known that the assistance cbtained from iv, =nd the experience
gained from the study of weather maps have proved an amportant adjurct
to this work.

Forecasters are depending mwore and more on zerological
data for anszlysis. Now, wath the ase of radioteliemevers this informa-
tion can be awailable to them every day despive —weatnsr condilroens.
With the more complete and regular information now available from
this source, 1t 1s certain that the work being comcucteC In 21r-mass
analysis will become increzsingly effective ana Fforecasting fTurther
improved,

The step being taken by tne U. S. Weather Bursay, describea

1n the preceding chapter, denotes progress. The covelotmsnt and

inatallation of this new but proven method of upper air scundings
IY2EE
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1s well justified. The six aerological stations establishea by the
Bureau 1n July wzll be very helpful, but more are needed,

Eventually, the Bureau hopes to have a network of 40 or
50 aerological stations distributed Throughout the country. MWith
such a sysiem, tne data will be azsembled, charted, and analyzed
at central points. When this enlarged program is put into effect,
weather forecasting should he more dependable.

Greater coverage of reports will make possible greater
precision 1n studying and analyzing trends, followed by improved
forecasts.

The radiotelemeter, following the airplane, dominates a
faeld almost untouched a few years ago in daily snoptic meteorology.
It 1s contributing to safety i1m avaialion by providing infermation
which enables forecasters to predict weather accurately. This 1s one
of the great needs of aviatzion.

Improvement 1n the insvruments will continue to come. An
enlarged program 15 quite certain to follow, reswlting i1n an sves
1mproving weather forecast service which promises to sclve some of

the problems which still confront students of weather,
JL4 765
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