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propagation research. In order tc evaluate the data with re¬ 
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of existing low level meteorological techniques. Future addenda 
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I. IiLUioMailcji. 

The purpose of this report is to survey instruments in use 
at the present (March, 194 7) and those 'under development which 
measure the meteorological elements affecting microwave propaga¬ 
tion in the lowest 5,000 feet of the atmosphere. Measurements 
of these elements are necessary to compute the refractive index 
and the liquid water attenuation ,of the air for microwave radio 
propagation. Future editions of this report will describe new 
instruments and techniques and their application to this work. 

It is necessary to obtain more detailed meteorological in¬ 
formation about this region of the atmosphere than the present 
radiosonde and surface observations give. The rapid ascensional 
rate of the Weather Bureau radiosonde balloon (600 feet/minute) 
together with the time lag cf the instruments ani the wide pres¬ 
sure, and therefore height, intervals at which temperature and 
humidity values are reported does not give a picture of the fine¬ 
grained temperature ana moisture structure of the atmosphere. 
The liquid water content of clouds or falling rain can not be 
Judged nor can the micrometeorological variations of wind, tem¬ 
perature and moisture be measured by the meteorological Instru¬ 
ments in general use. The measurements in use at present are 
adequate for weather forecasting and studying the broader aspects 
of the weather phenomena, but for nicrowave propagation problems 
a more detailed knowledge is necessary. 

-W sounaing system for obtaining this information will con¬ 
sist of the following parts: 

1. Measuring devices 
3. Recording instruments 
3. Lifting equipment 

The greater part of this report will be devoted to measuring de¬ 
vices. Recording instruments and lifting equipment are aide in 
obtaining meteorological measurements. 

Msfiaurlng Devices. 

The discussion of these devices will include descriptions of 
instruments , leasurtng temperature, humidity, pressure (altitude), 
wind and liquid water content of air in clouds and rain. 

The most widely used temperature measuring device In upper 
air eounding8 is the ceramic resistance element. It is nearly 
free from ageing, is sensitive and shows quick response to temper- 







ature changes,, The Dunmore electrolytic thermometer was exten¬ 
sively used, in early work, but ha3 now been displaced bj the 
ceramic resistor. The thermocouple, a sensitive and quick res-' 
ponding device, has been used experimentally, but has not been 
found easily adaptable to wiredsonde work. A fine wire electrical 
resistance thermometer perfected by Dr. Harold K. Schilling and his 
associates at Pennsylvania State College has been found practical 
foi- micrometeorological measurements of temperature near the 
ground. The sonic velocimeter, developed at Evans Signal Labora¬ 
tory, is a balloon borne organ pipe-apparatus for measuring tem¬ 
perature as a function of the velocity of sound. 

The Dunmore strip hygrometer is at present most widely used 
for meteorological soundings. The new gold conductor type strip 
hygrometer, due to its nearly linear characteristic curve, greater 
freedom from ageing, and wider humidity range may soon be used in 
place of the present element. Dunmore's new gold wire cylindrical 
hygrometer and the Gregory humidioraeter are suitable for use in 
tower installations, because of their more permanent nature. Spec¬ 
tral hygrometers are in the laboratory stage of development and sc 
far are not satisfactory for atmospheric soundings. Dew point 
hygrometers are being improved. Micrometeorological measurements 
of moisture are possible with the radio frequency heat controlled 
dew point hygrometer under development at the University of Chicago 
Microwave measuring techniques hold the possibility of the most 
accurate determinations of humidity. In fact, atmospheric index 
of refraction may be measured directly using the "magic tee" 
bridge. 

Altitudes for balloon soundings may be accurately computed by 
the hypsometric formula if pressure, temperature and humidity data 
are given. Heights measured by an altimeter must be corrected 
because its calibration is based on a "standard atmosphere". This 
is done by using temperature and humidity data. The height cf the 
balloon supported wiredsonde instruments may be measured by the 
balloon elevation angle and the length of cord with the sag con¬ 
sidered, This method is not accurate. Triangulation methods are 
accurate but require two or more observers to record positions 
during the flight. Also this method fails when darkness or poor 
visibility obscure the balloon. A wiredsonde system is now nearly 
completed at the National Bureau of Standards which will not fall 
on account of visibility conditions because a variable-inductance 
pressure altimeter is used to report heights. 

Measurements of wind for low level soundings are important. 
Moisture gradients and temperature inversions, so important in 
’ow level sounding measurements, are often the result of wind tur¬ 
bulence or horizontal air movements. A propeller type anemometer, 
gives the most accurate measurement over a large range of wind ve¬ 
locities. #ind speeds above the ground may be determined by a free 
balloon sounding. Several types of radio direction finding and 



3. 

radar wind systems ar ' bribed. So far no method has been 
perfected for making wind measurements with wiredsonde apparatus-. 
Turbulence measuring devices are in the early stage of develop¬ 
ment. 

The liquid water content of the air in clouds and rainfall 
is an important factor in the attenuation of microwaves. A sur¬ 
face rate of rainfall gauge is quite satisfactory for estimating 
liquid water content in rainfall. The newly developed General 
Electric cloud meter and cloud analyzer have been used for meas¬ 
uring liquid water content of clouds. 

Indicating I-^ers and pcor-ors. 

Indicating meters and *ecorders may be connected through 
cables to the instruments exoosed in the lifting balloon or sup¬ 
porting tower, or they may be radio controlled indicators which 
record pressure, temperature and humidity. In either system 
portability is important. Pressure, toraperatiirc and humidity data 
in the viredsonde system may be obtained by either visual meters 
or mechanical recorders. There are several types of mechanical 
recorders which can be used, depending upon the requirements of 
the work. Some of these are: Friez recorder, "S^eedomax" recorder 
(L. & N#), Drown "Electronic' recorder and the General Electric 
photoelectric recorder. Self-recording meteorographs have become 
obsolete with the use of telemetering systems. 

Lifting Equipment 

•Vired balloons and kites have bean used for lifting equipment 
in most low level sounding work. For wind speeds lens than 10 mile3 

per hsur a balloon is suitable for supporting the instruments, but 
for speeds greater than 10 miles per hour it is necessary to use 
kites for lifting the measuring elements. The advantage of using 
a single device under any wind condition has led to the development 
of the kytoori*, a combination kite and balloon. The Seyf-mg balloon 
is similar in design to the kyteon but ha3 a free lift of 7 lbs with 
helium, compared rith the 1-j lb free lift of thc kytoon. 

Aircraft may be used for low level meteorological soundings. 
Their ooeration is expensive, and flights ne-.tr the ground are 
hazardous. However, aircraft c n support he .vy loads and may reach 
a desired level. For continuous soundings close to the surface, 
towers and mast.s of ships are used. Descriptions are given of the 
meteorological, towers at Qakhurst, New Jersey, and Rye, England. 

♦Kytoon is a registered trade name of the Dewey £. 
Company. 

Almy Chemical 
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11. TEMPERATURE MEASURING DEVICES. 

The earlier balloon meteorographs, airplane meteorographs, 
and radiosondes used bimetal strip elements to measure temperatuj, 
Later, the Dunmore electrolytic element was developed for use In 
radiosonde circuits. Dr. D. Norman Craig of the National Bureau 
of Standards improved the instrument further, but it was still 
fragile and expensive (39). 

As a result of wartime research other developments were made 
in this field. The ceramic temperature element was introduced by 
Sanborn, and this element was found to be cheap, sturdy and equal 
as accurate and responsive as the Dunmore electrolytic element. 
The ceramic element is now generally used Jj3._sonde temperature me; 
ureneats. The group under Dr. Harold 3C^";chiil 
State College introduced n new resistance wire tecnnique for surfc 
aicromsteorologicnl measurements, and the Evans Signal Laboratory 
introduced the sonic velccimeter principle for measurement of 
"virtual" temperature in balloon soundings. These developments wi 
be discussed later. 

A* .Cara.y.1 c Re a is t , El ena nt. 

Ure ceramic resistance element is a resistor with a larg 
negative temperature coefficient. The temperature measuring prope 
ties ol this element are nearly free from ageing. It is commonly 
made in the form of a thin rod. A typical calibration curve of 
resistance vs. temperature is shown in Figure li 
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The speed of response to a sudden change in temperature for 
any thermometer is expressed by the time lag constant (T)^-. 
The time lag constant is the time in seconds required for a ther¬ 
mometer to record 63% of a sudden change in temperature. The 
time required to record 90% of the change is obtained by multi¬ 
plying the lag constant by 2.3j and for 99% by 4.6. The follow¬ 
ing table describes some of the ceramic resistors used in radio¬ 
sonde and wiredsonde work. 

Table 1. Time Lag Constants and Dimensions of Some of 
the Ceramic Resistors Now in Use (27). 

Type 
Number 

Manufacturer Length 
(inches) 

Diameter 
(inches) 

Time Lag Constant fo: 
Ventilation Speed of 

800 ft/min 

1. Washington 
Institute of 
Technology 

1.0 .043 4.4 seconds 

2. Friez Instru¬ 
ment Company 

1.5 .052 * 

3. Western 
Electric 

1.0 .052 5.8 

4. Washington 
Institute of 
Technology 

0.5 .025 2.4 

5. Washington 
Institute of 
Technology 

0.25 .018 ** 

* Believed to be greater than 4.4 seconds and less than 6.0 
seconds. 

** Believed to be less than or equal to 1 second. 

The curves of Figure 2 show how the time lag constants of 
resistors (#1, #3 and #4) vary with ventilation speed. Resistor 
type #1 is used as the standard element in the 600,000 type Weather 
Bureau radiosonde. 

1. Strictly speaking the time lag constant (T) should be used only 
for instruments to which Newton's *jaw of cooling is applicable. 
However, (T) is used loosely as a measure of time lag for hair 
or chemical salt element hygrometers. See Section III, Page 17. 
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Fi* 2. AIR SPEED VS TIME LAO CONSTANT CURVES FOR TH 
TYPES OF RESISTORS (27) 
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Different time lag constants can be measured depend¬ 
ing on the element housing for the same ceramic element at the 
same ventilation speed. The type of air flow depends on the 
shape and size of the housing and influences the heat transfer 
between the resistor and the air. Certain types of air flow 
are more turbulent than others and are more effective in chang¬ 
ing the temperature of the element. The time lag constant of 
a cylindrical ceramic re-sister is given by the following equation 

SdD 
ZJT" 

Specific heat of resistor substance. 

Density of resistor. 

Diameter of resistor. 

Heat transfer coefficient between resistor 
and air and depends on shape and size of 
housing channel. 

Figure 3 shows air speed-time lag curves for a W.I.T. standard 
(#1) type ceramic element. Curve No. 1 is for the element in 
a housing of the 600,000 type Weather Bureau radiosonde, and 
curve No. 2 is for the element in free air. The curves are dif¬ 
ferent because the heat transfer coefficient of the air varies 
with the air channel. 

When two of the ceramic resistors, measiiring wet- and 
dry-bulb temperature are used in a special direct current vacuum 
tube voltmeter circuit the instrument is called an electronic 
psychrograph (1). By use of tables or charts it is possible to 
calculate the relative humidity and specific humidity or mixing 
ratio from wet- and dry-bulb temperature data. The electronic 
psychrograph has been U3ed successfully in aircraft soundings and 
in low level surface soundings from masts of ships. 

T » 
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FIG.3 AIR SPEED VS. TIME LAG CONSTANT CURVES 
FOR (I) W.l.T. STANDARD RESISTOR IN WEATHER 

BUREAU 600,000 TYPE RADIOSONDE AND (2) W.l.T. 
STANDARD RESISTOR IN FREE AIR. (27) 

3000 
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FI 3CiJT.*iAl 1C CIRCUIT Ci KLFCTROSIC FSY hlKOC-tb'tlV. <22 i 

‘"The resistance cf the thermal element, X, controls the 
bias cf one triode cf the double triode, 53II7, which acts as n 
vacuum tube voltmeter to comT,nre the resistance of the th*rmal 
element with a standard res,i stance. A 1 mil Hamper© recording 
nst*r 13 r>l.?.c»d between the two elates. The resistances in the 
grid circuit ore so chosen as to place 10 volts across the ther¬ 
mal element at the lowest temperature of each range. This volt¬ 
age decreases as the temperature rises. The nero is set by mean*, 
of a 100 ohm potentiometer in the cathode circuit. Calibration 
of the amplifier ic obtained by switching a series cf precision 
resistors in stems of 1000 ohms into the circuit in place of the 
thermal element. A ratige cf roughly 25° C for full scale is 
used, and changes cf 0.2hc ~ can be measured. Sufficient over¬ 
lapping is provided sc- that ooth wet- and dry-bulb can record on 
a single setting. 

The stability of the instrument is such that 
cf line volt?g;e within the range of 9E tc 12C volts 4c 

changes 

not Affect 
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the meter deflections at zerc or full scale deflection (when the 
■tubes or?. balanced; . There 3.3 little change (at most 1% of jfull 
scale deflection) vher tubes are replaced.1’ (2<) 

B. resistance, dire Thermometers. 

Other methods have been used for measuring air tem¬ 
perature with electrical circuits. British meteorologists have 
used several turns of nickel wire ertcased* :fn a brass sleeve (2)^ 
//here th»' exposed element 5s one arm of a Wheatstone bridge. 
The lag cc?cfficient for this thermometer is 3\ minutes at a 
ventilation speed of 25 miles per hour (2200 feet per minute) 
and 6 mint'tes at 5 miles, per hour (44C. feet per minute). This 
thermometer is used in their tower installations. (See Figures 
42 3r.d 4".? - t 

It. this country the Leeds and Northrup Company have 
develop- d a. copper wjue reeJstnr.ee thermometer ("Thermohm") 
suitable for sbrne atmospheric mean state temperature measurements. 
The thermometer element consists of a coij. of copper wire enclosed 
in a brass sleeve. Temperature effects causing resistance var¬ 
iations in the lead wires connecting the measuring element and the 
bridge circuit arc eliminated by the use of a three conductor 
cable. (3ee Figures 37, 38 and 39.)• The time lag constant is 
80 seconds in -"agitated" air. — * 

Instantaneous values of temperature at a point in space 
can be measured by especially constructed resistance wire ther¬ 
mometers. Dr. Harold K. Schilling (82) of Pennsylvania State College 
has used this type of the-rmonreter together with a hot wire anemometer 
technique to study micremeteorology in connection with ultrasonic 
propagation. The same measurement technique may be applied to micro¬ 
wave radio oremgation studies. 

The apparatus consists of two temperature elements (see 
Figures 5 ani 6)- with their associated electrical circuits and aux¬ 
iliary portable mast elements. Temperature readings of the two 
thermometer elements exposed on the portable mast are read on two 
galvanometers calibrated in degrees Centigrade. The difference in 
temperature between the two elements is read on a third galvanometer 
by switching the thermometer loads to a third Wheatstone bridge 
circuit. All meter3 are provided with linear temperature scales. 
Ine thermometer calibration scales are made for a battery e.ra.f. of 
1.48 volts. Current in the bridge circuit at any time is regulated 
by a 6 ohm rheostat. 



II 

, 
C

o
n

tr
o

l 
P

an
el
 

; 
C

, 
A

u
x
il

ia
ry
 

G
a
lv

a
n

o
m

e
te

r 
; 

, 
B

a
tt

e
ri

e
s.

 





I 

I 

i 

i 
I 





13. 

The temperature element of the Wheatstone bridge cir¬ 
cuit thermometer is a nickel wire 0.0005 in (0.0127 mm) in diam¬ 
eter and about 4 cm long wound into a tiny coil of about 42 
turns, approximately 9 mn long. It is suspended between two #14 
highly polished rust proof bead needles. The element is designed 
to have a resistance of 24.1 ohms at 30° C. In operation the 
coil carries a current of about 2.7 ma. This current increases 
the temperature of the wire about 0.1° C. The leads connecting 
the thermometer element to the bridge circuit in the instrument 
panel are compensated for temperature by a variable resistor in 
parallel with the thermometer element. A special selector switch 
is provided to put in series with the lead wires, resistors 
which compensate for different lead lengths of #18 copper wire 
20, 120 and 220 feet long. Three ranges of temperature are pro¬ 
vided by changing the resistance of one of the fixed arms of the 
bridge with a selector switch. The total range of the thermom¬ 
eter is from -5° C to 60° C. A 35.2 ohm resistor is switched 
in series with the bridge circuit galvanometer for making pre¬ 
liminary measurements of temperature, but when more accurate 
measurements are desired the galvanometer alone is used to indi¬ 
cate temperature. The accuracy of the thermometer is then dt 0.1° C. 
It responds to temperature fluctuations of about 10° C at the rate 
of 4 per second. 

C. Thermocouples. 

Thermocouples may also be used in tower installations 
or balloons for measuring temperature3 (4). In general, a ther¬ 
mocouple has a very small time lag and measures temperatures ac¬ 
curately. The response of a thermocouple is of the order of 40 
microvolts per degree Centigrade. The temperatures may be read 
on either indicating or recording meters. Thermocouples can be 
made very small and hence, they are not sensitive to radiation 
and may be used without artificial ventilation. They have not 
generally been used in radiosonde or wiredsonde measurements 
because they are not readily adapted to radio circuits. Further¬ 
more, one junction of the couple must be maintained at a fixed 
temperature and the material for providing this reference temper¬ 
ature which may be water-ice or dry ice (CO2 3olld) - alcohol 
bath adds additional weight to the equipment. 

D. Sonic Veloclmeter. 

A novel method of meas'tu'ing tempera ture has resulted 
from th“ development of the sonic veloclmeter (38). This light¬ 
weight apparatus measures the velocity of sound, and indirectly 
"virtual" temperature by using the open organ pipe principle. 
(See Figure 7.) 

Sustained oscillations are generated in the pipe by a 
telephone transmitter and receiver unit known as a "howler". The 
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telephone transmitter and receiver are moxinted opposite each c 
in the vails of the tube and at mid-tube length. A sound wave 
passing through the air column, of the tube is received by the 
ephone transmitter, amplified, and reemitted by the receiver 1 
the air column. The vibration is thus regenerated in the tub? 
the sustained oscillation is heard as a "howl". The density c 
air column in the tube controls the frequency of this sustain? 
"howl", since the length cf the tube is fixed. The "howler" i 
is used tc modulate a small bellocn radio transmitter for upp? 
sounding work. An electronic frequency meter cn the ground ra? 
the frequency of oscillation of the "howler". Hence, the velc 
of sound can be computed for any column of air passing througl 
tube. 

When the velocity of sound for a parcel of air is kr 
the "virtual tenroer^tore" nay also be determined by the follov 
formula: 

V = Velocity of sound 
f * Frequency of oscillations in the ODen pipe 

X = Wavelength cf sound wave 

SL = Length of open tube 

^rn 2 Ratio cf specific heat of moist air at constant 
pressure to specific heat of moist air at consl 
volume 

F,' = Universal gas constant 

s Molecular weight of dry air 

T' = Absolute virtual temperature 

The absolute virtual temperature is related to the absolute t< 
perature by the expression: 

T' = T ( 1 4 0.6 q) 

T = Absolute temperature 

q = Specific humidity in grams of water vapor per 1 
of air. 

The maximum specific humidity values exnerienced at the eurfai 
do not usually cause the' virtual temperature to be more than 2 
above the actual tenr-rature. At temperatures below freezing 
difference between virtual and actual temperature is negligib' 
the instrument can b» us»d tc measure temnerature without cor: 
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If independent temperature measurements are made in connection 
with the flight the velocimeter equipment can be used to compute 
specific humidity for temperatures above freezing. 

Over the range 222 to 351° A it is observed experimen¬ 
tally that the frequency-absolute virtual temperature relation¬ 
ship is nearly linear. Frequency measurements can be made close 
enough to give an accuracy of 1/100 degree absolute. The time 
lag of the instrument is negligible. However, there are errors 
and defects Inherent in the instrument. The tube length varies 
slightly in length with temperature change, hysteresis effects 
have been noticed in the ’’howler” diaphragms, and ice coatings 
form on the external "hov/ler" mechanism causing failure of the 
instrument. Holes bored in the walls of the bakelite tube for 
mounting the "howler" tend to alter the acoustical properties of 
the tube. 

• The transient velocirr.cter (see Figure 2), a modifica¬ 
tion of the instrument just discussed, was developed in an effort 
to avoid some of the errors and defects existing in the sustained 
oscillation type due to the "howler". The open tube of this velo¬ 
cimeter is 4 feet long and 2^ inches in diameter. It has a nat¬ 
ural frequency of 135 cps at normal room temperature. The tem¬ 
perature coefficient of expansion of the bakelite material is neg¬ 
ligible. No holes of any kind are drilled in the tube, a pulse 
generator mechanism is attached to the lower end cf the tube and 
it sends a shock wave into the tube at frequent intervals. The 
shock wave may be resolved into freqxiency components, one of which 
is the fundamental frequency of the tube, corresponding to the ve¬ 
locity of sound at the prevailing virtual temperature, and the 
fixed tube length. The pipe then resonates to this frequency, the 
"Q" of the tube being such that oscillations of appreciable ampli¬ 
tude persist for 0o7 second. A carbon button microphone, mounted 
inside at the center of the tube, picks up the resonant pressure 
*ave and causes a corresponding modulation on the carrier frequency 
of the balloon transmitter. 

At the ground a radio receiver detects the frequency 
modulated radio signal. An attached audio frequency meter at the 
output of the receiver then gives a frequency reading which is a 
measure of the virtual temperature. The conversion from frequency 
to virtual 'temperature is made by means of a calibration chart. 
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Fig. 8. TRANSIENT TYPE VELOGIMETER 
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III. HUMIDITY MEASURING DEVICES. 

Improvements have been made in humidity measuring devices. 
The earlier equipment used hair hygrometers, but now hygroscopic 
salt elements are widely U3ed. These elements are subject to 
some limitations especially at low temperature and low humidity. 
The automatically controlled and recording dew point hygrometer 
has become more important recently, but is still under develop¬ 
ment. The psychrograph, described in the previous section, is 
used for airplane sounding humidity measurements. 

A. The Dunmore Electrolytic Hygrometers measure the effect 
of relative humidity on the resistance of a hygroscopic element. 
There are two types: the cylindrical hygrometer and the strip 
hygrometer. 

The cylindrical hygrometer consists of a film of poly¬ 
vinyl alcohol containing lithium chloride, on the surface of a 
thin cylinder on which there is a bifilar winding, ffhen used 
in the radiosonde an accuracy of ±2.5 relative humidity units-*-, 
measured for temperature above freezing, but when a source of 
alternating current is available the instrument may attain an 
accuracy of zb 1 relative humidity unit. 

When the moisture environment is suddenly changed, the 
hygrometer requires an interval of time to show the new relative 
humidity value. Analogous to temperature time lag terminology 
sixty-three per cent of this period, measured in seconds, is 
usually defined as the time lag constant. This constant deoends 
on both the ventilation and the temperature. Tests made on the 
Dunmore cylindrical hygrometer show that at an air speed of 2.5 
meters/second (492 feet/minute) the lag constant is 3 seconds 
at 24° C, and 11 seconds at 0° C (1). The instrument will record 
changes in relative humidity at temperatures as low as -60° C. 

The electrical resistance properties of this early type 
hygrometer changed with age and it was necessary to replace the 
elements freq\iently to secure readings of unchanging accuracy. 

A very recent model (28), which is nearly free from 
ageing, uses a bifilar winding of gold wire. It is claimed that 
it will not vary more than ±1.5 relative humidity units in a 
year. By using several of these, a relative humidity range of 
from 7$ to 100$ can be measured at room temperature. The time 
lag characteristic of the gold wire cylindrical hygrometer is 

1« The term "relative humidity unit" is used to indicate per cent 
relative humidity, confusion between the terms per cent error 
and per cent relative humidity is thus avoided. 
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Fig. 10. THE CURVES SHOW THE SENSITIVITIES 
OF THE ORDINARY STRIP HYGROMETER 
AND THE NEW GOLD CONDUCTOR STRIP 
HYGROMETER. 
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about the same as the older type element. Although this new type 
element was not designed for meteorological purposes, it is suit¬ 
able for use in tower installations or airplane soundings. 

A 1^miJftion of the cylindrical type hygrometer for some 
applications is that a single element is sensitive to changes in 
relative humidity over a narrow range. Several of these elements, 
each covering a different humidity range, are used to secure cover¬ 
age for the entire relative humidity scale. This arrangement be- 

c7lbe^3oae- However, the narrow range of the element is 

else 7hen U is U3ed as a s^sing device for pre¬ cise humidity control in a room. y 

iati nn<? T° ^ke “ element of greater sensitivity to moisture var- 
two Itrip hygrometer has been developed. This consists of 

lV«cl Z Coaductors supported along the edges of a thin -and narrow 
piece of non-hygroscopic dielectric material. The strip and conduc- 

chloridP COIrte °f alcohol containing lithium 
ehlorW®. After calibration, the strip must be stored in a sealed 
tube to preserve its electrical resistance qualifies? 

at * TeSt3 made by the Weather Bureau on the strip hydrometer 

date show8th-r*he6 a hiSh accuracy. The unpublished test 
retativTgreatest errors observed were of the order of ±2 
Of ihl l, “hits. These errors occurred in the upper ranee 

30 minutes or y T*133 accuracy is observed only during the firs 
worf w£re "hen direot current is used. For wiredsonde 

but it is -tni B 0Urent iS USed> the striP has a longer life, 
out It is 3till necessary to use a new strip for each soundinv he- 

are^6 8 r‘ 3"ln,'s qualities of the hygroscopic material change with 

(Figure q}D^ehethaS deIel0Pad a type of Bold-comb strip hygrometer 
The 9) "U,0h do?s not age rapidly and can be used repeatedly- 

A gold filenentetaneJriS a°t,yet com® i“tc use for wired^nde work, 

so that an interlockin^comb-cjjf1 a thin rectane^lar polystrene stri] 
two edres on one end of tho fep°slt of sold is formed along th< 
along each edpe on tho nth 7* / straight gold band is deposited 

continuous on one side but on^he^ th^ S^ip* Th® gold band is raade 
the comb-shaoed conductor and the there iS a gap between 
is then dipped in the pol4?nvl conductor* The entire strif 

resistor of about 40,000 ohms is ptaced'a^^rth^gap^ 5°1Uti°n- A 

high and the Ctara^taristic c^TO'o^thrst^ t?S ,3t3ip (Fi?ure 10) is 
resistance) is nearly line**. * t!ie strip (relative humidity vs. 
hygrometer-.ctT.ip characteristic Ixwvl increases> the ordinary- 
Bent, the resistor effectivev JZZ? fla'tt,en3 out. With the new arran 
conductor portion of the s*rin bloc7s out the influence of the comb-sha 
to take Plies across the iZtLth9 r®cistance-hunidity variation 
curve is more lini^ £ ^ “^“tors with the result that the 

near in all portions of the humidity scale. This parti 



jt.ainates the main inaccuracy of the old type 3trip in the high hu- 
jiiity range. This element measures as low as 10# relative humidity 

room temperature which gives a range of 5 to 8 relative humidity 
uits more than the ordinary strip. It is estimated that there may 

) a dt 5% shift in the characteristic curve in 2 months. The time lag 
cnstants of thi3 hygrometer are similar to those of the original 
qrip hygrometer. The gold conductor strip hygrometer shows a momen- 
;ry polarization when used with direct current, but this effect is 
at cumulative. To avoid thi3 difficulty, the Friez Instrument Com- 
;ny has adapted this design to radiosonde use. In this design tin 

used instead of gold, although the tin conductors have a cumula- 
ve polarization which results in a drift of the humidity values, 
e tin strip is suitable for radiosonde use for a single sounding. 

B. Gregory Humidioroeber. 

The Gregory humidiometer (2) also determines relative 
rmidity hygroscopically as a function of electrolytic resistance, 
is instrument uses a lithium chloride or calcium chloride sola- 
on soaked in a clean cotton cloth. The resistance varies from 
i0,000 ohms at 30# relative humidity to as little as 50 ohms at 100$. 

undergoes pronounced ageing during the first several days and then 
mains sensibly constant for a number of weeks. The impregnated fab- 
c strips, made of fine woven Egyptian cotton, are stretched around 
framework of 24 silver rods mounted in a circular holder. The rods 
e wired alternately in parallel, so that in effect twelve separate 
ngths of the fabric are electrically connected in parallel. The 
brie is kept under tension by stainless steel springs to insure good 
ntact with the silver rods. 

The resistance of this element is a function of temperature 
well as humidity. A correction is applied consequently to the 

corded value of the relative humidity. A change of 10° C in tem- 
irature is roughly equivalent to a change of 5 relative humidity 
tits at 30# relative humidity or a change of 3 relative humidity 
tits at 90# relative humidity. For ventilation speed of 5 miles per 
'Ur and over a humidity range of 85# to 55# the lag coefficient of a 

egory element was found to be 90 seconds. This humidiometer is 
•ed in the British tower installations at Rye. 

C. Dew Point Hygrometers. 

For any given pressure, the temperature at which water 
lP°r saturation just occurs is defined as the dew point. The dew 
‘int hygrometer is an instrument for measuring this temperature. 
1 general, it consists of a polished metallic surface which is cooled 
ltil dew or frost begins to form. A heating-cooling process keeps 
»e surface at the dew point temperature. Several systems have been 
•vised for measuring this temperature. 

The British have perfected a special frost-dew point 
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hygrometer (6) for use in an airplane which enables the humidity 
to be measured at stratosphere temperatures. This instrument ha 
been used for temperatures below freezing but its application to 
other temperatures i3 obvious. It consists of a copper thimble 
mounted above a Dewar flask containing gasoline cooled by solid 
carbon dioxide. Cooling is controlled by circulating gasoline 
around the lower edge of the thimble; whereas the heating contro! 
is a small electric beating coil. The temperature of the surfaci 
is measured by a thermocouple element. The upper surface of the 
thimble is viewed through a microscope until frost is observed 
and then the rate of cooling is adjusted so that individual 
crystals are seen neither to grow nor to evaporate. 
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In a modified form of this instrument (6), the indica¬ 
tion of frost is done by a photoelectric cell. A beam of light 
is directed obliquely on to the face of the thimble and the lighl 
reflected diffusely by the frost deposit is focused on to a phot< 
electric cell. A constant reading of the microammeter indicates 
a steady condition of the frost deposit. 

I! 

; 

The University of Chicago has perfected another modifi¬ 
cation of the dew point hygrometer (30) (see Figures 12 and 13)* 
Light from a constant intensity source is reflected from the sur¬ 
face of a highly polished mirror (0.25” in diameter) on to a phot 
cell which controls the power output of a radio frequency oscilla 
tor used to heat the mirror surface by induction. The mirror is 
cooled by conduction by mounting on a copper rod, one end of whic i 
is immersed in an alcohol-dry ice bath (-72° C). The heating¬ 
cooling process is adjusted so that the mirror is always kept at 
the dew point. Any detectable change in intensity of the reflect $ 
beam due to the clouding or clearing of the mirror surface, chang o 
the photocell current, which in turn varies the plate current flo 
ing in the radio frequency oscillator. The mirror temperature is 
controlled by the cooling effect of the alcohol-dry ice bath and 
the heating effect of the induced radio frequency currents. As t 
mirror surface tends to become clouded by condensation of water 
vapor, increased current flowing in the plate circuit of the osei. 
lator heats the mirror surface, evaporating the water. As the su 
face tends to become clear, the decrease in plate current flowing 
in the oscillator allows the dry ice-alcohol bath to cool the mir: 
by conduction, and the control cycle is repeated. The resultant 
temperature of the mirror surface, the dew point temperature, is 
measured by a very fine wire thermocouple imbedded in the mirror 
surface and is traced by a quick response recorder. Temperature 
gradients in the reflecting surface are not greater than 0.1 C. 
Spurious heating effects due to infrared wavelengths in the incidf1 
light beam are excluded from the reflecting surface by use of an ! 
infrared filter. 

5 

C 

Due to the small size and light weight of the mirror 
surface and the quick response of the heating and cooling system, 
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”ith the magnitude of the change. The curve 
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'A Method for the Continuous Measurement cf Dew Feint 
1 dfrr.peratures,(30) ty D. N. Frissman. rho unit, total time 1?^-, 
icd here means the entire time required for the instrument to ad- 
Ast itself to a change in moisture environr.er.t, an.i should net be 
qnfused v;ith the unit T previously used as a measure of time Tag. 

TOTAL TIME LAG-SECONDS 

Figure 11. Total time la£ curve for dew point, hydrometer 
developed at the University of Chicago. 
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I The photocell is much more sensitive than the eye to 
snail changes of light intensity, hence it detects a "dew point" 
at a higher temperature than that seen on the mirror surface by 
the eye. A dew ooint about 3° C higher than, that observed vis¬ 
ually may be recorded by the photocell. Belov; -30° C this dif¬ 
ference becomes greater. However, the dew point is defined with 
respect to the eye's ability to see condensation, hence it is nec¬ 
essary to adjust the rate of heating of the mirror surface due to 
induced currents so that the photoelectric dew point agrees with 
the dew point 3een bv the e^e. 

The photoelectric dew point hygrometer is very precise. 
A series of 52 observations were made in conjunction with visual 
dew point apparatus as a standard at the University of Chicago. 
Over the range of -O.l3 C to -27.9° C the difference in the average 
dew ooint measured by the visual apparatus and the photocell appar¬ 
atus was D.lr' C. The average difference in the dev? point readings 
of the Individual hygrometers was 0.4° C. The maximum difference 
for any one observation was 1.4° C. A second net of 14 tests was 
conducted ever dew point, tempera t'lres ranging from -10° C tc 

•*35.^° 0 with results nearly similar to the first test. Lelow -36° C 
no satisfactory visual dew point readings were obtained for checking 
purposes. The instrument has been operatod with ambient air temper¬ 
atures from 30''' C tc -45° C and has measured dew points from 30 C 
to -52° C. At temperatures below freezing a deposit of liouid water 
may exist on the reflecting surface. The sudden solidification -f 
liemid water to ice is marked by a sharp discontinuity in the trace. 
Thus it is possible to tell from the trice whether the lew ooint tem¬ 
perature is measured over ice or over liquid water. 

The instrument is IS" high, 17" wide and 14" deep, and 
weighs 57 pounds. It operates from 60 eycl9 alternating current 
over a voltage range of 100-130 m3 volts. It has been modified 
to operate from th* never supolv available in an airp] '•>'0 . 

The principle of measuring the dew point by observing 
condensation on a temperature-controlled oolished surface has been 
extended to the automatic electrical recording of relative humid¬ 
ity instead of dew ooint- (?o) . 

There are several sources of discrepancy between the 
photocell type and tha visual type dew point hygrometers. Although 
seme of these have been pointed out in the discussion of the par¬ 
ticular instrument, they are mentioned agH':o for clc' — ~*-• 

1. The photocell is more sensitive than the eye to 
moisture condensation on a given mirror surface 
and can detect a moisture deposit before the eye 
sees it. This is explained by the difference in 
sensitivity of the eye and the photocell to snull 
changes of intensity of reflected light. The 

I 
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Fig. 12. DEW POINT HYGROMETER DEVELOPED AT 
THE UNIVERSITY OF CHICAGO (30). 
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photocell dew pcint3 are higher than the visual 
dew points unless an adjustment is made in the 
heat control system of the mirror surface, as 
is usually done. 

2. At low temperatures (less thsn -30° C) an error 
is introduced because of continued cooling of the 
mirror surface below the dew point in order to 
produce a condensation or deposit detectable to 
the eye, whereas the more sensitive photocell will 
detect a smaller amount of condensation and hence 
record a higher dew point temperature. This is 
borne cut by the increased t.ime lag end errors 
observed at temperatures below -30° G (30). 

3. The photocell dew point hygrometer i3 subject to 
the difficulty ef not distinguishing between con¬ 
densation in the form of liquid water, ice, or a 
mixture of water and ice, whereas the eye is a^le 
to make this distinction. Moreover, the satura¬ 
tion vapor pressure and hence the der point tem¬ 
peratures are different over each state. The max¬ 
imum error due to this is about 1° C for each 10° C 
below freezing. 

4. A mixture of supercooled wa er and ice is unstable, 
since supercooled water crystallizer in the presence 
of ice. The dew point temperature increases rather 
suddenly when supercooled water forms ico bee use 
the temperature of the surface is increased by the 
heat of crystallization. This sudden change in de». 
point, which can be detected by a quick response 
dew point hygrometer, is not that of the ambient air 

L. Spectral Hygrometers. 

From a theoretical point of viet the spectral hygrometer 
is the answer to the meteorologist's difficulty in measuring hu¬ 
midity, because it measures absolute humidity directly at all tem¬ 
peratures without lag, but the practical difficulties are numerous 
The spectral hygrometer consists of a light source which sards a 
team over a given path, thro-igh a filter, and an optical soectro- 
■et«?r or grating on to on energy receiver. Two band3 of the spec¬ 
trum are used, one in which there is a great deal of absorption by 
Pater vapor, and one which is free from water vapor absorption. 
The actual bands c.nosen depend mainly upon the type of euergy re¬ 
ceiver used. 

For an energy receiver, Foskett and Foster (25 and 26) 
°2 the leather Bureau used two thermocouples whose outputs were 
•eat in opposite directions through a sensitive galvanometer. 







op 

o 
They used the hand • at 13. , to shew water vapor ab¬ 

sorption with the 1 ,5 0 A region for the non-absorption refer¬ 

ence. The air pal. . d varied from 1 to 50 meters. 

This device requires n very sensitive galvanometer to 
re d the thermocouple outputs. The auxiliary eauipment and the 
skill reouired to operate it makes the instrument impractical 
for field use. Also the thermocouple readings .are subject to 
drift due to ambient temperature changes. 

At New York University, Kammermesh, Reines, and Korff 
(P4'i developed a spectral hygrometer attempting to make it por¬ 
table as veil as accurate. For a detector this instrument used 
tvo photoelectric cells with a direct current anrolifier. Energy 
in the absorption bar.d, 9,440 A wo.s measured hv one photoelectric 
cell, and that of the reference band at 8,000 A by another photo¬ 
electric cell. The rath length used was 143 cms. 

As an energy receiver, the photoelectric cell is sensi¬ 
tive with negligible time lag and is little influenced by ambient 
temperature. It can be used with electronic amplifiers to oper¬ 
ate rugged rcrtable meters or recorders. However, the nhotoelec- 
tric cell is not sensitive to the most oroncunced \/ater varor ab¬ 
solution bands. As a result of this selectivity of absorption, 
le^s clenrly defined water van or absorution b-nd9 haire to be used 
The sensitivity of the photoelectric cell is not always the same, 
'inc1 hence comparisons made between tvo photoelectric cells are 
net reliable. 

In its rresent state of develooment the srectral hy¬ 
grometer is not suited for u9e in radiosonde or wiredsonde'work. 
The instrument is very critical to adjustment and also is not 
portable. It could best be used for surface-level measurements 

rere the humidity of the air ever a long path length is desired. 
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IV. INDEX OF REFRACTS H MEASURING DEVICES. 

The microwave heterodyne cavity "Q" methods can he used to 
determine the quantity of atmospheric moisture or the refractive 
index directly. These methods were suggested by Dr. H. Lyon3 of 
the National Bureau of Standards, Central Radio Propagation Lab¬ 
oratory. 

A. The heterodyne method consists of two frequency stabi¬ 
lized klystron oscillators operating at the frequency for which 
refractive index measurements are desired. These oscillators are 

stabilized over short periods of time to 1 part in 10^ or 10® by 
means of a resonant cavity and "magic tees" in a microwave auto¬ 
matic frequency control discriminator circuit developed by Pound 
at the M.I.T. Radiation Laboratory (31, 32, 33, 34 and 35). The 
two oscillators are tuned to zero beat with the resonant cavity 
of one evacuated. When the evacuated cavity is filled with the 
gas being measured, the frequency will change and the beat note 
between the two oscillators can be measured. The index of re¬ 
fraction can be calculated from this measurement. By such a 
method the water vapor content of the air may be obtained at 
temperatures below freezing. 

B. By methods using cavity "Q" meters, where both the change 
in frequency and Q of the cavity are measured, the complex dielec¬ 
tric constant or complex index of refraction may be determined. 
This method therefore gives also the los3 factor or absorption 
coefficient of the gas, but is not as sensitive a method of meas¬ 
uring the conventional refractive index as the heterodyne method. 

The heterodyne or "Q" meter methods are suitable for 
ground station measurements or, perhaps, for airplanes, barrage 
balloons or towers, but in general would require equipment too 
heavy for balloon sounding work. 
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V. PRESSURE AND ALTITUDE MEASURING DEVICES. 

The value of a sounding depends on an accurate determination 
of humidity and temperature as a function of height. Height may 
be determined either directly by means of a distance measurement 
or in terms of pressure using the hypsometric equation, 

A, Triangulation. The height of the measuring equipment 
can be determined very accurately by means of two theodolites 
located at the ends of a suitable baseline. Disadvantages of this 
system are that two additional observers are needed to operate the 
theodolites, and if clouds or low visibilit}' obscure the balloon 
the system fails. 

B. Length of Cord and Elevation Angle of Balloon. For 
wiredsonae work, the height of the instrument is frequently de¬ 
termined from the length of cord unreeled, and the elevation 
angle of the balloop. The sag of the cord between the reel and 
the balloon may be taken into account by considering the arc 
formed by the cord to be a portion of the catenary curve. Tables 
exist for such a determination (16). The wind distribution dis¬ 
torts the curve from a true catenary form, and a correction . 
should be applied to these tables for thi3 effect. 

The Navy Radio and Sound Laboratory (81) at San Diego, 
California, has made tests on the accuracy of balloon heights ob- 

ined with the length of cable and elevation angle of balloon 
ystem. It was found that a correction of 9$ gave a fairly ac- 

'ate value of true altitude when 1000 feet of cable was un¬ 
tied. True altitudes were determined by several simultaneous 

dings by transits set up on a 1000 foot ba3e line. The max- 
ium correction for calm air was 10.4$. For 500 feet of unreeled 
ble a 4=2$ correction gave accurate heights. 

0. height Determination by Hypsometric Equation (1?). The 
;itude of the balloon may be computed from the measurement of 

pressure, temperature and humidity. The method is fundamentally 
of numerical integration and is laborious even though special 

tables and charts are orovided to simplify the York. The accuracy 
of this system of height determination was checked quite carefully 

he balloon flight of the Explorer II, made under the auspices 
the National Geographic Society and the Army Air Corps by 

A. \T. Stevens and Captain 0. A. Anderson (20) 0 During the 
t accurate and complete barometric data were obtained. The 

altitudes computed from these data were checked by photographs 
made vertically downward from the balloon, and by triangulation 
of the balloon from the gro\ind. Heights found by the three inde¬ 
pendent methods checked quite well. Agreement within 0,36$ was 
oosarved between the photogramnetric and the barometric altitudes. 

A pressure cell is the most commonly used element for 
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leight determination. The expansion or contraction of the cell 
iccording to pressure variation is geared to a pointer. If the 
scale beneath the pointer is graduated in pressure units, the 
Instrument is called an aneroid barometer. If the scale i3 grad- 

t jated in height units in accordance with the pressure-altitude 
'elation of a selected standard atmosphere, it is called an alti- 
neter. 

U 
HI: 

tf* 

a 

A "standard” atmosphere is defined by an assumption 
'egarding the variation of temperature with height in the at- 
nosphere. In this country the U. S. Aeronautic Atmosphere (NACA) 
las been used since 1926 for calibrating aviation altimeters and 
'or all other aeronautic purposes. It is a slight modification 
>f that adopted by the International Committee for Aerial Naviga¬ 
tion (ICAN) where the air temperature is assumed to vary uniformly 
rith altitude (0.0019612° C/ft.) to a temperature of -56.5° C 
Instead of -55.0° C as in the NACA system. Above these respective 
Levels, the temperature is assumed constant. 

yy: 

H, 

For reference the complete hypsometric formula is given 

-v/S 

/. 
LOG P 
uv'*IOr2 

t(hlo«,0p) 

LOG P 
uv'*IOrl 

L0G.-.P. -LOG^P 
II 

n I0‘I 2 

where: 

H]l b Height of base of interval. 

H2 b Height of top of interval. 

P s Pressure at intermediate levels. 

P^ b Pressure at base of height interval. 

P2 * Pressure at upper level. 

P ■ Air density. 

Tn b Mean temperature as defined above in °K of the air 
between pressure levels P^ and P2. 

Tj a The air temperature in the i th interval between 
P^ and P2. 
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K * 221.152 for H in feet or 67.4073 for H in meters. 

I) 8 Humber of selected equal intervals of pressure 
between P^ and F2. 

e • linger vapor pressure in same units as P. 

• Mean value of (9/?) for air column between and P 

ga • Standard value of gravity. 

gm • Value of gravity at the midheight of the air column 
between and P2. 

If altimeters are to be used for accurate height determination, 
the following factors must be considered: 

The height e^roy introduced by the assumption of a 
Stanford" atmosphere.must be correct^. The difference between 

tho true altitude at a point in the actual atmosphere and that 
indicated by an altimeter calibrated on the basis of a standard 
atrcsphere can be computed. True heights for the actual atmosphere 
may be calculated by the hypsometric equation while the indicated 
heights of the standard atmosphere may be obtained by the following 
equation (17 and 18): 

H0^(B-H0CULOOI0^ H,. -~ " 
I ♦ CA LOG,0*j~ 

Pc • Pressure at height of station. 

P * Pressure at height H* in the same units as P_. 

A • 67.4073 for Hq and Hj expressed in meters and 

122.862 for Ho expressed in feet. 

B • 288 for Hq and expressed in meters and 518.4 for 

Ho and Hi expressed in feet. 

C • 3.264 x 10 ^ for Ho and Hi expressed in meters and 

1.791 x 10 ^ for H0 and Hi expressed in feet. 

• Indicated height above sea level in meters or feet 
depending on values of constants A, B and C. 

Ho • Height of station above sea level in meters or feet 
depending on values of constants A, B and C. 

Table 2 shows mean corrections to be applied for various 



locations in summer and winter to the indicated heights cn:' i ,rd 
by the above standard atmosphere relationship. If the Lensity 
of the air column is less tjian that assumed by the stand::rd at¬ 
mosphere the altimeter will read too low, and conversely, if the 
density of the air column is greater than that assumed by the 
standard atmosphere the altimeter will read too high. The data, 
used to construct this table were taken from monthly mean sound- 

2ings commuted by the Weather Bureau (8) on the basis of the hyp¬ 
sometric formula. 

Table 2. Additive 
2.X.QQ Q m _ 
ludi ,ca v.ed. Ac.ish.tj3. 

flefia .barrej:ti.&as to S.bt din pyr> s gam t V-lfi 
4- • 

Slallaa iiflaih Additive Me DJI . lor r actions (m) 

(Elevation above 
mean sea level) 

21 Paso, Texas January 4- 13 
(1195 meter3 msl) J uly + 119 

Fairbanks, Alaska January _ 1 63 
(134 meters msl) July 4- 56' 

Washington, D. C. January — 106 
(25 meters r.sl) July f 125 

San Juan, P. R. January 4- 120 
(15 meters nsl) July 4- 153 

2. Ambient Pressure Oranges must be noted and corrected. 
The movement of cyclones, anticyclones and fronts produce areo'-ure 
changes v/hich the altimeter records a? changes in elevation even 
though the instrument is at rest on the ground. Pressure changes 
oroduced by diurnal variations of pressure is sinusoidal in form, 
having the maximum at about 11 A. M. and ?. M. local tine, and its 
minimum at about 4 A. M. and ?. M.' local time. For accurate use 
of altimeter readings in soundings a current weather map should 
he consulted, and a continuous record of ground or^ssure should be 
kept. 

The pressure cell type of aneroid barometer or alti- 
neter is also subject to certain errors cause.d by the instrument 
mechanism itself. Some of these are as follows: 

a. hysteresis (4). If a pressure cell be taken from 







34. 

sea level up to an altitude of about 10,000 feet, and back again, 
as may be done in an airplane flight, the pressure cell will undei o 
a pressure change from about 1016 mbs. to 700 mbs. and back again cl; 
1016 mbs. As the pressure decreases, a certain relation between Li 
pressure and deflection will be observed, leading to a calibratior L 
curve AB, for the ascent (Figure 14). It will be found that the 
deflections do not follow the original curve, but the curve BC, It 
the plane descends immediately upon reaching 10,000 feet. This 
effect is known as hysteresis. 

Fig. 14. PRESSURE CELL HYSTERESIS LOOP 

The hysteresis is in general a maximum at approx- 
^ v y the the Pressure range of the cycle. The loop 
ABC becomes smaller with repetition of the pressure cycle from 
1016 to 700 to 1016 mbs. until after four or five complete cycles 
when the area of the loop is effectively constant. 

If the airplane remains at the 10,000 foot altitude 
or some time before coming down to the ground, the deflection grad 

uaiiy shifts from the point B to the point B'. This time lag error 
is known as shift. Upon returning to zero elevation from 10,000 f* 



he pressure cell reaches a deflection C' along tne curve 3f C(. 
he deflection gradually drifts from C or C* tc A if tne instrument 
emairs at rest. These elastic errors vary directly with the 
temperature of the instrument, the range of pressure, the rate 
f change of pressure and vary inversely with the time takon for 

III he cycle over a given pressure range. 

3. 0tlier errors which effect the accuracy of an instru- 
ent are scale errors and temperature errors. Scale error is the 
rror in the indication of the instrument at a temperature of 25° C, 
emperature errors are the effect of variation in instrument tem- 
erature upon the scale readings. High quality instruments nre 
ompensated for variations in instrument temperature. A calibra- 
ion curve can be constructed which will show the magnitude of 
riese errors at various temperatures and pressures. 

D. Radio Altimeter. Radio altimeters have been developed 
or height determination of aircraft. In general, the accuracy 
f these altimeters is quite high, with some types the error is 
sbs than 50 feet at altitudes of 50,000 feet (2l). The irregu- 
hritieo of a land surface complicate the height determination, 
sdio altimeters are too heavy for low level sounding work where 
he measuring instruments are supported by a light balloon. 
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VI. ..IMP KEA3URIKG 3I3TKf/.S. 

,i ind and turbulence measurements give valuable information 
concern1'ng atmospheric stratification and are useful in fore¬ 
casting changes of the moisture and temperature distributions, 
line? data reoui'e the measurement of direction and soeed. Per 
surface measurements the direction is given by a wind vane, and 
wind speed is measured by an anemometer. Upper winds are meas¬ 
ured by following the- oath of a free balloon. 

A. •> nd Vanes and Anemometers. 

(1) Jind Vanes. 
1! 

Fundamentally all wind vanes consist of a body 
mounted ’insymmetrically about a vertical axis on which it is 
' ree to turn. The end offering the greatest resistance to the 
m tion of the xir goes to the leeward. !>'ost wind vanes consist 
of m arrow with a large tail mounted on suitable bearings. The ■ 
tail is a vertical plate parallel to the longitudinal axis of the 
arrow. Difierent tail designs have been used for improving the i 
resoonse o: this tyoe of vane to changes in wind direction. In ( 
one design, the tail consists of two flat' vertical elates forming 
-» narrow '» '. The best practice, however, is to make the tail as 

symmetrical airfoil section with a vertical span 3 or 4 times 
the chord dimension. 

j 
'2} Anemometers. 

Anemometers mav be classed as pressure, rotational 
The pitot tube (Dines pressure tube) and 

cue types measure .< nd speed by the pressure imoarted to 
■ ace stopping the wind movement. The rotational tyoe ane¬ 

mometers measure wind speed as a function of cuo wheel or oro- | 
Her ret'tion rate. The hot wire type anemometer uses the 
°o*n? f* net r: the wind on a body of high temoerature (about 
u C) as a function of wind meed. 

a . Pitot Tube Ane none t.p-r. 
! 

The difference#in pressure caused by the wind 

>-losing into the mouth of an open tube and across the mouth of a I 
second reference tuva is used as a measure of the wind velocity. ; 

*'[ f'\ - *-s directed into the wind by a vane. The reference 
i. -cd by a series of holes in a chamber coaxial with and 

surrounding ihe main tube. The pitot head and cylindrical chamber 

‘ connected to a pressure indicating device calibrated to indi¬ 
cate wind soeed. 



b. Bridled Cup Anemometer. 

The bridled cup anemometer employs a multi- 
cup rotor mounted on a vertical axis which is turned by the wind 
against restraining springs. The spring torsion against which 
the wheel rotates is a function of wind speed. One complete 
turn of the wheel introduces the torsion measuring the maximum 
wind speed of the instrument. The Selsyn moter principle is 
used here for remote indication. 

c. Cup-Wheel Type Anemometer. 

The rotating (Robinson) cup-whec-1 type 
anemometer has long been used in the United States. Three or 
four cups are mounted with their open face in a vertical plane 
along equal length spokes, 9Cc or 120° apart. The wind stream 
strikes both sides of the cup wheel and the wheel rotates to the 
torque applied on that side of the wheel where the cups open into 
the wind stream. The rate of rotation of the cups is a function 
of wind sneed. 

A special 3-cup anemometer (1) for low wind 
speeds has been developed at California Institute of Technology. 
Whereas ordinary commercial anemometers are not adequate to measure 
very light winds (of the order of 1.6 feet/second), this instrument 
records wind speeds from 0.8 feet/second to 44 feet/second. Each 
rotation is registered on an electrical counter. For high wind 
velocities the counter may be switched to record only every one 
hundred revolutions. 

d. Propeller Type Anemometer. 

The rotating propeller or windmill type an¬ 
emometer employs a wind-vane to keep the horizontal component of 
the wind stream flowing perpendicular to the propeller blades. 
The rate cf rotation cf the blades is nearly propcrticnal to the 
air flow. 

The Friez Instrument division of rendix Avia¬ 
tion Corporation has recently developed a propeller type anemom¬ 
eter for the more accurate measurement of stronger speeds (40 and LZ), 
This system has nearly linear wind speed-revolution per minute 
calibration curve, whereas for speeds above 40 miles per hour, cup 
type anemometer curves usually depart from a straight line. The 
inertia of the propeller is Biadll and response to changes in wind 
speed is very rapid. Over a range of 1.7 to 144 feet/second this 
instrument has a maximum error of 1.7 feet/seccnd. The anemometer 
snd vane assembly is compact and weighs only 12 pounds. It is de¬ 
signed to run for months without servicing. 

There are several methods of indicating wind 
speed measured by cup-wheel and propeller type anemometers. The 
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-v the anemometer may be coupled to a generator and the 
v-it;. e of the generator used as an indication of wind st>eed, or 
the turning anemometer shaft may close and open an electric cir¬ 
cuit in which an electro-magnetically operated pen records the 
circuit interruptions or a clock driven drum giving an indica¬ 
tion of mind speed. Three recently developed indicating systems 
are described below: 

the first an electrical contact at the base 
cu the anemometer shaft closes a circuit in which a constant volta; 
source charges a parallel resistance-condenser combination. Th<=> 
cnarge of the condenser at any instant is a function of the number 
of aerometer impulses per unit time. The condenser integrates th( 
cnarge and a high impedance voltmeter calibrated in miles per hour 
or other suitable unit3 indicates the wind speed. 

- , . In the second system, which is especially use- 
record]nf low ’vind speeds, a cogwheel coupled to the^ anemoir 

shaft, keys a triode oscillator caoacitatively by turning between t 
ind Piate coils. The keying frequency is the speed of rotatio 

co=w-©el w^-c^ is oroportional to t.h^ wind speed and is indi 
by a frequency meter calibrated in wind speed units. 

+. . . , ,^n third system (15), the Selsyn system, 

r° un °f the anerT,ODieter drives a generator which 
cun11-- r , : a'S!- ®yn-hronous m°tor through an electric cir- 

Oi relation of the receiving svnehronous motor is 
converted into an indication of wind speed by a disc and roller 

.! ° ;at circular da3cs> facing each other, are rotated 
Tv + Jr directions by a constant speed motor. A shaft, couoled 

discs‘' 'rids p!’^TUS ~CtOIi m3ses in ^tween the two rotating 
flil.US Shafv is PerP«ndicuIar to the axis of rotation of the 

discs, and carries a narrow cylindrical roller. The roller is 

inMe°diJtcJcCn n ?°th the ^ is caused ?o mov, 
■‘n^cr ?t^!onI duft r ?h*ft as a ™ult of two torques act- 

The receiving motor and the other due to the 
lice slates. Tne changes in position of the roller in th- direc- 

l r^arn?ackea^trlVe Ft* tra^mitted to a pointer a 
Hit * r°iller and a Tha Pointed movir 

,n,- SJlltToLtZ.3Cale’ “n thus lndicite *ind ln 

e* Mot »Vire Anemomp>toT-? 

eters .-ive v-r- cnp"wheel »nd prooeller type anemom- 

they Je too“Sssive not It™?* of speed, 
scale air notions .An* vniPl+n3<tjVe enou€h for the study of small 

bulence is required ‘in the study'^ S™11 SCale atE109Pheric 
lems. r^e hot " f a‘d? 0^ some microwave oropagation orcbl 

the"PT'i (S6C 16 - 17 and 18) affords 
study because of iiVftjijf *el1 adyted to this type of 

^ “ nieasure nearly instantaneous wind 
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spoeds and fluctuations at a point in space. 

The instrument consists of a hot wire element 
with an associated Cheatstone bridge circuit. The cooling effect 
of the wind stream on the hot wire anemometer element changes its 
electrical resistance, unbalancing the bridge and causing a milli- 
ammeter, calibrated in wind speed units, to give a deflection. The 
hot wire element is directional. The directionality can be expressed 
approximately by: 

Vjtj s V cos oc 

where Vm i3 the measured air speed, V is the actual air speed and ©C 
is the angle between the velocity direction and a plane normal to 
the wire. Ambient temperature effects of the air are negligible 
in changing wind speeds measxured by the anemometer because the ele¬ 
ment is maintained at a temperature of about 900° C. 

Dr. Harold K. Schilling (82) and his associates 
at Pennsylvania State College have used this technique for micro- 
meteorological studies as is described below. Wind determinations 
are made by elements placed at two suitable positions along a mast. 
Assuming horizontal flow and uniform wind direction, instantaneous (differences in wind speed at two anemometer positions arc measured 
directly. The anemometer lead3 are switched to a second set of 
Wheatstone bridge circuits in which the difference in potential be¬ 
tween the two anemometer arms of the bridges deflect a galvanometer 
whose readings are proportional to wind speed difference. The 
total range of the anemometer element is from 0 to 70 feet per second. 
For very low speeds the resistance of the mllliammeter is lowered. 
The anemometer element has an accuracy of ±0.1 foot/3econd. Minute 
fluctuations as rapid as 10 per second can be measured. 

Construction Details and Operation cf Instrument. 

As developed by Pennsylvania State College 
the instrument consists of two hot wire elements, associated elec¬ 
trical circuits and an auxiliary portable mast for exposing the el¬ 
ements. 

The hot >vire element has been especially con¬ 
structed for micro-rrind-3peed measurements. It consists of a plat¬ 
inum wire of 1 cm length and .'0004 in. diameter. The olatinum wire 
is soldered to two polished ru3t-proof darning needles spaced at a 
9 mm interval, ffhen heated this allows the platinum wire to sag 
slightly between the needles and affords protection against mechan¬ 
ical shock and vibration. The needles are inserted in the end of a 
tube through which the three-conductor 120 ft. cable leading to the 
instrument oanel is attached. The needle support is made of a { inch 
diameter bakelite rod 4.5 inches long. Screw terminals are provided imme¬ 
diately in back of the needles for connecting to the cable. 
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The associated electrical equipment consists 
of four Wheatstone bridge circuits to measure wind speeds and the 
7/ind gradients between the two anemometer positions. Two identic 
bridge circuits are used to indicate the rind speeds detected by 
the anemometers and two other bridge circuits are used for measui' 
ing the instantaneous wind sreed differences. 

Errors in the recording of wind speed di 
change in resistance of the cables are corrected by using 3-condu 
cables and a variable resistance connected in parallel with the a 
memoter element. To set the wind speed measuring circuits fcr za 
deflection, a voltmeter is provided which indicates a drop of 3.4 
volts across a 27.8 ohm resistor in the anemometer arms of each o 
the bridge circuits. A rheostat in series with a 3ix volt storag 
battery is provided for regulating the flow of current in each of 
two anemometer circuits. 

The anemometer cables can be switched fr 
the wind speed circuits to the two bridge circuits used tc measur 
wind speed difference. A galvanometer indicates the difference 
wind soeed. Linear readings are obtained by suitable resistors i 
series and parallel with a full wave copper oxide rectifier in ea 
anemometer arm of the two bridges. 

Power is supplied tc the anemometer cirej 
by two 6 volt storage batteries. They are enclosed in convenient] 
carrying cases. The connections to the 6 volt batteries and to 
anemometers are made through plugs in the instrument circuit panel 
Plugs are also provided for portable milliananeter (wind speed in-! 
dicator) and a galvanometer (wind speed difference indicator). Til 
panel is mounted in a carrying case of about. 20" x 10" x 4". Two] 
collansible aluminum camera trinods supnort the case. 

Auxiliary masts (see Figure 17) are provided ijj 
mounting the anemometers. They are made of 40 inch aluminum Dipe' 
sections which can be fitted together. Out of each pipe end a shij 
fitted steel pin extends for joining tc the next section. The fii 
section is set vertically on the ground. When more then fern- sucll 
sections are employed, guy wires must be used to support the mast.J 
Tho hot wire elements are clipped to horizontal aluminum tubes 2 
feet long, which are, in turn, fastened by swivel clamps to verti(| 
sliding tuber, of 3 feet lengths. Thumb screw-locks on the sides 
secure the slide tubes in any position along the mast. Pairs of h 
wire elements at a fixed distance aoart, can be mounted on the fi* 
length slide tubes and can be moved easily up and down* This nro- 
vides a quick way of getting wind speed gradients at various heigh 
along the mast. 

The general oroperties of the pressure t? 
rotational tyoe, and hot wire t'*pe anemometers may be summarized 4 
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follows: 

Table 3. Comparison of Different Types of Anemometers, 

Anemometer 
Type 

Directional 
Properties 

Low Speed 
Response 

Air Density 
Response 

Spee 
Respor* 1 

Pitot Tube Directional, 
Needs Vane 

Fair Affected by 
Density 

3qus‘ 
Law 

Bridled-Cup Non-dire cticnal Fair Affected by 
Density 

Squa 
Law 

Cup-Wheel Non-directional Good Independent 
of Density 

Appr 
Line 

Propeller Directional, 
Needs Vane 

Good Independent 
of Density 

Line 

Hot-Wire Projection of 
Wind Vector on 
Plane Normal to 
Wire 

Excellent Affected by 
Density 

Non-Li 

Iti 

B. Balloon Systems. 

For determination of the wind velocity structure above the 
earth's surface a freely rising balloon is used. It is assumed that 
the horizontal translation of the balloon is an accurate measure of 
the wind flow aloft. All methods commonly determine the horizontal 
translation of the balloon at one minute intervals. The method of 
measuring the angles to the balloon in flight and of finding its heig 
give rise to several names which are used to indicate these methods. 
The names now in use are pibal. rabal and rawin. 

(1) Pibal (52). The mo3t common method of wind aloft 
measurement i3 by the free pilot balloon system. Extensive tests havi 
shown that when the balloon (30 grams) is given a free lift of 120 gr< 
it rises at an ascensional rate of about 180 meters per minute. Fix®* 
corrections have been applied for turbulence in the lower 1,000 meter* 
of the ascent, but since the same corrections are applied to all soun* 

ing3 in all locations for all wind speeds and at all times of day the* 
adjustments are very crude. Elevation angle and azimuth angle are 
measured on the balloon position each minute by a theodolite, and the 
horizontal distance from the observation point is calculated using th( 
assumed height for the ascensional rate. The balloon positions are 
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plotted on a celluloid protractor and the average velocity and di¬ 
rection of the balloon determined for each minute of the ascent. 

(2) Ratal (52). In the ratal system a theodolite is used 
to follow a radiosonde balloon transmitter. The height cf the bal¬ 
loon is not assumed, but is determined from the radiosonde record. 

.This method will give more accurate results than the pilot balloon 
system. If the sounding is made during the occurrence of rain or 
snow, errors are not introduced as in the pibal system. However, if 
the visibility or ceiling is too low both systems fail. This type 
of failure does not occur in the rawin system to be described. 

(3) Rawin observations are made by following the balloon 
and its attached equipment by means of a radio direction finder 
(RDF) or radar set. If radar is vised either a target reflector or 
a pulse repeater is hung on the balloon. If radio direction find¬ 
ing equipment is used a radio transmitter is hung on the balloon. 
It is customary to vise a baroswitch device in conjunction with the 
RDF balloon transmitter to furnish pressure (height) indications. 

The use of radar sets and radio direction finding equip¬ 
ment for simultaneous observations of wind, pressure, temperature 
and humidity has led to coinage of two new terms. Radar-sonde 
signifies that the observation is made with a radar set, and that 
the slant range of the balloon is known. Rawin-sonde means that 
the observation is made with a radio direction finding set and that 
the slant range of the balloon is not known. However, the term 
rawin. itself, applies only when wind observations are taken using 
either RDF or radar equipment. 

a. SCR-658 System. 

The SCR-658 is most widely used for rawin-sonde 
measurements (see Figure 18). In this method a sounding is obtained 
by tracking the balloon on the radiosonde carrier frequency (400 Me) 
with radio direction finder SCR-658 by an attached meteorological 
unit. The SCR-658 has a frequency modulation channel which converts 
the signal to amplitude modulation for use with the regular radio¬ 
sonde recording equipment. When upper air wind measurements are not 
made simultaneously with the upper air meteorological sounding the 
balloon radio transmitter is modulated by a baroswitch which gives 
indications of height at fixed pressure levels. 

Accuracy tests have been made on the measurement 
of elevation and azimuth angles in a series of 8 rawin balloon flights 
at Evans Signal Laboratory (49). Simultaneous readings of balloon 
Position were taken at a single observation point by SCR-658 equipment 
and two theodolites. The results of the comparison are shown in the 
table. The average elevation angle and average azimuth angle of the 
two theodolites were used as a basis of comparison for the SCR-658 
readings. The usual single theodolite pilot balloon computations were 
^de with the two sets of data and the results compared. 







Fig 18 RACIO SET SCR-658-T2 

Rear View . Prepared for Operation 

signal corps ground signal service nO 
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Table 4. Average Errors of 3CR-6;>8 
(Compared with theodolite) 

Azimuth angle .............  0.5° 
Elevation angle .. 0.2° 
Wind direction . 2.9° 
Percentage error in wind speed 9.9$ 

For elevation angles less than 15° the accuracy of wind finding 
decreases rapidly due to ground reflections. The average range 
of the SCR-658, when tracking the rawin transmitter, is about 25 
miles„ 

b0 Two Direction Finder System lA8). 

In this system (Eritish) two loop type direc¬ 
tion finders, located at the ends of a suitable base line take 
bearings on the balloon-borne 38 Me transmitter. As in the single 
direction finder, SCR-658 system an altimeter keys the balloon 
transmitter to indicate heights. 

c. Comparison of Radar and Radio Direction Fi.iaing Setsr 

Several other types of radar and radio direc¬ 
tion finding sets have been used for rawin observation work. The table 
below gives a comparison of the relative accuracies of several sets 
based cn a review of accuracy tests of the following equipments 
(43, 44 and 49): 

Table 5» Relative Accuracies of Several Types of Radio 
Wind Finding Systems. 

Type of Equipment Re]ative Quantities 
Accuracy Measured 

Signal Cores Radio Set Excellent Elevation angle 
SCR-584 Azimuth angle 
(3,000 Me radar) Slant range 

Navy Radar Set Very Good Elevation angle 
Mark 4 (700 Me) Azimuth angle 

Slant range 

Navy Radar Set Very Good Elevation angle 
Mark 12 Azimuth angle 

Slant range 

Signal Corps Radio Set Good Elevation angle 
SCR_658 (400 Me Radio Azimuth angle 
Direction Finder) Heights from 

balloon altimeter 
(Continued on Page 49) 







Fig 19 A TYPICAL RADAR ANTENNA USED FOR TRACKING BALLOON REFLECTORS 

AND PULSE REPEATERS. 
I 
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Table 5o Relative Accuracies of Several Types of Radio 
Wind Finding Systems. (Continued) 

Type of Equipment Relative 
Accuracy 

Quantities 
Measured 

Armv Navy Radar Set Good 

AN/TPL-1 (2,800 Me) 

Navy Search Radar Poor 
SA (200 Me) 

Signal Corps Radio Set Poor 
SCR-268 (200 Me radar) 

Elevation angle 
Azimuth angle 
Slant range 

Slant range 
Azimuth angle 
Height from 
balloon altimeter 

Elevation angle 
Azimuth angle 
Slant range 

In the radar systems the cosine function is used to compute 
the horizontal position of the balloon, whereas in the radio di¬ 
rection finder (RDF) system the cotangent function is used. Iden¬ 
tical errors made in reading the elevation angle of the balloon 
in the radar system will effect the horizontal position of the 
balloon much less than in the RDF system because the cosine func¬ 
tion at snail elevation angles is less sensitive to change than 
the cotangent function. Furthermore, the resultant error in hori¬ 
zontal projection of the balloon on the ground plane caused by a 
given random error of the radar set in reporting slant range is 
never as great as that caused by similar random error of the balloon 
altimeter in reporting height. For an elevation angle of 15° the 
error in horizontal distance is nearly four times greater for a 
random error in altitude of 1,000 feet than for a random error in 
slant range of 1,000 feet, 

d.. Meteorological Reflectors and Repeaters. 

Several types of the more widely used reflectors 
and repeaters are desc"ibed below. The statements of ranges 
obtained depend not only on the reflector or repeater, but on the 
site, the height of the balloon when lost and on the performance 
of the radar or radio direction finding set. The performance data 
reported is taken from flight tests male by the National Bureau of 
Standards in conjunction with the Bureau of Ships, Navy Department, 
except where noted. 
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I 

(1) The KX-309/AP is a cubical corner reflect 
(51) of about, 324 in. edge (see Figure 20). Its eight interior r 
fleeting corners are formed by stretching reinforced metal foil 
from three strip3 of balsa wood which mutually bisect each other i 
right angles in a single point* The reflector is suspended by at 
taching three equal length cords from a balloon clasp to the ends 
the three balsa wood sticks,, With a Mark 4 (700 Me) radar the op' 
mum range of this reflector is about 10,000 yards slant range* Mb 
imura slant ranges of 30,000 yards have been measured. 

(2) The ML-306/AP is a collapsible stair-shapi! 
corner reflector (51) constructed of oaper-backed laminated foil 
supported by a balsa wood framework (see Figures 21, 22 and 23). j 
When opened there are 7 main panels 4' x 29 and 6 subpanels 2s x 
which partition the main panels forming 12 cubical corners 2’ x 2\ 
The launching of this device is easy because a time delay unit aL 
it to unfold about 1 minute after release. Its shape is kept vxher 
open by means of a system of cords which prevents it from unfoldii 
too far* The top ends of these cords terminate in a clasp which 
fastens to the balloon. The range of this reflector with a Mark 1 
(700 Me) radar is about 20,000 to 30,000 yards. Maximum slant ran 
of 45,000 yards have been obtained. (The ML-306/AP reflector was 
developed in 1943 at the National Bureau of Standards by Dr. H. Lj 
Mr. F. Wo Bunmore and Mr. E. D. Heberling in conjunction with com¬ 
mercial contractors and the Bureau of Ships, Navy Department). 

(3) The ML-392/AP reflector (51) is an ML-309/j 
reflector enclosed in a 350 gram balloon given a 1750 gram free li 
The balsa wood ribs are removed and the target is held open by the 
inflated balloon. The ascensional rate of the balloon using the 
ML-392/AP is about 1100 feet/minute while with the ML-309/AP attac 
externally to the same type 350 gram balloon the ascensional rate 
900 feet/minute for equal free lifts. The average maximum slant r 
and altitude of the balloon enclosed type reflector using a Mark 1 
radar is 30,000 yards and 38,000 feet respectively. This compared 
with the same target hung below the balloon gives about the same m 
imum slant range as the ML-392/AP. The enclosed target tends to i 
prove its corner angular accuracy with altitude due to the increas 
tension of the supporting lines attached to the expanding balloon. 

Wire mesh reflectors (51) have also been 
developed to cut down target ascensional drag and to make scuare r 
fleeting corners. The average ascensional rate using one of these 
reflectors, size for size and weight for weight is slightly better 
the externally attached ML-309/AP of similar dimensions. 

(4) The Navy Type 10/AGE is a tunable reflects 
consisting of 3 mutually perpendicular dipoles. Each dipole is co 
posed of two quarter wave sticks of metal-foil-covered balsa wood, 
quarter wavelength sticks are joined to each other by hinges so thfl 
when the vertical quarter wavelength piece is attached to the ball 
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;ord, the pieces hinged to it fall into position forming one 
vertical and two horizontal half wavelength di?ole3„ The hori¬ 
zontal dipoles are held in position by strings. If slightly 
jpposite twists are given to the ends of the horizontal dipoles 
zhe reflector will spin during ascent. This gives a characteristic 
signal which may easily be tracked. 

When this very compact reflector of 35 
jrams weight is unfolded it may be tuned for a given frequency by 
zrimming the ends of the quarter wave sticks. Marks are provided 
'or tuning to the following frequencies: 

‘equency Length cut from each 16.8" 
(Me) quarter wavelength stick 

175 0.0 inches 

194 1.6 " 
200 2.1 " 
217 3.2 " 
225 3.7 " 

In a three flight test, using a single tuned 
•eflector, an average slant range of 37,000 yards and an average roax- 
.muni altitude of 30,000 feet were obtained. An SA (200 Me) radar was 
ised for tracking the target. 

If the dipole is not cut to proper length, 
'he ranges obtained are not quite as good. Using an SA (200 Me) radar 
‘or tracking an uncut single reflector, in a 10 run te3t, a maximum 
iverage slant range of 26,000 yards, and an average maximum altitude 

20,000 feet were obtained. With two uncut targets suspended 10 
tnd 15 feet below a 100 gram balloon, in a 7 flight test, an average 
slant range of 26,000 yards and an average altitude of 25,000 feet 
fere obtained. 

The ascensional rate, determined from a set 
>f 10 test runs, of a single reflector attached to a 100 gram balloon 

550 grams free lift was found to be 770-860 feet/minute. In a 7 
light test, using two targets suspended 10 and 15 feet below a 100 
jTam balloon of 600 grams free lift, ascension rates of 794 to 1220 
*et/minute were obtained. 

(5) Pulse Repeater System (46). A pulse from the 
-ransmitting radar is picked up by a balloon receiver-transmitter 
.transpondor) which sends back a pulse, after a negligible fixed delay 
'ime, on the same frequency (see Figures 24, 25, 26 and 27). A radar 
*®t then measures the time elapsing between the transmission of the 
original signal and the reception of the reemitted signal, thus giving 
-he slant range. The direction is also measured. The optimum range 
® pulse repeaters using a Mark 4 (700 Me) radar is about 75,000 
fd yards. The average maximum slant range (51) is about 
o000 yards and the average maximum altitude about 50,000 feet. This 
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early type pulse repeater for which these data are given was designs d, 
as the RT-35/AM. (The National Bureau of Standards initiated work 02 

the pulse repeater system for meteorological balloons in 1942 at the i 
request of the Bureau of Ships, Navy Department. These equipments w<e 
developed by Dr. H. Lyons, Mr. J. J. Freeman, and Mr. E. D. Heberlinj, 

Radar-Sonde System Using a Pulse Repeater. 
RT-92/AM is a recently developed pulse repeater (4^>). The repeater 1 

is sent aloft as part of the radiosonde balloon train, and simultanec 
measurements of wind, pressure, temperature and humidity are made. ' 
slant range and azimuth angle of the balloon are measured with an SA 
radar (200 Me) and the altitude is computed from the radiosonde data, 
The average slant range (51) is about 53,000 yards with an average rot 
imum altitude of 25,000 feet. However, maximum slant ranges of about 
77,000 yards and altitudes of 59,000 feet have been obtained with thi 
system. 

(6) Continuous lave Repeater System (47). Ballot 
altitude is reported by a pressure element. The change in range of 
the balloon i3 obtained by the variation ir. phase difference between ) 
audio note modulating a transmitted signal at one carrier frequency, 
and a note of the 3ame audio frequency modulating a reemitted signal i‘ 
a new carrier frequency. Distance is then measured by the variation j 
phase difference between the audio signals as the balloon moves off. | 
Automatic tracking is used. (Work was started on this type of wind n 
uring equipment in 1938 at the National Bureau of Standards. Furtherii 
development work of this system has been carried on in 1941 and 1943.1 
It is still under development at the present time). 

The reflectors described below have been dev 
oped and tested by the Army Signal Corps: 

(7) The ML-307/AF is a cubical reflector (50) sin 
liar to the ML-309/AP but is used with an SCR-268 (200 Me) radar set. 
The average maximum slant range is 18,800 yards and the average maxiir 
altitude about 18,600 feet. When it is used with a 100 gram pilot ba- 
inflated with 45 cubic feet of hydrogen, the ascensional rate is 62C 

(8) The ML-3C7A/AF (Figure 28) is a modification 
the KL-307/AP balloon target. To increase the ascensional rate of th 
balloon and to prevent rain, snow, and ice from accumulating in the u 
pointing interior corner of the ML-307/AP, the three foil sheets fort 
this corner were removed. The edges of the remaining cubical reflect 
of four interior corners was increased from 30" to 36". It was foiind 
the ranges obtained with this modified reflector were slightly great?: 
those obtained with the ML-307/AF, while the drag on the ascending ba- 
was considerably reduced.* 

(9) The KL-350/AP (Figure 29) is a reflector targt 
consisting of three coplonar dipoles joined at their midpoints by a b«l 
which spaces the pieces at an angle of 60°. The dipoles are made of 1 
wood sticks 29" xf x ■£" covered with aluminum foii to within £" of < 
_ 

The AAF Weather Service, using these targets, obtained ranges of 40 iH 
yards with the SCR-268 and 90,000 yards with the SCR-584. 
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find. The dipoles are suspended from a balloon clarn by three 
eaual length cords which are fastened to one end cf each 3tick. 
’•Then tracked with the SCR-268 (POO Me) radar the average maximum 
range and altitude of tiie ML 3PC Ar are 25,500 yards and 36,600 
feet respectively. If carrieu aloft by a 100 gram balloon inflated 
with 45 cubic feet of iiydrogen the ascensional rate is 1590 feet 
per minute. 

This type cf 3-dipole reflector enn be 
assembled in the form cf an equilateral triangle (Figure 30) with 
the metallic coverings insulated from each other. In 3 flight 
tests of this arrangement an average slant range of 26,110 yards 
was obtained. Two or more ML-350/Ar targets may be suspended about 
28" apart, one below the other, A3 flight test of tandem reflector 
arrangements showed that the audition of more than two reflectors 
produced little increase in slant range. Maximum slant ranges of 
35,000 yards and altitudes of 30,000 feet have been obtained v/ith 
the two reflector suspension (center join»d dipole type). However, 
with the corner reflectors the strength of the reflected signal 
varies inversely as the square of the wavelength. 

c. Airplaaa. .Sy-st-aa. 

Wind aloft determinations end low level soundings can be 
made simultaneously in on airplane over a water surface, if the 
plane is eouipped with cct-i a pressure altimeter and a radio alti¬ 
meter. The procedure is as follows: 

(1) Determine an isobar by keeping pressure altimeter 
and radio altimeter readings constant. 

(2) Then fly at right angles to this direction, keep¬ 
ing the radio altimeter constant. 

(3) From the readings of the pressure altimeter, one 
may then determine the spacing of the isobars on 
a constant level surface, and hence the speed and 
direction of the gradient wind. 

D. Turbulence Measurements Aloft. 

Not only have observations of wind direction and velocity 
been made but also of wind turbulence aloft. At the University of 
Chicago a turbulence meter, essentially an accelerator attached to 
the Diamoad-Hinmftn type radiosonde, has been used, tensions on the 
cord determine the audio-frequency of the transmitted signal. These 
frequencies are integrated by an electronic integrator and then indl 
cated by a Speedoraax recorder. Turbulence measurements have al’co oe 
made from planes at the University of Chicago. 
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Flfl.29. PILOT BALLOON TARGET ML-350/AP . For USE with RADIO SET SCR-268 

Side View . Prepared for Flight 
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VII. RATE-OF-RAINFALI MEASURING INSTRUMENTS. 

6 ct 

A. Use of Data in Radio Pronar tirn Froblens. 

The atmospheric attenuation of microwaves results largely 
from absorption by gases and from absorption and scattering by 
water droplets0 

The attenuation due to gases arises primarily from oxygen 
and water vapor in the atmosphere,, The percentage of oxygen either 
by volume or by weight, is known from numerous measurements and is 
fairly uniform within the troposphere. The amount of water vapoi 
varies greatly with time and locality. Van Vleck’s theoretical 
treatment (56) shows that the variation of this absorption with tem- 
perature and pressure is complicated. For a given temperature, pres¬ 
sure and humidity (20° C, 1013 mbs, and 6.3 gm/kg specific humidity) 
the combined absorption by oxygen and water vapor, as a function of 
radio wavelength, is shown by the solid curve in Figure 31. 

The attenuation of microwaves due to water droplets is a 
function of the number of drops per unit volume along the path, 
their temperature and the size of the individual drops. These data 
are not measured by weather stations; however, a related element, 
rate of rainfall, is regularly observed. By using an empirical 
relationship of drop size distribution to rate of rainfall, the 
necessary data for computation of attenuation in db/km at various 
wavelengths for given rainfall rates is obtained. Hyde and Ryde 
(58) made such computations using Laws and Parsons (57) drop size 
data as given in Table 6, Page 72. The dashed curves in Figure 31 
showing the microwave attenuation associated with three represen¬ 
tative rates of rainfall were constructed from the results of Ryde 
and Ryde (58). 

When the drop diameter is very small compared with the 
wavelength (less than 1/100) the computation reduces to a special 
case where the mass of liquid water per unit volume of air and the 
temperature are the only variables. This requirement is met in 
fog and fair weather clouds and even in rain for wavelengths greater 
than 35 or 40 cms. Raindrops greater than 0.6 cm in diameter are 
unstable and do not persist in rain. 

The variation of water droplet attenuation due to tem¬ 
perature (55) may be introduced as a correction factor to be ap¬ 
plied to the attenuation values graphed in Figure 31. When the 
drop size is very small compared with the wavelength, as in fog 
and clouds not associated with rain, the temperature correction 
factor is quite large, varying from 2 at 0° C down to 1/2 at 40° C. 
On the other hand, for radiation at less than 3 cms wavelength, 
through rain, where the drop size is a larger fraction of the 7a ve- 
length, the temperature correction decreases and is usually less 
than ±20% in the same temperature range, from 0° C to 40° C. 
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In other words, the temperature correction factor for inter’, 
ing rain is smaller than that for fogs and clouds not assoc:- 
with rain. 

From the above, the radio engineer can see the variables 
involved in computing microwave attenuation due to size and tem¬ 
perature of water droplets. In radar surveillance and for radar 
storm detection purposes the microy/ave radio engineer is also 
interested in back-scattering (echo) produced by water drops of 
various sizes. This echo energy from droplets (62) varies directly 
as the sixth power of the droplet diameter D, inversely as the 
fourth power of the wavelength and inversely as the square of 
the distance of the scattering particles from the radiating source. 
For effective echoing for storm detecting radar it is then desirable 
to have comparatively short wavelengths so that the ratio D^/^4 
is a maximum. Rain, as it is found in thunderstorms, hurricanes, 
and cold fronts consists of relatively large droplets and returns 
ouch more microwave energy than the smaller droplets found in fair 
weather clouds. 

The meteorologist is also interested in improved means of 
tabulating rates of rainfall, measuring drop sizes, water content 
of clouds, etc. With a suitable radar set such as the AN/APQ-13 
(3 cm wavelength) or AN/CPS-1 (10 cm wavelength) areas of large 
water droplets (see Figures 32 and 33) such as those associated 
with thunderstorms, cold fronts or hurricanes may be regularly 
detected at distances of 50 to 100 miles. Very intense storms have 
been "seen" as far as 200 miles. Over this radius the extent, direc¬ 
tion and rate of motion of areas of rainfall can be obseived. Storm 
detection radar observations are a powerful short-range weather fore¬ 
casting tool. 

The measurement of microwave attenuation and scattering 
due to water droplets is a field in which much investigation and 
basic research may be done. Such an investigation will employ in¬ 
struments for observing rainfall rates, water droplet sizes, and 
the liquid water content of clouds. Some of the meteorological 
equipment now used or being developed is described below 

B. Rainfall Measuring Devices, 

(1) The Ferguson-type Weighing Rain Gauge (53) is an in¬ 
strument for measuring rate and amount of rainfall0 It functions 
equally well for liquid or solid forms of precipitation. A col¬ 
lecting ring receives the falling precipitation and guides it into 
a bucket. Here it is weighed by a special scale which translates 
weight directly into equivalent units of rainfall. A stylus pen 
operated by the weighing mechanism moves across a chart on a clock- 
driven drum to provide a continuous record of the rate and quantity 

rainfall. The rate of rainfall is indicated by the slope of the 
line. The first 6 inches of rainfall are recorded by an upward mo¬ 
tion of the pen over the record sheet and the second 6 inches of 







♦ HITE LINE t0 TOP IS TRUE NORTH 

v-llar markers are at five najtical mile intervals 
angle of elevation of an’enna is 2° 
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rainfall are indicated by a downward motion of the pen. The 
record sheet is 9 inches wide. The turning rate of the clock- 
driven drum may be changed to give one revolution every 6, 12, 
24, 48, 96 or 192 hours. An oil immersed piston plunger attached 
to the shaft of the stylus pen damps out shock oscillations of the 
pen. 

The weighing and recording mechanism is attached 
to a metal base plate. A housing fastened to the base, covers 
the instrument and supports the cylindrical collecting ring. 
Covers protect the scale and clock against moisture and dust. In 
its present form this gauge cannot be used for remote recording. 

(2) The Tipping Bucket Rain Gauge (4) can easily be adap 
to remote recording. The rain is collected in a funnel and is di¬ 
rected to a U-shaped trough. This trough, the tipping bucket, til' 
about a pin passing through the center along its narrow dimension. 
In the center of the U-trough a partition parallel to the tilting 
axis divides the trough into two equal sections. The center of gri 
ity is situated so that the trough is in a stable equilibrium when 
tilted on either side. When 0.01 inch of rainfall from the funnel 
collects in one side of the bucket the additional weight tilts the 
trough, automatically emptying out the water and bringing the emp 
section of the trough to the filling position. An electric switch 
is operated each time the bucket tilts. The amount and rate of 

in uni*8 °* 0.01") corresponding to the number and time 
of tilts can be recorded electrically on a clock-driven drum in sou 
place remote from the tipping bucket. A linear error up to 10JE at 
rate of fall of 18 inches per hour, and negligible at snail rates c 
ra^a^- *s introduced by the tilting time of the bucket. Rates of 
ra^nfill in excess of five inches per hour can scarcely be evaluate 
because of the slow turning rate of the recorder now used by the 
Weather Bureau. 

(3) 4-*Hte-of-Ralnfall Indicate^ (54) has recently been 
developed at the National Bureau of Standards and is still in the 
experimental stage. The rain collects in a funnel, flows into a 
cylindrical receiver of about one inch diameter, and leaves through 
either an orifice or capillary tubes. The head of water above the 
outlet is a measure of the rate of rainfall. If capillary tubes 
are used as an outlet, the pressure head is directly proportional 
to the rate of rainfall. If the outlet is an orifice, the pressure 
head is approximately proportional to the square of the rainfall 
rate. However, the flow in capillary tubes is a function of tem¬ 
pera ~ure and consequently, the temperature of the water must be 
Known and corrections made. 

syii 

W 

Tk* experimental model of this instrument uses 3 
pillary tubes in parallel and is designed to measure instantaneou 

ra e>L0f rainf&11 up to 10 inches per hour. Larger rates of rainfa: 
may be measured by adding more capillary tubes in parallel. The 



hed 

3tal time lag of the instrument is th<> time required for 
ie receiver tube to drain and is of the order of 17 seconds, 
nail rates of rainfall may be measured by using only one cap 
Llary tube for an outletc At present no provision is made 
jr remote reading of the pressure head in the receiver cylinder, 

C. Water Droplet-size Measuring: Instruments ♦ 

The instruments which have been discussed measure 
linfall rates. In addition, for attenuation computation we 
jed information about the drop size distribution. Laws and 
Lrsons made a study (57) relating drop size distribution em- 
Lrically to rainfall rate, A summary of their investigations 

jjjj* shown in Table 6, and in the paragraph below an explanation 

tliJ> given: 
Laboratory measurements were first made relating the 

ize of a known water droplet to the size and mass of a pellet 
i would form in falling into a tray of finely sifted well 

grated flour0 After an empirical relationship was established, 
jdimpling measurements of rain drop sizes at different rainfall 

utes were made. For exposure to rainfall, flour trays 10 inches 
diameter and 1 inch deep were used. Samples were made for 

Afferent lengths of time depending upon the rate of rainfall, 
0 f*ter exposure of a sample to rain at a known rainfall rate, the 

Itour was dried carefully, and the hardened flour pellets were 
gifted through sieves of different sized meshes. The average mass 

3y the pellets collected on each screen was computed by taking the 
^>tal weight of the pellets and dividing by their number. The 
^Lze of the water droplet corresponding to this average pel let 
1 iss was worked out for each of the collecting screens, and a 
ible constructed relating the number of drops in different drop 
Lze intervals to the rates of rainfall. The data in the accom- 
Uiying table are taken from many such samplings and are an ah- 
'eviation of the original Laws and Parsons Table, 

Some other methods for measuring drop sizes have been 
sed (60): 

1. Soot-coated slides (13). Exposures made with 
coated slides are easily damaged unless they 
are given a protective coat of lacquer. 

2. Water sensitive dye-coated surfaces. These 
are found to be less easily damaged. A 
special l/8 inch dye-coated moveable tape 
recorder has been perfected for exposure on 
an airplane, but in use the tape becomes 
waterlogged due to leaky exposing shutters. 

3. Vaseline-coated surfaces. A small slide or rod, 

(Continued on Page 73) 







Table 6 

Percentage of Total Precipitation on a Horizontal Surface 
Contributed by Drops of Various Sizes. Precipitation Rate, 

p, is in mm/hr, and Drop Diameter, D, is in cm. 

Percentage of Total Volume 

V p 
D 

(cnJS^ 

0.25 
mm/hr 

1.25 
mm/hr 

2.5 
mm/hr 

12.5 
mm/hr 

25 
mm/hr 

50 
mm/hr 

100 
mm/hr 

150 
mm/h 

1 

0.05 28.0 10.9 7.3 2.6 1.7 1.2 1.0 1.0 

0.10 50.1 37.1 27.8 11.5 7.6 5.4 4.6 4.1 

0.15 18.2 31.3 32.8 24.5 18.4 12.5 8.8 7.6 

0.20 3.0 13.5 19.0 25.4 23.9 19.9 13.9 11.7 

0.25 0.7 4.9 7.9 17.3 19.9 20.9 17.1 13.9 

0.30 1.5 3.3 10.1 12.8 15.6 18.4 17.7 

0.35 0.6 1.1 4.3 8.2 10.9 15.0 16.1 

0.40 0.2 0.6 2.3 3.5 6.7 9.0 11.9 

0.45 0.2 1.2 2.1 3.3 5.8 7.7 

0.50 0.6 1.1 1.8 3.0 3.6 

0.55 0.2 0.5 1.1 1.7 2.2 

o.6o 0.3 0.5 1.0 1.2 

0.65 0.2 0.7 1.0 

0.70 0.3 j! 

The above is taken from the 3rd report of Ryde and E^de entitled: 
"Attenuation of Centimeter and Millimeter Waves by Rain, Hail, Fog and f 
Clouds." (58) 

This table is an abbreviation of the original table of J. 0. Laws and 
D. A. Parsons as presented in their article: "The Relation of Dror> Siz1 
to Intensity of Rainfall." (57) 
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coated with colter, vaseline just before 
exposure gives an excellent means fcr 
direct observation of ncAu."l '■•articles. 
The droplets penetrate the molten surf-* re 
and are imbedded as the vaseline solidifies. 
The droplets are then pres-rved in a spher¬ 
ical shape for measurement. Exposures have 
been taken with this system at wind speeds 
a3 great as 180 mil^s per hour. 

4. Optical scattering device. A collimated light 
beam is directed through air containing drop¬ 
lets. The scattering by the droplets- is a 
function of the diameter and number of the 
water particles. A light sensitive cell in¬ 
dicates the amount of scattering in a direc¬ 
tion normal to the. collimated beam. A trap 
eliminates the direct light illuminating the 
droplets. This system is especially appli¬ 
cable to the study of cloud particles. Attempts 
have been made to relate the amount of light 
scattered to the liquid water content of the 
clouds. 

5. Photographic method. rt’estinghouse Pesearch 
Laboratories (65) developed a method of meas¬ 
uring water droplet diameters in connection 
with a study of sprays from various types of 
nozzles. A beam of light from a spark gap 
source is focused by a condenser lens across 
an opening in a water droplet channel on to the 
lens of a camera. This camera lens is adjusted 
so that the droplets confined in the narrow 
focal rlane of the channel are shown in clear 
relief against the light source on the ohoto- 
graphic plate. The overall magnification ob¬ 
tained on the plate is 32 diameters. The ex¬ 
posure time of each photograph is about 10'-' 
seconds. 

The Westinghouse Research Laboratories 
suggest several improvements in their equipment. 
These are: 

a. A camera using a narrow depth focus, 
short focal length lens, a long ex¬ 
tension bellows and a 5" x 7,; (or 
larger) photographic plate. The mag¬ 
nification on the plate should be 
about 5x. 
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bn A fine-grained emulsion photographic 
plate similar to the micro-film type 
in texture, 

Co A projector with a high resolution lens, 
giving a magnification of about 50x. 
This combined with the 5x magnification 
on the plate would give an overall mag¬ 
nification of 250 diameters, 

d. A high speed motion picture camera, 
synchronized with the spark gap light 
source for study of droplet motions in 
the channel, 

i 
D. Liquid Water Content Measuring Instruments. 

(i) The General Electric Cloud Meter (61)0 

Whereas the above described methods give indications 
of rain or cloud droplet size, an instrument has been developed 
which measures water content of a column of rain or cloud droplets. 
The measuring element (a), or collector (Figure 34), is a porous 
metallic plug, 0,5 cm in diameter, mounted in a streamlined holder 
and directed into the wind by a vane, A small vertical capillary 
tube is connected to the head. This tube is filled with water 
before exposure and an 18 cm head of water applies a suction to 
the collecting porous surface exposed to the passing droplets. 
Water drops blown on to the plug surface are immediately drawn into 
the tube. This increases the water content of the capillary tube 
and causes a water droplet to form at the tube base (b). Here the 
droplet grows to a given size, and then contacts an insulated cap¬ 
illary receiving slot designed to take the droplet away from the 
end of the collector tube. In passing from the collector to the 
receiving slot the droplet momentarily closes an electric counting 
circuit. The capillary size is usually adjusted so that the amount 
of water necessary to produce this operation is about 0,001 gram. 
Greater sensitivity can be obtained by reducing the distance between 
the collector tube base (b) and the capillary slot in the top of the 
receiving tube at (c). 

The number of drops is counted as they collect on the 
end of the capillary tube and complete a counter circuit by touching 
the slot strips across the receiver tube, A recording microammeter 
is placed in the circuit to count the number of drops which pass from; 
-he capillary tube. These droplets accumulate in the receiving tube 

until they form a large droplet which falls by its own weight from 
the bottom of the receiver tube at (d) into a container. A mark 
is also made on the microammeter recorder roll each time a large 
drop falls. 
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Calibration of the unit is accomvlishod by- 
determining the weight of t.he large droolets. Since the c:r. 
ber of small droplets con+ . b u'i in a large drop is ir.iicv v d 
the exact weight cf each small droplet can also be Ccmn'ted. 
Knowing the air velocity at the collecting head, the number cf 
small and large droplets counted per unit time and the absorp¬ 
tion efficiency of *he collector, the liquid water density of 
the column of air striking the collecting head nay be computed. 
Several determinations may lead to a representative value for 
the liquid water density. The unit is provided with an electric 
heating attachment for measurements at temperatures bolow freezing. 
The cloud meter may be used on the ground or in an airplane. 

(2) The V..I.T. Capillary Collector (7°). 

The fci.I.T. Department of Meteorology, De-Icing 
Research Laboratory has used a capillary collector which is in 
some respects similar to the G. E. Cloud Veter. The collector 
unit consists of a cup-shaded porous plug (1/2 in. in diameter) 
made of pore;:, which is sealed in a streamlined holder, a measur¬ 
ing unit and a capillary tube connecting the collecting head to 
the measuring unit. 

Airborne water droplets strike the porous plug 
and are drawn into the capillary tube. At the same time an equal 
amount of water is emitted at the end of the measuring tube. The 
rate of collection of liquid water is measured by noting the rate 
of flow of a given point in the water column along a fine bore 
capillary tube having a volume of 0.01 cc/cm length. A measuring 
scale is mounted behind this capillary,- tube so that water column 
flow can be read with respect to time. Stopcocks are provided for 
filling and draining the system. An air-flow pressure differential 
system is provided to keep the wind stream which strikes the Dorous 
collecting head from forcing air into the capillary collecting system 
along with the water droplets. 

(3) Liquid Water Collecting Cylinders. 

Solid cylinders of metal or oorous material have 
been used for collecting airborne water droplets, and thus giving 
an indication of liquid water content of air in clcud3 and rain. 

Solid rotating cylinders of 6", 2", 1” and 1/8" 
diameter have been exposed from an airplane at below freezing tem¬ 
peratures in clouds or rain by the K.I.T. De-Icing Project (7?). 
The smaller droplets are deflected around the curved edges of a 
relatively large cylinder, whereas larger droplets, on account of 
their greater inertia, strike the cylinder surface and form an ice 
deposit. Owing to the selective properties of a given diameter 
cylinder for collecting drops of a given size or larger, an estimate 
of the distribution of drop size in a given rain or cloud area can 
be made. 
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Collector (a) 

FIG. 34 SKETCH OF COLLECTOR AND 
COUNTING UNIT OF G. E. 

CLOUD METER. 



The G»r.eral Electric Research Lab r t.my { i 

las csed units of porous cylinders of different diameters, 
opposing them from the ground. The windborne water roolet 
trike the porous cylinders and are absorbed in the material. 
'he amount of watc- collected during an exoosur® is obtained 
>y observing the increase in weight of th» cylinders. Drop 
ize distributions can also he estimated with this system. 

(/ j The General Electric Cloud_A: slvzer (60). 

Another liquid water measuring device for radio¬ 
sonde use, being developed at General Electric laboratories, is 
ies cr!be d bo1ow: 

It consists of a one megohm :he 'cully trea d 
.'ire acting as a se .sing element in the rati.. •> circuit. The 
salt imoregnnted vine acts as a collector of w> er ns th<® balloon 

r liosor.de slowly rises through clouds or rain d plel 
rhe react’on of the salt and water or the ,vire varies the elec¬ 
trical resistance of thr conductor as a function of the liouid 
water content of the adjacent air. The ra-’ioscr.de cor at a- tly 
transmits this info- mation to the ground recoivi.r station. If 
this element is successful, it is lamed to cor.struct an air¬ 
borne instrument consisting of two such elements, one in free 
iir and the other at the stagnant ooi-.t of a sm 11 cylinder. The 
ratio of th? amount of water particles collected by jsch ~f the 
tao elements can be used to determine an. effective particle size. 
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VIII. Method of Ex'^siruy Instruments. 

Various types of ' natrurants and circuits have been descri- } 
but little baa been u\id b ait methods for .lifting and exposing < 
measuring elements. 

At first the regular radiosonde instruments ?/erc attached t 
a free balloon weighted dovm with sand or water ballast. The 
balloon was given a slow ascensional rate at lew levels by allow 
ing the ballast tc escape slowly. Later captive balloon ’ves use; 
Continuous meteorological soundings for the lowest few hundred f 
ai-e obtained by mcur.ti.ig meteorological instruments on ° mast or 
tower and automatically recording the data at the ground. 

A. Captive Balloons and Kites. 

1. Radiosonde Method. In the regular radiosonde, the 
baroswitch allows reports of temperature or humidity data only a 
fixed 5 mb pressure intervals (about 150 feet height intervals n< 
sea level). The baroswitch in not sensitive enough to sai.all chai 
in pressure at low levels. This is a very important defect oecni 
upon it depends: 

ye 

( 

' 

1. dal cule.tl .-.ns of height. 
2. *cc>vat '.easurepuent.. of ivor■■ v>. 
3. Tre .;•? hi., reports of ioc.pc. . Ina 

It was decided to replace the bare: v it:..*. >-d V- -i 
cloch driven arrnture \?2) to g< i. f.-o : ■{ 
ature and humidity. Heights rore to be estimated fri hr- 1 cu ’ . 
of cord and angle of elevation of the balloon. Preesva vs ; i 
be calculated from +ho hypsometric equation froa, known val : :S 
height, temperature, humidity and eurfuce prcoouro. Usually he 
procedure was to let the balloon ascend tc its -naximw.* ; 11:i .. .1 
rather rapidly, and then tv r.vake detailed re.a lings .of th 
where marked moisture gradients or temp err. tors inveivU- r- ->•>. 
shown. The result., obtained with this method wore ^uito saii?,x 
tavy and the taohni-ue ,«ca found useful for locations e*., 
the standard radiosonde recorder. However, it was fo;.n t) :> t 
radiosonde recorder was too cumbersome and delicate for firl. 
Furthermore, for military purposes, where radio silence- waa noc*s 
aary, the system could not be used. 

2. yiropflopdc Method. To overoome this difficulty, 
Washington State College (1 Vnd 74) developed a system which r<r-.i 
■uoh lighter and more adaptable to general field uao. The t*mpei 
ature and humidity ^laments were carried aloft by the balloon, 
and the measurements transmitted electrically through w.r>vi. ^ 
difficulty of the ext:a weight of n cable connecting thr. exposed 
elements in the balloon with a recording device on the rrovvv. wv 
solved by ujin^; a strength member of light, strong m<.ter 1*3. Tlir 
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conductors of #30 copper wire were spiraled around the strength 
member with a pitch of 4-6 feet. The cable was coated with air¬ 
plane dope to cement it together and to make it waterproof. The 
weight of the cable was apprcximetely one pound per thousand feet, 
and it had a tensile strength of 64 pounds. A reel was used to 
control the length of cable, and slip-ring contacts maintained 
electrical connections between the measuring elements in the bal¬ 
loon and the ground meters. 
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"The potentiojne+er P appiles a ccr.et-.nt voltage (o«36 volts at 
low relative humidity and 0,18 volts at high relative humidity) 
uo both of th- independent circuits of the. sonde proper. The 
currents, determined by the resistances of t.ho relative humidity 
and temperature elements respectively are on the ’RH meter’ 
and ’T meter’. S3 commutes these currents at naif-second inter¬ 

vals. Si and Sp actuated simultaneously with S3, maintain con¬ 

stant polarity at the meters. The 1,000 microfarad condensers 
C & C smooth the currents through the meters, S^, S£, So are 

contained in the pile-up of a single relay which is actu --d by 
a miniature worm-geared motor. The 10,000 ohm protective resis¬ 
tance R is shorted out during the measurement. All components, 
except the sonde cable and 6 volt storage battery, are housed in 
a single case 20" x Q" x ?’•. "The Captive Radiosonde and Wir-d- 
sonde T-chnioxies for Detailed Lew Level Meteorological Sounding 

,n 

(in 
:r 
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A Washington State ColDega Sv?tem used alter¬ 
nating current for the relative humidity an -operature elements 
Thig prevented polarization errors and thus gave more accurate 
humidity readings than were possible with direct current. The 
alternating current was introduced by commutating th- direct 
current by means of a direct current motor driven switch pile 
(see Figure 25). 

When the Washington State College wiredsonde systen 
was first originated tne sort of difficulties found were: 

1. Winds over 12 m.p.h. forced the lifting balloor 
down, with the result that if the sounding was 

'Je continued a kite had to be substituted. 
The turbulence and gustiness of a strong wind 
caused the kite to lift irregularly and some¬ 
times these jerks broke the connecting cable. 

2. Temperature and humidity readings were not 
accurate because air was not circulated around 
the measuring elements. 

Insulation of the conductor cable became elec¬ 
trically leaky if it got wet. With constant 
u^age the insulation flaked off of the cable, 

4. The winding reel was difficult to control as 
it was not provided with a brake for unreeling 
cable, and with only a crank for reeling in the 
cable. 

5. The reel was too light for the work it was re- 
ouired to do. 
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r- ■ surf a c? rok t 

7. The. clip ring contacts on the reel we're n~t 
tected and got dirty nuickly. 

B. The indicating meter:-' were not shock-n uni I. 

ty 
:is- 

’si 

in 

4 
Hr- 

! 

;tf 

For improved means of lifting the instruments, :• ’ t:au 
f Ships, U, 0. Navy, has developed the kytoon. The 
ipure 36', is an aerodynamic cor ination of all oon art •. t In calm 
ir, it is buoyed up and supports the ins trial ts t! se n 
ut in strong wind, it lifts like a kite in', i nc.r lriv*:n ’ ar It is 

jo arranged that its lift remains practically cor tint r ' 
|iind speed*. The kytoon was first developed to sup: ort r- dio antennas or 
[•viators' life r fts. Its state of i : - not entirely 
atisfaetcry for wired sonde •■ort, but research is ' - . no, mi n im- 
rcved kytoon is expected. 

b. The Navy* Radio nn: dciu.o lilor t r;. °1 ax dan Trego, 
alifomia, has developed a ver\. s :ti ^factory lo/ level sounding system 
t consists of a balloon-bor.r ter per t re-hi init ■ reel, 
nd a ground indicator box. The s ster is hattc-y it 
ransported by two men. 

The construction features of -this go tern are: 

1. A 600 cubic fact Serf nr..- biller. cirries th • tem¬ 
pera tune-humidity measuring uni t. The shape of the 
balloon is sin.ilar to tbit of + h- kytoon. id, is 
20 feet long, and lias a maximum diameter of 7 feet 
at th. middle. The free lift of th° Seyfang balloon 
in calm air la 7-pounds. This lift increases to 1? 
pounds in ar. 11 mph wind. Tire helium leakage is 
about 20 cubic feet vor per.day. In an 11 mph 
wind the balloon hcl^s ar. ancle of better than 70° 
with the horizontal. The balloon does not lose its 
shape with reoeated U3<=. 

2. The air-borne temperature-humidity unit is contained 
in a double walled aluminum shield. An electric 
blower nowered with a 6 volt battery draws a 3 mrh 
air current pant the te-n* 
The total weight of this ir-borno unit, including 
batteries, is 1 lb 6 o: . 

3. A three conductor cable a: 
ments to the ground indicator box. 
cable is controlled by a crank operated reel. The 
reel is 10 feet in circumference ar.- -he winding 
surface of the reel is IB in. i*e The ci ’e is 







round on 10 motel rods spaced at equal distances 
iround the circumference of the reel. The length 
of cable unreeled is measured directly by a coun¬ 
ter. For both lightness and strength of construc¬ 
tion the reel is made out of Duralumin, 

The ground indicator box houses the measuring 
circuit. A switch is provided for changing the 
cable connections to the temperature or humidity 
element. The measurements of temperature or 
humidity are made by a comparison method. A vol¬ 
tage divider is used a3 a current source for the 
circuit. First, a standard resistance is placed 
in series with the meter and the current source. 
Then the voltage of the divider is varied until 
a given current flows through the fix«d resistor. 
The standard resistor is then replaced by the tem¬ 
perature or humidity element. Ir order to bring 
the reading at sero temperature to a convenient 
place on the meter scale a large adjustable 7'esis- 
tunce is placed in parallel with the temperature 
element. Similarly a series resist nee is used 
for the humidity element. 

A bucking circuit is shunted across the 
meter to obtain greater range. This consists of 
another voltage divider which impresses an oppos¬ 
ing voltage across the meter in opposition to that 
impressed upon it by the measuring circuit. Thte 
is used to expand thr» range of values over which 
readings may be taken. The temperature range of 
the measuring circuit is from 0^ to 44° C. The 
humidity range is from 10$ to 100$ relative humid! 
A motor commutates the current flowing through the 
humidity element at the rate of 50 cycles per min¬ 
ute. 

The performance of this equipment has been 
tested quite extensively. Three independent 
sounding stations were set up within 4D0 feet of 
each other and simultaneous soundings were made 
by all three stations. Observations were made 
simultaneously at the three stations and at 30 
different levels between 0 and 1,0C0 feet. The 
average deviations of observed temperature and 
.numidity at the 30 levels was found to be within 
—*0.1° C and i0.5$ relative humidity, resoectiv 
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These deviations were found to be about the 
same as the differences for two different 
observers reading the same meter. 

c. An improved wiredsonde system has been developed 
Tor the Bureau of Ships, Navy Department (80) by the Friez In¬ 
strument Division of Bendix Aviation Corporation. This system 
employs the conventional type radiosonde ceramic thermometer and 
3trip hygrometer (see Pages 5 and 20). These measuring elements 
ire mounted in a motor-ventilated, balloon-borne shield. The 
visual indicating panel on the ground is connected to the air¬ 
borne unit by a three conductor cable and a special cable reel. 
(See Figure 37, Page 87). 

Some of the improved construction features of this 
system are: 

1. The air-borne unit is housed in a double walled, 
spun aluminum can, which shields it from rain and 
solar radiation. The unit is ventilated by a 
centrifugal blower, driven at 1,500 rpm by an 
electric motor. The motor power is supplied by 
a 6 volt silver chloride-magnesium battery’, ac¬ 
tivated with water. The battery' weighs only 24 
grams and supplies adequate power for 60 minutes. 
The motor, by means of a cam, actuates two double¬ 
pole, double-throw switches, which reverse the cur¬ 
rent through the hygrometer elements. The entire 
weight of the air-borne unit is 500 grams. 

2. The three conductor cable used with this equip¬ 
ment is covered with a highly moisture impervious 
plastic. The cable has a tensile strength of 100 
lbs. and weighs about 3 lbs. per 1,000 feet. The 
leakage resistance between cable conductors i3 100 
megohms per 1,000 feet. 

3. The cable reel is mounted on a steel 3tand at a 
convenient height for cranking. The crank may be 
vised either with direct drive or l/3 speed. The 
reel is abcut 12 inches in diameter and 15 inches 
long. A counter indicates the number of feet of 

~ cable played out and is used with the elevation 
angle to compute the height of the balloon. Brakes 
are provided for maintaining a constant cable length, 
and for locking the azimuth position of the reel. 

4. The dual bridge circuit panel on the ground is pro¬ 
vided with two meters. Temperature and humidity 
values are obtained by referring the meter deflec¬ 
tion to temperatvire and humidity calibration curves. 
It is necessary to throw a toggle switch to the tem¬ 
perature or humidity position tc read the meter de¬ 
flections . 
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50 A preflight calibration of the temperature 
and humidity elements is obtained by enclos¬ 
ing the air-borne unit in a calibration cham- ^ 
ber with a sat\irated solution of sodium chlor j : 
ide which maintains a fixed humidity in the j 
chambere Wet- and dry-bulb thermometers, vis* j 
ible through a port in the top of the chamber 
are used to compute the relative humidity of 
the air in the chamber,, Ventilation is pro¬ 
vided by the motor driven blower of the en¬ 
closed air-borne unite 

The accuracy of thi3 system is very good* Within 
the temperature range from + 7 to +44° C, over the humidity rang! 
from 20% to 95% the humidity may be measured within an accuracy c 
±2 relative humidity unitSo The temperature may be measured to 

±i° C over the range from — 7 to +44° C„ The accuracy of the t| 
perature and humidity measurements made with this system is very 
good because of the forced ventilation provided by the motor in t 
air-borne unito The use of alternating current through the hygro 
mater element extends to 60 minutes or more the period during whi 
the element will measure within ±2 relative humidity units. 

d. Another system (80 and 77) under development at the 
Bureau of Standards, for the Navy, is quite different in design i 
the following respects (see Figures 37a, 38, 39 and 40): 

lo Heights of the instruments above the ground an 
determined by a pressure cell carried aloft wi' \ 
the temperature and humidity elements. In oth< 
wiredsonde systems, heights are determined by 
the length of the cord used and the elevation 
anrle of the balloon, or by some other triangu¬ 
lation system. 

2o Ventilation of the temperature and humidity el« 
ments is accomplished by a gravity driven motet 
Other systems have an electric ventilating mote 
or depend upon the ascensional rate of the bal¬ 
loon for circulation of the air around the tem¬ 
perature and humidity elements. 

3. The gravity driven motor is also used to regula 
the number of readings taken each second instea 
of a clock or pressure interval. 

4. The system is completely energized from 60 cps 
commercial power. 

The pressure capsule, temperature and humidity elements of the reg* 
ular radiosonde are used in this new type wiredsonde gear. 

The slightest expansion of the pressure cell with 
creasing altitude changes the reluctance of a high permeability 
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circuit, by increasing the air gap over part of the circuit 
path. Magnetic flux through the high permeability iron and 
variable air gap circuit is induced by a coil of wire energizer] 
by 60 cps alternating current. Thus the pressure cell, throng! 
the variable air gap in the magnetic circuit, controls the num-; 
bor of lines of magnetic intensity passing through the core of 
the coil and hence the inductance impedance of the coil, as a 
function of altitude. The alternating current is switched 
through a reference impedance, the pressure controlled impednn 
the ceramic resistor and the strip hygrometer in turn, and a re| 
ora *3 made cf the respective voltages. 

Ventilation is provided for the humidity and tempera- 
Xu:-fr:* ‘rent3 by a gravity driven fan. For this, the equipment 
.is co ectea to the balloon by means of a cord which ! • wrapped,, 
around a drum and then attached directly to the balloon. The fJ 
.3 ge .red to a drum which is driven by the unwinding of a cord 
arcuno it, due to the weight of the equipment and the lift of tH 

wA,tTn OI\kfte* A governor is used to control the speed of un- 
y-* si5eed ventilation. A reel unwinds at 
t/ohAr’ ^’^rns 1500 rpm. A circular commutator, at- 
ence imuedono*^**0 gravity motor reel, switches the refer- 
and the"♦ i "’rG®sure impedance, the temperature element 
each minute y element int,° the ground recording circuit twice 

borne inst^n n®Chanically secures the balloon-or kit* 

cany conrects th^ ° ^ gP00?i reel at the SaKG time electr! 
eleminH ♦ th pressur«. temperature and humidity sensitive 
elements to the ground recorder is a three conductor a “le A 

sssh?*?-Wiss:. 
Eras 
reel. The slip rings are e-el ! '•”"= thr“«» th« «!• of the 
conductors in th, th-ee ce doctor n ki’ <iu'"t'i>roof boT- Tto cf t 

shipment to the ground recorded wMle*-h”th?*S ?° CO'\*ct th' ’ 
for draining off vertical i 1 third 13 ,Jsed *s a gr 
spurious currents from def ch?r£jef* This nr*v,! 
cording circuit. ^ mcroamrTieter in the ground 

to feed cur^-t^t^the In *2 3eer th*t a tepped transformer is us 
of aconte^J thfT^ ele^ts and to the nlate chc: 
vol ta gear e °t hU3 ^ut If The nlate voltage and gri 

current to floe for any Sred 3 ?ver^e ^ 
pedance in the grid circuit. 



FIGURE 37 
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direct current plate supply which entails the use of bat¬ 
teries or a rectifying circuit. The plate current flows 
>nly when the plate is on a positive half cycle of an alter¬ 
ation. But this occurs 60 times a s-cond compared with the 
ame of record of each measuring element of seconds so 
:hat an average plate current representative rf the measuring 
jlement impedance may be measured. There is a filter in the 
reorder circuit smoothing out plate current ripple. 

The normal frequency or voltage variations in the 
Dcwer supply have little effect on th& operation of the wired- 
sonde and ground recording circuits. The power supply voltage, 
sven with frequency variation in the line voltage of as much as 
10 cps for a line vcltage range between 95 and 130 volts is con¬ 
trolled tc within 0.2% by a combination of two voltage regulators. 
Changes in line voltage ever this range will not be serious be¬ 
cause the wiredsonde switching mechanism gives a reference imped¬ 
ance for each set of altitude (pressure), teroeratire and humid¬ 
ity readings. 

The pressure, temperature and humidities measured by 
the balloon borne elements can be observed very’ accurately. 
Using the Friez radiosonde recorder the following accuracies are 
observed» 

I. The temperature can be read tc 0„3^ F by read¬ 
ing to division on the recorder dr^al. The tem¬ 
perature scale may be read from 110 F to 30° F, or 
from 30° F to -50° F, depending uoon the resistance 
range of the temperature element used in the instru¬ 
ment , 

The relative humidity range from 10% tc 100# is cov¬ 
ered by 93 divisions of the recorder. Between 90# 
and 100# a quarter division corresponds to a change 
of 1% relative humidity. Between 20# and 90# a 
quarter division corresponds to an average change of 
0,,2% relative humidity. Between 10# and 20# a 
Quarter division corresponds to a change of 0.7# 
relative humidity made at 72° F. 

3. The altitude range of the instrument is from 0 to 
2000 feet. Each division of the recorder scale cor¬ 
responds to an average change in balloon height of 
32 feet (at 3ea level). 

To secure accuracy throughout a sounding, the temperature, 
humidity and altitude are checVed immediately before the observation. 
The wiredsonde elements are placed in an instrument shelter, and after 
the instrument has reached the temperature of the shelter the deflec¬ 
tion of the recorder is compared with the mercurial thermometer 
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reading of the instrument shelter. The humidity element de¬ 
flection is checked by placing the tube of the wiredsonde 
unit which contains the humidity element into a special ground 
calibration chamber containing an atmosphere of known relative 
humidity. The tube of the wiredsonde unit just fits into the 
chamber and the air of known relative humidity is circulated 
around the element. The altitude indication is set for zero 
at station pressure before the sounding is started. 

B. Location for Wiredsonde Exposures. 

Wiredsonde gear may be used for observations over 
water as well as over land (75 and 1). If turbulence is to be 
kept at a minimal a land observation point should not be near 
a sharp ridge or hill. It is better to locate the instruments 
on the windward side if a ridge cannot be avoided. In this way, 
the sounding will be more representative of the large scale at¬ 
mospheric conditions and processes. Also, any chances of damage 
due to pitching and jerking of the sonde balloon or kite may thus 
be lessened. Favorable locations for exposures along a shoreline 
are a pier or small peninsula. The site should be protected from 
surf spray which will cause equipment corrosion. At sea, the 
balloon, kite, or kytoon may be let up from a small power boat and 
very satisfactory results obtained. From the deck of a steamer, 
difficulties are experienced in keeping the balloon out of the 
pillar of smoke from the stacks. 

Various methods of exposing the wiredsonde system are 
shown in Figure 41• Methods a and d are the most commonly used. 

Fig. 41. SYSTEMS OF EXPOSING WIREDSONDES (I) 
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(a) Temperature and humidity elements mo'nted withir. the radia¬ 
tion shield S are connected through the 3-ccndactoi cable C 
with slip rings on the c'-’-le reel R. 

(b) 300 gram neoprene bel1--' light fish l-ine, F, fish line reel. 

(c) SK, Seyfang 7 ft. kite. N, nylon kite line <V, Kite winch. 
. 

(d) NK, Hoffman single cell box kite. Arrangement (d) 13 suit¬ 
able for soundings from moving ships. Its ceiling is limited 
to about 400 feet by the small lift of the kite '’Meteorological 
Equipment for Short TJnve Propagation Studies' (l 

G, Airplane or Autos", r ^ An airplane or autogyro equipped a.s 
a flying meteorological laboratory is a more flexible nein3 of mak¬ 
ing atmospheric soundings. Accurate measuring and recording equip¬ 
ment may be installed almost regardless of weight Additional sig¬ 
nificant data may also be entered by an observer alongside the record. 
Furthermore, the cables from the wired balloon or kite type of expos¬ 
ure is a hazard to aircraft if used near an airport 

The aerop3ychrograph (11) . (12) , and (22) , using the cera¬ 
mic resistor temperature elements has been used for flights ma e tn 
aircraft. The comoleie instrument wa3 placed in the plane, and the 
thermometers exposed from a tube mounted on a wi g strut. The tem¬ 
peratures were recorded auto;a?.tiC6.1i;y 

7c obtain accurate valuas of temnera ating effects 
due to the speed of the plane had to be consid*-q-e no method 
used to calibrate airplane thermometers is to fly it various speeds 
under isothermal conditions Corrections are then applied for the 
increase in the indicated* temperature with increased speed. The 
corrections for the ceramic wet- and dry bulb thermometers, with the 
^ir striking the dry-bulb first, were found to oe sm 11, ranging 
iron «0o3° Cat SO miles per hour to -0.7' C at 13C miles rer hour. 

Airplane soundings with an instrument of this type nave 
several advantages. In practice the flight can be s* .rted at low 
levele and the rate of ascent maintained at about 10G feet/minute. 
If sudden variations are noticed in the rate of change of temperature 
or moisture with height the 1"'»• can be explored v ry carefully, 
“endings of pressure and wet U>uib temperature car. be '-ecorded 
whlle the plane is in flight .... i ^ed to the elevation ana 1 ck- 
uess of cl.oud layers and the degree of turbulence experience^ 

There is also a disadvantage to the use of airplanes for 
carrying meteorological instruments aloft. It is hazardous to tik* 
observations at low levels in poor visibility., It is suggested :»a 
autogyros or helicopters, due to their ability to ascend verticaui.. 
aud to hover in space, are more readily adaptable for low level 
soundings than airplanes» 
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• Tower Installations. Tower installations a^e used for 
permanent land stations away from airways where a continuous 
s'irface layer sounding is desired (2). 

1. The Tower at Rye. 

The British Government operates tower stations at 
1 orton and Rye. The 360 ft. tower at Rye is located on a grassy 
p^ain. It is constructed of steel lattice work,, The effect of 
the tower on the meteorological elements is considered to be neg¬ 
ligible. The instrument shelter, or screen, containing a ther¬ 
mometer and hygrometer are mounted on the WSW side of the tower 
at heights of 50, 155, and 350 feet. Each shelter rides on a track 
which extends out into space, about 8 feet away from the tower. 
When measurements are made the shelter is secured at the end of the 
track away from the tower, but when the instruments are serviced, 
the shelter is drawn in over a platform for convenient attention. 
Another instrument shelter is erected on a concrete bed at a height 
of 4 feet above the ground at about 10 yards from the base of the 
tower on the south side. 

The air temperature at 4 feet, and the difference 
in temperature between 50 feet and 4 feet, 50 feet and 155 feet 
and 50 feet and 350 feet are recorded. For differential measure¬ 
ment an out-of-balance Wheatstone bridge circuit is used, two of 
the bridge arms aro resistance thermometers. The resistance ther¬ 
mometer at the 50 foot level is in the circuit constantly, while 
the ground level, 155 foot level and 350 foot level are switched 
alternately into the circuit by a three point recorder. The dif¬ 
ference between the temperatures at 50 feet, and the other three 
heights are traced on a Negretti & Zambra electrical thermometer 
~>pe recorder. The position of the sensitive galvanometer pointer, ; 

*ndl-ca'te3 the difference in temperature potential between the 
50 foot level and some other level switched into the circuit, is 
p* nted through different colored ribbons in accordance with the 
level switched into the circuit every 30 seconds. All connections 

o .e electrical resistance temperature elements are made through 
emperature compensated leads. The ground level temperarure. meas- 

ure by a separate iVheatstone bridge circuit, is recorded on a sepa¬ 
rate instrument. The ground temperature may be estimated to F, 
ove. a range iron 0 to 100° F, while the differential temperatures 
may be estimated to 0.1° F. 

The relative humidities at 4 feet, 50 feet, 

1. See electrical resistance thermometers, "Temperature Measuring 
Devices," Page 10. 6 

^ee Gregory Humidiometers, "Humidity Measuring Devices," Page 21* 
2. 
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155 feet, and 350 feet are printed b a 4 point recorder. 
An independent additional recording of the humidity at 4 
feet is made with another instrument. 

The temperature of the recording room is 
thermostatically controlled at 60° to 62° F. A recording 
voltmeter is used to keep a check on the voltage variation 
and failure of the power supply to the meteorological instru¬ 
ments. 

The circuit diagrams (Figures 42, 43, 44, and 
45) give further information about the equipment, 

2, The Qakhurst 400 Foot Meteorological and Radar Tower 

In this country the Array Signal Corps uses a 
400 foot tower at Oakhurst, New Jersey, (Figure 47), for contin¬ 
uous low level soundings. The tower is constructed on a hill 
about 133 feet above sea level. An elevator runs to the top 
of the structure from a small house at the base. The meteor¬ 
ological recording equipment is located in one room of the house. 

a. Temperature Measurements. 

Dry- and wet-bulb thermometers are located in 
ten instrument shelters placed at various levels. The elevations 
of the ten temperature recording stations in feet above mean sea 
level are 133 (ground level), 186, 234, 277, 306, 354, 393, 426, 
474 and 501. Five alternate stations report on one ten-element 
L. & N. Micromax Recorder; while the other five stations report on 
a second recorder. The stations are easily identified on the re¬ 
corder sheet because the Micromax records each element by printing 
a corresponding number with a position dot. Dry-bulb temperature 
for station number one is identified as 1., wet-bulb temperature 
for station number one as 2., dry-bulb temperature for station 
number 3., etc. The even numbered stations are recorded in a simi¬ 
lar fashion except that the first even number is 0,o Approximately 
three minutes are required to record the temperatures for the ten 
stations. From the dry- and wet-bulb data relative humidity and 
dew points are computed for each of the 10 temperature levels. A 
Micromax Recorder is shown in Figure 46. 

The instrument shelters used at the 10 tem¬ 
perature stations are especially designed for tower use. Ground 
and tower radiation is a source of temperature error. This radia¬ 
tion is screened out by the special type metal shelter (see Figure 48) 
it consists of an outer jacket made of a steel metal cylinder about 
3 feet long and 1 foot in diameter. A small cylinder of about 10 
inches in diameter forms the second enclosure. Two water tanks are 
located on opposite sides of the inner enclosure, When these are 
tiled they maintain water at a fixed level in a trough in the center 

of the inner jacket. Two 100 ohm copper resistance thermometers 
vi*. & N. Thermohm Thermometer) are mounted in the center of the inner 







SINGLE POINT TEMPERATURE RECOROER 

Fig 43 CIRCUIT FOR MEASUREMENT OF DIFFERENTIAL TEMPERATUI 
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cylinder. The wet-bulb thermometer is mounted about 6 1 -ches 
above tne dry-bulb thermometer .r.d about 1 inch above the watei 

thermomel . rs " oily accessible. The ends are covered "ith 
louvred vents, arid rood circulation is provided by an electric 
fan mounted in the top of the shelter. 

b. hind Measurements. 

There are three v/ind measuring instruments 
the tower, and one on the ground. They are spaced at 120 foot I 
intervals, the first tower station being 120 feet above the groB 
The rind speed and direction is measured on the tower by standaB 
Si ;nal Cores equipment (AH/GMQ-l) consisting of an electrical rB 
sistance tyre wind vane and a throe-cup electrical generator typB 
anemometer. A visual meter is provided for indicating the windBl 
speed and direction at any level, a variable contact switch beiH 
used to connect the rind instruments to the indicator. Three 
Esterline-Angus recorders are used to record the rind speed. G 
wind speed and direction data are measured from a 20 foot mast 
cated near the tcrer. A Fries bridled anemometer unit measures 
wind speed and the direction is measured by the usual wind vane 
A permanent record of the ground rind data is made by a Friez S 
recorder, while visual meters are used to observe the instantan 
values-. 

figure 4&. The Leeds and Northrup Ten-point Kicromax Recoi 

See sections on "Recording Instruments" and "Temperature 
Measuring Devices," 
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IX. Recording Instruments. 

Recording microammeters and railliamraeters are used for 
making records of radiosonde and wiredsonde flight data. 
There are several commercial recorders which can be used for 
this purpose. 

A. The Frlez Recorder (66) 

This instrument is designed for U3e with the Diamond- 
Hinrnn radiosonde. The recorder receives the resistance con¬ 
trolled frequency modulated signals from the balloon transmit¬ 
ter and converts them to a direct current proportional to the 
controlling resistances. These controlling resistances measure 
the pressure, temperature and humidity. Two identical reading 
microammeters (0-500 Jja full scale deflection) measure this 
current. One microammeter is read visually and the other is 
recorded automatically. The position of the pointer in the re¬ 
cording meter is printed every 2 seconds on a strip of paper ten 
inches wide. This is accomplished by means of a photoelectric 
cell and a light source revolving about the axis of the pointer, 
When the beam of light is interrupted by the pointer a relay is 
thrown forcing a tapper bar to print on paper against a narrow 
raised spiral edge wound around the roller. The printed dots 
are proportional to meter deflections because the revolving pho¬ 
toelectric cell and light source are geared to the spiral edged 
roller. The paper is fed at a fixed rate of speed between the 
tapper bar and roller. The resultant record shows a value of 
pressure, temperature, humidity or an instrument reference point 
ever:/ two seconds as the balloon ascends. As a result these are 
not printed in a regular sequence, because the radiosonde changes 
the reported element in fixed intervals of pressure, which bear 
no relation to the two second printing interval of the recorder, 

The Friez Recorder may also be adapted to wiredsonde 
instruments, if the direct current from the balloon measuring 
elements is fed directly to the microammeters. 

B. Leeds and Northrup. High Speed Potentiometer Recorder 
(Speedomax) (68, 69, 73). 

Current from the radiosonde receive^* frequency meter or 
from the measuring elements of the wiredsonde jear may be measured 
by the Speedomax recorder by shunting it through a drop resistor. 
The instrument operates on the null-type potentiometer principle) 
i.e., an unknown e.m.f. of the drop resistor is balanced against 
a slide wire potentiometer which delivers a known e.m.f. at every 
point on the recorder scale. The range of the instrument is 0-5 
-.illivolts, but when the direct current is measured across a drop 
resistor of 10 ohms a range of 0-500 microamperes is obtained. 
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The unbalanced direct current in the potentioneteT 
circuit is converted into pulsating direct current by an a.c. 
magnetically driven carbon microphone. The primary of a trans¬ 
former is connected in series with the microphone and detects 
changes in current. 

These current changes are then amplified and applied 
to a phasing circuit which determines the direction of rotation 

I* of a reversible direct current motor. The potentiometer slide 
wire contact to which the pen is attached is driven by the motor. 
Two separate field windings are provided in the motor for making 
it reversible. The direction of current flow due to the umal- 

e anced voltage will cause one or the other of two thyratrons to 
conduct. The direction of rotation of the motor depends on which 
thyratron is conducting. The slide wire contact is mechanically 
coupled to the motor so that it always seeks the balance position. 

i The instrument is prevented from overshooting the bal¬ 
ance point by a direct current tachometer generator driven mech- 

, anically by the motor. 
■ 

A continuous record is traced on a moving sheet of paper 
by the potentiometer pen. The time of response to full scale 
changes is less than one second. The accuracy of the instrument , 
Is 0.5% (full scale deflection 10"). This instrument, because of 
its accuracy and cuick response is well adapted for radiosonde 
recording. 

C. Leeds and Northrup Ki^romax Recorder (69, 73). 

A very popular form of recorder is the Leeds and North¬ 
rup Vicromax. This instrument employs a Wheatstone bridge cir¬ 
cuit (see Figure 49) with the special Thermohm copper resistance 
thermometer forming the variable resistance arm. The other three 
known resistance arms of the bridge, two of which are relatively 
high in comparison to the third known resistance (and the Thermohm), 
are alternatelv joined by slide wire coaxially mounted discs 5? and 

A dry cell battery circuit is connected from the variable 
contact of the slide wire disc between the two known high resistances 
to the junction of the low resistance arm and the Thermohm., The 
galvanometer circuit is connected from the variable contact of the 
slide wire between the known high resistance and the low known resis¬ 
tance to the junction of the Thermohm and the other known high resis- 
tance. The slide wire contacts are so arranged that the ratio of 
the voltage drops over the two high resistance arras is 1 when no 
current flows through the galvanometer circuit. The wires connecting 
the Thermohm to the recorder are included in the low resistance arms 
of the bridge so that resistance in the Thermohm winding is measured 
^dependent of length and temoerature of the leadwire. 
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The bridge circuit is balanced mechanically. The 
jointer of the sensitive alva'oraeter swings freely along a 
ilot, between two fingers, one at each end of the slot. At 
too second intervals, a mechanism driven bv a synchronous motor 
closes the fingers on the galvanometer i _c--.' r. If the gal- 
ranoraeter pointer is off the center p<sif' f indicating a cur¬ 
rent flow, then the fingers close in the ,.. center position 
ind engage a friction clutch mounted on the 3ane shaft as the 
two slide wire contact discs. A pair of cams, also having a 
two second revolution period, then return the clutch to its 
aormal horizontal position which balances the "Cheatstone Bridge 
circuit by means of the attached 3liie wire discs. The galvan¬ 
ometer pointer then come3 to it3 position of zero current flow, 
ibout 20 seconds is required for full scale deflection. The 
instrument may be read to an accuracy of about l/l6 inch in a 
total paper width of 9 7/2 inches or about 0.6$ accuracy. Sev¬ 
eral temperature ranges are ~rovided for the scale defending upon 
the particular type Thermohre. Chart speeds are adjustable from 
1 to 12 inches per hour. If desired, point number printing may 
be employed and individual values may be recorded for 2, 3, 4, 
6, 8, 10, 12 or 16 elements. 

The Micromax Recorder is reliable an' will operate ac¬ 
curately over long periods of time. It is best adapted in meteor- 
ology to recording of temperatures -.’here the mean state of the 
atmosphere with height, is desired. 

D. The Brown Instrument Company -- D. C. potentiometer 
Recorder (Electronic) (7t' 

The "Slectronik’1 is another well known electrical re¬ 
corder. The direct current unbalanced voltage of the potentiometer 
circuit is converted into an alternating voltage by an electrically 
driven vibrating reed. The primary of a transformer is connected 
in series in the circuit. The voltage is further increased with an 
electronic amplifier. This ilternat'ng current voltage which is 
proportional to the original unbalanced direct current is fed to a 
two phase induction motor. One set of control windings — T>ot.or 

connected to the output of the amplifier. If the control wind¬ 
ing current leads the power current by ‘X)0 th* motor runs one wiy. 
^ it lags by 90° the motor run3 the opoosite way. A capacitor is 
connected with the control winding current to shift the phase 90° 
*Hh respect to the nower suooly. The phase of the amplifier shifts 

when the current in the unbalanced potentiometer circuit changes 
direction of flow. The response of the motor v ries directly as the 
cut of balance e.m.f.; this prevents overshooting. 

The sensitivity of the instrument depends upon the voltage 
output of the amplifier. The slide wire contact carries a recording 
P®n or printing carriage and is connected mechanically to the balancing 
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motor through a cable system The accuracy of this instrument 

;s ?-5*’ °f ful1 sf-le deflection. It is provided with contacts 
^^12 anc "*o elements may be recorded. In 

‘e printing multicircuit types, a balance must be established 
rr.fore the element will print. One contact is made per second, 

?ut the timo of response for the full scale 11 inch deflection 
is 4-jg seconds. 

E* Hie-^eneral Electric High Speed Photoelectric Recorder (7] 

The High Speed Photoelectric Recorder is suitable for 
wiredsonde or radiosonde recording. There are several models of 
the instrument which make it adaptable for many purposes. It is 

to aeleat a.wide ranSe of sensitivity and resoonse char- 
o^n' ^3t?;a3.by choofmg different basic elements. Sensitivities 
can be obtained as low as 1/10 microampere full-scale deflection. 

s^lT^^3 “ ^ aS fast aS 1/5 second * The instrument is 
^ l W??;ghlPg °nly 42 Pounds> ^d its dimensions are 
\xl3 x ^ * The c^t size is about 3 3/4". Four different 

ho^rtor?r?eTtS pr0V^de Chart Speeds ranginS from i inch oer hour to 72 inches per minute. 

The instrument uses an optical balancing system for its 

Sinv °P®^ation: inPut current from the meteorological meas- 
to th instTnent Reflects a very sensitive galvanometer. Connected 
Urh+'\armture of th<~ galvanometer is a mirror, which reflects a 
lght beam on to a spherical mirror surface. From the spherical 

mirror surface the beam is incident upon another mirror which is 

armatr9 °f a Very Sturdy recording meter (slave 
meter), and then is reflected to a light-dividing mirror. The divid 

ng mirror separates the beam equally on to the surfaces of two phot 
V e5 ^ c ceHs when the photoelectric-recording element circuit is 
. *? t^lunc®V the beam does not fall equally upon the surfaces of 
[?Q photoelectric cells an unbalance current flows from the 
p.-o oe.ectnc cell amplifier to the recording element controlled by 
^he slave meter. This rotates the slave meter mirror until the 

. *m is again equally divided on to the two photoelectric cells. 

ia attached to the recording element which traces 
‘ cverr®nt of the slave meter mirror on a moving sheet of paper, 

**continualiy balances the light beam which the input signal 

,?rr°rtar? educed to negligible amounts, because the 
thn 1. the optical-balancing system deoends upon division of 

”Uv An nnb^l n?V\PCn *•» absolute value of the light inten- 
cun.ut 2-1 118 “uses the onplifier unit to give full 
ing the fiml result! Charact®ristics car. change widely without affee 

rer.eral radioscSr^corti^10 Th^"5’ iS adap“?® thls “eter for 
’-ide and a "srvn-v" + The piper record is to be ten inches 

ne-forated onl£ ihen tte f°r.matking the paper. The paper is 
____ instrument is in balance. This instrument 

same 
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is usable for present radiosonde recording and for projected 
rapid sequence sondes. 

F. Esterline-Angus Recorder (72). 

All of the meters described above are designed for 
stationary operation and require an external supply of current. 
The Esteriine-angus Company makes a portable type of recorder 
which can be operated without a power supply. This meter is 
small, light and sturdy. It functions well out-of-doors in ex¬ 
tremes of weather. It is a recording milllam*ter which oper¬ 
ates on currents varying from 0-1 mi11tamper* to 0-500 milli- 
ampereSo There are several choices in the speed of the naper 
drive ranging from 3/4" per hour to 3" per second. This model 
has anvaccuracy of 1$ for full scale deflection (/>{") , with a 
response of 2 seconds for full scale deflection. The recorder 
operates best when making a continuous record of one element. 
Additional instruments can be added for the recording of more than 
one element. A special chronograph pen may be attached to the in¬ 
strument for indicating some other element which ray be a function 
of the quantities measured. For example, in a wireasonde flight 
this may be length of cable. 

G. Tagllabue Celeotray (f"•marly Fairchild (67) recorder em¬ 
ploys the conventional potentiometer circuit to measure tempera¬ 
ture by the e.m.f, of a thermocouple. The balancing slide wire 
contact of the potentiometer is carried on a recording pen carriage 
which is connected mechanically to a balancing two phase drive 
motor. Potentiometer unbalance is detected an; am iified by a com¬ 

bination of a mirror galvanometer, nhotoelectric cell an i anolifier 
tube. Two relays whose armatures are connected in series in the 
plate circuit of the amplifier tube reverse the phase of current 
- -ow through the motor windings and hence bring the potent!ometer 
to balance by moving the slide wire contact carriage to a new 
balance position. 

Denending upon the thermocouple measuring element em¬ 
ployed, a great choice of temperature ranges can be obtained. 

range from -50 to 100° F the tempera t\ire may be read to 
^•5° F. The chart on which temperatures are printed is 9^ inches 
wide. Chart speeds can be adjusted from 2 tc 12 inches Der minute 
In steps of 2 inches per minute. Some models of the Celectray 
recorder print readings every 7 or 8 seconds. The recording car¬ 
riage can traverse the chart in approximately 22 seconds and records 
approximately 4 seconds after the balance point is reached Vnchines 
using either colored dots or nuwbered dots nw record temperatures 
fro* lf 2, 3, 4, 6, 8 or 12 resorting stations. 
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H„ Record or Comos r 13on s . 

It should be nointed out that the present Friez re¬ 
order prints only at intervals and does not necessarily record 
he equil.ibri im position of the meter pointer. This makes it 
nsatisfactory for rapid sequence recording. The Speedomax 
ecorder depends upon a standard cell for voltage reference, 
nd cannot be used in an ambient temperature below 0° C or 
bove 40° C. Since it traces a continuous line and cannot reach 
quilibrium in less than a second it is not quite satisfactory 
or the recording of proposed rarid sequence radiosondes. However, 
t is well adapted to the oresent radiosonde technique. The ores- 
nt Electror.ik, Micromax and Gelectray recorders are perhaps best 
•dapted to fixed recording as may be used in tower installations. 
'he present General Electric recorder has too narrow a chart for 
ccurate scaling of meteorological data, but the larger "Strntcmet<=r" 
•ecorder under development annears to be satisfactory. At present 
-he Esterline-Angv.s recorder chart is very narrow for recording 
loundings, but it is a valuable Instrument for many kinds of ex- 
>erimental work. 

There are other electrical measuring instruments which 
be used for wiredsonde and radiosonde recording such as multi- 

?lement oscilloscopes, but it is believed that the meteorologist 
■an meet most of his recuirements with the instruments already 
mentioned c 
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X. Conclusion, 

With the more detailed studies of microwave radio pro¬ 
pagation , it is necessary that the best methods and instru¬ 
ments be used in determining the meteorological factors. 
The instruments described in the above survey are the best 
of those in use at present (March 1947). However, other de¬ 
velopments are in progress and will b9 included in future 
additions to this survey as they are announced. 

The question naturally arises as to which type of instru¬ 
ment is best. Since there are so many different needs it is 
evident that a different system may be suitable for each ap¬ 
plication. The relative availability of equipment is many 
times a deciding factor. 

While most recent low level sounding equipment has been 
developed as an aid to microwave propagation, it also has many 
uses in the field of weather forecasting. This equipment could 
well be employed in fruit districts for forecasting the mini¬ 
mum temperatures and temperature inversion heights used in de¬ 
termining the amount of fuel required to keep the orchard tem¬ 
peratures above freezing. Cities which are frequently bound 
with radiation fog could profitably use this equipment to fore¬ 
cast the beginning and duration of the fog. Furthermore, fire 
weather forecasting in forest areas could greatly be improved 
if equipment were available to make ”on the spot” soundings of 
the general atmospheric moisture structure to predict thunder¬ 
storms . 

/in interesting result of research in the field of ultra¬ 
sonics propagation have been the studies in micro-meteorology 
(62). Wicrometeorological instruments show that the turbulence 
near the ground, especially within 10 feet of sunlit ground sur¬ 
face, may produce fluctuations in air temperature of as much as 
10 C in the time interval of a second or two. The relationship 
of this phenomenon to the fluctuations in intensity of a micro- 
wave beam over a path near the ground has not been fully inves¬ 
tigated. 

The development and perfection of new systems and instru¬ 
ments for measuring water droplet sizes and water content of 
clouds is of increasing importance not only in microwave radio 
propagation, but also in meteorology, hydrology and aeronautics. 
The degree of aircraft icing is dependent upon the clcud water 
content and particle size. Fog dissipation 33’stems for airports 

vitally concerned with liquid water content of clouds. Rate 
and amount of "recipitation is a function of cloud water content 
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