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l National Bureau of Standards Mobile Low-level Sounding 
It System 

P. D. Lowell, W . Hakkarinen, and D. L. Randall 

The National Bureau of Standards Mobile Low-l evcl Sounding System is a combination 
of an improved wiredsonde and an Army SCM- IA mobile weather s tation. Its purpose is to 
measure temperature and moisture distributions and their associated gradients and h eights 
from n ear the ground up t o a maximum height of 2,000 feet over different types of terrain . 
The system has six distinguishing features: 1. Balloo n-I cvel heigh ts can bc determined at all 
times during a fl ight by data r ecord cd at thc ground level by an elcctric al timeter. 2. Humid
ity data recorded with this system, which is energized with 60-cycles-per-second alternating 
current, a re reliable for longer periods of time than those obtained by direct-curren t so unding 
systems. 3. The s.vstem can be opcrated from within t he hcated truck body and is suitable 
for use in d ense fog, at night , or during vcry cold wcather. 4. Thc air-bornc unit is of lightcr 
co nstr uctio n because switching and ventilating of the circuit measuring elcments are done b~r 
a gravity motor instcad of a battery-drivcn moLor. 5. The system providcs a condition of 
radio s il encc during operation . 6. The sys tem is dcsigncd to opcrate into rccordcrs rcq uirin g 
up to 500 microampcres of dircct current. Thc in Lcll igencc from the Hyst-cm can t hercfo ,'c be 
recorded directly on t hc cquipment in a standard radiosondc rcceptor installatio n. 

1. Definition and Purpose of Equipment 

The mobile low-level ounding system is a modi
fication of that originally designed by P . D . Lowell 
and W . Hakkarinen for Lh e Navy Department, Bu
reau of Ships, in combination with an ATmy SCM - ] A 
Mobile Meteorological Station [IV Its purpose is 
to measure temperature and moisture distributions 
and their associated gradients and heights from n car 
the ground up to 2,000 ft over different types of 
terrain. 
~ For tropospheric radio-wave propagation meas
urements, it is desirable to know the ver tical gradi
ents of temperature and humidity causing the 
curvature of transmitted radio energy. Booker [21 
has calculated refractive-index gradient in terms of 
temperature and moisture gradients for a well-mixed 
layer of air having, at its top , a temperature of 50° 
F, a specific humidity of 6.7 g/kg, and a pressure of 
1,015 mb. For this layer the critical values that 
would produce refraction equal to the curvature of 
the earth are (1) a specific humidi ty gradient of 0.5 
(g/kg) /100 ft, and (2) a temperature gradient of 
- 5.2° F /100 ft . 

harp atmospheric refractive-index changes are 
those tbat occur in a distance of the order of a wave
length. For radio communication using 100-Mc 
tran mission, this requires m easuring the gradients 
for layers as thin as 10 ft , as well as those for thicker 
layer. Table 1 provides a comparison of the salien t 
features of various meteorological sounding systems 
in exi tence prior to t he development of the NBS 
equipment. 

Low-level wiredsonde measuring system are an 
attempt to combine the mobility and height of the 
radiosonde measuring system with the fine-grained 
measurements possible in the tower ystem. },if ete
orological sensing elements are supported by a 
tethered kite, balloon, or kytoon, and the height of 

I Figures in brackets indicate the literatw-e references at the end of this paper. 
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the instrument is controlled by reeling the tethered 
cable in or out. Uncler calm conditions the balloon 
height can be regulated to stay at one particular level 
and the temperature and mo;s ture values of tbat 
level studied in detail . Th e time-lag difficulty of 
the sensing clements is no t so great a handicap in 
this system as in the radiosonde syst,em becau e the 
elements can remain at a given level until they arc 
in equilibrium with the environment. 

TABLE 1. CompaTison oj va" i olts meteorological sounding 
syste-m,s 

I Elements 
I 

Sensitiv ity to 
System feat ures of air F eatures of system 

I measured layer structure 

H a dio so nd e Pressure, tern- Coarse-gra ined Ceiling 12 to1 km, 
(Weather perature, hu- structure. rap id rate of aB' 
Bureau midit)' . cent, 50% record-
type) . ing of elements, 

time lags. 
T'owcr ________ Refractive in- Fine -g r a in e d Ceilin g 50 to 150 m, 

dex, a ltitude, structure. continuous rec-
temperature, ord, wide selec· 
humidity,and tion of measure-
wind . men ts, restricted 

loca tion. 
Wiredsonde __ Altitude, tcm- ~Vlcdium-grai n . Ceiling 100 to 150 

perature, hu- ed structure. 111 , equilibrium 
midity. of sensing ele· 

ments with en-

I 

"ironment, un-
certainty of 
heights. 

2 _ Components 

Low-level wiredsonde observations are made with 
equipment originally designed by P . D . Lowell and 
W . Hakkarinen. This system consists of an air
borne unit, a three-cond{ictor cable, a cable-length 
controlling reel, an electronic panel, and a recorder . 
The air-borne unit , which measures pressure , tem
perature, and humidity, is connected by the three
conductor cable, through a slip-ring contacts on 
the cable reel to the electronic panel and recorder. 
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FI GU RE 1. JJow-!evp! sOllnd ing tTlick. 

RATIO OF BLOWE R TO 
REEL IS 750 TO I 

S.ctlon A-A / B - B 

Figure 1 shows a mobile adaptation of the 
described herem. 

.-I 
I 

syst,em 
I 

A ir-borne-unit support. The air-borne unit is sup- I 
por ted by a pair of kytoons or a combination of 
several N- 4 b alloons in combination with a 7-ft ~ 
kite. With the latter combination , it is possible to 
secure any desired h eight by adding more balloons, ) 
but th e combination is no t so stable as th e arrange
m en t of two kytoons tied sid e by side in a horizontal 
plane. The kytoon combination has a free lift of 4 
lb in dead calm. 

Air-borne unit. The air-borne unit (figs. 2, 3, 4) , 
consists of a gravity motor , an aluminum tube that I 
houses the regular radiosonde temperature and ( 
humidity elements, and th e pressure-element con
tainer clamped to the side of the aluminum tub e. I 

At the upper end of th e tube, a blower driven by th e 
gravity motor draws air through th e tube and expels 
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FJ GU RE 3. Air-borne equipment. 

it through n. vent in the side of the blower llO·J.sing. 
The gravity motor also switches the pressure, 
Lemperature, humidity, and external reference cle
ments into the ground measuring circuit. This 
motor is driven by the weight of the tethering line 
and the air-borne instruments suspended from the 
supporting balloon . A 40-It length of n:don cord 
i wound around the drum of the graviLy motor and 
a t tn.ched to the balloon . The governor on lhe 
moLor is set so that a tens ion of 4 Ib in Lhe nylon 
cord drives the blower aL about 1,000 rpm and 
changes the contacts on Lite commu tator s .vitch 
approximately ever:\" 7 sec. The governor is effec
tive in ma~~ing the blower speed vary directly as the 
squar e root of the tension in the cord . A possible 
applien.tion of this relationship is to ma!,;:e gross 
measurements of the wind speed at the balloon level 
with respect to the ground. In aetun.l Hight tesls. 
i t requires n.bout 35 min for the 40-ft length of corel 
1.0 become unwound. 

The pressure clement consis ts of a heryllium
copper pressure capsule m.ountecl on a rigid cast
aluminum rectangular frame. The pressure capsule 
is fastened to the botLominside center of the frame 
b:I' a SCWN connecLion HI.ade through its base. A 
:.\1u-metal bar is centered Lhrough it fac e and solder
ed to the stem. of the pressure capsule. This bar 
completes a ma~nctiC' ci rcuit in a U-sh apecl \lru-me tal 
co re, the fiux of which is controlled by a coil of about 
9,850 turns of N"o. 40 copper wire . . The U-shaped 
portion of the magnetic circuit is mounted OIl. a 
cluralumin support and is spring-hinged to the cas t
n.luminum f1' a1]1.e neal' the coil. The air-gap distance 
bet'Neen the Mu-metal bn.r and the U-shaped magnet 
is adjusted by V.vo controls - a coarse-threaded 
maehine screN and a finely threaded shaft . These 
adjustment screNS exert pressure against the top 
and extrem.e end of the duralumin core support 
opposi te the spring hinge. A thumb wheel on the 
cnd of the fine-adjustment shaft is used to make the 
fi.nal settings of the gil' gap between the Mu-metal 
plate h eld b>- the pressure-capsul e stem and the 
U-shaped eore. This thumb wheel is t Ul'Jlerl against 
a tight friction bearing for close setting. These t"wo 
adjustment controls arc operated from the top of 
th e aluminum cas ting. The aluminum casting fits 
snugly in t,he pressure-element housing, which is 
suspended during flight so as to minimize the effects 
of centrifugal force on the pressure capsule and the 
Mu-metal plate as the instruments swing about on 
th e line. 

The slightest expan.sion of the pressure capsule 
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FIGUR E 4. TViring diagram of Air-borne equipment. 

with increasing altitude changes the reluctance 
through Lh e above-desc ribcd high-permeabilit~r mag
netic circui t by increasing the ai l' gap over par t of the 
ci rcui t path. M agne tic flux throu gh the high
p rn1eablii ty core and lhe va riahle ai r gap is induced 
b~- Lhe fibove-menLioned eoi l of wire, which is 
energized by 60-c/s al ternaling curren t. Thus, the 
press ure cell , through the variable ail' gap in Lhe 
magneLi c circuit, conLrols titc number of lines of 
magnetic intensity pass ing thro ugh th core of Lh l' 
coil and h nce the inductive impedanc of the coil 
as fi function of pressur . 

T emperature element. The temperaLure clemen t 
consis ls of t wo radiosonde -t:q)C th ermistors COIl

nected in parallel. These th ermistors require 4.4 
sec to indicate 63 perc nt of a sudden temperature 
cilangc at a v en tilaLion spced of 800 ft /min . The 
lengLh of one of thes rod t h. l'mistors is abo ut 1.5 in., 
a11d iLs cliam t r is 0.052 in . These Lhermistors are 
mount d on a rec tangular Bakeli te frame that slide 
through the open end of all. aluminum supporting 
Lube. Tll e opposite end of this t ube is fitt d wiLh 
an alumin um cap that hold s the t ube rigidly in th e 
larg l' 2}H l .-di ameter al uminum t ube of the air
borne unit. Ventilati 19 hoI s arc provided ill the 
cap and in the end of the internal tube ncar the cap 
support. The connecting 1 ads from the frame 
that supports the thermistors and humidi ty s trip 
in the intel'Jlal tube arc brought out of the ventilating 
hole in the cap to a plug rec p tacle in the top of the 
pressure-capsule container. 

H umidity element [4]. The humidity clement is 
the radiosonde strip hygrometer. This element eon
sists of two spaced conductors supported along the 
edges of a thin, narrow piece of nonhygroscopic 
dielectric material. The strip and conductors are 
covered wi th a film of polyvinyl alcohol containing 
lithium chloride. 

Three-conductor cable. The three-conductor cable 
that connects the air-born e unit to the reel, the 
electronic panel, and to the record er is made of 
No. 30 aluminum wire . wrapped around a central 
nylon strength member . The cable is enclosed in a 
waterproof Ilylon cover and has a resistance of 1 
megohm/1,000 ft betweeD conductors and a resi.st-



ance of 30 ohms/ l,OOO ft along the conductors. The 
weight of the cable is 2 Ib/ l,OOO it and its tensile 
strength is 100 lb . 

Ground pulley. An omni-directional pulley is 
provided to allow the cable to rise from the ground 
in any direction (sec fig. 5). This pul'ley is n ecessary 
to protect t he tethering cable ann is usually placed 
about 100 f t from the truck in a space free from 
ground obstructions. 

Cable-length control. The length of the three
conductor cable is regulated by a mo tor-driven reel. 

lip-ring contacts on the axle of the reel connect the 
air-borne instruments electrically to the electronic 
panel. A reversible variable-speed transmission 
drives the reel shaft through a 30-to-l worm gear 
and allows the reel speed to be controlled to a maxi
mum of 60 rpm in either direction. This arrange
ment eliminates any sudden jerks on the cable, pro
vided tha t only the transmission is used to star t, 
stop, and reverse the direction of the reel. An auto
matic-spacing mechanism (levd winder ) distribu tes 
the cable in even layers. 

Electronic panel. The eleetro:1ie panel (fig. 6) 
contains (\,n electron-tubr circui t tha t expresses the 
impedances of pressure , temperature, humidity, and 
reference elements in terms of direct-cLlrt'ent values. 
Th e sensing clemen ts are switched into one arm of a 
vol tage-diviner network in the grid circui t of a 
68J7 tube in a manner so as to preven t the grid 
curren t from passing through the sensing clements. 
The transfo rmer windings for the plate and grid 
vol tages to the 68J7 tube are connrcted to make 
these supply voltages 180 degrees out of phase with 
each other. Thus, wi th the minimum value of 
impedance to be measured in the sensing circuit, the 
bias on the grid is essentially at cut-off for the low 
plate and screen voltages employed. The entire 
panel is supplied from a weU-regulated source of 
60-c/s power. 

FoUl' p1'ecision resistor units, two of 1,500 ohms 
each and two of 3,000 ohms each (R6, R 7, R 8, and R8A), 

FIGURE 5. Balloon tethering plllley. 
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connected in "erles can be inserted in the circuit by i' 
82 and '35 for calibrating the plate ClU'l'en t meter de
flections_ The recol'del' -divislOn deflections are 90 .0, , 
68.0, 45.0, and 6.2, respectively, on a 100-unit full
lange chart. These values are obtained by adjusting 
R 3, R12 , and R2. R2 is set to the middle of its 
range for these calibratlOn-cLlrrent values. R 3 is a ~ 
voltage divid er for selecting the desired grid poten
tial and is adjusted in conjun ction wi th R12 (voltage ; 
dividCl for the screen potentiaJ ) so that tubes having I 
a fa.irly large variation in transconductance can be 
used to p~o:ride th e ~a~ib1'ation -cLllTent va!ues. Thus 1 
the Cll'CUlt IS no t cl'ltlCal as to the selection of tube~ 
01' to the normaJ aging effects of them . H aving set , 
R3 and R1 2 to get the desired readings, it is generally 
only necessary to slightly adjust R2 to set the re- , 
corder pen on the reference readings. W'ith 2,000 ft 
of the three-conductor cable, or the circuit compen
sated for this length of cable, the extel'l1al reference I 

in the ail' borne unit is 79.0 on the recorder scale. 
The rec tified pln.te CLllTent indicated on the re

corder is determinecl by bo th the ampli tude of the ' 
grid-cathode voltage and the phase relationship of l 

that vol tage with l espect to the instantaneous plate 
and screen grid voltages . For this r eason, the circuit 
can meaSlU'e high resistances in the sensing positions 
at the end of 2,000 ft of cable, although it appears 
that tbc shunt capacitative r eactance of the cable, 
approximately 35,000 ohms, would limit the maxi
mum measurabl e resistancE'. 
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The shun t resis tor in parallel with the en ing ele
I menta are used to limit the measured r rsistance 

between 1,500 and 10,000 ohms. This is necessary 
in order to get sufficient sensitivity in measuring 

f high humidities, which cause the humidity element 
to have a resistance of about 1,800 ohms. 

The third wire of thc cable is grounded to prevent 
s tatic charges due to the earth 's potential gradient or 
charged air currents from causing disturbing fluctua
tions in the measurements. It also serves, in con 
.i unction with its static-discharge poill t , a a means 
to keep cloud-induced chmges in Lhe cabJe from 
building up to lightning -discharge proportions. 

The microammeter and the recorder, connec ted to 
Jl and J2, respectivelY, arc protected against exces · 
sive current by a fast-acting, overload relay circuit . 
The relay in the plate circuit of the 6S1(7 tube places 
a direc t short across Jl and J 2 and also operates an 
overload indicator ligh t wh en the plate CUlTent of 
th e 6SJ7 tu be becom es excessive. The grill biD,s of 

I the relay contI-ol tube is determined by t he pI ate 
CLlrJ'en t of the 6SJ7 flO\\':i ng t hrough resis tors RI 5 and 
H16 . The "creen grid volt9ge on the rel ay control 
tube is set by an n,djustmcnt of R14 so that the relay 
doses when more than 700 fJ.a flow through Jl an d J2 . 

Three calibrations arc req uired for operation of the 
panel with the equipment : the firs t determines the 
t ube sensitivity , the second locates the reference 
points for a full 2,000-f t length of cable inserted be-

I tween conn ectors 1 and 5, and the third is performed 
to obtain these referen ce poin ts in case of cable 
brea kage. 

1. Tub e-8ensitivity cali bration. Swi tches S3A and 
S3B alC set in the interna.l circuit, or up, position. 
Switch S2 is closed , placing 02, whi ch simulates the 
capacity of th e cable, in the circui t. The recorder
defl ec tion reference positions 90.0, 68.0, 45 .0, and 6.2 

, arc obtained when R 6, R 7, R , and R8A are in the 
circuit. These recorder-deflection \ralues should be 
repeatable when a constant 11 5-v curren t is used to 
oprrate the panel. In the case 6SJ7 tube is changed 
01' b ecomes aged, R2 and R1 2 are jointly adjusted 
until the above reference positions are obtained. 

2. Full-length-cable calibration. Insert the 2,000-
ft length of cable for which the panel is designed 
between connectors 1 and 5. Put S3A and S3B in 
the external, or do'wn, position and open S2. Set 
R9 and S4 and S7 in th e minimum position. Inser t 
R6, R7 , R8, R 8A, and conductor 1 by means of 
switch S5 between C1 and R5. Wi thout changing 
R2 or R12 the recorder-reference positions should 
be approximately the same as those found for the 
tube-sensitivity calibration. These values should 
bi' r ecorded and referred to for future calibration. 

3. S hortened length oj cable calibration. M easure 
I he r esis tance of one conductor of the rej ected 
broken piece of cable, and with an ohmmeter, adjust 
R9 to a position of twice this valu e. Insert the 
shortened length of cable between connectors 1 and 5. 
Put S3A and S3B in the external or down position 
with S2 open. Insert R6 , R7 , R8 , R8A, R9 , and 
conductor 1 into the ciTcuit between 01 and R5 by 
the swi tch S5. 'ii'iTithout changing R2 or R12, 

II 

adjust S4 and S7 to reproduce the recorded calibra
tion positions obtained in step 2. 

Ventilation in the chamber is provided under alJ 
conditions of pressure by a set of 7-in. fan blade 
tha t are driven through a mercury-seal, pressure
tight bearing at the bo ttom of chamber. The bear
ing shaft is coupled through a flexible rubber hose 
to a 600-rpm mo tOl". The construction of the 
mercury-seal bearing is shown in figure 7. 

The humidity box (fig. 8) fits inside the presslIre 
calibration chamber . The mounting frame for the 
temperature and humidity elements is enclosed in 
this box. A ring, th e same size as the tube on which 
this frame fits in the airborne unit, holds the tem
perature and humidity clements about an inch over 
a tray containing a saturated salt solution (see table 
2). A small , mo tor-driven, centrifugal blower draws 
air from over the sal t solution and blows it onto Lhe 
bulbs of clry- and wet-bulb tbermomcL0rs, and 
thence into the thermistor humidi ty-strip support. 
The walls and bo tto m of the cali bra Lion box are 
made of aluminum, but the top is made of Lucite. 
The mo tor is mounted on the outside of the box and 
is magnetically co upl ed to drive the ventilat ing fan . 
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TABJ,E 2. Standal'd humidity salt brines 

Chemical 

Pota3sium ni trate, (KN O,) .. ............... . 
Sodium chloride, (Na C!) ................... .. 
M agnesium ni trate, (Mg(NO,)·6H ,O) ...... . 
M agnesium chlorid e, (M gC],·6FhO ....... . 
L ithium chloride, (LiCl) ................... .. 

Relative 
humidity 
a t 20° C. 

Percent 
95 
75 
53 
32 
12 

The dry- and wet-bulb thermometers are suppor ted 
through a rubber stopper that plugs into this top. 
These thermometers are used as a standard measure
men t of temperature and humidity for the atmos
phere of the humidity box. 

3 . Calibration Procedures 

3.1. Pressure 

The altimeter element registers the absolute pres
sure at the level of the air-borne equipment and is 
used to measure the difference in pressure beL-ween 
that level and the ground. A calibra tion curve for 
mea uring these differ ences is constructed from data 
obtained by calibrating the altimeter in the sealed 
mUltipurpose calibra tion chamber against a precision 
aneroid barometer. 

The air-borne unit is installed in the multipurpose 
calibra tion chamber and electrically connected to the 
three-conductor cable that leads to the r eel, electronic 
panel, and recorder. The altimeter is then adjusted 
until the recorder reads 70, corresponding to the 
ambient or station pressure. Simultaneous readings 
are then taken of recorder deHection and aneroicl
barometer pressures for 3 cycles over the range of 
1.010 to 950 mb at 5-mb intervals. 

The calibrations were made so that the difference in 
the recorder deHections between consecutive 5-mb 
in tervals in the same cycle were obtained over three 
pressure levels. These sets of recorder-division dif
fer'ences were averaged and used with the corre
sponding pressure differences. The data given in 
table 3 were used to construct a calibration 'curve of 
pressure differences versus recorder-defl ection dif
ference (fig. 9). 

T ABLE 3. Depw·tures f rom the m ean of the individual recorder
di vision difference f or the indicated pressure levels, as shown 
by the calibration C1lrve 

mb . 1, 005 1, 000 995 990 985 980 975 970 965 900 

m b . 0. 1 0. 1 0.1 0.2 0. 1 0. 1 0.2 0. 2 0. 2 0.2 

This curve was considered to hold for all 50-mb 
intervals from the station pressure (say from 1,020 
t o 970 or from 1,010 to 960) because (1 ) the altimeter 
when at the surface was always set to give a recorder 
deflection of 70 , regardless of the station pressure; 
(2) these beryllium-copper capsule had linear pres
sure-expansion curves vith a premissible 1-mb devi
ation, as specified by the manufacturer; and (3) the ' 
pressure, r ecorder-division calibration curve was not 
effected by temperature changes, as determined by 
test. 
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FIG URE 9. P ressure calibration of the recorder. 

As a check on this linearity, a beryllium-copper 
capsule similar to that used in the altimeter was 
mounted in a bell jar so tha t it expanded against tIl(' 
level arm of a dial gage, which was calibrated to read 
ten-thousandths of an inch and from which it was 
possible to estimate values of half a t en-thousandth 
of an inch . A sensitive aneroid barometer, calibrated 
to Jf-mb intervals, was used to measure the pressure 
inside the evacuated bell jar. Simultaneous readings 
of the barometer deflection and the capsule expansion 
were thcn made every 5 mb over the pressure range 
995 to 940 mb . A straight line, fitted to the 10 
readings thus obtained, showed that the expansion 
of the capsule was linear insofar as it was possible to r 

measure it. 

3.2. Temperature 

The temperature elemen t is a rod thermistor of ' 
the type used in the radiosonde. A convenient way 
to calibrate this t hermistor is to use a vVheatstone 
bridge, a temperature-con trolled oil bath, and an 
accurate mercurial thermometer. Because the change 
in temperature of the oil bath takes place very slowly, 
the 'Wheatstone bridge can be set for balance at a 
given resistance position and the temperature read 
on the thermometer exactly at the time the bridge 
comes to balance. 

Sixty-eight evenly spaced readings were made in 
this fashion for two complete cycles over the range 
from 0° to 40° C. The temperatme values were 
plotted to hundredths and the resistance values to 
the nearest ohm, and a smooth curve drawn to fit 
the greatest number of points. The departures 
from the curve in degrees centigrade ,rere tabulated 
from the 68 points, and the average was fonnd to 
be 0.07 deg C. 

The temperature - versus - resistance calibration 
curve holds throughout the life of a particular 
thermistor. It is n ecessary to calibrate each thermis- I 

tor used in the air-borne unit in this fashion (fig. 10). 
To calibrate the recorder, a decade r esistance box 

was connected in place of the rod thermistor in the 
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air-borne circuit, and a CUl've of resistance-vel'sus
recorder division was constructed. The temperature 
versus-resistance calibration CUl've is used with h 

resis tance-versus-recorder-division curve to cons true t 
a direct-reading temperature-versus-recorder-division 
curve (fig. 11). 

3.3. Humidity 
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60 

The humidity element is the standard strip 
hygrometer used in the radiosonde. The resistance 
of this elem.ent is both a function of temperature and 
of humidity. The hygrometer is placed in the pre
viously described calibration compartment. The 
m etal walls of the box are coated with a thin oil 
:film so that condensation ,vill be retarded on these 
surfaces. The box is cooled to the lowest tempera
ture at which observations are to be taken, and a vVheatstone bridge, and the humidity percentages 
tray containing a saturated salt solution is inserted. arc computed from the dry- and wet-bulb tempera
After humidity equilibrium has been reached, tures. This procedure is followed for humidIty 
simultaneous readings are taken of the resistance atmospheres of 12, 32, 53, 75, and 95 percent. 
of the hygrometer strip and of the wet- and dry- Forty-six points were thus plotted. These values 
bulb therm.ometers. The 60-eycle a-e resistance were compared with another, much more extensive, 
values of the strip arc read from the dials of the 60-eycle a-c calibration of the strip hygrometer 
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made by another laboratory. These data cover ed 
a range from - 10 0 to + 40 0 C. for humidi ties from 
5 to 95 percent. The logarithims of the r esistances 
were plotted against the temperatures. Curved 
diagonal lines wer e dra'wn across the chart for 
every five relative-humidity uni ts (fig . 12). Figure 13 
is a calibration chart showing relative-humidity
versus-recorder divisions. 

4. Flight Computations 

Two types of computa tions, heigh t and refractiv
ity, are made from the data recorded during a low
level sounding fligh t. Each revolution of the balloon
borne gravity-motor commutator gives an indica tion 
of a value of pressure, temperature, and humidity on 
the recorder trace in the truck for a particular point 
in space. The r evolu tions of the commutator are 
number ed on the recorder chart , and these numbers 
are used Lo identify the point data taken during a 
sounding. In an ordinary 40-min flight there are 
abou t 320 such points. The r efractivi ty and h eight 
are worked out and tabulated for each of these 
positions. These points are then plotted on a 
graph with r efractivi t), values as abscissas and 
height as ordinates. The work involved in the 
construction of this graph is simplified by the use 
of altitude charts. The formulas for these charts 
follow. 

A ltitude-computation charts formula. Three alti
tude-computation charts were prepared to cover the 
range from 928 to 1,050 mb. One of these charts is 
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shown in figure 14. The charts a re based on t h e 
formula [6 , 7]. 

H = 67.403 T~1 (log 1,050- log P ). 

I-I is the altitude, in meters, above tbe 1.050-mb 
surface; T'u is the mean virtual temperature of the 
layer whose height is measured and is eq ual to 
TM[l + 0.376 (e /p )M], in which (e/p )M is the mean value 
of the ratio of the water-vapor pressure to the actual 
pressure throughout the layer, TJIl is the actual mean 
temperature of the layer whose height is measul'ed , 
and P is the pressure at the level of the surface whose 
height is mea. sured above the 1,050-mb surface. A 
table of logari thms to the base lOis used for su b
stituting these pressure values in the formula . 

In practice, over the short height intervals (less 
than 650 m) for which these charts are designed , it i 
s uffi cien t to use the mean of the balloon-level and 
surface-level temperature for T~. . 

R efractive-index computation j"o1'mula. Th e refrac
tivity of the air, N, is computed from the tempera
ture, pressure, and humidity measurements by use 
of the following formula [10] 

N = (n - 1)106= 7~6 (P + 4810 ~)= 
77 .6p+3. 73 X 103es (RII) 
----r T 2 ' 

where p is the total pressure in millibars, T is the 
absolute temperature in degrees Kelvin, e is th e 
par tial pressure of water vapor in millibars, es is the 
saturation vapor pressure in millibars, n is the refrac
tive index of the air, and (RH) is the relative himicli ty 
in per cent. A special slide rule for this computa t.ion 
has been developed by W'eintraub [ll] . 

Illustrative examples of flight computations. Figure 
15 is a reproduction of a portion of a low-l evel sound
ing fligh t started at 1l :50 a. m . on August 31, 1950. 
As explained previously, the sequences of pressure, 
relative humidity, and temperature measuremen ts 
are numbered and tabulated corresponding to the 
revolutions of the balloon-borne gravity motor 
(table 4) . No corrections are applied to the clefiec-
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FIGURE 15. Flight-record sample. 



T .\BLE 4. Low-level sounding Teem·del· data fa t the beginnin g of 
a flig ht staT ted at 11 :50 a. m. 

Tempera ture 
I 

llum!dHy Pressure 
I 

Com - Height R ef,·ac· I mu tator Delta P above tivity, 
rc\'o!u- R e- D egrees R e- Pe r- He- above surface N tion corder centi- corder cent corder 1006.8 di vision grade division division I mb 
------------------------

1. ___ .. 7. 5 77 70. 0 0 0 
2_. __ .. 13. 8 28. 6 6.3 77 69.8 . 1 .8 387 
3 .. __ .. 13.8 28. 6 7. 0 78 69. 6 . 2 1.6 388 
4. _._ .. 13. 9 28. 5 7. 5 77 68.8 . 6 5.3 386 
5 __ ____ 7.3 78 

6._ ._ .. 14. 0 28. 4 7. 6 77 66. 5 1.8 15.6 386 
7._._ .. 14. 0 28.4 8. 7 75 65. 2 2. 4 20. 9 384 
8._._ .. 14. 1 28.2 8.5 76 64. 3 2. 9 25. 4 383 
9._ ._ .. 14. 2 28. 1 8. G 76 63. 4 3. 4 29.8 381 
10_ ._ .. 14. 2 28. 1 8. 5 76 62.5 3.8 33. 3 382 

11. .... 14. 3 27. 8 8. 2 77 61. 5 4. 4 38. 6 381 
12 .. _._ 14.6 27. 6 8.2 77 61. 5 4. 4 38. 6 381 
13 ..... 14. 6 27. 6 8. 1 77 60. 0 5. 2 45. 0 381 
14 .• _ .• 14. 7 27. 6 8. 2 77 58. 8 5. 8 50. 0 381 

Lions because th e externall'cference position remains 
fixeel. 

The calibra tion CUl"ve (fig. 9, 11, 13) are used to 
obtain the tem peraLure, humidi ty, and pre sure 
values, r espectively. The h eigh t of th e balloon 
leyel above th e surface is round by using the altitude
computation chart (fi g. 14), and th e corresponding 
refractivity value, N , i d etermined b y use of the 
refractivi ty formula given above. 

Sample balloon-height computation Jor balloon flight 
contact No. 14. Given: balloon-level preSSlll'e of 
) ,001.0 mb, surface-level press ure of 1,006.8 mb, 
and mean tempera ture, (28 .6 + 27.6) /2, or 28.1 ° C . 

Figure 14 gives the height of the balloon above t he 
1,050-mb surface for a m ean temperature of 28.1 ° C 
a 421 m and the h eigh t of the gro und above th e 
1,050-mb surface for th e same mean temperature a 
:371 m. The h eigh t of Lh e balloon a bo ve the ground 
is 421 - 371 = 50 m. 

Sample refractivity computation Jor balloon-flight 
contact No. 14. Given: Pressure at balloon level is 
1,001.0 mb, temperature at b alloon level i 27.5° C = 
27.5 + 273 = 300.5 ° K , relative humidi ty at balloon 
level is 77 percent, the saturation vapor pressure is 
36.71 mb [12] . 

77 .6 X IOOl.O + 3.73 X 103 X 36.71 X 77 
300 .5 300.52 

375 .3. 

5. Results of Checks and Flight Tests 

The humidity and pressure (al ti tude) calibrations 
of th e system were ch eck ed under field- test or cali
bration-chamber conditions. It was no t believed 
necessary to perform a calibration-chamber ch eck 
on the temperature calibration of th e system because 
comparisons between the mercurial the rmometer 
and air-borne unit in a well-ventilated instnunent 
sh elter showed little difference between t wo l'eadings, 
tha t is, the values check ed within ±}f deg C. The 
variation in temperatures r ead from two mercurial 
thermometers suspended und er sirnilar conditions in 
the sh elter was also of this order of magni t ud e. 
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IIumidity. TIl e humidiLy ch eck co nsisLed of ] 01 
comparisons of strip-hygromeLer and clry- ancl wet
bulb humidi ty valu es in th e humidi t.v co mparLm ent 
of the multipurpose calibration chamber. F ive 
se parate hygrometer strips were used in making 
these comparisons; th e hygrometer sLrips were Laken 
from a production lot that m et a manufacturing 
tolerance of ± 5-percent relative humidiLy when 
used in a radiosonde. No attempt was mad e to cstab
ish a lock-in or check point for any strip in order to get 
the greatest accuraey from it. The g reates t deviat ion 
between the observed values was 5 percen t. The ex
posure life of the first strip was 26 hI' ; the second, 72 hr ; 
the third, 20 hI' ; the fourth, 4 hI' ; and the fifth strip wa 
still good after 3 hI'. The first three strips were used 
for measurements about 6 hI' at the beginning of the 
test and then for abou t 1 hI' at the end. The four th 
and fifth strips were used con tinuously. It is gener
ally beli eved that the life of a humidity strip is 
abou t 1 hI', bu t wi Lh thc use of 60-c/s curren t in the 
m easuring circui t, the life was extencl ed considerably. 

The st'rip h.vgrometerwas placed in an air t igh t 
compalt ment that provid ed an a pproxima tely con
stan t humidiL.v aLmo phere. The temperature of 
this compartment was varied b.v applying heaL or 
cold to the multipurpose chamber. and the humidi ty 
varied b~r changing Lhe saIL solu Lions in th e com
partmen t . The range of humidi ty covered was from 
20 .Lo 94 percent aL controlled temperatures of from 
_ 5° to + 45° C. The stand a rd devia t ion of the 
humidities indi cated b.\T Lbe calibrat ion system a 
compared to the cI r,\'- a nd wet-bulb humidi t.v \\' as 

2.2 percent . 
Altitude. An extensive test consisting of 40 

observations comparing h eights m easured by the 
balloon-borne al timeter of th e low-level sounding 
system and those found by double theodolite tri
angulation was made. F or these result, over th e 
r ange from 0 to 137 m , th e combined standard devi
ations of th e two s:vsLems was 3.5 pel'cent.2 This 
value was obtained by taking th e s tandard devia
tion of all 40 of th e individual r atios form ed by cor
responding pairs of h eight values about unity. 

The h eights used for ch eckmg the altimeter values 
were m easured by two th eodolite sLationed at the 
ends of a level 100-m base line. . The teth ermg pul
ley of the balloon cable was placed 50 m tv the 
leeward side of the midpoin t of th e base line. Bal
loon h eights wer e computed from the altimeter data 
and by each of the theodolites. The luean of the 
th eodolite h eights for each point was compared with 
th e corresponding al timeter value by forming the 
ratio of al timeter height to mean theodolite h eigh t . 
The standard deviation of these ratio values from 
uni ty was computed (table 5) . 

The ch eck of the altimeter by the double-th eodo
lite m ethod also afforded an opportunity to compare 
balloon h eights determined by the length-of-cable 
elevation-angle (he), and the double-th eodoli te-tri
angulation (hT) m ethods . For this test th e tethering 

, 'l' be error of measurement appeared to be pro portional to height, so tha t 
a t 100 m the error of tbe combined system is ± 3.5 m . T he er ror for eit her sys· 
tem would be, of course, less thaLl this. The separation of the errors d ue to each 
of the methods was tried , but the resul ts were not sat isfactory. 



pulley to the balloon was located at one of the theod
olite stations. Table 6 shows the rmmlt.s of such a 
comp3.riRon. 

Although these data are not extensive enough for 
reliable statistical analysis, the following conclusions 

TABLE 5. Comparison of balloon heights measured by the 
theodolites and the altimeter 

N umber of ob· h by tbe· h by the· ha+hp h by al· 
servation odolite a odolite fJ - 2 - t imeter 

- ------ --

'" '" '" m 
L . . ........ . . 58.8 59.6 59 58 
2 ....•........ 59.0 54.9 57 55 
3 ....•.....• c. 53.9 57.4 56 53 
4 ............. 50. 8 50. G 51 52 
5 ........•.•.• 50.5 48.4 49 54 

6 ........•..•. 52. 1 52.7 52 53 
7 _____________ 53. 6 53.4 54 55 
8 .....•••••••• 58. 8 57. 8 58 60 
9 •....••••.•.• 55.5 56.4 56 54 

10 ....••.•••.•. 56.9 57.6 57 57 

11 .••.......... 78.3 7i.3 78 75 
12 .....•.••.•.. 79.2 79.2 79 77 
13 _ •..•.•••..•. 81.1 81.0 81 77 
14 .•.•• _ •.••••• 82.5 82.0 82 79 
15 ....•.••••.•. 79.3 78.8 79 78 

16 ..•.......•.. 80.1 7i.6 79 78 
17_ ............ 87. 9 87.4 88 87 
18 ... ._------- 81. 2 81.4 81 82 
19._ .. -------- 76.2 78.2 77 79 
20 •. ---------- 83.5 83. 1 83 80 

21.. _ .......... 113.6 113.2 113 110 
22 .•.........•. 107. 9 HO.6 109 112 
23 ..... _ ..•••.. 108.0 108. 7 108 108 
24 ..... _ •• ••••• 105. 6 102.8 104 104 
25_· ---------- 106.3 105.5 106 104 

26 .. _ .......... 103.9 103. 8 104 104 
27. ----------- 109.1 llO.2 110 110 
28 ......... _ .•.. 111.2 109.8 110 108 
29 .•. 120.9 113.4 117 llO 
30._ .... ____ ••. 114.2 114.0 114 110 

31.. ......•.... 131.0 129.3 130 125 
32._ .. _ •.. 131. 5 133. 9 133 128 
33 .. _ ..... _ .... 125. 2 127.0 126 130 
34 ...... __ . _ •• _ 131. 4 131. 1 131 134 
35 _____________ 130. 2 133.6 132 134 

3fL ___________ 134.5 134.6 135 133 
37 _____________ 132.5 129.9 131 131 
38 __________ ••. 127.8 130.5 129 133 
39. _______ • _ •• _ 137. 1 136. 4 137 131 
40. ___ ._._ ••••• 135.7 135.4 136 132 

TABLE 6. Comparison of balloon heights 

Soundin gs taken at Sterling, Va. 

June 9,1950,1:30 to 2:30 p. m. Average Jun c 15, 1950, 12:30 to 2:30 p. m . 
A verage wind speed (surface), surface wind speed, 9 mph 15mph 

hT I he I Delta h I Delta ,. a hr I he I Delta h 

Cable lengtb 91 m Cable lengtb 152 m 

77 84 7 11 115 ll9 4 
83 89 6 10 128 132 4 
76 78 2 3 129 138 9 
67 70 3 5 118 122 4 
78 79 1 2 139 142 3 

116 120 4 
ll7 120 3 

Cablc length 152m 127 130 3 
123 128 5 
123 128 5 

51 81 30 --------.-
109 116 6 ----------
126 126 0 ----------

73 83 10 ----------
87 100 13 --------_. 

• Weigbtcd by the ratio 152/91 for compa rison with 152-m cable length. 

seem obvious: (1) The height by length-of-cable 
method is always the same or greater than that by 
the double-theodolite method. (2) The variation 
in height determinations between the two systems 
is greater at low than at high average surface-wind 
speeds. This is important to remember because 
sharp temperature and moisture stratification occurs 
at low wind speeds. 
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6. Status and Future Improvements 

The National Bureau of Standards low-level 
sounding system. in its present state of development 
is a usable system. The altimeter is designed to be 
accurate within ± 50 ft, or less, up to heights of 
2,000 ft. This accuracy can be easily met, and, 
up to heights of 600 ft, double this accuracy can be 
obtained. The double-theodolite altimeter tests 
show that at a height of 328 ft the combined error 
of both systems is ± 11 ft and that this error is 
proportional to the height. This means that the 
error of the altimeter itself is less than ± 11 ft. 
With care and critical adjustment, the altimeter 
can be initially set to record surface pressure within 
± 1/10 mb. Within the first 200 ft above the ground, 
elevation changes of 6 ft are readily detectable. 

The possibilities of future improvement of this 
system are numerous. It appears that the sensitivity 
of the system can be further increased by amplifying 
the grid-circuit signal. This will permit decreasing 
the current flowing through the sensing elem.ents 
and make it possible to use quicker responding 
temperature clements, such as a bead thermistor, 
which has a I-sec time lag in zero ventilation. 
The life of the strip hygrometer for high humidity 
values should also be further increased by using 
this decreased current. 

The following are some of the other possible 
applications of this system: (1) To detect the density 
of fog or smoke by photometric means. A photronic
type photocell can be used as a sensing element so 
that illumination values from total darkness to 
bright sunlight can be measured over the full range 
of the recorder scale. (2) To measure wind speed 
relative to the ground. The switching rate of the 
gravity motor is a function of line tension as con
trolled by the force of the wind on the system. 
(3) To investigate static charges in the lower 
atmosphere. The use of an electron tube in the 
panel measuring circuit maltes it possible to measure 
potentials as a function of heights and charged air 
currents. The effects of these potentials interfered 
with the measurement of pressure, temperature, 
and humidity by the system before one of the 
conductors of the cable was grounded. 

In preparing this report, the autbOTs arc indebted 
to many people for assistance and information, but 
particular acknowledgment is due E. E. King, 
W. W. Warren, and Leo L. Hughes, for their valuable 
suggestions and faithful services . 
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