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The invention described in the following speci-
fication and claims may be manufactured and
used by or for the Government for governmental
purposes, without the payment of any royalty
thereon.

This invention relates to improvements in com-
pensated humidity-measuring circuits, and more
particularly to those designed for use in balloon-
borne radiosondes.

In the use of a conventional radiosonde trans-
mitter wherein the reference audi-frequency of
a relaxation oscillator or audio section is deter-
mined by or is dependent upon the value of a
fixed resistor connected across a condenser; the
latter, after building up a charge sufficient to
impart a cut-off bias to the grid of the oscillator
tube, discharges through the fixed resistor and
a conventional humidity element in the form of
an electrolytic-type resistor connected in series
with the fixed resistfor.
responsive structure of the humidity element
varies with the ambient relative humidity, and
since this variation effects a corresponding
change in the audio~frequency of the relaxation-
oscillator tube, a means is available for quickly
and accurately determining the relative humid-
ity. These electrolytic-type resistors or elements
are quite reliable in their indications when used
in cireuits where an alternating-current power

supply is available, but when used in a balloon- :

borne radiosonde where recourse must be had to
circuits employing direct-current energy, polari-
zation takes place. To this can be attributed the
fact that relatively large errors have been intro-

duced in the data recorded at the meteorological !

receiving station.

Polarization of the conventional electrolytic-
type humidity element is generally believed to
arise from the fact that the conduction phenom-
ena occurring in the passage of an electric cur-
rent through a layer of hygroscopic material are
essentially electrolytic in nature, and are accom-
panied by changes at the electrode interface
where the current enters the hygroscopic medi-
um, thereby developing a varying counter-elec-
tromotive force as well as diminishing the ef-
fective interface area. The effect is cumulative
and hence, while a number of hygroscopic-re-
sponsive resistors may possess identical charac-
teristics at the moment of impression of an elec-
tric voltage thereon, yet, due to variation in their
respective polarization characteristics as time
passes, the divergent characteristics become in-
creasingly obvious. Polarization effects are very

difficult to render vniform, require correction by :

a factor controiled by the time of application of
current to the resistor, and vary quite widely with
temperature.

It has been proposed to prevent, or at least
to retard the observed delerioration or poloriza-

Since the hygroscopic- :
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tion of the layer of hygroscopic material in con-
ventional humidity elements, by periodically re-
versing the current therethrough. A system or
arrangement for this purpose is disclosed in Pat-
ent No. 2,444,111 issued June 29, 1948, to Charles
B. Pears, Jr. In this system mechanical means
are employed for switching the poles of the hu-
midity element, thereby to reverse the direction
of current-flow through the layer of hygroscopic
material. However, in this proposed system, the
switching rate is at the very low frequency of
approximately two times per minute, and while
polarization is retarded, it inevitably takes place.

With the foregoing in mind, it is one of the
objects of this invention to provide an improved
humidity-measuring circuit of the character re~
ferred to wherein provision is made to eliminate
errors which otherwise would occur due to polari-~
zation effects attributable to the use of direct-
current energy in the measuring circuit.

Another object resides in the provision of an
improved humidity-measuring circuit of the
character referred to which has advantages over
those used heretofore in the way of increased

3 sensitivity at low temperatures.

Still another object resides in the provision of
an improved humidity-measuring circuit of the
character referred to wherein there occurs rever-
sal of current through the humidity element by
electrical means having no mechanical moving
parts, and wherein the rate of reversal is approxi-
mately one hundred times per second to eliminate
any deterioration or polarization whatsoever.

Other objects and advantages will hereinafter
appear.

For the purpose of illustrating the invention,
an embodiment thereof is shown in the drawing,
wherein ‘

Figure 1 is a simplified, diagrammatic view of
the audio section in a compensated humidity-
measuring circuit constructed and having operat-
ing characteristics in accordance with the inven-
tion; and

Figure 2 is a view similar to Figure 1, showing
a conventional form of audio section in which
there can cccur the disadvantageous operating
effects which the improved circuit in Figure 1
eliminates.

With reference first to Figure 2, the numeral
10 designates the relaxation-oscillator tube in a
conventional audio section of a radiosonde trans-
mitter; In operation, the audio-frequency of
tube 0 at any instant is determined by the
resistance value at that instant of a humidity
element |1 which, for the purposes of illustration,
can be considered to be of the same construc-
tion and to have the same intrinsic and operat-~
ing characteristics as the humidity-responsive
resistor shown and described in Patent No.
2,481,728 issued September 13, 1949, to Alexis B.
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Dember. In series with electrolytic resistor ele~
ment {{ is the usual, fixed, reference resistance
{2. These two series-connected resistances i1
and {2 are connected, as shown, across a con-
denser 4. Oscillation of the circuit causes con~
denser {4 to build up a charge rapidly, and to a
point whereat the oscillation of the tube is cut off.
During this condenser-charging phase of the op-
erating cycle, the direction of current-flow
through the various connections and parts is as
indicated by the solid arrows. Oscillation of tube
18 being cut off, condenser 14 then discharges to
ground through the fixed resistance 12 and
thence through the interface surface i’ of re-
sistance element ! {, until the tube can once again
begin oscillation. During this condenser-dis-
charging phase of the cperating cycle, the direc-
tion of current-flow through the various connec-
tions and parts is as indicated by the broken
arrows.

From, the foregoing, it will be apparent that in
operation of the conventicnal circuit shos in
Higure 2, all flow of current through the
scopic material or interface surface {§’ iz
same direction, as indicated by the arrows. As

explained in the Dember patent aforesaid, such
unidirecticnal fow of current resulis, in time,
in appreciahle changes and corresponding polari-
zation of the surface {1’. To this phenomenon is
attributed directly the fact that in a2 conven-
tional circuit sueh as iz shown in Bigurse 2, the
characteristic of the humidity element ti varied
in the courss bimme., There iz, 8l55, a decrease
in gensitivity of this element af low temperatures,
Any slight, undesirable variation in the charac-
teristic of resistance element !} causes a corre-
ling and undesirable change in the audio-
frequency of tube 18, and such variat or
change becomes apparent in relatively larze er-
rors introduced in the dats recorded at the me-
teorological recelving station.

Examples of ra onde apparatus or systems
in which the present improved humidity~-meas-
uring cireuit mizht be embodied, are iliustrated
and described in Department of the Army Tech-
nical Manual iden T 112430
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Gevernment Print-

ing Gflice, October 1847,
In the embodiment of sukjest invention dis-
closed in Pigure 1, the various paris therein
which correspond io or are the eguivalent of
those in Bigurs 2, have beenn designated by the
same respective refer numerals, but those in
Figure 1 hsve been given the sufiix o. I
with the humidity el c bia is an adaiti
or auxiliary condenser C, with a discharge

N series

RE

g
perature-sensitive resistor Rz, If desired, may
e compesed of one or raore resi

At sny given temy
humidity element if{a¢ is much smaller at high
humidities than at low humidities. At low hu-
midity, the interface surface {{’a of electrolytic
resistance {ig hag o resistance value sufficiently
high to constitute practicslly an epen cireuit.
Under such conditions, the frequency is there-
fore determined by condenser ida and resistor
RE, the value of the latier being chosen o give
a high frequency which, at the receiving sta-
fion, would be located about one hundred divi-
sions to the right on the chairt paner. A high
humidivy, the interface surface {{'¢ of element
iig2 has g resistance value sufficiently low to con-
stitute practicaily a coniiection placing conden-
sers {4¢ and C in paraliel. With the capacity of
condenser C chozen {o be ten to twenty times that

> resistance of
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of condenser l4a, it will then take the twe par-
allel-connected condensers 2 much longer time
to charge, and then to discharge through resistor
Ri, resulting in a low frequency. In other words,
low resistance of element {lo results in low fre-
quency, and high resistance of the same results
in high frequency.

In operation of the improved eircuit in Figure
1, the auxiliary or supplementary condenser C
accumulates a charge as condenser {4a simulta-
neously builds 11p a charge to a point whereat the
oscillation of tube (8¢ is cut off, as in Figure 2.
During this condenser-charging period of the op-
erating cyele in Figure 1, the direction of cur-
rent-flow through the various connections and
parts is as indicated by the solid arrows. Gs-
cillation of tube {22 being cut off, the conden-
sers C and i8¢ then discharge to ground through
the resistor RZ, until tube 20 can once again
begin oscillation, similarly to the operating ac-
tieon in Figure 2. During this condenser-gis-
charging period of the operating cycle in Pigure
1, the direction of current-flow through the var-
lous connections and parts is as indicated by the
broken arrows, condenser C discharging through
resistor RiI, and condenser 4o discharging
through resistor Ri and humidity element |ic.
From this it will be seen that during the charg-
ing of condensers {4z and C, the flow of current
through element fia is in but one direction as
indicated by the assceiated, solid arrow 5. Dur-
ing the discharge period of condensers {4a snd
C, the current-flow through element itg is also
unidirectional as indicated by the associated,
breksn arrow (%, but is flowing in a direction
which s opposite to what it was during the charg-
ing period. The effect thus obtained is the same
ag though an alternating-current power supply
were being used, and accordingly, polarization or
deterioration of the hygroscopic material 1{’q is
entirely eliminated.

By choosing for condenser C a value at least
ten times that of condenser (8¢, there is obtainad
the desired range in recorder divisions, for change
in the humidity clement {ig from 100% to 15%.

By choosing for the reference resistor i%a a
value of approximately 41,000 ohms, there results
an audio-frequency of 199 cycles which is set on
the recording apwvaratus at 95 divisions (! di-
vision=2 cyeles).

An important operating feature in the im-
proved circuit as shown in Figure 1, resides in im-
provement of sensitivity at the low-temperature
end of the operating range in actual use of a ra-
diosonde. This is accomplished by appropriate
variations in the resistor REt. For example, an
increase in the resistance of humidity element
fia results in increased frequency, whereas an
inerease in the resistance (discharge resistance)
of resistor Rt results in decreased Irequency. If,
therefore, an inerease in {la, due to decrease in
temperature at constant humidity, is compen-
sated for by an appropriate increase in resistor
Rt, the circuit in Figure 1 will be temperature-
compensated. To this end, it is proposed to use

5 for Rt a commercially-available resistor made of

semi-conductor material, and having the charac-
teristic desired. These resistors or thermaji ele-
ments are referred to in the trade ag negative
temperature coefiicient resistors, and are avail-
able in a variety of resistance values and coeffi-
cients.

The values of resistance and capacity given in
the drawing are representative, and are given as
approximations to obtain the desired results.
These values are not critical in any strict sense
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of the word, and may vary over a substantial
range, better to suit particular reguivernents.

Various modifications of the disclosed embodi-
ment of the invention are possible without de-
parting from the spirit thereof or the scope of
the claims.

What is claimed is:

1. The combinaticn with a compensated hu-
midity-measuring circuit of the character de-
seribed and comprising a relaxation-oscillator
tube having a grid, a resistor and a condenser con-
pected to said grid to determine the frequency of
operation of said tube, said vesistor serving as a
discharge path for said condenser; of a second
condenser connected to said grid to charge and
discharge simultaneously with said first-named
condenser, and a humidity element connected in
series with said second condenser.

9. The combination with a compensated hu-
midity-measuring cireuit of the character de-
scribed and comprising s relaxation-oscillator
tube having a grid, s resistor and a condenser con-
nected to said srid to determine the frequency of
operation of said tube, said resistor serving as a
discharge path for said condenser; of a second
condenser connected to said grid to charge and
discharge simultaneously with said first-named
condenser, and & humidity element connected in
series with said second condenser, the capacity of
said second condenser being at least several times
that of said fSrst-named condenser.

3. In a compensated humidity-measuring eir-
cuit of the character described, a relaxation-
oscillator tube having a grid, a resistor and a con-
denser connected o said grid to determine the fre-
quency of operation of said tube, said resistor
serving as a discharge path for said condenser, a
second condenser connected to said grid to charge
and discharge simultaneously with said first-
named condenser, and a humidity element con-
nected in said eircuit and inciuding hygroscopic-
responsive structure in series with said second
condenser.

4. The combination with a compensated hu-
midity-measuring circuit of the character de-
scribed and comprising a relaxation-oscillator
tube having a grid, a resistor and a condenser
connected to said grid to determine the frequency
of operation of said tube, said resistor serving as
discharge path for said condenser; of a second
condenser connected to said grid to charge and
discharge simultaneously with said first~-named
condenser, and a humidity element connected in
series with said second condenser, the capacity of
said second condenser being at least ten times
that of said first-named condensger.

5. Tn a compensated humidity-measuring cir-
cuit of the character described, s relaxation-
oscillator tube having s grid, a resistor and a
condenser connected to said grid to defermine the
frequency of operation of said tube, said resistor
_serving as a discharge path for said condenser, a
second condenser connected to said grid to charge
and discharge simultaneously with said first-
named condenser, and a huwmnidity element con-
nected in said circuit and including hygrescopic-
responsive structure in series with said second
condenser, said resistor being characterized by the
fact that the temperature coefficient thereof is
negative to effect o temperature-compensating
action at the low-temperature end of the operat-
ing range of said circuit.
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6. The combination with an oscillatory circuit
embodying a relaxation-oscillator tube having a
grid, a humidity element and a condenser con-
neeted in parallel relation and to said grid to cause
charging of said condenser during one interval of
each oscillation of said tube and otherwise to
cause discharge of said condenser through said
eleraent during another interval of each oscilla~-
tion of said tube; of a second condenser series-
connected with said element and in said eircuit to
charge simultanecusly with said first-named con-~
denser and to discharge simultaneously with the
latter thereby to block current-flow through said
element from said first-named condenser during
said discharge of the latter.

7. The combination with an oscillatory circuit
embodying a relaxation-oscillator tube having a
grid, a humidity element and a condenser con-~
nected in parallel relation and to said grid to
cause charging of said condenser during one in-
terval of each oscillation of said tube and other-
wise to cause discharge of said condenser through
said element during another interval of each oscil-
lation of said tube; of a second condenser series-
connected with said element and in said circuit
to charge simultaneously with said first-named
condenser, and s resistor connected in said circuit
to provide a common discharge path for both of
said condensers, said second condenser being dis-
posed between said element and the high-poten-
tial side of said first-named condenser to block
current-flow through said element from said first-
named condenser during said discharge of the
latter.

8. The combination with an oscillatory circuit
embodying a relaxation-oscillator tube having a
grid, a humidity element and a condenser con-
nected in parsllel relation and to said grid to
cause charging of said condenser during one in-
terval of each oscillation of said tube and other-
wise to cause discharge of said condenser through
gaid element during another interval of each oscil-
1ation of said tube; of a second condenser in series
with said element to prevent polarization of said
element by balancing current-flow through said
element during said intervals.

9. The combination with an oscillatory circuit
embodying a relaxation-oscillator tube having a
grid, a. humidity element and a condenser con-
nected in parallel relation and to said grid to cause
charging of said condenser during one interval of
each oscillation of said tube and otherwise to
cause discharge of said condenser through said
element during another interval of each oscilla-
tion of said tube; of a second condenser in series
with said element to prevent polarization of said
element by balancing current-flow through said
element during said intervals, and a resistor con-
pected in said eircuit to provide a common dis-
charge path for both of said condensers.

LEQ S. CRAIG.
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