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V;Figure13. Reostat and Voltmeter Used to Buintain
a Constant Input Voltage to the Vacuum Tube Volt-
meter.
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after referred to as element B, Using element B, the instru-
ment performed the same as with element A, Because of the lack

of confidence in the vacuum tube velt meter fabricated in the

laboratory, denslderatlon was given to the use of other means

for making the electrical measurements,

It was realized that it was necessary to keep the current

through the element very small to prevent any heating of the

element, and thus, a drlving-off of meisture adsorbed by the

element, However, based on work at the General Electric Lab-

oratories where the heating effect was utilised to modify the

characteristice of a hygrometer element, it was decided to
apply a voltage directly across the sensing element (59),

With a milliammeter in series with the element, the current

could be read directly, Figure 15 is a diagram of the circuit wg
used for these tests, he voltage supply was A-G to prevent

polymerization, and could be varied from 0 to 150 volts, The

apparatus was arranged sc that a milliammeter of the proper

range could be placed in the circuit at any time, but each

meter had to have a series resistor added to maintain a constant

resistance for the circuit, excluding the sensing element,
The temperature of the eleent was reccrded with a thermocouple
inserted into a small opening approximately in the center of

the element,

All df the testing done with the direct method involved
the use of element B after it had been soaked fer several days

in a saturated solution of lithium chloride, and then drled
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in an even at l50°F for several more days. The first test
was to show the relationship between conduction, temperature,
and time. The element was suspended in the humidity chamber

for at least 2 hours before a voltage was applied across the

element. Current and temperature readings were recorded every
30 seconds until the readings became constant. The-test was·

conducted for 60, B0, and 130 vclts (Table IV, page 109).
Using the same equipment, a test was eonduoted wherein

the voltage was adjusted to maintain a current of one milliampere

through the sensing element. The voltage required was considered

an indication of the relative humidity. This method was used

for each of the humidity chambers in an attempt to keep the

element heating as low as possible. The voltage, chamber

temperature, and element temperature were recorded for each

chamber (Table V, page 110).

Again using the same apparatus and sensing element, the

element was exposed in individual humidity chambers and the

applied voltage varisd from 0 to 130 volts in 10 volt steps.

The element current, ehamber temperature, and element tem- ·

perature were recorded for each voltage. The duration of

exposure in each chamber was not specified, nor were the time

intervals for making readings. Test data were collected over
a period of about five months, with the element being exposed

in each chamber several times to provide cemparative data for,

the same conditions after a time lapse. (Table VI, page lll).
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Ueing the data obtained from the test just described
to calibrate the apparatue, the aensing element was expoeedItc

the atmcephereg A ccnetant voltage of 10 volte was
applied, and the element current, atmoepheric temperature,

and element temperature were reccrded, An.&ssmann psyehrcme

eter was used to obtain vet•and dry—bulb temperature: treu

which the atmoepherlc relative humidity could be determined,

thue furniehing sufflcient infermetion tc provide a comparison

of the two humidity meaeuring instrumente (Table VIII, page 118 Ö
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RESUETS OF LABORATORY RESEARCH

A The tests were designed and conducted for a two·fo1d
purpose: to evaluate the indicating instrument, and to determine
some of the characteristics of the ceramic elements. A summary
of the recorded data is given in the Appendix, and the results
are presented and shown graphically in this section.

Figure 18, current vs. relative humldity, is th calibra-
tien curve plotted from data obtained with the vacuum tube volt-
meter and element A after that instrument was modified (Table
III, page 107). The curve indicates a very large change of
resistance between 50 and 100 percent relative humidity, but
a small change of resistaxce below 50 peroent. The sudden

change of the slope of the curve at about 52 percent, variations
of the collected data, driftlng of the zero set, and fluctuations
of the lndicator, all for appreximately the same conditions,
give reason to question the reliablllty of the indlcating
instrument; and therefore, the operation of the instrument

was not considered satisfactory•

The effect of heating element B by the use of sufficient
current is shown in figures 17 and 18. The data (Table IV,

page 109), were obtained with a voltage applied to element B
suspended in a chamber at approximately 92.5 percent relative
humidity and 80°F, and are believed to be very accurate.
Figure 17, current vs. time, indioates that ten minutes is
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sufflcient time for an element to reach an equllibrlum con-

dition after a voltage ls applied, The curve also lndlcates

that after the initial heatlng effect, that is, when the
element has reached an equilibrlum condition, a ccnstant

current will be obtained for a glven voltage, and nearly a

constant current for any of the four vcltages tested since the

variation ls less than seven-tenths of a milllampere, Thus,

a possible conclusion ls that a similar instrument could be

operated on line vcltage without being serlously affected by

the usual line voltage fluctuttlons,
Figure 18, current vs, temperature, indlcates nearly a

ccnstant current until approximately one-half cf the increase

of element temperature has taken place, and figure 17 indicates

the same constant current for one to one and one-half minutes

after the voltage is initlally applied, However, after the

initial temperature rise, the current drops off very rapldly

until the temperature and current reach an equllibrlum condi-

tion, represented by the final point for the curves on Figure 18,

In order to hold tc a minimum the heatlng of element B,

the directly applied voltage was adjusted to maintaln a constant

current of one milllampere, Figure 19, voltage vs, percent

relative humldity, was plctted from the data obtained (Table

V, pagilß ). The curve indlcates a very rapid change of

resistance from 10 to 22 percent, a rather uniform change from
22 tc 86 percent, and practlcally nc change from 86 to 95
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percent relative humidity. Hoever, a comparison of the chamber
and element temperatures recorded for each humidlty chamber
revealed that the element heated a measurable amount for the
six chambers containing the lower humidities, the temperature
belng raised the most for the leweet humidlty.

Disregarding the heating effect, the voltage applied to

element B was varied in steps of 10 from 10 to 130 volts and
the corresponding current reoorded. The data collected over
a five month period was condensed, and two readings for each
humidlty chamber and each Voltage were selected to plot the
curves, figure 20, giving the relationship between the applied
Voltage and the current for each of the nine available humid~
ities (Table VI, pagelll). The selection of the data to be
used was based on an average of the recorded element current
for a chamber temperature of eo°r, er thereabouts. Gens1dera·
tion was also given to the length of time that the element
had been exposed in a chamber, the longer time being considered

the best. The curves of figure 20 indicate a falrly uniform

change of resistance throughout the humldity range with perhaps

a tendency for the curves to flatten out for the higher Volt-

ages. The larger current inoreases the heating since the

heating effect ls proportional to the square of the current.
Thus, the increased element temperature causes an increase

in the resistance, and, thereby, the current is controlled
not only by the voltage applied, but also by the temperature
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of the element.
Note that the curve for the lithium chloride chamber,

11.1 percent relative humidity, does not appear on figure 20.
Since a 0 to 10 milliammeter was used, the current could not
be measured below one milliampere. Therefore, the current could
not be read when the elemmnt was in the lowest humidity chamber.

Figure 21, plotted from the same data as figure 20 de- v

scribed above, gives the relationship of the element current
to the percent relative humidity. These curves, plotted for
a given voltage and an average temperature, are the calibra-
tion ourves for the direct-voltage method used for indicating
the changes of resistance. Because the current could not be
recorded below one milliampere, the lcwer range of the relative
humidity that canlae measured is a function of the applied
voltage. For 150 volts, the highest voltage used, the humidity

could be detected in the chamber having 22.5 percent relative
humidity, but for 40 volts, the lowest detected was 52.5
percent.

While collecting the data for the test just described,
all humidity ohambers were used several times. In some cases,
a time interval of two or more months seperated the tests

for the same chambers. A comparison of the data collected
for a given humidity for the first test run and that collect-
ed later indicates a very significant change between current
rcadings for the same voltages. A comparison of several
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sets of data are shown in the appendix (Table VII, page114),
Such an occurrence could be termed "ag1ng” cf the element,
and could be due to a chemical change of the element, Data
recordad from the same chamber after the element had been in
use for two months, agrees closely,

(

The final test was a comparison of element B exposed in
the atmesphere and the humidity determinations made with an
Assmann psychrometer, A comparison of the readlngs ls given
ln Table VIII (page115), Approxlmately one—third of the
values determined with the ceramic element are within two
percent, while the remaining two thlrds disagree by as much as
50 percent relative hum1d1ty„ Every determlnatlon with the
electric hygrometer was low, even when agreement was within
two percent relative humidity, Also, all of the dry bulb
temperatures (equal to chamber temperatures) were below 80°F.,
the average temperature for the calibratlon of the electric
hygrometer. If the surrounding temperature effects the res1et·
ance of the element, then the low dry·bulb temperatures may
have, in part, caused the low readings, However, if the re·
sistancc of an element exposed to water vapor lnoreases with
temperature of the element due to the lncreased heating, then
the determinatlons with the electric hygrcmeter at the lower
temperatures should have been high instead of low, Cons1der—
ing the electrical resistance of a ceramic material free from
moisture, it is possible that the electrical reslstance increase:
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with a decreaee in temperature, that is, the material has a

negative temperature coefficient of resietance, Although this

investigation did not establlsh this fact, it is known that

some ceramic materials possese this property (40) Should

this be true of the element tested, then it ie at least a

partial explanaticn for the low values obtained•

All of the determinations compared in the atmosphere

were for relative humidities below 60 pereent• This was not

the intended range, but was determined by the natural condi-

tions within the laboratory• It is thought that for higher

humidities the electrical instrument will function better

because of the larger current through the element• Host of

the data recorded for the directly applied voltage tests appear

to be more consistent when the current is above three milli-

amperee„
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DISCUSSION OF RESUBTS

The vacuum tube voltmeter, although not successful in
the research completed appears to be the most suitable type of
instrument for an indication of the change of resistanoe ef a
ceramic sensing element, Tests with the applied voltage method
show very readily the effect of heating on the conductance of
the element, The heating counteracts the fundamental character-
istics of the ceramic material - the adsorptlon of water on the
surface, The change of resistance of the element is a function
of the adsorbed moisture, but drlvlng - eff some of the moisture
by heatlng partially destroys the natural phenomenon, and
causes the humidlty indication to be a function of the decreased
adsorptlon, The vaouum tube volt-meter employs a current so
small in magnitude that the temperature of the element le not
increased and the change of reslstance remains proportional
to the surrounding humidity, It ls felt that the troubles
involvlng the use of the vacuum tube volt-meter were created
by the design and construction of the device, plus the possi-
blllty that the instrument was not adjusted properly,

The results obtained with the vacuum tube voltmeter
indlcate a change of reslstance for element A that would be
readlly measurable for an humldity changes over 50 percent,
The results do not, however, eliminate the use of the ceramic
element for lower humidities because insufficlent testing was
conducted for this range,
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The other method of indicatlon, a directly applied
voltage, gave results indicating successful determlnations
of humidity as low as 22•5 percent, However, the use of
vcltages above the maximum of 150 V• that was used, would
perhaps extend the useful range to lower hum1ditt1es„ w g

In the tests where the applied voltage was adjusted to
malntain an element current of one milliampere, the heating

effect was partially eliminated for the higher humidities, but
it was still measurable for the lower humiditles. Since element,
heating occured and since an automatic instrument to maintain
the proper current would be more difficult to construet, this

method does not appear to justify further cons1deraticn•

From the data obtalned with both instruments indlcatlng

that a ceramlc material can be used as a senslng element for
humidity measurements, the most signifioant problem remeining

is the effect that temperature has on the resistanoe of the

ceramlc element• Since the reslstance of all materials is
affected to some extent by temperature changes, the magnitude

of the effect on the ceramic material should be determined•
For the tests conducted, the total reslstanoe change was
lndlcated, and therefore the change can not be broken down to ,
the change due to humldity, and the changed due to temperature•

0

Because no means were provided for temperature control, all

results were obtalned at natural temperature conditions, and
for comparison, the results had to be selected from the recorded
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data where the temperatures were nearly the sans, Thus, the
curvee showing the various relationehips are based on an
average temperature of 80°F„

Where the element was heated, the effect of resistance
‘ due to temperature changes could be expected to be the greatest,

This factor definitely limits the oonclusions that might be
obtained as to element characteristlcs from the data obtained
with the directly applied voltage•

The comparison of the electric hygrometer and the Assmann
psychrometer vas not completely satlsfactory, but it does give
reason to believe that when perfeoted, the ceramic element

will perform sdequatély• Several reasons for the poor compar-
ison between some of the measurements with the two instru-
mente can be given• First, the temperature of the element wae
ae much as 20°F below the average temperature of the oallbration
curve. Also, the element could not be located at the same
position as the wet - and dry-bulbs due to the enclosure surround-
ing the thermometers• The circulating fan on the psychrcmeter
created an air movement, thus making it necessary to locate

the element away from the psychrometer„ These conditions de
not justify the large differences between the humiditles measured,
although they do at least, give a partial explanation for the
variatione•

The original plan for testing included tests to determine
the value of coating the ceramic element with a hygroecoplc
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solution. As explained earller, element B was coated with

lithium chloride, but no tests were conducted to aseertain
the usefulnese of auch a treatment. It was noted with element

B, that an apparent aging took place. This ls, the eonductance

of element B changed for approxlmately the first two menths,

and then was constant for the remainder of the tests. Readings

were obtained after the initial period which were duplicated

several times during the last three months ef testing. Test

data does not lndloate that element A underwent similar aging,
therefere the cause of the aging may be due to the llthium

chloride coating.
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COHCLUBIONS

Any oonolusions resulting from the laboratory research

are those that can be based on general observatlons made during
the testing of the two ceramic elements, and to a lesser degree,
on the results of the tests. Thus, from these two sources,
the foremost deduction is that the possibilities of using a

ceramic material for the sensing element of an electric hygro··

meter are as good as were expected before the tests were begune

The results of tests oonducted with two methods for

obtaining indications, which involved the use of a very small

electrical current and the use of a current sufficient to cause

heating of the element, leads to the ccnclusion that for the
most successful instrument, the small current is an essential

requirement. Heatlng of the element alters the fundamental

adsorption of the molsture by the ceramic material and decreases

the overall effeotiveness of the element.

From the voltage applied across element B and the measured

current resulting, the reslstance of the element at a specific

humidity can be calculated. Using 0hm*s law, it was determined
that the resistance for element B varled from 152,000 ohms at

152 volts and 11.2 percent relative humidity to 11,800 ohms

at 20 vclts and 92.6 percent relative humidlty. This range

of resistance is much lower than expected. However, since
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element B was coated with lithium chloride, the hygroscopio
salt my have increased the adeorption of moisture, and there-
by greatly decreased the resistance of the element. Ho come

parieon with an uncoated element was made, however, the current

obeerved with.the vacuum tube voltmeter and element B was very

small even after some amplification. This would indicate the
resietance for a plain ceramic element was much greater than

the reslstance of an element coated with some hygroeocpio salt.

Based on the current-humidity relation established for u
a given voltage, a ceramic element, such as element B, could

be ueed as a humidity control element. Using element B as

an example, a current of 1.7 ma. correspondes to a voltage of

110 volts and a humidity of 52.5 percent for an average tem-

perature of 80°F. If the temperature remains nearly constant,

but the humidity increases to 75 percent, the current for the

same voltage is 5.7 ma. If a relay capable of operating on

5.7 ma., but not operating on 1.7 ma., is placed in the circuit

with the element, the relay could be used to control the opera-

tion of dehumidification equipment. Thun, the equipment would

operate when the humidlty was above 75 peroent, but would not

function for lower humiditiee. With the element aa described

in this paper, it would be difficult to maintain a very oloee

control, but rather within a range of from 10 to 20 percent

relative humidity. The operating range, the desired current,

. and other elements of the system could be varied by the choice

of the applied voltage and°the ceramic element. It is, there-



fore, concluded that an element made from a ceramic material
could be applied to humidity control applications where very
close control would not be required.
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RECOHHENDNTIOHS

During this investigation, many obstacles were encoun·

tered which hindered the progress cf the project end limited

the findings. Therefore, the following are recomendations

made to ald the success of any similar project.

The means of mintaining atmospheres of known humidities

was considered adequate for the basic investigation. It is

felt, however, that a more reliable means should be used for

the accurate calibration of a hygrometer. It is recommended

very strongly, that in any future use of the saturated solu·

tions as a means for producing known humldltles, that a method

be adapted for malntalning the solutions and chambers at a

constant temperature, It is further recommended that at least

two additional chambers be used • one containing water to give

100 percent relative humidity, and one containing a deslccant

to give dry air or zero percent relative humidity.

The importance of obtainlng a satisfactory instrument

for measuring the change of electrical resistance can not be

over emphasized. Llkewise, such an instrument should use a

small current to eliminate any heating of the element.

The methods of attaching the electrical leads to the

element should be studied to determine the best available

means. Although the methods used herein appeared to be B&t1I•

factory, no evaluation of the connections was made.

The investigation as to suitable elements should include °
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studies euch as the effect of mterial, size, shape, porosity,

and the use of coatings of hygroscopio salts. The experi·

mente should be designed to determine the sensitivity to humidity

and temperature, speed of response for both increasing and de·

creasing humiditlee, stability of oalibration, effect of dust
accumulations, and ruggedness of the sensing element.

The preparation for a future project should include a

survey of literature concerning ceramio materials. Undoubted·

ly, information can be found concerning properites of common

ceramic materials which would aid greatly in the selection of

materials to be tested.
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SUMMAHY

The first cbjective cf this problem - thorcugh litera-
ture review - was conducted on all available references con-

cerning humidity measurement, and visits were made to the

American Instrument Company in Silver Springs, laryland, and

the National Bureau of Standards. The survey evaluated the

instruments in use today and also explored many of the ideas

and concepts that have been suggested in past years as possible

means for humidity measurement. A summatlon of the survey

indicated that the electric hygrcmeter with a ceramic element

was a good basic theory for a humidity instrument, but still
required development before it,would be cf any practical use•

The second objective - development cf a useful hygrometer -
was direoted towards the development of the electric hygrometer

using a ceramic element. The study that resulted included the

evaluation of two methods for determinlng the change of resist-

ance of the ceramic element, as well as a preliminary investiga-

tion of the characteristlcs of a ceramic element when employed

as the sensing element for an electric hygrcmeter•

The element intended for the initial tests, a poreus

ceramic containing mostly aluminum cxide, was the only material

tested, but the tests included elements cf the pure ceramic

material and the same material after it was soaked in a saturated

solution of lithlum chloride. With the 1§¤$P¤¤¤¤¢¤ ¤¤¤d, th!
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indications were that both elements were suited for determining

the high humidities. The pure element had a lower limit ot

50 percent relative humidity, and the coated element a lower

limit of 20 peroent.

Two instruments were used for indicating the change of

relative humidity. A vacuum tube voltmeter type instrument

was tested, but found unsatisfactory due to variations of

readings under the same conditions, drifting of the zero set,

and excessive fluctuations of the indicating meter. The other

instrument or metho used was tc apply an A—C voltage across

the element, and to measure the resulting current flow. Because

the current was maintained above 1 milliampere, heating of the

element was caused, resulting in a change of element resistance.

However, results with this instrument were sufficient to establish

a calibration curve for the apparatus. A comparison of this
T

device and a psyohrometer indicated the usefulness of such an m

instrument, but confirmed that the development was not complete.

The overall result of the research indicates that the

selection of the ceramic sensing element for an electric hygrc-

meter has merit, but more development is necessary. Two phases

of any future work on the problem should be the development of

the indicating instrument, and the selection and design of the

sensing element. The need for a satisfactory instrument still

exists, and the successful development of the type instrument

described herein, would undoubtedly meet the requirements.
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TABLE I

Relative Humidlty Over Saturated Salt Solutions

Determinatlon Temperaturee

Chemlcale 73°F 86°F, l00°F
%

R• He Re H6 Rl HI

Ammonium Monophosphate 92.9 92.0 91.1Potassium Ohromate 88.5 88.5 85.8Sodlum Acetate 74.8 71.4 87.7 ASodium Bromide 58.5 58.5 55.7Magnesium Bitrate 53.5 51.4 49.0Potassium Carbonate 43.9 43.5 43.4Magnesium Chloride 32.9 32.4 51.9Potaseium Acetate 22.9 22.0 20.4Lithium Ghloride 11.1 11.2 11.1

e The relative humldity over saturated salt solutions atthe specified temperatures as given in Report No. 40, The AmericanPaper and Pulp Association, 1945.

Determination Temperatures

Chemicalee 88°F 88°F 95°F_
Re Hl ß

R• H4 ß Re H6

Magnesium Bitrate 55.2 52.5 51.2Magnesium Chloride 33.8 32.8 52.5Lithium Ghlorlde 12.4 11.8 11.7

ee The relative humldity over saturated sslt solutions atthe specified temperatures as given in Research Paper 2512, ·Journal of Research of the Rational Bureau of Standards, July,1954.
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TABLE II

Variation of Current Readlngs with Vacuum Tube Voltmeter

Current, Chamber
Solution in Chamber R. H. ma. Temp., Q?

Ammonium Mcnophoephate .92.2 8.45 82

#9* 92.2 8.60 82
92.2 8.70 82
92.2 8.85 82
92.5 8.90 82

Sodium Acetate 72.6 7.70 81
#7 72.6 8.50 81

72.6 7.50 81A 72.6 6 .80 61

e Reference number tor solution.

The selected data above ie taken from teste made with the
vacuum tube voltmeter before it eas modified. Note the varlations
of current readings for the same conditions of temperature and

Q
relative humidity. ·
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TABLE III

Data Obtained With the Modified Vacuum Tube Voltmeter and Element A

Solution Current, Chamber Pereent
ma. Temp., °F. Relative

Humidity
Ammonium Monophoephate 8.95 91 91.5· g 8.95 77 92.7

#9n 8.95 91 91.5
8.90 78 92.6

Potaseium dhromate 8.85 90 86.08.85 90 86.0{ 8.80 77 86.58.70 77 86.5
Sodium Acetate 7.50 78 75.5

8.10 90 7°•Ö
#7 8.05 90 70.5

7.65 78 75.5
Sodium Bromide 6.50 90 55.56.50 90 55.5{B 6.50 78 57.7

6.50 78 57.7
Mgnesium„Nitrate 6.00 90 50.7

6.00 90 50.7{5 6.10 78 52.7
5.90 72 55.7

Petaasium Carbonate 5.90 90 45.55.85 90 45.5#4 5.90 75 45.8
5.85 77 45.8

Magnesium Ghloride 5.75 78 52.7
5.85 80 52.6#5 5.70 90 52.55.85 82 52.5
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TABLE III (cont inued)

Sclut ion Gurrent , Chambeg Pereent
lll. •; Temp •g

'

E, ei Relat iV!
Humidity

Pcteeeium Acetate 5.75 78 22.55eBÜ 79 22•4#2 6.60 ve 22.45•9O E 90 21•8

Lithium Chloride 5.90 ' 80 1151 ”
5175 74 11.1#1 5,80 ve 11.1 _

er Reference number for eolutiom

Thls table gives valuee ef current indicated by the
modified vecuum tube vcltmeter for element A during teste in
each humidity ehamber. The zero eet cf the instrument vue
5•7 Üe
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TABLE IV

The Effect on the Gonductance of the Ceramic Element Due to Heating

Total Time, 60 Volt: 80 Volte 100 Volt: 150 Vclt:

0 { 0 0 86 0 84 0 89 0 810 { 50 5.6 87 8.0 87 8.5 94 12.0 861 { 0 5.7 8.1 8.6 101 12.0 92
1 { 50 5.7 90 7.9 98 8.6 107 11.0 102
2 { 0 5.6 7.7 7.5 112 9.0 112
2 { 50 5.6 92 7.5 105 7.1 112 7.5 1185 {.0 5.5 6.8 6.6 1215 { 50 5.4 95 6.6 107 6.0 1224 { O 5.5 6.4 6.1 117 5.5 1254 { 50 5.5 94 6.1 110 5.8 119 5.5 1255

{,0
5.2 6.0 5.6 119 5.2 1255 {.50 5.1 94 5.4 120

6 { 0 5.0 5.5 110 5.2 120 5.0 1257 { 0 5.0 94 5.5 110 5.0 120 4.9 125
8 { 0 4.8 95 5.2 110 4.8 120 4.8 1259 { 0 4.7 95 5.0 110 4.8 120 4.8 12510 { 0 4.6 95 5.0 110 4.8 120

12 {V0 4.5 95 4.9 109 4.7 120
14 { 0 4.4 4.8 109 4.6 120
15 {.0 4.5 95 4.8 109 4.6 120 4.8 125
20 { 0 4.5 95 4.8 109 4.6 120

Test: were conducted with element B euepended in the ammonium

monophcephate chamber which maintained a humidity of approximetely
92.5%. The temperature shown was obtalned with a thermocouple
located at the center of the element.
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TABLE V

Voltage Applied to Maintain Current of One Hilliampere

Chamber Element Ä Chambes Percent
h Ref. # Volte Temp. °F Temp. F B. H.

#9 1:6 80 80 92.5
#8 12 Bl B1 86.4
#7 17 82 82 72.4
#8 22.5 80 79 57.5

#5 24 84 85 51.8
#4 28.5 82 80 45.8
#5 52 84 85 52.4

#2 45 82 79 22.5
#1 152 88 85 11.2

To reduce the element heating, the voltage across element
B was varied to maintain a constant current of one ma. when
the elemnt was exposed in each of the humidity chambere. Temp-

ereture of the chamber and element were recorded to indicate
the heating effect.
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TABLE VI

Element Current for Controlled Voltages

Chamber Reference Numbers
Applied
Voltage, #1 °#2 #5Volte W W

10 1 e 82 1 e 0 82 1 e 80
20 1 e 82 1 e 82 1 M 80
50 1 e 82 1 e 82 1 e 80
40 1 e 82 1 e 82 1 e 80
0 1 e 82 1 M 82 1 e 80

60 1 • 82 1 e 82 1.0 77
70 1 e 82 1 e 82 1.1 80

1.2 81
80 1 e 82 1.0 82 1.5 _ 85

1.5 85
90 1 e 82 1.1 82 1.5 84

1.5 85
100 1 e 82 1.2 82 1.6 84

1.6 81
110 1 e 82 1.5 82 1.7 85

1.7 84
120 1 e 82 1.4 82 1.7 85

1.7 85
150 1 e 82 1.5 82 1.9 84

1.8 85

e Current was below 1 ma. and could not be read.

Data was obtained with element B suspended in each of the

humidity chambere and the voltage varied from 10 to 10 V. Tem-
perature was recerded inside of each chamber with a thermocouple.
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TABLE VI (continued)

Element Current for Controlled Voltagee

Chamber Reference Humors
äpplled #4 #5 #8.
oltagev¤¤>· ’ =¤«· §$ °F· ¤·· °I···

10 1 e 79 1 e 82 1 e 78
20 1 ü

79n
1 e 81 1 e 78

50 1 e 79 1.0 85 1.0 85
1.0 81 1.1 84

40 1 4 79 1.5 85 1.5 84
1.5 82 1.5 84

50 1.0 78 1.9 82 1.9 84
1.9 85 1.9 85

60 1.5 84 2.2 84 2.1 88
2.1 86 2.5 85

70 1.5 85 2.5 88 2.4 81
2.5 88 2.5 85

80 1.7 85 2.5 88 2.4 81
2.5 84 2.4 85

90 1.9 85 2.7 82 2.5 81
2.8 86 2.5 80

100 2.0 85 2.7 82 2.7 81
2.7 78 2.7 81

110 2.1 82 2.8 79 2.8 82
2.7 78 2.8 84

120 2.2 75 2.9 72 2.9 84
2.9 74 2.9 85

150 2.2 85 2.9 79 5.0 84
2.9 74 5.0 82

e Current waa below l ma. und could not be read.

Data was obtained with element B euspended in each of
the humidity chambere and the voltage varied from 10 to 150 V,

Temperature wae recy@ed inside of each chamber with a therme-

couple.
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TABLE VI (continued)

Element Current for Contrclled Vcltages ‘

Chamber Reference Numbers

Applied #7 #8 #9
Voltage,~·10

1 e 80 1 4 79 1 • 77
1 ä 78

20 1 e 80 1.5 76 1.7 78
1.4 71 1.7 75

50 1.5 8 1.7 79 2.4- 74
1.5 80 1.9 66 2.5 80

40 1.9 79 2.5 75 5.1 8
1.9 79 2.1 69 5.0 84

50 2.4 76 2.7 80 5.1 80
2.4 80 2.5 67 5.2 78

60 2.7 81 5.0 79 5.8 78
2.7 82 5.1 74 5.6 81

70 512 86 5.5 81 4.2 78
5Z2 86 5.4 82 4.0 82

80 5.4 86 5.8 80 4.7 80
5.4 84 5.8 81 4.7 77

90 5.5 86 ,5.9 78 4.8 79
5.5 86 5.9 68 4.7 85

100 5.6 80 4.5 81 4.7 82
5.6 80 4.1 76 4.7 78

110 5.7 80 4.5 81 5.0 81
5.7 79 4.5 84 5.0 77

120 5.7 80 4.5 78 5.1 805.7 85 4.5; 84 5.0 80
150 5.7 , 82 4.5 86 5.5 79

4.5 82 5.5 80

4 Current was below 1 ma. and could not be read.

Data was ebtalned with element B suspended in each of the
humidity ohambere and the voltage varied from 10 to 150 V, Tem»

perature was reoorded inside of each chamber with a thermecouple.
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TABLE VII

Change of Current with Element Age

Chamber Applied Current,Re:. # Voltage, V. Ha. Date

20 6.2 6/6/662.6 6/6/661.*1 6/26/661.*1 10/6/66

#6 160 6.6 6/16/666.6 6/26/662.6 12/14/662.6 12/14/66

100 2.6 6/11/661.6 1/24/661.6 1/26/66

The above data was selected from that reeorded for the
directly applied voltage teste. Note the apparent decreaee ef
current as the element ie in use for a longer period ef time.
Such an effect has been termed ”ageing".
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TABLE VIII

Oomparison of Electric Hygrometer and. Assmann

Psychrometer in the Atmosphere

Electric Hygrometer Assmann Psyehrometer

Current, mße Re He De Be Temp Re He

1.0 22.5 ä 79.5 18
1.1 22.5 e 66.0 50
1.5 22.5 ä 65.5 50
1.1 22.5 ä 67.0 41
2.6 47 70.5 48
2.4 45 75.5 44
5.0 54 75.5 56
1.6 26 71.5 51
1.5 22.5 ä 72.5 27
1.6 26 68.5 55
1.9 56 A 66.5 58
1.8 51 64.0 58
2.0 55 60.0 44
2.2 59 60.0 50
1.5 22.5 * 69.0 27
1.5 22.5 62.0 55
1.7 28 61.5 57
2.2 59 77.0 41

e Since 22.5% R. H. ls the lowest humldlty on the Oa1lbra·
tion curve, no estimation could be made for currents

below that eorresponding to 22.5% R. H.

The ceramlc element ct the electric hygrometer was placed

in the atmosphere, and a voltage of 150 V applied. Using the

recorded currents and the calibratien curve at that voltage, %

R. H. was estimeted. Determlnations of % R. H. were made with
the Assmann psychrometer tor comparison.


