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ABSTRACT 

De w Point Hygrometer with Constant 

R e sistance Humidity Transducer 

by 

Curtis B . Campbell , Master of Science 

Utah State University, 1969 

Major Professor: Dr. Gaylen L. Ashcroft 
De partment: Soils and M e teorology 

The hygroscopic and electrical resistanc e characteristics of 

Vl 

lithium chlo ride are inves tigate d. Then an evaluation is made of the 

lithium c hlorid e characteristics that would be suitable in develop-

ment of a dew point hygrometer with measurement accuracy of 

+ 0. 3 c. 

The d eve lopment of a 12 volt battery-powered hygrometer is 

presented with circuit details and performance characteristics. 

Lithium chloride phase transition hygrometers tend to oscillate 

under certain conditions. A damping control is presented as part of 

the circuit details and recordings of the response characteristics 

and e ffectiveness of damping are presented showing effective control 

of the oscillations with a wide range of humidity transi e nts. 

(93 pages) 



INTRODUCTION 

While studying snow pack conditions with Dr. B e n L. Grove r in 

central Utah, an interesting moisture transport phenomena was noted. 

On many bright spring days snow was melting at lower mountain 

levels; whereas, the moisture content of the snow was actually 

increasing at higher elevations even though the skies were cloudless . 

A study was initiated t o elucidate the causes of this phenomena . 

To carry out the moisture transport study, it was necessary to 

measure the moisture status of the air as it moved up the mountain 

s lop e . Attempts to measure this atmosphe r ic moisture, howeve r, 

were fraught with many difficulties . 

Dew-point measurements with we t and dry bulb psychrome ters 

we r e quite unsatisfactory because the temperatures were often below 

fr eezing. A dewc e ll was tried but was not satisfactory becaus e the 

necess ar y electrical power was not available and the accuracy was 

less than required. 

Thes e experiences pointed out the n ee d for a piece of e quipme nt 

that was accurate and had low electrica l power r equirements so that 

it could be operated from batteries in remote areas. The d eve lop­

ment of a dew point hygrometer for field use offered an interesting 

challenge and was selected as a thesis problem. 
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LITERATURE REVIEW 

Historical note 

The hair hygrom e t e r is the first recorded instrum e nt for 

measu ring the amount of moisture in the air. About the year 1500 

Leonardo da Vinci described a device whereby the quantity of moisture 

tn the atr was noted from th e change in weight of a ball of wool or hair. 

In 178 3 De Saussure d eve lo ped the hair hygrometer into its 

present style, i.e., measurement of changes in hair length. Since 

that tim e the hair hygrometer has probably been the most widely used 

instrument for humidity measureme nt and control. Numerous in-

novations have b e en tried, but after over 1 75 years the hair hygro­

meter is essentially un changed; more is known about it technically , 

but attempts to improve it have b ee n ineffective {Da vey, 1 965 ). 

State of the art 

Mechanical !lygj:ometers. Hair and other mechanica l hygro­

meters operate on the principle that absorption and d e sorption of 

wa t e r from the air by an organic material causes a physical change 

in the material: change in weight, change in le ngth , change in volume, 

or a rotational effect. Through suitable simple lever systems these 

dimensio nal changes may b e made t o actuate a po inter or move a pen 

across a c hart. They can be ca librated in t erms of relative humidity 
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by a pp r opria t e t e c hniqu e s (B e ye r s, 1959, p. 7 0) . 

The main v i r tue s of t h e mecha n ica l h yg r ome t e r ar e i t s s imp l ic­

i t y o f d e sign a nd c onstruction and its low cost. It indica t e s r e lati ve 

humi di ty di r e ctl y ove r a mode rat e rang e of t e mp e ratur e s . It s r e l i ­

abi l ity d ec r e as e s wi th d ec rea s ing t e mpe ratur e . Its chief defec t s a r e 

a lack o f s t a b i lity u nd er normal conditions of us e and an a p p r e c ia ble 

hys t e r esis. 

Some o f t he m ate r ials that ha ve b e en us e d a s the va r ia bl e 

humidi t y e l eme nt s a r e ha i r , c o tto n , wo o l, s ilk, wood , go ldbeate r 's 

ski n , n y lo n , plasti c, pap e r , a nd whale bone . Of th e s e , ha i r i s p r o ­

ba bl y the most w id e ly use d mate rial / (Wexle r, 19 63 ). 

Prio r to the introdu c tion o f pr ec ision h ygrom e try , the hair 

hyg r om e t e r was t he s t a nda rd fo r ge ne ral d e si g n and us e . S om e b asic 

limi tation s, s u c h as the fragil e natur e of the ha i r a nd v e r y small 

chan ge s in ha i r le ngth , ha ve l e d to consid e rable in ve sti ga ti o n in to 

o the r t yp es o f h um id i t y-se nsit ive m ate r ials . 

P s ychrom e t e rs. In its e l e m e ntal form , the psychromet er i s 

com pri se d o f t wo the rmome t e r s . The bulb of one the rmom e t e r i s 

cove re d with a m o istene d w ick and i s r e fe rr e d to a s the " we t-b ulb. " 

T he b u lb of the othe r the rmom e t e r is l e ft bar e and is call e d the " d r y ­

bulb ." Whe n a d e quatel y ve ntilate d , evaporat ive c o ol i ng d e pr e ss e s 

the t e m p e r a t u r e of the w e t-bulb the rmomete r below that of t he dry­

b u lb the r mom e t e r. Usin g psyc hrom e tric table s , slid e rule s , n om o ­

g r ams o r e qua t ion s, the vapor pr e ssur e and relati ve hum id ity can be 



determined from the wet- and dry-bulb temperatur e s , and the a m-

bte nt pressure (B eye rs , 1959 , p. 7 1 ). 

Some o f th e factors tnflue ncing the p e rformanc e a nd accuracy 

of the psychrometric method are: (a) the sensitivity, accuracy, a nd 

agreeme nt in reading of the thermometers, (b) the speed of air past 

the wet-bu lb thermometer , (c ) the incid ent radiation on the ther­

mometers , (d) the size, shape, materia l , and we tting of the wick, 

(e ) the relative positions of wet- and dry-bulb thermometers, and 

(f) the temperature and purity of the water used to wet the wick 

(Wexler, 19 63 ). 

The psychrometer is a simple relatively inexpensive instru-

ment w hich can be used for e ither intermittent indication or con-

tinuous r ecording of wet- and dry-bulb t em peratures. Sinc e it does 

not yie ld the moisture content of a gas directly, it must be dete r -

mined from equations, tables, charts, nomograms , or curves. 

These computational aids are avai lable on l y for water vapor-air 

mixture s. Under normal operating conditions the accuracy of 

+ 4 pe rcent relative humidity can b e achieved. 

Dew point hygrometers .. When water vapor is cooled, a tern­

perature is reached at which condensation (or sublimation) occurs. 

The dew-point method provides a convenient technique for ascer­

taining this temperature. The procedure is to alter the temper­

ature , pressure, or volume of the gas eous mixture, of which wate r 

vapor is a compone nt , in such a fashion that condensation occurs. 

4 



The temperature at which condensation is initiated for a given pres­

sure and volume is defined as the dew-point t emperature {B eyers, 

1959, p 73 ) . 

The condensation may be on a sur face in the form of dew or 

frost, or it may take place in the air to form a fog or cloud. The 

most commo n method of inducing condensation is to lower the t em ­

perature of a mirror and to detect the condensation thereon by 

observing changes in r eflec t e d or scattered l ight. Howe ver, con­

d e nsation may be produced on a metal mirror maintained at a con­

stant temperature by isothermally increasing the pressur e of the gas 

sample unde r test. One inte resting way of precipitating a fog or 

cloud is by cooling a gas eous mixture by adiabatic expansion into a 

closed cham ber to a lower pressure . By repeating trials, a pressure 

ratio can be obtained so that a fog or cloud is just formed when the 

r e duc e d pressure is suddenly r eleased. The dew point is computed 

from the initial temperature a nd the ratio of initial to final p r essure 

{Bridgeman, 1966). 

The formation of d ew o r fros t on a mirror surface can b e 

detected visually or electrically. Cooling of the mirror may b e 

achieved by evapo ration of a liquid with a high latent heat of vapor ­

ization, by dry ice, or by the P eltier -t ype r efrigeration. Through 

suitable e lec tronic circuitr y the mi rr or surface can be maintained 

at the dew -point temperature by adjusti ng the heat balance at the 

mirror to produce a constant d ew film thickness or percent coverage. 



In theory , the dew - potnt method may be considered a funda­

mental technique for dete rmining vapor pressure or humidity . How ­

eve r, the certainty of the dew - point measurement is influenced by 

seve ral factors which are of such indeterminate natur e as to make 

an estimate of the accuracy difficult: 

l . It is not always possible to measure the temperatur e of 

the mirror at the surface or to assure that no gradients exist across 

the surface. 
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2. The visual detection of the inception of condensation cannot 

be made with complete assurance nor is it probable that two different 

observe rs ca n detect dew or frost at the same instant. It is usual 

practice for the dew point to be taken as the average of the tempe r­

ature at which dew is first detected on cooling of the mirror and the 

temperature at which dew or frost vanishes on warming the mirror. 

Th1s procedure does not assure a correct dew-point temperatur e, 

however , unless care is taken to locate the thermometer so that no 

temperature gradient exists from the cold source to mirror sur­

face or to the gas as a whole. 

3. The automatic photoelectric detection of the dew point 

usually depends upon achieving an equilibrium condition on the sur­

face during which the amount of dew or frost remains constant. This 

is difficult to achieve . 

4. At temperatures below freezing, the initial formation of 

a condensate on a mirror may be ei ther liquid or ice. Condensates 



of supercoole d water have b een observed as low as - 27 C. At 

ext r eme l y low t empe ratures , the ice d e positi on assumes a g lossy 

appea ran ce which is diffic ult t o detect visua lly {Martin , 1965) . 

Elect ric hygromete rs. In s truments of th is t ype co n sist of two 

pa rts: a humidity-r e sponsive resistor , usually ca lle d a sensor , and 

an e lec t r ica l o r e l ectronic ci r cui t for d e t ecting and ind icat ing the 

magnitude of the r esis tan ce o f the se n so r. 

The most common form of sen so r is o ne in w hi ch an a qu eous 

e lec trolytic solution serves as the va riable r esis t o r . The e le c trical 

r e sis t a nc e of th is type of se n so r is a function of the ambi e nt r e la t ive 

humidity and t emp e r ature. The solution can be app li ed dir ectly t o 

an impe r vious insulat ing surface on w hich e l ectrodes have bee n 

affixed. This comb i nation , howeve r , is r e lat ive ly un sta ble so that 

fr e que nt ca libration is needed to ass ur e accuracy of ind ication. 
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Sta bility of calib rat ion can b e ac hi eved b y mix i ng the solut ion wi th a 

binde r , usually o rganic, that has adhes i ve prope rt ie s a nd b y applying 

the mixture to an insulati n g su r face co ntai ning e lec trod es. A lte r­

nat ively, organ ic fib e r s or porous ce r am i cs may b e impregna te d 

with the solutio n {Mathews, 1 965; an d Rogers, 1965 ). 

Anothe r form of sensor utilizes the s ur face r es i s t ivity of 

select ed impervious mater ial like glass, porce lain , and pla stics. 

Wate r is adsorbed on the su r face o f these materials a nd r e tai n e d by 

physica l bonding forces , forming a thin film w hose thi ckn ess, and 

possibly continui t y, is a fu n c tio n of r e la t ive humidity. Thi s fi lm of 



moisture pro vides a leaka g e path for cu rrent flo w. There probab l y 

a r e mtnute quantiti es of so lubl e salts on gases present on the surface 

whtch cont r i bute lo the conductivity of the film . Th e net e ffect is 

that as the r e lati ve humidity changes from 0 to 100 percent, the sur­

face resistivity may de c rease six or more d ecades. On e inte r es ting 

version of this sensor comprises an insulating surface on which a 

thin film is deposited whose surface is converted into a film of ion 

excha nge resin . 

In a n analogous manner, the va ri ation of the su rfa ce r esistivity 

of some porous materials can b e us ed for humidity sensing . Ther e 

ar e many s ubstances which adsorb water vapo r , but relative ly few 

that do so with sufficient reversibility and r e producibility . Hi gh l y 

porous substanc e s - -for example , underfired clays , natural fibers . 

and textil es - -ha ve a high capacity for moistu re adsorption. Water 

vapo r diffus es and perm e ates into the pores and capi l lari es of these 

substances, greatly affecting their vo lume r e sistivities. Unfor­

tunately, the porous nature of these materials, which makes th e m so 

hi ghly hygroscopic , often contribute s und e sirable characteristics 

tha t serious l y detract from their usefu ln ess as sensors. For 

example, the time involved for a porous material to reach equilib­

rium with change in relative humid ' t y is often excessively l ong. 

Also , a porous material too often possesses apprecia ble hyster es is 

and drift. In spite of their shortcomings, porous solids find some 

appli cation as sensors. Typical of this class of sensors are sintered 

8 
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ceramtcs , und e rftr ed clays , and Plaster of Paris . . 
Th e re is a clas s o f e l ectric hygrome ter s e nsors that depends 

o n dtm e ns10nal changes to produc e changes in r esista nc e . Such 

matcnals as h a ir, vegetab l e fibers, and wood may be coated or 

impreg nat e d with conductive substances. As th e hygroscopic mate-

nal expands and contracts, the material use d for the coating or 

Impregnation also expands and contr ac ts. By the proper choice of 

the conductive substance, a measurable change in r esistance is 

ac h ieve d. 

The e lectric hygrometer has ce rtain features which make it 

usefu l for a wide va riety of applications. The sensor is usually small 

and re lati vely inexpensive , although the measuring circuit may be 

exp e nsive . The output is an elec tric a l signal so that r emote indi-

eating o r r ecord i ng is feasib le. On the other hand , th e electric 

hygrometer is an empirical de vice that requires calibration . It has 

an appreciab le t e mpera tur e coefficient and thus requires an auxi li ary 

tempe rature measurement . To a limited extent , circuitry can be 

d esigne d to correct or compensate for the temperature coefficients. 

The performance of a sensor may be influenced by polari z-

ationl exposu r e to fog , clouds, or saturated gas , and contamination 

of the sensitive surface. Those sensors that use an aqueous solution 

withou t binder or an impervious surface are inherently faster in 

r e sponse but less stable than the binder type or the impregnated 

fiber, fabric , or ceramic . All of th e sensors require special 
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ctrcuitry and ha ndl in g . Se n so rs that opera t e on a volume- b se d 

resisttvtty te nd to b e ve r y s luggish in respons e and to ex hibit hy s te ­

r es i s and drift. The ca rbon e le ment usually d is plays a " hump" or 

reversal in its r e lative humidity vs. r esistance characteristics . 

This r es ults in r e lative humidity indications that ar e too high at hi gh 

r e sistances (Wex ler , 1963; and Amdur, Nelson, and Foster , 19 65 ). 

Gravimetric hygrometers. The gravimetric method of water 

vapor measu r eme nt is genera lly considered the most precise and 

accurate in hygrometry. In this method the water vapor admixed 

w ith a given volume of dry gas is adsorbed by a desiccant and w e ighed 

and th e n the vo lume of the dry gas is measured. Since mass and 

vo lume are fundamental quantiti e s, this method yields an absolute 

measure of the humidity. B e cause it is absolute and relative l y 

accurate, the gra v im e tric method is oft e n used as a r efe r ence stand-

ard w ith whic h other methods and instruments are compar e d. To 

ach ieve the potential accuracy of the gravime tric method, howeve r, 

the r e must be careful attention to de tails . Measurements are time 

consuming, especiall y those involving low moisture content. Th e 

r esu lts are average values for the time intervals of the tests . The 

gravimetric method is seldom us e d for routine humidity de termin­

ations, but finds its principal utility as a standard for making funda­

mental ca librations or for r e search wo rk of the highest accurac y 

(Harr ison, 1965; and Wexler, 1963 ). 
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Spectroscopic hygrometers. Certain spectra l bands of e lectro­

m-'lgnetic r a diation w h en projected through water vapor are attenuated 

tn tntensity. This a dsorption of spectra l energy may be cor r e lated 

\Vith th e amount of water vapor present in the path of the projected 

beam. Instrum e nts for measuring the moisture content of a gas , 

based on the attenuation of the intensity of emissio n spectral energy, 

a r e referred to as spectroscopic hygrometers. The n ea r-infrared 

spec trum has bands of radiation capable of attenuation by water vapor. 

Instruments based on infrar e d energy adsorption are usually ca ll ed 

infrared hygrometers. 

Some of the advantag e s of the spectroscopic hygrometers are 

as follows : It is capable of very rapid response, the time being 

limite d on l y by the speed of the associated electronic and servo 

systems and the flushing rate of the sample gas. The adsorption 

function is of such a nature that the instrument does not add or sub-

tract water vapor, nor induce a change in state . 

The instrument in its present state of development is a com­

plicated optical-electronic de vice, r e lativ e ly expensive to build or 

produc e and requires calibration (W exler , 19 63; and Johns, 1965). 

Absorption hy..g:J.:..Q.m.e..te.~ The absorption hygrometer is an 

instrument in which the water vapor of a gas san1p1e is chemically 

absorbed and r emoved, yie ld ing ei the r a change in pressure or a 

change in volume. This type of hygrometer is simply a specialized 

ve rsion of chemical gas ana lysis apparatus. 
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Con d e n sing_l!ygrome t e.r§..: On e instrument of this type used two 

identical vesse l s, one containin g dr y gas and the other the gas 

sample of unknown wat er conte nt . These vessels are sea le d , con ­

n ecte d through a diffe r e ntial manometer, immersed in a liquid bath , 

an d gradually cooled until the differential manom.eter regist e rs a 

pressure difference i nd icating condens ati o n of water vapor from the 

moist sample. At th is point, the temperature and pressure diff e r­

ential are r e ad . From the saturation vapor pressure at the observed 

temperature and from the pressure differenc e, the initial water 

vapo r content is computed. 

An alternative procedure involves drawing a known volum e of 

gas through a liquid -air trap and freezing out a ll moistur e . The 

apparatus is then allowed to wa rm up in a the rmostated bath, and 

the vapor pressure within the closed system, whose volume has b een 

pre d e t e rmined, is m easured. With th is method ther e should b e no 

other condensable gases o r vapors that will freez e out at the t empe r­

ature that wi ll b e used . 

These hygromet e rs are laboratory devices and not suitable for 

genera l use. The y utiliz e discrete samples of test gas, a nd require 

co n s id e rable sk ill and manipu lation on the part of an obs e r ve r 

(Wexler, 19 63). 

The rmal hyji!romete rs. Associated wi th the physical sorption 

or desorpt io n of wate r vapor by a hydrophilic material is a n 

exothe rmic or endoth e rm ic exchange of energy in the form of heat. 



Th is h ea t of abso rption r e sults in a temperature change that can be 

d e t e cte d and measured by thermometric means. An instrument in 

w h i ch th e heat of adsorption is used as an indication of the water 

vapor concen tration in a gas stream is classifi ed as a therma l 

hygrometer. 

13 

One method of uti li zing the heat of adsorption invo l ves splitting 

the test gas stream into two equal streams and drying one part com ­

pletely by a chemica l drying trai n, liquid-air trap , or r ege n erative 

adsorption column. The dried and the undried streams are brought 

to the same t empera tur e and passe d through separate co l umns of 

desiccant, such as silica gel. Water vapor will be removed from 

the moist stream which will liberate h ea t and r aise the temperature 

of the column of d esiccant ; whereas, the dry stream will d esorb 

water vapor from its column of de siccant and decreas e the desiccant 

temperature. With a sensitive the rmopil e the t emp eratur e dif­

ference between the two columns is measured. After a short 

interval, the flows through the two desiccant columns are r eve rs e d 

so that dry gas now passes through the partially wet co lumn and the 

moist gas through the d esorbe d column. 

It has been report e d that a thermal hygrometer has been made 

with a sensitivit y of a fraction of a part per million by volume. 

Thus, it has a capability of detecting extremely small traces of 

water vapor. The cycling rate limits the speed of respons e . Con­

sequently , it is a s lowly responding instrument. The measurement 



obtain e d is a n average for each half cycle (Cherry, 19 65; an d 

Wex le r, 19 63 ). 
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R efracti ve hygr.,<;>,!!!!;!te r s. The refractive hygromete r utilizes 

the c hang e in refractive index with change in wate r vapor conc e n­

tratio n to indicate the moisture con t e nt of the gas. This is defined 

as the ratio of the ve locity of a given e lectromagnetic radiation in 

vacuum to that of the same radiation in the gas. Since the ve locity 

of e lect romagnetic radiation in vacuum is constant, on l y the ve locity 

in th e gas n eeds to be measured . Radiation at optica l , radio, or 

microwave frequencies may be used . 

At optica l frequ e nci es an interferometer is us e d to measure 

wave l ength. Monochromatic light is split and proj ected through two 

paths identical in l ength , one contai n ing dry gas and the other the gas 

sample to be measured. The two beams are then recombin e d pro­

ducing interference fringes. Changes in r efractive index of the 

sample gas produce shifts of the interference fringes that are 

r elate d to the vapor pressur e. 

At radio frequencies a sma ll capacitor is used in a resonant 

circuit of a variable osci llator. Changes in refractive index, a nd 

h e nce in di e lectric constant, are r eflecte d as changes in the 

r esonance frequency of the circuit. The variable frequency is 

compared with a reference fre q uency and the small differ e nc e is 

detect e d , measured, and r e lated to vapo r pressure . 

At microwave fr e quencies two identical cavity resonators are 



e mploye d. Into o ne o f t h e s e ca vities the test sample is introdu ce d ; 

tn to the other , dr y gas. The r e sulting diff e rence in re s ona nc e 

fr eq u e n c y between lhe two c aviti e s is then a measure of the vapor 

pr es sur e . 
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The refractive hygrometer is capa ble of de t ec t ing the vapor 

pres sure with high sensitivity. By usin g a n appropri a te servo 

s ystem, the instrument may be made completely automatic and 

r ecording with a speed of r e sponse limited only by the flushing time 

and the lags in the el e ctronic and recording devices . Its basic 

limitation arises from the fact that it may be used only with gas 

tnix ture s containing one variable, for it does not uniquely distinguish 

changes in water vapor conte nt from changes in content of other 

va po rs and gases (Wexl e r , 1963; Foste r , Volz, and Foskett, 1965; 

T i llman, 1965; and Wood , 1965). 

Electrolytic hygromete r. Water is e lectrolyzed into gaseous 

oxyge n and hydrogen by the application of a voltage in excess of the 

the rmodynamic decomposition voltage , i.e., more than two volts . 

The mass of water electrolyzed per unit time is directly related to 

the e l e ctrolysis current by Faraday's law. Thus, it can be shown 

that th e current flow is directly proportional to the volume ratio of 

wate r vapor to air and to the mass flow of gas. Therefore , gi ven a 

c onstant mass f low rate , the current uniq uely determines the water 

vapor concentration. 

The e lectrolytic hygrometer continuously and quantitatively 
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e lec trolyzes th e water vapor of a water vapor-gas mixture and 

tndica tes its magnitud e . It does this by mainta in ing a constant mass 

flow rate of the test gas through an e lectrolysis cell. Within the 

cell the water vapor is adso rb ed by partially hydrated phosphorus 

pentoxide. Voltage is appli e d to spirally wound platinum wires 

embedded in the absorb e nt, and the elec trolysis current is measured 

o n a microameter. 

Vapor concentration of 1 ppm can be detected. Th e com­

mercial instrument normally has scale ranges of 10 t o 1000 ppm, 

although with special t ec hniques higher concentration can be 

reliably determined (J ones and Peterson, 196 5; and Czuha, 1965 ). 

Dew cell hygrometers. The equ ilibr ium vapor pressure of a 

satu rated salt solution is a function of the solution temperature. 

When such a so lut ion is exposed to a moist gas the so lution tem­

perature can be adjuste d until its equi librium vapor pressure equals 

the vapor pressure of the ambient gas. This is the principle of the 

dewcell hygrometer. 

Hed1in and Trofime nkoff (1 965 ) describe one form of the 

d ewce ll hygrometer. Their descrip tion is simi lar to descriptions 

contained in literature published by the Foxboro Company (1 966) 

and Honeywell (1968). The dewcell hygrome t er is described as a 

thermometer surrounded b y a gas wool wick impregnated with a 

solution of lithium chloride. Two e lectrodes of noble metal wire 

are wound on the outside of the wick to form a bifilar coil. 



Alternating current is impressed across the e lect rod es through a 

ballast tube. The flow of current through th e solution generates 
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heat which raises the temperature of the solution. As the solution 

t empe rature increases, wate r evaporate s from the so luti on. The 

eva poration reduces the amount of solution available to carry current 

and, consequently, the resistance increases and the current 

decreases. This lessens the heat generated by the cu rr ent flow. 

The solution thus attains a temperature at wh ich the solution and 

ambie nt vapor pressures are equa l. This equi libr ium so lution 

t empe rature is converted to vapor pressure or dew-point value s by 

use of appropriate. tables , graphs, or e quations. 

Wylie (196 5). describes anoth er type of hygromete r which 

uses a single crystal or group of crystals on which a thin film of 

saturated solution forms. Th e crysta l , or group of crysta ls , is 

mounted between electrodes in an isothermal metal enclosu r e. 

Through resistance -hea ting or refrigeration the e nclosur e is brought 

to and maintained at the tempera tur e that produces a fixed or pre-

dete rmin ed solution resistance. A resistance thermometer wound 

on the enclosure, or a th e rmocouple att ac h ed thereto, is us ed to 

measure the temperatur e. 

The range of vapor pressure, or dew points, measurable with 

the dewce ll hygrometer depends upon the salt used to impregnate 

the wick. Provided the vapor p r e ssure- temperatur e relationship 

i s known, th e dewcell hygrometer requires no calibration. It can 
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be instrun1en ted to give continuous indication or re cording. The 

tempe rature of the solution depends, in part, on the rate of gas flow 

across its surface. For highest accuracy th e gas velocity must b e 

kept low. 

A tabulated list of humidity measuring instruments is con-

tained in the appendix. 

Limitations of current instruments 

Mr. Albert Showalter (1965}. Chief of the United States 

Weathe r Bureau Instrument Developme nt Sec tion , Washington, D . C. , 

comments on the available t ec hniques. 

A review of presently avai la ble techniques points up problems 
and inadequacies: 

(A) Meteorologists have trad itionally used the wet- and dry­
bulb psychrometer as a basic humidity measuring d evice 
in making surface observations. 

{I) Automation and t e l eme tering are complicated. 

(2) Use at below-freezing wet-bulb t emperatures 
requir es special t echniques and care. The r esu lt 
is that data obtained at low temperatur es a r e er r atic 
and at times very inaccurate. 

(3) Under extr emes of relative humidity , special tech­
niques are r e quire d and in the case of high humidity 
a t l e ast requir e d accuracy is difficult if not impos­
sible to achieve. 

(B) The infrared hygrometer is an instrument currently 
under d eve lopment by instrument engineers of the 
Weather Bureau and others. {Mr. Foskett and his col­
leagues report on this inst rument in Volume l .) It is a 
sensitive and accurate instrument, but its routine use in 
meteo rology presents problems. 
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(1) The int ri cacy of the instrument 1nay resu l t in unfa vo r ­
able cost and maintenance demands if its outpul is to 
be d irectly c onve rted to dew-point t e mperatures. 

(2 ) Weight and power demands may b e high. 

(3 ) The form of the measureme nt (i . e., abso lute humidity) 
is not conservative w ith respect to adiabatic com­
pression and expansion and is ther e for e not common l y 
used by met e oro logists. T o con vert the output of th e 
infrared h ygrome t e r into d ew point requires compli­
cated calculation s or precise graph ical computation. 
Thes e computations r equir e knowledge of the ambient 
ai r t e mpe ratur e . 

(4 ) For high r e lat i ve humidi ti es at moderate and high 
tempe ratures the acc ura cy o f measur eme nt may not 
be ad e quate . 

(5) Sinc e the instrum e nt has instantan eous r espo n se (i.e ., 
n o lag ), the readout mus t ha ve a n in te g r a t o r to obtain 
r e prese ntative mete orological measureme nt s a nd 
f ilte r out the highe r fr e que ncy variations which, for 
the purpose of most meteorological m easurement s, 
const itut e m e teorologica l nois e . 

(C ) The Lyman - Alpha humid iometer shows int e r es t ing pos­
s ibiliti es but is s till a la boratory type i nstrument a nd 
re qu ires furth e r d eve lopment . 

(D ) With deve lopm e nt in P e lti e r coo lin g, the technique based 
on the change of light r eflectivity of a mi rror as it is 
cooled to the dew-poin t t em p e ratur e is b ei n g t este d by 
mete orologists. However, 

(1) Until the t e sts are comple t e d it w ill not b e possible to 
assess the va lue of thi s type of se n so r . 

(2) For some meteorological appli cations (Upper a ir 
measureme nts ) , weight is too g r eat and power 
r e quir eme nts are t o o high. 

(E ) The d e wcell has be en adop t e d as an in t erim standard for 
a utomated humidity measurement at the su rface by the 
U. S . Wea ther Bureau, t he U. S . Air force , and the 
U. S. Navy. 



(I) This devic e con ve rts a lithium chloride " dew-poi nt " 
t e mpe rature to a direct-reading equiva l ent water 
vapor de w- point t e mperature . 

(2) The dewce ll does not have satisfactory accuracy for 
many meteorological purposes, and its range is 
completely inadequate. 

(3) The instrument may become unstable and may, with­
out prior indication , begin giving completely e rron­
eous measurements . 

(4) Power requirements , weight, and its highly critical 
ventilation rate preclude the use of the sensor for 
upper air measur ements. 

(F) Tests are being condu c ted on organic sensors which 
change physical form or dimensions wit h changes in 
humidity. Sensors includ e d in this classification includ e 
the hair h ygromete r, the Frankenberger hair, gold­
beater's skin, the xe romete r, e tc . 
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(l) All sensors of this class have accuracy and r eproduc­
ibility l imita t ions that make them unsatis fac tory for 
precis e m e teorological purposes. They are most 
useful as trend indi ca tors at t emperatures we ll above 
freezing. 

(2) There are also probl ems with automation of these 
sensors since an intermediate transdu cer to convert 
motion (produce d by change of length or form) to an 
electr ical parameter is necessary. This character­
istic also complicates the use of such sensors in 
uppe r air measu r eme nts by a balloon-borne r ad io­
sonde. 

(3) In thes e sensors the lag is a function of temperatur e 
and becomes intole rably large especially for radio­
sonde work at low temperatures. 

(G) Humidity to electrical resistance transduce rs ha ve com­
mon problem s of accuracy and r eprodu cibil ity. 

( l) The lithium chloride strip has unsatisfactory accuracy , 
particularly with very high or very low humidity. It 
has excessive lag at low tempe ratures . If it is washed 
by rain its accuracy is complete ly destroyed . 



(2) Aluminum oxide sensors (Ja son Hygrometers} have 
been found to have unsatisfactory accuracy at high 
relative humiditi es. 

(3 ) Ion - exchange sensors have not yet d emonstrated suf­
ficie nt accuracy for many meteo r ological purposes. 
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(4 ) The carbon e lement which is sti ll und e r developme nt 
re spond s we ll at high humidities. but it appea r s 
difficu lt to mass-produce units with stab le ca l ibration 
prope r ties. 

(5 ) The potassium metaphospha t e hygrometer is highly 
temperature-sensiti ve and has unsati sfac tory la g and 
accu ra cy characteristics at low t emperatures. 

(6 ) The bar ium fluor id e has good accuracy and ve r y sa t is­
factory la g c hara c t er i s ti cs but wi ll not hold calibration 
more than a few days. 

(7) In all sensors o f this class, the lag i s a function of 
temperature and, as is tru e of sensors which d epe nd 
on d e formation or change of dime nsions , the lag 
b ecomes intole rably larg e for upper air wo rk at low 
temperature s. 

(8 ) S e nsors of this type ha ve a limited range w he n us e d 
in conj unct ion with available r e ad out devices. For 
exampl e, it is impossibl e for the radi osond e using 
the lithium chlor ide sensor to measure r e lati ve 
humiditi es less than 40 percent at t emperatures of 
-40 Cor less. (Sh owal t e r, 19 65, p. 442-444 ) 

D es irable specifications 
fo r futu r e wo rk 

Showalter (1 965 ) further states that the sensor for the sur-

face o bs ervation prog ram s hould: 

(l) Have an overa ll a ccuracy e qui va lent t o less than 0. 3 C 
e rror in d ew- point t empe ratures. 

(2 ) B e stable in calibration and r emai n within the above 
specifie d accuracy for pe r iods of several months . These 
must inc lud e immunity to cornmon atmospheric con­
tami na nt s . 



{3 ) Be ca pa ble o f contin uo u s unatte nde d o p e r a t ion fo r wee k s 
o r even m o nth s . 

{4 ) Have lag i nde p e nd e nt of temp e rature . 

{5 ) R e ad directly- in t e rms of dew- point tempe ratur e. 

{a) The dew-point is independent of temp e rature changes 
if pressure is constant. 

{b) It varies only- slightly- with pressure changes which 
might oc c ur at th e earth's surface. For example , 
assume P = 1010mb, T; 10 C and DP = 5 C. 
Assume further that the pressure falls under 
adiabatic conditions to P = 960mb, then T = 6 C 
and the dew-point then becomes 4. 5 C. 

{6) Have a lag coefficient of not less than 30 seconds. 

{7) Have a dew - point range of +30 to -65 C with temperature 
between +50 and -60 C. 

{8) Have few or no moving parts and have complete temper­
ature compensation. 

{9) Have an output form that i s satisfactory- for use as input 

22 

to an automatic data acquisition sy-stem. {Showalter , 19 65 , 
p. 444) 

Showalter {1965 , p. 445) concludes: 

it is pointed out that in spite of the ingenuity- , 
skill and technical know-how which has gone and is still 
going into meteorological instrumentation, p r esent day­
sensors are far from ideal and in most instances something 
short of satisfactory-. Future progress in meteorology- will 
b e dependent to a large degree on the obtaining of better and 
morP. representative data on the state of the atmosphere a nd 
in particular the moisture content of the atmosphere , 

From the foregoing material there was no obv ious solutio n 

t o th e atmospheric moisture measurements desired . To get a 

b e tt e r understanding of the problem of moisture and measurement 

a be tt e r understanding of fundamental theory- is required . 
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Water in the atmosphere 

From a meteorological viewpoin t , the atmosphe re is a mixture 

of dry ai r of almost constant composition and wa t e r. Water occurs 

in the atmosphere in all thr ee of its phas e s (gas , liquid , an d solid ) , 

and is the only majo r constituent of the a tmospher e which varies 

markedly in time and space. The atmosphe ric water readily changes 

from one phase to another in response to changing a tmospheric con-

ditions. Each change of phase is accompanied by some exchange of 

late nt and sensible heat. Consequentl y, the state of th e atmosphe re 

is co ntrolled to a larg e degree by the content and form of wate r 

within it even though water vapor usually constitutes l e ss than 3 per -

cent of its total comp osition. 

Dalton's law of partial press ur e s state s that the pressur e 

exe rte d by water vapor is independent of the pressure exe rte d by 

other atmospheric gases. The b e havior of water vapor and of 

other atmospheric gases can be closely app roximated by the e quation 

of state for an ideal gas provided there is no condensation o r 

evaporation taking place in the vo lume under consideration . Und e r 

these conditions the vapor press ure of water can be represe nte d by 

e 
Pv RT 

Mw 
[l] 

whe r e P v is the densi ty of wa t e r vapor in g/cm3 , Mw is the mol-

ecular we ight of w ater (18 g/mo le) , R is the universal gas constant 

(8. 3 1 x 107 erg/mole/deg. K), Tis the absolute temperatur e of the 
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wa ter vapor, and e is the water vapor pressure expr esse d in 

dyne/cm2 . 

The wate r vapor t e mp e r ature may be taken to be the same as 

that of the air of which the vapor is one compone nt. 

The condition of saturation defin es the limits b e tween wa te r 

vapo r and the condensation of atmospheric humidity. Consider an 

e nclosed containe r at constant temperature which is partially filled 

with pur e wate r with a plane liquid surface. We no w know that the 

equ ilibrium e stablished is the same w hethe r or not ther e is any 

oth e r gas in the spac e above the liquid. At e qu ilibrium the number 

of wa t e r molecule s l eaving the liquid surface per second du e to 

thermal excitation will b e the same as the numb e r of vapo r mo le-

cules b eing r e capture d p e r second. The vapor pressure is the n the 

maximum possibl e for that particular temperature. Thus , the 

saturation vapor pressur e i.s a unique function of tempe ratur e . The 

rapid incr e ase of the saturation vapor pressure of water with tern-

perature is illustrated in Figure 1. List (19 63 ) · tabulated va lue s 

for this in the Smithsonian Meteoro lo gical Tables , pages 351-352. 

Figure 1 could alternative ly b e inte rpreted as the variation of the 

boiling point, (the abcissa) , with the ext e rnal atmospheric pre ssure , 

(the o rdinate ). 1 

!Atmosphe ric pressu r e a t s e a leve l is of the order of 106 
dyn e/ cm2 , In meteorology , the multiple of the absolute unit , known 
as a millibar , is used where the following relations hold: 1 bar = 10 6 
d yn e/cm2; 1 m b = 103 dyne/ cm2. 
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The vapor pressure, e, an d th e va por densit y, P v, introduced 

in e quation [tJ are two ways of measuring atmospheric humidity . 

Olher measures of atmospheric humidity are sometimes more con-

ve ni e nt . The saturation d eficit is given by the differences es - e 

where e is the actual vapor pressure and e
8 

is the saturate d vapor 

press ure , i.e., the vapor pressure that would exist if it were satur-

ated at the same temperature. 

The relative humidity, hr. is defined as the non-dimensional 

ratio. 

[z] 

This frac ti o n is commonly multiplied by 100 t o obtain relative 

humidity as a percentage, rh. 

rh [3] 

Ne ither e ores can be calculated from the ratio e/es nor the diffe r-

e nce e - es . Thus, other information (air t emperature , for examp l e ) 

must b e given before any humidity condition is fully defined. 

The dew-point temperature, as discussed by Rose (1 966 ), is 

illustrated by reference in Figure l. Let a parcel of air wi th humid-

ity condition A be cooled at constant pressure without any gain or 

loss of wa ter vapor. (Radiati ve coo l ing of air on a calm, clear night 

cou ld fulfill these conditions provided there is no dew formation . ) 

The horizontal line extending to the l eft of A represents the state path 

of this change. The intersection of this path with the saturation vapo r 



pressure curve d e fines the t e1npe rature at which the air wou ld be 

saturated with water vapor . This temperature is called the dew 

point, T d• sinc e dew would form on any surface in contact with the 

vapor if the surfac e we re cooled below this temperature. 

Lithium chloride as a 
hygroscopic agent 

Nelson and Amdur {1965} presented an exce ll ent discussion of 

salt solution phase transition hygrometry. Acheson {1 965} pointed 

out the importance of k nowledge of vapor pressu r e of inorganic salt 

solutions in hygrometry. 

Martin {1965}. Wyli e {1 965 }, Hed l in and Trofimenkoff {1 965 }, 

and Acheson {1 965} have examined several aspects of hygroscopic 

characteristics of various salts. Lithium chloride is one of the 

most active hygroscopic salts and fr om the writing of the above 

authors further examination of LiCl is warranted. 

Figure 2 is a plot of water vapor pressure over a saturated 

LiCl sol ution as a function of temperature. This clear l y shows t he 

expone ntia l nature of the energy required to sepa r ate water from 

the Li Cl salt. 
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Dissolving LiCl salt in water lowers the vapor press ur e of the 

water over the solution. This occurs due to the in creased attraction 

between molecules in the solution. Increasing the amount of LiCl 

added to the water will continue to decrease the vapor pressure until 

the amount of sa l t added exceeds the amount tha t wi ll dissolve. At 
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Figure 2. Plot of water vapor pressure over aqueous lithium 
chlorid e as a function of temperature 



this point the vapo r pr e ssur e b ecomes inde pe nde n t o f con centration 

and is a fu n ction of temperature o nly. 

Wh e n water contains all of th e salt that it can dissolve , it is 
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c all e d a saturated so lutio n. This conditio n is often ac complished b y 

ad ding mo re salt than w ill dissolve t o assure continuation of the 

sa turated condition. 

Figure 3 contains the cu r ves of Figure I and Figure 2 fo r com-

paris o n and shows the vap or pressur e vs . temperature curves over a 

pure w ater surface (curve A) and over a saturated lithium chloride' 

sol utio n (cu r ve B). The condition at points A, D and Fare s e lec t ed 

to illustrate the vapor pressur e and te mperature relationshi ps. 

If the vapor pre ssure o f the space is de c r eased t o point D, the 

wa ter wi ll evaporate and the dry salt w ill r e main. In order t o mai n­

tain the salt solution phase at e qu i libr ium w h e n the vap or pressur e 

is c hanged to D , the s ystem must b e cool e d to the tempe rature 

w hich places the new vap o r pressure on the equilib rium c urves at 

point F. 

If the vapor pressure is inc r e as e d from point A to point F by 

adding w ater vapor, moistur e wi ll be absorbed int o the solution, the 

so lid salt will disso l ve, and a so lution will remain. Wh e n the vapor 

p r essure is changed to F, e quilibr ium may b e re-established b y 

h e ating to G. 

The temperature at which equilibrium is es tablished indicates 

the vapo r pressure at the new vapor phas e condition. This 
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t e mperature may be readily con ve rt e d to the conventional dew-point 

t e mperature as illustrated in Figure 3 by proceeding on a constant 

vapor pressure from A to B until intersecting the curve for pure 

water and then proceedin g down to C on the temperature axis. The 

point of intersection on the t empera ture axis is the dew-point temper-

ature, Td. 

Definition of th e lithium 
chloride problem 

The literature review l eft seve ral questions unanswered. In 

particular, answers were needed for the following : 

l. How rapidly will LiCl attract water from the atmosphere? 

2. What conditions a re required for measurement of LiCl 

electrica l resistance ? 

3. How does the electrica l resistance change as a function 

of solution concentration? 

4 . How does temperatu re affect the electrical r esistance of 

an LiCl so lution? 

5. How do temperature and e nvironment re late together in 

affecting the electr ica l resistance of LiCl ? 

6. Of what importance, if any, is the positioning or spacing 

of electrod es in making LiCl elect rical r esis tanc e measurements? 

7. Are answers to th e above ques tions predictable and 

r epeatable? 
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Since answers to these questions were not evident in the 

lite rature, experiments were designed and conducted to obtain 

answers. 
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ELECTRICAL AND HYGROSCOPIC PROPERTIES 

OF LITHIUM CHLORIDE 

Lithium chloride sa l t is a very ac t ive hygroscopic agent, but 

answe rs to the questions in the previous section a r e required if it 

is to be used e ffectively. Therefore, an evaluation was conducted to 

determine if LiCl could be used to achieve the a ccuracy and re l i-

ability desired for hygrometers. 

Some obse r vations 

A sample of dr y salt was p lace d o n a flat s ur face in a dew-

point environment of 0 C. Wh e n o bs erve d aft er a few hours , the dry 

salt had disappea r ed and so l utio n r emained on t he surface. In the 

upper part of Figure 4 is a view of a saturated LiC l drop as it was 

placed on a g lass surface . In the lower part of Figure 4 is a similar 

drop of LiCl so lution which has been expose d to a high humidity 

environment for a few hou rs. The inc r ease in size i s caused by the 

moisture absorbed from the air . Coloring was added to the saturated 

solution to improve visibility. 

Electrical resistance of lithium 
ch lorjde as a function of so l ut i o n 
concentration 

Dry LiCl salt is a non-conduc tor of e l ec t rici t y . The dry salt 



F igure 4 . P ho tograph of two drop s of lithium chlorid e so lution. 

The lowe r vi e w shows the r e su lt of exposur e to high 
humid ity en vironm e nt for an e xt e n d e d per io d of time. 
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shows a high e lect ri ca l resistance which falls rapidly as so luti on 

begins to form. Because of polarization at the electrod es, resis­

tance must be measured with a - c method s. 
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Figure 5 shows the test setup used for e valuating the e lec trical 

r esista nce of LiCL as a function of so luti o n. This equipm e nt con1bi-

nation w ill give a good r es istanc e m ea surement to I 0, 000 , 000 ohms 

and indications t o 10 times this va lue . It consists of: 

l . A t e n vo lt a-c suppl y 

2. A I , 000 ohm series curre nt limiting r esis tor 

3. An a-c meter with c urrent ranges for full scale defl e ction to 

0 . 0000 15 to 0. 00 5 amperes. 

4. A tray for L i Cl and e lectrodes 

The procedural steps for this test are: 

I. Plac e 10 drops of saturated LiCI solution on a g lass tray 

su rface at room t e mpe ratur e . 

2. Connect the 10 vo l t a-c supp ly w ith the I , 000 ohm r esis tor 

in one le ad and the a- c current meter in the other and place the 

e lectrodes in the LiCl solution. 

3 . Add drops of d is t i ll e d water to the solution until it 

increases in vo lume 500 times . 

4 . R epeat step 3 and modify by heating the solut ion with a h eat 

lamp at the in itia l condition, then repeating the heating at diluhon 

of 300 a nd 500. After each h eating return the temperatur e to 

ambient before continuing. 
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Cur rent 
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Figure 5. Schematic of test setup for measuring the e l ectrical 
resistance of lithium chloride as variation of wat er 
content takes place 
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5. Remo v e the so lution and r epeat step l . The o p eration now 

ts to r emove the wate r from the solution progressively unt i l dr y sa l t 

r ema ins. This i s accomplished by app l ying heat wi th a h eat lamp in 

a ser ies of steps and betwe en steps a llowing the temperatur e to 

r et urn to ambie nt . Data are taken in the heated condition and at 

arnbient. Weighing the sample b etween steps provi des data for the 

rat io plot of HzO /LiC l v s. r esistance . 

Test results are shown in Figure 6, which is a plot of 

e lec tri cal resistan ce of LiCl salt as a function of solution concen-

tration. For d ilute solutio ns , a semi- log plot of resistanc e vs . 

concentration is linear at HzO/LiCl ratios greate r tha n 100. 

The re is an increas e in resistance , however, as the HzO/LiCl 

ratio drops below 0. Ol . The four important points lea rned from 

this are : 

l. The resistance increases dramatically as the moisture 

conte nt of the salt approach es zero. 

2. The minimum resistance va lue is relati ve l y constant for a 

w id e va riati o n in concentration . (0. Ol to l 00). 

3. The minimum resistance va lue is great l y reduc e d when 

the LiCl soluti on is heated. 

4. Cur ve B of Figur e 3 r epresents a condition at w hich th e 

e lec tr ica l r es istance of the salt solution is at a minimum. 
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Figure 6. P lot of variation of electrical resistance of lithium 
chloride as concentration of solution varies 

38 



Electncal resistance of lithium 
ch loride solution as a function 
of temperature 

The test setup for measuring the e lectrical resistance of the 

LtCl solution as a function of temperature is shown in Figure 7 . 

The eq uiprnent consists of: 

I. An a-c supply (10 vo lt} . 

2. A d-e supply (0 to 50 vo lt and 0 to 1. 5 amp} 

3. A current l imiting res istor (1000 ohm} 

4. An a-c curr ent met er (1 5 t o 10- 6 amp to 1. 5 amp} 

5. An environmental chamber 

6. A humidity transducer with cabl e (s ee F igur e 1 5 } 

7. A d- e resistance bridge 

The numbers associated with the humidity transduc e r sche-

matic leads in Figu r e 7 cor r espond with the pi n con nections shown 

in Figu r e 15. 

The test procedure follows: 

1 . The fiber glass wrapped on th e humidity transducer is 

wetted wi th a 50 percent saturated solution of LiCl. This should be 

applied with a dropper taking care not to ge t so lut io n o n other parts 

of the equipment. 

2. The d-e power supp l y is connecte d to pins 3 and 6 of the 

transducer to heat it. The current is adjusted to 5 rna to prevent 

salt mo vement whe n the transduce r is pla ced in t he e n vi ronmenta l 

chamber. By vary ing the amo unt o f curr e nt in the r esisto r , t h e 
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Figure 7. Schematic of test setup for measuring the electrical resistance of a 
lithium chloride surface as a function of temperature when enclosed 
in a constant dewpoint environment 
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temperature of the resistor will vary . 

3 . Place the humidity transducer in the environmental 

chamber which has a dew point of 25 C. 

4 1 

4. Connect the d-e bridge t o pins 2 and 7 of the humidity trans-

ducer to rneasure th e r esistanc e of a YSI 44006 therrnister inbedded 

in the heat sink compound wi thin the 5 1 ohm r esis tor . This resist­

ance converts to the temperature measurement of the transducer. 

5 . Connect the 10 volt a-c supply through the 1000 o hm resistor 

and the c urrent meter to l eads 4 and 5 of the humidity tr ansducer. 

This is to measure the e l ec tr ica l resistance of the LiCl film on the 

transducer. 

6. Slowly adjus t the d-e current in the 5 1 ohm r esistor until 

its temperatu r e stab ili zes near 40 C. 

7. Observe the resistance of the LiCl film. When the r esis t -

ance has remained constant for an hour, evaluation may begin. 

This step is to make sure the environment has reached equi l ibrium 

after inserting the transduc e r. 

8. Proceed now to take data for the plot. Increase the heat 

in small steps and at each step allow the sys t em to completely 

stabilize before taking LiCL film r es istanc e and the rmister resist­

ance readings. 

The curve in Figure 8 shows the resistance of an LiCl solution 

as it is e levated to h igh er temperatures and he ld ther e until equilib­

rium is achieved. The equi libr ium is achieved b y driving off some 
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Figur e 8. Plot o f variation of electrical resistance of lithium 
chloride film as a function of temperature 
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of the water which, in turn , increases the sa lt con centration. The 

da ta fo r Figure 8 were obtained in an e nvironme nt of a constant 25 C 

d e w-point temp eratu r e. 

In most d ewce ll hygrome t ers the r esis tance of the LiCl solu-

tion is utilized to heat the unit until it r e ache s e quilibrium. This 

equilib rium condition is a function of ambient temperatur e and dew 

point. Thus the resistance point at which equilibrium wi ll be reached, 

according to Hedlin and Trofimenkoff ( 1965), will usually be some-

where between 500 ohms and 5000 ohms resistance. By r efe rrin g to 

Figure 8 we see that this r e prese nts about 4 C spread in t empe r-

ature due to h eat load r eq uirements without any regard to dew point. 

The important points learned f rom this are: 

l. The r es istanc e of the LiCl film is a fu n ction of t e mper -

ature and humidity envi ronment. 

2. The vapor pressure-resistance relation has a temperature 

dependence. 

3 . The resista n ce at which a dewce ll will operate in a given 

envi ronme nt is a function of its heat dissipation requireme nts . 

4 . At a 25 C dew-point e nvironment and at 10,000 ohm LiCl 

film r esistance, the LiCl temperature will be about 6. 9 C higher 

than if it we r e at e qu i librium and minimum resistance. 

Hygroscopic charact e ristics of 
dry lithium s;hloride 

The test setup for measuring the wetting characteristics of 
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dry LiCl is the same as shown in Figure 5. About 20 ml of satur ­

a t e d so lution of LiCl wer e placed on the tray as shown in Figure 5 . 

The n h eat was applie d with a heat lamp until the e lectrical r e sis ­

ta nc e of the LiCl exceeded 10 megohoms, at whic h time the heat was 

r e rnoved. Figure 9 shows the appearance of the dr y sail after it. 

cool e d to room t empe rature. The e lectrical resistance had con­

tinued to increase to greater than 50 megohms . 

The data used to plot Figure l 0 we r e obtained as the dry LiCl 

coll e cted moistu r e from the ai r . As soon as the s alt r esistance 

d e cr eased t o I megohm . the resistance was n o ted a t periodic inter­

vals . The ambient e n vironment h ad approximate l y a 0 C d ew point 

and a 25 C temperature. 

From Figures 9 and 10 it was co nclude d that if the e l ectr odes 

of a dewcell b ecame coa t e d w ith dry LiCl sa lt i t would not be us e ab l e 

for an ext e nde d period of time. This cond itio n can a nd sometimes 

do es exist if a d equate care is no t exe r c is e d when servicing the 

equipmen t . 

The important points from this specia l s tud y are : 

I . For r esistance to indi ca t e the prese nce of moisture in the 

atmosphere the e lectrodes mus t be on the su rface of the LiCl film 

w hich is in contact with the atmosphere . 

2. Any ope ration or handling that woul d allow the sa lt to 

migrate would cause questionable o r fals e res is tance ind ications. 



F igure 9. P hotograph of d ry li thium chlori d e from which wa t er has 
b ee n e vaporate d 
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Summary of r esi stanc e factor~ 

ln this work se ve ral factors have been observed that affect the 

resLslance of the LiCl film. These are : 

1. Temperature of the LiCl 

2. Concentration of solution 

3. Hydrate status of the salt 

4. Purity of the salt 

5. Salt de nsity (quantity or thickness) 

6 . Time 

7. Environment 

Analysis and comparison 

It is now possible to see how well LiCl met the r e quir eme nts 

set up by Showalter (1 965). 

Showalter 1 s requirements 

1. Have an overa ll accuracy 

e quivalent to less t h an 0. 3 C 

er ror in dew-point temper-

atures. 

2. B e stable in calibration 

and r e tain the above speci-

fLed accuracy for periods of 

several months. This must 

Comparison and ana l ysis 
(deg r ee of achievement ) 

1 . To mee t t his requirement it 

is necessa r y to ope r ate the LiC l 

at a constant resistance as indi-

cated in F igu r e 8 . 

2. No t tested d irectly, but from 

the data obtained in the preceding 

tests , this requ irement is 

feasib l e. 



in c lud e immunity to common 

a tmo sphe ric contaminants . 

3. Be capable of continuous 

unatte nde d operation for 

we eks or even months . 

4. Have lag independent of 

t e mpe rature. 

5. Read directly in terms of 

dew-point temperature. 

6 . Have a lag coefficient of 

not less than 30 seconds. 

3. If the equipment shown in 

Figure 7 can be automated, it 
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wi ll meet this requirement except 

where the relative humidity drops 

below ll percent. Additional 

e quipm ent would b e required to 

cool the air so that the relative 

humidity would exceed ll per­

cent. 

4. This requirement appears t o 

be achieva ble . Some changes in 

lag w ill occu r with va riati ons in 

dew- point e nvironme nt 1 but this 

shou ld not be confused with tem-

p e rature dep en d e nce. 

5. This requir ement is achiev­

able with proper calibration 

procedures. 

6 . This requirement can be met 

by properly sizing the transducer 

assembly. 



7. Have a dew -po tnt range 

of +30 to -65 C with t em-

perature between +5 0 and 

-6 0 c. 

8. Have few or no moving 

parts a nd have complete 

t e mperature compensation . 

9. Have an output form satis­

factory for us e as input t o an 

automatic data a cquisition 

sys t em . 
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7. This requirement was not met 

with the above e quipment in the 

low e r t emperat ure r egio n . There 

are hydrate cha nges in the s a lt 

s tructuring, and at the hydrate 

change point the unc e rtainty may 

excee d 0. 3 C. No tests were 

made below -30 C dew point . 

8. The equipment shown in 

Figure 7 ar e adaptab l e to this 

requirement. 

9. Output from the humidity 

transducer shown in Figure 7 is 

adaptable to this requireme nt. 

From the comparison and analysis made above, I w ill accept 

Showalter ' s r e quirement s as the basis for hygromete r des i gn exce pt 

ite tn 7 . I w ill re v ise item 7 t o r e ad: "Ha ve a dew - point range of 

+30 to -10 C w ith t emperat ure be t wee n +5 0 and -10 C." 

I have chosen t o change Showalter's item 7 r e q u ireme nt for t wo 

reasons: (l) I do not have equipment available for ade quate l y t e sting 

at the lowe r temperatures , and (2) the wo rk that initiate d this project 

does not require measurement of d ew-point temperatures b e low -l 0 C 

or temperatures below -10 C . 



ln addition to the abo ve requirements, furthe r consideration 

wi ll b e given fo r operation at remote sites w ith batte ry power. 

With this background , we shall now procee d to the probl e m 

of deve loping a practica l hygrome ter. 
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DEFINITION OF HYGROMETER PROBLEM 

Performance characte ristics 
desired 

To meet our needs for a remote location hygrometer , th e 

following characte risti cs are r e quired: 

l. Have a dew-point range of -10 C to +30 C. 

2. B e capable of operation from 12 vo lt battery powe r. 

3 . Have a power r equirement of less than 0. 75 watt. 

4. Have an accuracy of.±. 0. 3 C for d ew -point sensing. 

To meet the above requirements, we chose to use LiCl salt 

solution phase transition for humidity sensing. LiCl character-

istics which make it desirable for dew-point m eas ureme nt are: 

l. It is highly hygroscopi c. 

2. It can be maintained at a constant resistance w he n in a n 

atmosphe r e with a relative humidity greater than 11 perc e nt. 

Functional characteristics to. 
be de ve loped 

T o achie ve the characterist ics r e quire d above , the follo wing 

functions are s elected: 

Performance required 

l. Have a dew -point r ange 

Physical features n e c essa ry to 
meet performanc e requir eme nts 

l. F r om the preceding t es ts , 
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- l0Cto +3 0C 

2 Ope rate from a 12 

vo lt battery. 

3. Have powe r r e quireme nt 

of les s than 0. 75 watts. 

4. Have a n accuracy of 

+ 0 . 3 C for dew-point 

sensing 

LiCl appears we ll suited to this 

range of operation. 

2. Tests with LiCl solut1on 

showed that polarization takes 
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place if direct current i s app l ied 

to it; therefore, a means of con-

verting from d-e to a-cis 

required for the humidity trans­

ducer. 

3. When ope rating at tempera­

tures considera bly above ambient, 

radiative loss of heat could be 

excessive. Therefore, the 

physical size must be kept small 

to prevent excessive loss of heat 

through radiation. This will also 

reduce loss of heat by convection. 

Convective heat loss must be con-

trolled to prevent temperature 

gradients from developing withi n 

the transducer . 

4. This can be achieved by oper­

ating the LiCl film at a near con­

stant resistance on the steep part 
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of the curve. (See Figure 8. ) 

Also , an accu r ate temperature­

sensing device is r eq utre d w hich 

will give high precision and will 

not present excessive the rmal 

load on the humidity transduc e r 

operation. 

Physical un its dis cussed above w hich ar e necessary to give the 

r eq uire d pe rformanc e are: 

l. A heate r 

2. A d-e to a-c converter 

3. A humidity transduc e r 

4 . A resistance er ror detector a nd control 

5 . A tempe ratur e-se n si ng device 

The functiona l r e lati onship among these units are displaye d in 

Fi gu r e 11. 

Since a unique featur e o f th is hygrome t er is its operation of 

the LiCl film at a constant r es istance , we sha ll name this hygro­

meter the Constant R e sistanc e Hygrometer, identifi e d as a C-R 

Hygrometer . 



Temperature 
Hy gro s copic S e nsing 

Ele ment El e ment 

t 
Erro r 

D e tector H eating 
and H eat El e ment 

Control Unit 
.... 

i 
d-e 
to 12 Volt 

a-c Batte ry 
Converter 

Figur e 11 . Block diagram s howing functional parts required in the 
hygrome t er w ith arrows indicating the direction of 
powe r fl ow and contro l 
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HYGROMETER DESIGN 

Introdu ction 

A schematic and a parts l ist for the hygrometer ar e shown in 

Figure 12 . The function serve d by each part is given in the following 

discussion . The use of trade names is not intended as a n endors e­

ment or recommendation; e qui va lent parts from another manu­

factur e r would be equally s uitable. All voltages a r e r e ferenced 

to the negative supply. 

Figur e 11 includes two items not included in Figure 12. They 

are a twelve vo lt battery and a te1nperature r eadout device . Since 

these are usual laboratory i t ems and not unique to this use, they 

are omitted. 

Discussion 

Parts l, 2 , and 3 constitut e a r egulated vo ltage source for the 

osci lla tor s t age. Part l is a voltage-dropping resistor through 

which the current is passed for the zener diod e {part 2) operation 

and for the base of the r egu lator transistor (par t 3). The regulator 

transistor then functions as an emitter follower with its base vo l tage 

fixed by the zener diode, and its emitter vo ltage is held constant at 

about 0 . 5 vo lt s less than the zener d iode operating vo l tage. Thus a 

constant vo ltage is provided for the oscillator circuit as the supply 
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1. 7. 5 k 1 /2 watt r esistor 

2. 9. l volt 0. 4 watt ze ner diod e 

3. 2N3704 NPN transistor 

4. 27 k 1 /2 watt resistor 

5. 7. 6 k 1 /2 watt resistor 

6 . 0. 1 ufd mylar capacitor 

7. 0. l ufd mylar capacitor 

8. Triad TY 34X transformer 

9. 2N3704 NPN transistor 

10. 330 ohm 1/2 watt resistor 

1 1. Lithium Chloride hygro­
scopic unit 

12 . 10 k l /2 watt r esi stor 

13. 10 k 1/2 watt r esi stor 

14. 25 k 1 /2 watt potiometer 

1 5 . 4. 7 k 1 /2 watt resistor 

1 6 . 1 k l /2 watt r esisto r 

17. 3kl/2wattresistor 

18 . 2 k 1 /2 watt r esisto r 

19. 2N3704 NPN transistor 

20 . 220 ohm l / 2 watt resistor 

21. I N626 si li con diode 

22. IN626 silicon diode 

23. IN626 silicon diode 

24. IN626 si l icon diode 

25. IN626 silicon diode 

26. 2N3704 NPN transi stor 

27 . 10 ohm 1 /2 watt resistor 

28. 47 k 1 /2 watt r esisto r 

29. 4. 7 k 1/2 watt resistor 

30 . 2N3 704 l\PN trans is tor 

3 1. 4. 7 ohm l watt resistor 

32. GE D27Dl PNP power 
transistor 

33. 5 1 ohm 3 or 5 watt resistor 

3 4. YSI precision thermister 
part #44005 

35. Cinch - Jones 4 -1 40- Y 
barri e r blocks 

36 . Humidit y tr ansducer 
including parts 11 , 33 , 34. 37 

37. Keystone octal bas e relay 
case (not shown) 

38. 0. 02 u fd mylar capacitor 

39. 0. 01 ufd my la r capacitor 

40. 27 k 1 /2 watt resistor 

Figure 12 . C-R Hygrometer schematic showing functional design and parts list <.n 
-..J 



vo ltage is vari e d from 11 to 16 volts. 

P a rts 4 , 5, and 1 0 ar e r e sistors for e stab l ishing th e d- e 

o pe r a ting condition s for the oscillato r transistor (par t 9). Par t s 6 , 

7 , a nd 8 are the additional items re qui r e d t o complete the conven­

t io na l r e son ant fe e dback osc illator circ uit. A prerequi site to 

accurate humidity measure ments wi th this e quipment is a constant 

volta ge outp u t from the seco ndary of the oscillator transforme r 

(part 8). The choice of compon e nts and the design of the r egulator 

ci r c uit we r e for thi s purpose. 
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The a - c output from the oscillato r tr ans former s e condary is 

f e d to the network consisting of parts 11, 12, 13, 14, a nd 15, P art 

11 , which is a pa rt of part 36, consi s ts of t wo electrodes wound over 

a LiCl so l ution absorption pad. This unit (pa rt 11) connects into the 

ci r c uit t o se n s e the LiC l film r es i stance. Parts 13 , 14 , and 15 ar e 

in para lle l w ith part 11 a nd the ir functi o n w ill be discussed later . 

Parts 20, 21, 22, 23, 40 , 3 0 , a nd 18 es tabli s h the normal d -e 

cond itions for the transistor (part 19 ). Part 19 is normally non­

cond ucting until a signal of s uffi cient amplitude and with prope r 

polarity appear s across pa rt 1 2. The polarit y of this sig na l must b 

positive with respect to the n egative supp l y l ine for conduction to 

take place. 

A unit known as the "Humidity Transducer " consists of p a rts 

11 , 3 3 , 34 , an d 37, which are packaged together an d r eferre d to 

coll e ctive l y as part 36. The r es istance of the LiCl film is controlle d 
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b y the hygroscop1c characteristics of LiCl and the heat app l ie d t o 1t. 

In operation , a s th e LiCl attracts moisture from th e an its 

resistance is de c re as ed and the vo ltage across it decreases> caus 1ng 

the vo ltag e a cross part 12 t o increase . This increases the signal 

drive through the bas e series resistor (part 16) to part 1 9. Part 19 

is the error signal amplifier which causes c urr ent to increase 

thr o ugh parts 18 , 30, and 40 to the base of the heat con tro l amplifier 

(part 32) . 

The increas e in bas e current of the h eat contro l ampl ifier 

causes an increased current flow through parts 31 and 33 . Part 31 

provides series feedback for the heat cont rol amplifier, making it 

l ess sensitive to variations in individual transistor characteristics . 

The increa s ed current in part 33 produces heat which is directly 

applie d to parts II and 34. This increased heat of the LiCl caus s 

its r e sistance to increase, thus closing th e feedback loop and cor­

recting the resistance error that started the cycle. 

When the LiCl film resistance is l ow, part 30 is bias ed to act 

as a low resista nce path for e rror signals from part 1 9 . However, 

as the LiCl film resistance increases, the vo ltag e across the serie s 

combination of parts 13, 14, and 15 increases . This increases the 

vo ltage applie d through part I 7 to the bas e of damping control 

transistor (part 26). This in turn app lies a signal through part 29 

to the bas e of the drive limiting transistor (part 30) and l imits the 

drive signal to the heat control amplifier. 



Parts 24 and 25 a r e silicon d iod e s w hos e jun ction voltage 

c ha r a cte ristics se t the r e fe r e nce to which the damping control tran ­

s i s t o r (part 26) can contr ol the curr e nt flow through the dri ve ­

limiting transistor (par t 30 ) . Experience and particular appli-

c a ti o ns n'lay n1.ake it desirab l e to increase or decrease the number 

of diodes that are used in this way. 

Adjustment 

The voltage o utput of the transformer seco ndar y is 4. 8 volts. 
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The damping control adjustment (pa rt 14) is a djuste d until 2. 5 vo lt s 

a-c are maintaine d across the LiCI film as measured across part ll. 

This adjustment should be made in an e nvironme nt that has a dew 

point near the mean environment of the dew-point rang e in which the 

unit wi ll operat e . The lab proto-type unit ha s been adjusted at a 

dew-point environmen t of t lO C and then operate d from -15 to +30 C. 

From the 2. 5 vo lt setting the voltage increas es to 2. 7 vo lt s at a - 15 C 

and decreases to 2 . 4 volts at +30 C. This change in voltage is a 

function of the change in e ne r gy requirements n ecessary to establ ish 

an eq uilibrium condition. The voltage va lu es have considerabl e le e-

wa y in their generation and appli cation , but measurement accuracy is 

depe ndent on vo lta ge stability and repeatability. 

The circuitry and operation discussion above can readily be 

adapte d to different d-e supply vo lta ges or to an a-c power source . 

Figure 1 3, left hand v iew, is a photograph of th e assembl e d 



Figur e 1 3 . P hotograph of humidity transduc e r de tails and 
C-R Hygrometer 
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C-R Hygromete r shown in Figure 12. The humidity transducer 

(pa rt 36 ) is shown plugge d into the osci llato r and control unit . The 

right han d view shows the parts and assem bl y of the humidity trans­

duce r . The numbers by the parts refer to the parts list, Figure 12. 

Humidity transducer 

Parts of the humidity transduc e r are shown separately in 

Figure 13 fo r easy visualization of thei r relationship. 

The assembl y of the transducer may be accompl ished as 

follows: 

1. In sta ll the ohmite 5 1 o hm (part 33 ) r es istor in pins 3 a nd 

6 of the octa l plug (pa rt of 37 ) a nd solder l e ads. 

2. Spread the l eads of the YSI 44005 the r mis t e r (par t 34 ) 18 0 

degrees a part , then install the t he r mister in the hollow cor e of the 

5 1 ohm resistor. The thermiste r bead shou ld b e near the center of 

the resistor . The the rmister l eads are the n ins e rted into pins 2 and 

7 and so ld ered. The thermiste r leads should not b e s tressed a t a n y 

tim e. 

3. Place the fiber glass (part of pa rt 11) on the 5 1 ohm r es is-

to1· a nd hold it in plac e with an alligator c lip w hile connecting th e 

electr o d es . 

4. Connect the e nd o f o n e e lectrode of the bifilar e lectrodes 

(part of part 11) to pin 1 of the octal plug; w r ap o ne complete turn 

around the resistor and connec t the o the r end to pin 4. Connect the 
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seco nd e l ectr ode to pin 8 an d wrap around the r es istor t n the 

opposite d irection to the first , t e rminating in pin 5 . Care must b e 

taken to i n sure tha t the two e lect rod es a r e adeq uate l y spaced from 

each othe r. Th e only electr ical con nec t ion that exis ts b etwee n them 

is through the sa lt film, So lder the electrodes in place, 

5. Apply a good h eat sink compound t o the thermis t er to insure 

the rmal e qui l ibrium w ith the r es istor temperature , The n sea l th e 

ends of the r esistor cor e w ith a si l icon rubbe r s eale r, 

This completes the as s embl y of the humi d ity transdu ce r and 

it is now ready for servicing preparatory for us e. 

The sa lt density tole ranc e is quit e broa d for phas e transition 

h ygromete rs, but errors of several deg re e s have b een observed with 

insufficient or ex c ess ive salt, This condition is contro ll e d by 

d eve loping a nd fo llow ing uniform procedures for hand l ing and 

servicing, The fo llowing procedure has pro ved to b e close to opti­

mum for this trans ducer, 

A saturate d solution of LiC l shou ld b e prepar e d in advance 

of the tim e i t is t o be us e d , For tr eat ing the trans du cer, mix l part 

by vo l ume of saturated LiC l solution and I part distill e d wa t e r , 

Using a dropper , appl y e no ugh to we t the fib e r glass , Care shou ld 

b e t aken to insure that the so lution does not get on other parts of the 

transduce r. 

Ve ntilation of the tran s du cer may b e controlled b y installing 

the ve ntilation shie ld (part of par t 37}, A ho l e is drilled throu g h 



oppostl si d es of the s hi e ld as shown in Figur e 1 3 . The amoun t of 

ve nttlation d epend s on the size a nd ori e n tation of t h ese holes. 

Usually the transducer is mounte d so that the holes are tn the vertt 

ca l plane ; thus t emperature gradient w ithin the unit wi ll indu ce 

ventilatio n . 

Periodica ll y th e transducer must be cleaned and r et r eate d 
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w tth LiCl. B efo r e adding n ew LiCl solution, perform the following 

check to see if the cleanin g is adequate. A ft e r was hin g, plug t h e we t 

trans d uce r into the oscillator a nd control unit a nd observe the 

results. If the unit is clean, it wi ll h eat up until dr y, the n it wi ll 

return to am bie nt tempe rature. If it d oes no t return to a mbi e nt tem-

perature, it is n o t clean. 
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CALIBRATION AND RESPONSE 

Te st method and calibration 

The C-R Hygrometer operating characteristics are shown in 

Figure 14 which relates the dew-point temperature (the abcissa) to 

the transducer ternperature (the ordinate ). Data for Figure 14 were 

o btained by using an ice and water system in a clos ed chamber where 

t e mperature-rise throughout the range from -15 C to +30 C was less 

than 1 C per hour. Under these conditions the air was regarded as 

ha v ing reached the saturation vapo r pressure condition at the t e mper­

atur e r e ad by the thermometer. 

The closed chamber contained : 

1. A quartz thermometer temperature-sensing e lement 

2. A humidity transducer 

3 . A pump for circulating the water as it became avai l ab le 

from ice melt 

4. An immersion-type electr ic heater 

5 . An air circulating fan 

6 . Truncated cones of ic e made by freezing ice in 5 ounce 

pa per cups. 

The closed chamber was a mi l itary surplus freezer that had 

bee n u.s e d to store aluminum ri vets for ai rplane construction or 
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repa1r a nd was capable of producing t e mperatur es as co ld as - 40 C . 

The fa n was placed to draw a ir from the bottom of the 1c e pack 

past the th e rmomete r se nsor and the humidity transducer , the n 

blowing it back to the far end of the chamber. The thermometer was 

loc ate d so that it was in the air stream during the ic e phase and 

Immersed i n the wate r as the ice melted. The humidity transducer 

was placed above the thermometer s ensor jus t enough to be above 

the water when the ice melted. 

The heater and pump were placed in the chamber at the begin­

ning so that it wo uld not r e quir e opening at any time during the 

ca libration period . 

Testing was started by cooling the chamber to -30 C, then 

a llow ing it to gradually warm. The r esults are reporte d above. 

Hygrom e ter r es pons e 

Figure 1 5 is the warm-up r es ponse curve for the hygrometer 

wi th the humidity transduce r in a 0 C dew-point e nvironment. The 

e quipment had been turned off for a period of 15 minutes before 

starting this respons e curve. 

Figure 16 was recorded under the same conditions as F1gure 

1 5 exce pt the de w- point environment was 25 C. It was of particular 

inte r es t to me to note that at the higher humidity {25 C dew poi nt) 

the eq uipm e nt r e quired a longer time to warm up than at low e r 

humidity {0 C dew point) . 
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Figure 17 A was obtained by turning off the power to the hygro ­

meter until the resistance of the LiCl film was reduced to one-half 

tis oper~ting v'l lue . At this point the power was turned on a nd the 

time was indicated as time zero. Stability was achieved with in four 

mtnutes. The curve in Figur e 17 B was obtained by turning off the 

hygrometer power at time zero and leaving it off for 15 seconds . 

During this time the LiCl film r esistance dropped t o 80 percent of 

its operating value. The power was then turne d on and stabilization 

was achieved within four minutes. Within this range of humidity 

transients the response time is more d ependent on the trans du cer 

c haracte ristics than on the magnitude of humidity transient . 

Figure 18 is a transient r esponse cu r ve obtaine d with the 

humidity transducer in a 14 C dew-point environment. At t ime zero 

h ygromete r power was turned off until the voltage across the LiCl 

film had dropped from3 volts to I . 2 volts at P oint A, at which time 

power was turned on. The sensor then heated to dri ve the excess 

moisture from the LiCl pad with thermal overshoot followed by 

cooling until it was able to attract enough moisture to start heating 

again . At that time the moisture content was low enough to fo llow a 

well damped path to the operating temperature . The voltage across 

th e LiCl film at Point B was 2 . 7 volts. 

Figure 19 was obtained with conditions identical to those for 

Figure 18 except the damping ci rcuit was disabled. At time zero 

the power and damping circui t wer e turned off. At Point A the 



71 

aJ 
>< 

" ":tl 
" aJ 
0.. 
E 
"' f--1 
>< 

2 
" E 
0 
>< 
OD 
>. 

:r: 

0 Time (Min. ) 4 

Figure 17 A. Transient response curve for C-R Hy-grometer 
with humidity tran sducer in a 0 C dew-point 
environment 

0 Time (Min . ) 4 
Figure 17 B. Transient response curve for C - R Hy-grometer 

with the humidity transducer in a 0 C dew-point 
environment 



'" Ul 
ro 
'" ... 
u 
.s 
'" ... 
" ';;j 
... 
'" ~ 
E 
'" 1:-< 

" ! 
'" E 
0 ... 
b.O 

"' ::r: 1 
B 

A 

0 2 4 6 
Time (Min . ) 

Figure 18. Transient response cu rve for C- R Hygrome ter with the humidity transducer in a 
14 C dew-poi.nt environment 

8 

..... 
N 



" (/) 

"' " 

H I \ 
c 

\ 
"' '" " a. 
E 
" 1:-< 

'" ~ 
" E 
0 ... 
Oil 

~ I 

0 

\J l l B 

A 

2 4 6 
Time (Min.) 

Figure 19 . Transient response followed by oscillations in a lithium chloride phase transition 
h yg rometer 

8 

__, 
w 



74 

vo ltage acr oss the LiCl film had droppe d to l. 2 volts as in Figure 18 . 

Power was then turned on l eavi ng the damping circuit disabled . The 

response was similar to Figure 18 except the initial heat-up laste d 

longer and the vo ltage at Point B was 3. l volts instead of 2. 7. The 

hygrometer oscillated with the LiCl voltage reaching 3. 3 volts at 

Potnt C. 

Figure 20 is a continuation of Figure 19. At Point D the volt­

age was 3. l vo lts and at Point E the damping circuit was enabl ed, 

wh1ch promptly suppressed the oscillation. 

To appreciate the condition causing oscillation, refer to Fig­

ure 8 . In normal operation most self heating hygromete rs operate 

with a LiCl film resistance below 5000 ohms and wi ll have a + 2 C 

tolerance on measurement accuracy. For high accuracy , however, 

operatwn on a steeper portion of the curve is desirable. 

Moisture is driven outwa rd through the LiCl pad. If an ove r ­

shoot is encounte r e d , a vapo r deficit with respect to stable oper­

ation occu r s. As soon as cooling starts the vapor deficit on the 

inside wi ll take moisture from the surface, causing cooling be low the 

sta ble ope r at ing point. This may be of such magnitude that stable 

operation cannot be achieved without a suitable damping device. 
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SUMMARY AND COMPARISON 

The performance c hara c t e risti cs selected for this proj~e~t 

hav~e b ee n achieved as shown below in the co mpar ison . 

Requirements 

I. Dew- point range -10 to 

+3 0 c 

2 . Operate from a. 12 vo l t 

batte r)' 

3. Po wer r equirements of 

l e ss than 0 . 75 wa tts 

4 . A ccuracy of±. 0. 3 C dew­

p o mt s e nsing 

A c h ievements 

I . The hygrometer prov ide s 

stable operation in this range pro­

vided the r elative h umidity is not 

less than about 7 or 8 per ce nt . 

2 . This w as accomplishe d . In 

addition, the u nit ha s b ee n oper­

ated fr om 120 volts a -c and 6 

volts d-e w ith some simple 

modifications. 

3 . In a dew-point e n vironment of 

25 C the power required is 0 72 

watts and decreases at lo we r 

t empe ratures . 

4. This was accomplished . H o w -

ever , care in servi cing a nd 

hand ling of the e qu ipm en t i s v ery 

important . Car e les sness can 



77 

eas ily introduce l or 2 degree" 

e rror . 

In addition to the achievements given above, we will now r efe r 

to Showalte r's r equirements and compare performance with the 

requireme nts [or eac h item that he listed. 

R e quirement 

l. Have an ove rall accuracy 

equivalent to less than 0 . 3 C 

e rr or in dew-point tempera-

tures . 

2 . Be stab le in calibration 

and retain the above specified 

accuracy for periods of 

severa l months. 

3. Be capable of continuous 

unattende d operation for weeks 

or even months. 

4 . Have lag independent of 

temperature. 

Comparis on 

l. This i tem was tested and the 

e quipm ent met the requirement. 

2. This was t es t e d in field use 

for four months with 10 units . 

Ca libratio n was ch ecke d on 

r e turn to the laboratory . Ntne 

units were within tolerance and 

one had thermi s t e r failure due 

to LiCl corrosion of the lead . 

This requirement was met . 

3. This requirement was demon ­

s tra t e d . 

4. This requir ement was demon­

strated in the r esponse curves 

shown in Figures 15 through 20 . 



5 . Read dtrectl y tn terms 

of d e w-potnt temperatu r e. 

6 . Ha ve a lag coe fficient of 

not l e ss than 30 seco nds . 

7 . H ave a dew-point range of 

+30 to -65 C with temperatu r e 

be tween + 50 and - 60C. 

8 . Have few o r no moving 

parts a nd ha ve comp lete tern-

pe rature compensatio n . 

9. Have an output form satis­

factory for use as input to 

n utomatic data acqui sition 

system. 

78 

5 . This is a r e adout equipm e n t 

choice and no t part of the h ygro­

mete r design problem . 

6. This requirement was demon-

stra te d in the response curves 

shown in F igures 15 through 20 . 

7 . This requirement as modified 

is shown in Figur e 14. 

8 . This r e qu irement was achieve d 

as shown in the desig n of the 

eq uipme nt . 

9. This requirement was acc omp­

lished in the design of the equtp­

rnen t a nd has b een used with 

automatic data acquisition system. 

However, ca r e at this point is 

esse ntial if the accuracy designed 

i nto the hygrometer is to be 

r eta ine d . 



FUTURE WORK 

Extension of thi s work to provide g r e ater accuracy and r nge 

present some ve r y i nt eres ting and c halle nging problems. S ome 

thoughts that have occurred to me ar e: 

1 . Could d igi tal control t echniques be adapted to this 

purpose? 

2 . Can stable operation be achieved i n the LiCl film 

resis tance range above 3 0 , 000 ohms? 

3. Could a phas e transition hygrometer be used in envi r o n ­

ment above 11 perce nt relative humidi ty and a l so a da p t to a high 

res1sta nce humidity sensor at lower r e lati ve humidity va lues? 

4. What would be required to ext e nd th e range of this e quip ­

ment to -65 C d ew point ? Or is this a good way t o go ? 

With the vital role pla yed by atmospher ic moisture , its 

measureme nt and contro l are ve ry e lusi ve and much r emains to be 

ccomplished . 
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APPENDIX 



A variety of h ygro m e te rs we r e c ompiled and explained by Wexler (1963) , and are summanzed 
here. The ide ntification h e used is retained for reference purposes. 

OUTPUT 
ISA MEASURAND OPERATING C HA RACTER-

NUMBER MEAS URAND RA NGE PRINC IPLE IS TICS EXICATION 

13-001 R e l ative 5 to 99% R. H . El ectrolyt ic Resistanc e 11 5 V , a -c 
humidity in bands solution 20 K to 20M 

13-002 R e lative l. 5 to 99% in El ec t rolytic Resistanc e 11 5 V, a-c 
humidity limited ranges solution 20 K to 20 M 

13-003 R e lative 5 to 99% Electrolytic Resistance ll 5V, a-c 
humidi ty solution 20 K t o 20M 

13 -004 Relative 0 to !OOo/o Dielectric Voltage 0 to 115 V, a- c 
humidity constant 50 mV 

13-005 R elative 0 t o lOO o/o Ion exchange Resistanc e 20 V, a -c 
humidity R. H . resin 1 K to 50 M 

13-006 Relative 0 to I 00 o/o Hair P neumatic 20 psig a ir 
humidity R. H. hygrometer 3 to 15 psig 

13- 007 D ew point -80 to +5 0 F De w point Optical P ressur1zed 
C0 2 

00 ... 



OUTPUT 
ISA MEAS URAND OPERATING CHARACTER-

NUMBER MEASURAND RANGE PRINCIPLE IS TICS EXICATIO N 

13-008 Dew point - 1 00 to +212 F Hygrome t er Resistance 115 V , a -c 
dew-point t em - platinum r e-
peratur e sister s e nsor 

13-009 Dew point -20 to +265 F Ele c trolytic Resistance 25 V, a-c 
dew-point t em - solution 
p e rature 

13-010 Relati ve 0 to 100% Psychromet er Resistance 5 ma 
humidity 

13-011 D ew point -11 5 to + 125 F Thermo- Thermocouple +12 V, d-e 
electric or Thermister 16 W or 

115 V, a-c 

13-012 Dew point - 50 to +142 F Dewce ll R e sistance 24 V, a-c 

13- 01 3 Dew point -50 t o +142 F Dewcell Temperature 24 V , a -c 
2 to 28 W 

13-014 Dew point -30 to +6 0 C Dewcell Resistance 30 V, a -c 

13- 01 5 Relat ive 2 to 98% Ps ychrorneter Resistance 110 V, a -c 
humidity 

co 



OUTPUT 
ISA MEASURAND OPERATING CHARACTER-

NUMBER MEASURAND RANGE PRINCIPLE IS TICS EXICATION 

13-016 Relative 0 to 90o/o Capacitance I Impedance a-c 
humidity resistance 

change in 
porous coating 

l3 -017 Volume 1 to 1000 ppm Electrolysis Voltage 11 5V, a-c 
fraction Oto100mV 

13-018 Volume 1 to 1000 ppm Electrolysis Voltage 115V, a-c 
fraction Oto 100mV 

13 - 0 19 Volume I to 1000 ppm Electrolysis Voltage 11 5 V, a- c 
fraction 0 to 100 mV 

13-020 Volume 0 to 1000 ppm Electrolysis Voltage 11 5 V, a-c 
fraction Oto i OOmV 

13-021 Volume 0 to l 0 ppm and Heat of Voltage 115 V ,a - c 
fraction OtoiOOOppm adsorption 0 ±. 1 mV 

13-022 Weight 1 to !000 ppm Electrolysis Voltage 11 5 v, a-c 
fraction 0 to 10 mV 

13- 023 H 20 by I to 100 mg/g Elec t rolysis Voltage 115 V, a-c 
we ight 0 to 10 mV 

00 

"' 



ISA MEASURAND 
NUMBER MEASURAND RANGE 

13 - 024 Relative 5 to 99o/o R. H. 
humidity 

OPERATING 
PRINCIPLE 

Ele ctrolytic 
solution 

OUTPUT 
CHARACTER-

IS TICS 

Resistance 
20 K to 20 M 

EXI CATIO N 

115 V, a-c 

00 

"" 
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