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!!U>!IDITY MEASURING INSTRUlIENTS 

by H. H. Bindon 

Water substanoe is the only oomponent of the atmosphere 
that may exist as a solid , liquid, or gas within the normal atmospherio 
temperature range and is, consequent l y, the only oonstituent that may vary 
f'rom point to point . The variation from point to point necessitates 
speciel measurements of the quantity of water wpour in the atmosphere. 

Due to ita nature and spatial variation , water, in the 
vapour phase , is of considerable impor tanoe as a modifying agent in the 
atmospherio energy J'egime . As I!i vapour, wate r may absorb 8 oonsiderable 
proportion of t he infra-Ted radiont energy . Water in the solid fonn reflefllta 
and absorbs 8 large proporti on of the inoident sol ar radiation 6.S cloud. 
In the form of water or snow on the surfaoe , it may ma r kedly vary tha albedo 
of the earth's surface . Dynamioally water vapour may aot as a trigger .nd 
a8 a pr opogating agenoy in la rge 8cale instability. 10 faot, if water 
W05 absent from the Barth's surfaoe , the general dynamio behaviour of the 
atmosphere might be radioally different . 

Beoause of the obvious importanoe of humidity measuremente, 
the World Meteorological Organization has set up a Working Group on Hygrometry, 
This group oonoerns itself with methode of observinL humidity in the 
atmosphere , the types of instruments best suited for meteorologioa l 
observations of humidity, and the estab lishment of appropriate formulae 
for converting the indioations of tho instrument into humidity parameters . 
The group must draft recommendations for presentation at the next meeting 
of the Commission . As a member of thi s group and Aoting Chairman, I 
thought it appropriate to undertake a survey of the instruments used to 
measure atmospheric humidity . 

The 1'hermodynamic Method 

The thermooynrumic method of humidity determination is 
probably the oldest quanti tative method, with a history extending back 
to the 18th oentury. It was first used in a quantitative DlBnnar by 
August in 1825 . 
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The method 1s based on the depression below ambient 
atmospheric t6mperature of the temperature aesumed by a body with a moist 
surfaoe from which water is oontinually evaporating into the air. A 
steady thermodynamio state is set up when the 108s of heat due to 
evaporation of the water on the surface exaotly balanoes the gain of 
he~t by the body from the surrounding atmosphere. 

The generally aocepted theoretioa l-emp1rical for.mula 
tor a wet and dry bulb psyohrometer is of the form 

• = 
• = The ambient vapour pressure 

e The saturation vapour pressure at tha wet bulb temperature 

p The atmospherio pressure 

Ta = The ambient air temperature 

T,., = The wet bulb temperature 

The theoretioal and praotioal problem 1s to determine 
the value of the so-oalled psychrometrio oonstant in terms of known 
pa rameters. 

(ll 
(2 
(3 ) 
(4) 

"A" is ohiefly .e. funotion of the following parameters, 
The venti18 tion 
The oovering of the bulb (water or ioe) 
Shape and geometry of the wet bulb 
Radiation exohange between the bulb and surrounding objeots 
(generally at the ambi ent temperature of the air). 

A theoretioal formulation of the value of A was 
derived by August and later by Maxwell. 

The August theory was based on the aseumption that 
the air in motion passes over the wet bulb and loses heat until it 
ultimately attains the wet bulb temperature and beoomes oompletely 
saturated . The Maxwell theor y was based on an analysis of the heat and 
moisture transfer between the moist eurraoe of the wet bulb and the 
ambient air, with the assumption that the transfer took plaoe only by 
oonduotive prooesses in the case of heat, and moleoul ar diffusion in the 
oase of water. Both of these theories were based on ass umptions that 
are not in accordanoe with the practioal facta. However, the Maxwel l 
theory gave acceptable values of A when the ventilation speeds ware low 
or zero , while the August theor y gave numerically correct value for A 
at high wind speeds . 
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Arnold, in 1933, formulated 8. theory based on assumptions 
that were more olosely r elated to re81ity~ and by the applioation of the 
appropriate modern heat and vapour exohange theory W8.8 able to obtain a.n 
expr ession for A whioh is qualitatively in accord with observations. The 
August snd Maxwell theories are, as might be expeoted , limiting aasss of 
the Arnold theory. 

Arnold was ob I s to give aome qualitative experimental 
confirmation of the fundamental oorreotness of his theory by using 
liquids that are fund~mAntal1y diff~rent from water in the values or 
their heat and vapour exchange ooefficients. 

The Arnold theory, while Bubstantially oorreot from a 
qualitative standpoint, does not take into aocount the geomet~ of the 
W6 t bulb which has an important effect upon the ventilation, and 
oonsequentl y the exohange mechanism. Theoretioal attempts to take into 
account the dimensional faotors generally ooncern themselves with a 
oylindrical body and have been only partially suooessful. 

Experiments along this line have been oarried out by 
Wylie in whioh he makes use of differential wet bulbs, or two wet 
bulbs of different diameters maintained under similar ventilation 
conditions. In Figur; (1) Wylie's results of a oomparison between 
differential thermometers are illustrated. In Figure (2) the final 
results of the experiments are shown. It may be noted that 300 om. per 
second may be oonsidered as a lower ventilation limit. For ventilation 
above this speed the geometry of the bulbs become of seoondary importanoe. 
It follows therefore that & ventilation of at least 300 om . per second i8 
desirable if oomparable results are to be obtained from -wet bulb 
thermometers of misoellaneous diameters. Below this ventilation speed 
it is neoessary to reduce the diameter of the bulb to a minimum in 
order to get reliable results. Thermooouples are ideal when a psyohrometer 
ia to be used Wlder calm conditions. or in investigs.tions where it is not 
desirable to disturb the ambient air. 
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The wet and dry bulb psyohrometer has certain advantages, 
the ohief of which is the appar ent simplicity 01' the equipment. The 
method must however be olassified 8.6 seoondary with its theory based en 
ssmi-empL"loal formulae . At temperatures be l ow freezing, the dil'fioulty 
in the oorract handling of the ioe bulb outweighs the advantages that the 
method otherwis e has . The obvious difficulty is to provide an adequate 
ooating of ioe on the bulb. In addit i on to this , the actual depression. 
of the wet bulb beoome inoreasingly small 8.nd ~ to a void errOTS, extrema 
&ocuraoy in temperature measurement is necessary . The wet bulb psyohrometer 
is at best a diffioult instrwnent at .t emperatures below freezing, end at 
temperatures be low OaF it is most desi rab l e to utiliz e other methods. 
Fi gu re (3) illustrates the various types of psyohromet ers. 

Hygr osoopic Type Invol ving Change of Length 

This ~pe of hum~dity element depends upon the property ot 
certain or~anio and synthetio materials to absorb water. The absor ption ot 
water ca us es mechanical swelling to take plaoe in t he material. The 
mate r ials generally used , e.g . human hair, go ldbeaters' skin, or nylon, 
swell longitudinally to an a ppreciable ex t ent a nd this property is 
util ized to indioate or reo ord humidity through a meohanical magnifying 
linkage or by eleotrioal amplifioe.tion. 

In this type of deteotor water vapour oontinues to penetrate 
into the material until , a t a specifio relative humidity , a vapour pressure 
equilibrilJlJl. is set up between the ambient weter vapour pressure in the 
air and the vapour pressure within the materia l. At this point, the intake 
of wat~r stops and consequently the swelling. The behaviour of t he hair 
in the presence of we. ter is in many ways snalogous to water vapour in 
oqui J ibrium · with & ~ non-saturated sa l t solution. However , the actual 
phys:l.Cal cause or the phellomenon oocuring inside the hair is not olearly 
established. 

It has been suggested that the portion of the ha ir oalled 
the cor te~. whioh lies just below the outer f8t~ ooa ting, oons ists of 
8 thr ead like me.te r ia l with oapillar y like entranoes into whioh the 
water may penetrate . This assumption is probably 8ubstantially oorreot 
but the meohanism whe r eby the swelling takes plaoe and the phenomena 
oonneoted with lag in varying humidi~ situations have not been olearly 
expla med 
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At the present time the substanoes used in meteorologioal 
instruments a re human hair Bnd goldb eater 4 t skin. Goldbeaters' skin is 
important as it is used in 8 number of designs of radiosondes. This akin 
responds many times more rapidly than tho normal untreated hair and retains 
its sensitivity t o low temperatures where the nor~~l hair beoomes useles8. 
Frankenburger in Gennany haa d isoovered that normally prepared human hair .. 
if rolled flat. b eoomes extremely active and it i s olaimed to be superior 
to goldbseters' skin f or radiosonde use. A diffioulty with the roll ed 
hair however is that ita tensile strength is r eduoed by the f l attening 
process and there is oon s iderable diffioulty in getting the mechanioal 
performanoe out of it that might be desired. 

Figure ( 4) illustrates the normal hair hygrograph. 
Figure (5) illustrates the magnifioation of the motion of t he goldbeaters' 
skin by means of a linear differential transformer. An apparatus of this 
type has been devised by the Instrument Division of the Meteorologioal 
Branoh and it has been found to be an exoellent method for reading humidity 
remotely at the surface where humidity ohanges are slow . 

The Absorption Methods Involving Eleotrical Characteristios 

Most materials absorb or give off water w.pour as ambient 
relative humidity i ncreases or deoreases . Assooiated witp this absorption 
there is usually a oorresponding ohange in the eleotrioal resistanoe of 
the material. Materials exhibiting a humidity dependent change in 
resistance may be utilized as humidity sensors . Suoh sensors when ooupled 
to suitable measuring oirouits constitute the eleotrioal clas s of hygrometrio 
instruments. 

General Principles 

The various sensors as defined above may be oonvenientl y 
oategorized into instruments based on the following prinoipless 

(a) Conduc tivity of aquet;us eleotrolytio soh .. tions. 
(b) Surfaoe resistivity of impervious solids. 
(c) The resist i vity of dimensionally variab:e materials. 
(d) The temperature of saturated salt solutions. 
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Conduotivity of Aqueous Eleotrolytic Solutions 

This type of sensor depends upon the faot that the 
solution of most salts in w~ter reduces the water vapour pressure 
below the v~pour pressure over pure watar . Thus, if a deliquescent 
salt, e.g., dry lithium ohloride, is placed in an atmosphere with a 
relative humidity of 50}~ , it will take up water and form a non-saturated 
solution. The dilution of this solution will be increased by the 
addi tion of water until the proportion of lithium ohloride in solution 
has como to the point where the equil ibrium pressure over the sol ution 
is equal to 50',io . The dilution will at this point stop" and the solut i on 
will hold oonstant . Th is solution will have an assooiated oonduotivity 
which is a measure of the ambient humidity. 

Probably the most important sensor of this type used in 
meteorology is the Dulamore Hygrometer which is utilized in the United 
States 'l'ype Radiosonde . In the radiosmde element e. flat strip of 
polystyrene 3 x 11/16 X 1/32" with tin electrodes affixed to the two 
long edges is utilized . The element is coated by dipping in a binder 
fJf lithium abloride solution in the form of a mixture . The calibr ation 
oharacteristios of such an element are shown in Figure (6) . The response 
of this element is reasonably nipid . At normal temperatures it has Ii 

90% response in 25 - 35 seoonds. At - 20°C it has a 63% response in 50 -
150 seoonds . Aotually, the speed of response is an involved function 
of temperature, magnitude and direotion of the relative humidity changes, 
etc . 

The element does provide a humidity variable r esistance 
that will allow it to be easily incorporated into U.S . Audio modulated 
radiosondes as it modulates the frequenoy ss it varies. The element has, 
however . Ii number of serious drawbacks that make it far from ideal . 
The defioienoies of the element may be tabulated 86 followsl 

(a) Its large temperature ooeffioient. (b) Its tendenoy to polarize. 
(0) It beoomes inactive at humidities below 12%, and oompletely useless 
be low - 30oe. (d) Its speed of reaction mile tolerable at high temperatures 
is not sa tisfaotory at low temperatures . 

Ano~her ~pe of senBor in this oategory is the Gregory 
Hygrontetor . In this instrument, 8. ootton fabrio is used to hold a 
lithium ohloride solution and oonductivity of the eleotrolytic solution 
is measured between two suitable eleGtrodes. This instrument has the 
same type of problems COllmon to the Dunsmore sensor but its reaotion is 
conside rably sloVier due to the great absorption times required in the 
cott on fib S orben t . 
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Surfaoe Resistivity of Impervious Solids 

In this type of' instrument a salt solution is placed on 
8. surface impervious to water vapour, such as smooth gless,and the 
r esistance measured between suitable eleotrodes . If the layer of salt 
i s thin enough an element of this type ropy be quite fast in response . 

Wexler has devised a radiGsonde sensor by depositing 8. 

film of potaslum metBphosphate on eo thin glass slide. The thiokness ot 
the film is 3 micro inches . The resistivity of 'this element varies fioom 
4 x 104 to 1013 ohms. At room temperature with ventilation speeds of 
80Q feet per minuto its r esponse is 0.1 to 0 . 4 seconds rO T 63% change 
of r al&tiv6 humidity and at -2 oae 2 - 3* seoonds . These very rapid 
ohAnges are desirable in radiosondes or for investigations of extremely 
variable conditions of humidity, but the element has all the diffioulties 
01' the Dunsmore instrument. 

Resistivity of Dimensionally Variable Materials 

WAny materials are dimensionally variable with relative 
humidity . If these mat6rials are coated or impregnated with oonductive 
substances, these subst6.noes will also expand or contract with the basic 
material and, if properly chosen,will change oonduotivity with dimensional 
variation. 

Smith and HCarlick have desoribed the development of a 
carbon f'il.m hy,;;rometer element which uses a plastic binder 6.S the material 
that is dimensionally variable with relative humidity . Apolystyrene strip 
100 mm. long and 18 mm. wide and 1.2 rom. thiok serves as a blank on which 
the sensitive film is placed . Two tin eleotrodes are located along 
the edges. A mixture composed at 45% carbon, 32.% hydroxyetbyl cellul ose, 
le,% polyoxy ethylene sorbitol, and 1.% alkyl anyl polyesten aloohol is 
spr ayed on the blank . The calibration is shown in Figure (7) . Although 
this element has good stability and would prove useful in l"8dioaonde work, 
it is diffioult to standardize in production. 
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Temperature Contro l led Saturated Salt Soluti ons 

Pr inciple 

A saturated so l ution of salt, e . g. lithium ohloride , ha s a 
vapour pressure which is the funotion of' the solutions temperature only . 
If the vapour pressure of the ambient air is , for exampl e , lOlmm . of Hg. 
at 5°C, the corresponding vapour pr essure over 8 saturated solution of 
lithiwn chlorido at 5°C will be lOomm. of meroury . As 8 result, water 
will flow from the ambi ent air into the saturated sol uti on . If howover, 
the B!tuTated aolution is heated to 41°C it wil l have a vapour pressure 
of 10 mm . of' Hg . and will be in equilibrium 'l ith the ambient air, and 
no water vapour will flow into or out of the solution tram the a ir. 

The dewoell _is r. very ingenious ins t rument based on this 
pr inciple. In thiB sensor a the rmometer bulb , generally of the eleotrio 
type , is surrounded by B glass wool wick impr egnated with 8 sa turated 
solution of lithium chloride. Two silver wi r e electrodes are wound around 
the wick in the bifiler coil . a 25 volt he current is set up across 
t he e lectrodes . When the vapour pressure over the ssturated solution 18 
les8 than the amb ient vapou r pr essure in the air, the so l ution is oonduo t1ve 
and is heated by the ourrent passing between the e l eotrodes. The solution 
will aont i nue to heat until t he saturated solution reaches 8 t emperature 
where its vapou r pr es sure is equal to the ambient vapour pressur e in the 
air. At this po int, it will start to give arf water to the ambient 
air and will suddenly have a h i gher resistanoe whioh will oause the 
heating to stop . Ifatural coolin~ will drop the temperature and the 
instrument ~·dll hunt about this temperature point. Thus the amb i ent 
vapour pressure or dew point may be obta i ned direotly from the dewc811.. 
The instrument will work best where the r e i s ve r y li tt le ventilation as 
ventilation carries away 'the heat too rapidly end vitiates the calibration. 
The instrument cannot be used below - 30°F or when the humidi t y at nortlBl 
t emper atures falls below 12% r elative humidity" . It is, however, a very 
intriguing i nstr ument and oper ates ove r a very wide atmospherio range. 

Wylie in Austr alia has used the same pr incipl e in an 
instrument that he has devised that measur es the conduotivity over a 
single crysta l. He conditions the temperatur e of the air as it comes 
into the test ohamber containing the orystal. PrOvision is made to 0001 

or hea.t the air and, as 8 result, the instrument can be used over a 
widor range of humidity wit h oonside!'8.ble aocuraoy ola imed for its 
indications. 
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The Dew Point or Condensation Method 

The dew point or frost point hygrometer has the 
adv6ntage of requiring only 8 t emperatur e calibra tion. It is baaed on 
the princ i ple that the dew or condensation point may be determined dirently 
by ob serving the formation of dew on a s urface that may be cooled in 
a controlled manner. 

The dew point is expressed by t he equation 

r 
0 . 622 tr p 

or 

= r p 
0 . 622 f r 

~~RL Td is the dew point 

T£ is tho f r ost point 

Ow i s the saturation vapour presBure at temp. Td • 

r is the mixing ra tic 

In its general form a dew point instrument consists 
of 8 highl y polished metal observing surface. provision i8 made to alter 
t he temporature of t he surfa ce and to detect the fonnation of water 
deposit, or frost deposit, on t he surfaoe visually by means o f' a 
photoelectric cell . The temperatu r e of the surfece oorresponding to the 
first detoction of dewar f r ost is ca r efully measured and designated a8 
equ iva lent to the dew point . 

The advantages of the method is that i t g ives absolute 
values of t he dew po int directly and may be used for dete rmining humidity 
over the entire atmospheric range. 

The disadvantages lie chiefly i n t he dif ficulties 
of building a praotioal instrument. In the first place it i s nec6ssa.r,y 
to pr ovido oont r olled heating and cooling . Cooling may be aooomplished 
in !l number of ways but for a praotioal operationa l instrument the use of a 
refrigera ted system is probably the only answer. Fur thermore, it is neoesssr,y 
to be able to rapidly contro l the cooling by hand or by automatic 
means so that t he dew surfa oe t emperature may be held very aocurately. 
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Tho possibility of do~ this de pends upon the acouracy 'with which the 
rOJ'ma.ticn of the daw elm be detocted and the dev ics ":' fo r oont r ol by f ee d 
baok to regulate the t empe rature of the po lished sur f a oe. The oontr ol 
must r aise the tempe r eture immediately on detection of the dew, and mus t 
be r eplaced by cooling as soon as the dew deposit d i sappear s . The hunting 
about the dew point mus t be reduced to & minimum . The instr ument l eads 
to a very interesting and instruotive exer oise in oontrol but i8 ext r emel y 
diffioult to a r r &nge in practioe . In addition to the oontrol difi'ioulti es , 
there is 6 problem in oorr~otly measuring the tcmpere t ur e of the po li shed 
surfaoe, as gradients exist in the metel below the s u r i'aoe as wel l as in 
the film of test air blown over t he surf aoe . Ii' the above men t i oned 
prob lema a r e solved then:! ere 8 number of residual questi ons that mus t 
be answe r ed J for example; (a) does the formation of' dew depend upon t he 
mate rial of the surface , (b ) how does the r esponse depend upon the jet 
speed of the sampled sir ? 

Optioa 1 Me t hods 

Optioal methods in general depend upon measuring the 
ab sorption of li t!:ht in oertain water absorbing bands of the speotrum . 
Some of the best work on this mcthod has been oarried out by the Instr umm t 
Seotion of the O.S. Weather Bur eau. They have developed an automatio 
infra-red absorption hygrometer . This instr ument makes use of the high 
water absorption properties of a band at 1 . 37 lu. Absorption in this 
band is oomptl r ed with absorpti on in a neighbour ing band at 1.25/U , whore 
water vEr,pour does not absorb radiation . In this instrument it is 
neoessary to obta in essentially monooh r omatic light beams oenter ing around 
1.37 and 1.2 /u) pass them through a metre length of air, and then 
deteot the variation of intensity by moons of an infra - red sensit i ve 
sulfide cell . The monoohroma t ic beams are ingeni ous l y obtained by t he 
use or the newly developed transmission type narrow-band-pass lig ht 
filters oonsisting of two highly reflecting but partially tra nsmitt ing 
fil:ms of silver separated by a transpa r ent spacer . The two filters ar e 
rotu.ted in a disk in i'ront of the light causing an alternating beam of 
light to pass thr ough . The vsriability of light elternations are 
detected and ingeniously r emoved to E\ null value by a -variation of the 
ourr ent in the light souroe bulb . The output is reoordod on a r ecord ing 
potentiometer and indicates sur pr i sing ~arietions on humidity . It 1s 
olaimed tha t the instrument increases sensitiv ity at the low hwniditiea 
enoounte r ed at low temperatur s w. 
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There are nwnel'OU8 other- methods that are presently being 
used ~ f'o r example, tho miorO"l'l8.ve hygrometer in whioh the refraotive index 
of mois t air is measul"ed by m6",ns of radio waves. A method based on water 
deoomposit ion, by electrolysis of vrat er withdrawn from sampled air by 
phosphorouB pentoxide, shows considerable pr omise . 

Ref erenoes 

(1) R. G. Wylie "Psychrometry" , Nationa l Standards Laboratory, 
Division of Physics, Austr alia , 1933. 

(2 ) H. L. Penman "HU!lJ.idity" Inst . of Physics Monograph 1965. 

(3 ) Arnold Wexler "Electrio Hygromeb"e r s" (t:.npublished) 



o 

Fig. 4 

--
~~ --"" 

'" vff at...... • • III. t ..... '-.............. r .. '-"t II soou., .. , 

"... 
7 

o 

M.S.C. SUNG P:SYCHI'(OMETIH( 

/til. S.c. I(EMOTE I?EADIN6 
PSYCH ROME TEl( 

f"SUI( _ .... ...,kMs _ s·e. ..,........ 20·C. 

I 
100 200 100 

A.1r ..... In anf.ec (w ......... no.) 

Flg.2 
CWw .. Show"", tN El'fMt ef A/npoIIId ...., Ot_t.er 

on tN T..,.,....... 0. ....... ;0" of " Wet lI._t. 

I 



;::;:: " '--" 

. 'III' I 
\ 'i I' .. 

. ... ..... . ""'5'0 
~ ... ,- -"'~ <_... ~-. .... -_ .. 

'" " 

Ilf 

x , 
0 ,0 

0 " 

20"0 
40"0 

10~~~~~~~~~~~~~~~ o 10 20 3040 50 60 70 80 90 100 

10' 

RELATI VE HUMIDITY. "4 

FIGURE 6 

IO~~~~~7=~~~~~~~~ o 10 20 30 40 50 60 70 80 90 100 

RELATIVE HUMIDITY . ~ 

FIGURE ., 


