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][. The Measurement of Surface Temperatures with special reference to 

Surfaces undergoing Evaporation. 

Introduotion. 

The rate of evaporation of water from any colloidal or crystal­

loidal material,when other faotore are the same,is direatly propor­

tional to the vapour pressureAitf~?enee. 

This is expressed by formulae of the type: 

-1!. = k ( PJ·P&, ) ------------------ (I). 
dt 

Where w is the water content, 

Pf= vapour pressure of the evapo~ng liquid. 

p~= partial vapour pressure of the liquid in the atmosphere. 

For the particular oase when a substanoe is dried in an at­

mosphere of zero humidity the above equation reduoes to, 

- d~= k i• ~-------------------(2). -'clt 
i.e. evaporai;~·ion is greatest when ps is greatest or when the 

surface is hottest. 

As a substanoe dries,its moisture content becomes less and 

there-fore the vapour pressure (4eoreases.The rate of evaporation 

depends on the difference between the vapour press~es in the mate­

ri&l and in the atmosphere so it is obvious that this rate deorea­

sas as the material dries. 

B.A. Keen as the result ofdstudy of evaporation of water from 

soils, obtained an empirical equati@n atpr·es .. ing the influenae of this 

faotor namely, 



Aw!"!L: 0003 logw- :) Cw-tk)-loge X ------··--------(3) 
dt 

Where A.and K.are oonstant. 

Sinae the available surface from which evaporation. takes plaoe 

4ecreases as the moisture oontent deoreases,this will affeot th• 

rate of evaporation.This factor is aooountei for,by the following 

equation: 

-dw = ]) 3/J5o )+I) ----------------------(4) dt -

Where ni&G.6onstant 

w = percentage of water by weight. 

s = real apeoifio gravity of soil. 

Combining these two equations,the rate of evaporation is expressed 

by, 

B dW ~ 3 (¥5-o-t- I) f2.303 log IO(w+-k)-loge ltl------~(5) rr- t !.t 

This is an example of the way in which evaporation Jroblems 

have to be solved.Many equations exist,expressing the rate of eva. 

poration under the influence of different faators.All are~neoessa­
s 

rily empirical to some extent,and the con~ants involved have to be 

determined for each different drying substance. 

No complete explanation of the faotors influencing evaporation 

is available.One of the most important faotors,viz.the effeot of 
the diminshing vapour pressure in the material ae its moisture oonS-

tent deoreases,oan only be completely determined when the 1~.1!"ela­

tion between vapour pressure and water content is aoourately known. 
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The vapour pressures in suooessive layers of a drying material 

depend on the moisture content and on the temperatures involved. 

These faotora are of great importanoe in industrial drying proces­

ses.For example,in the pa~er induatr~,whe~e large rolls of wet 

paper have to be dried out,it is found that when the paper has dri• 

ed out to a certain extent, the layer from which the great part of 

the evaporation is taking place is slightly below the surtace.The 

way in whloh heat is applied to dry the rolls has suoh an effect 

on the vapour pressures in the paper that a great deal of expensi­

ve investi~ation has been carried out to determine the most eoono­

mioal methods of using the heat emergy.This way of solving the pro­

blems is empirical and very costly but no other way is open until 

the influence of the various taotors influencing the rate of evapo­

ration is accurately known. 

During an investigation of these and other hygrometrioal pro­

blems it beoame increasingly evident that a oomplate explanation 

could not oe given until the surface temperatures and temperature 
gradients near drfing surfaces could be determined with precision. 

This p~oblem presented numerous difficulties and has been made the 

subject of a detailed subsidiary investigation. 



A oritioal review of Methods of measuring surtaoe temperatures. 

The ahief diffiaulty in the solution of th&Ss problem is to 

find a satisfaatory method of measuring surface temperaturee.So far 

there has been no available data on the aoaurate measurement of the 

surface temperatures of moist:-:porous solids while undergoing eva­

poration. 

There have been developed several methods of measuring the tem­

peratures of metallio surfaoas sueh as boiler tubes,surtaoe walls 

etc.An examination of these methods and their special diffioulties 

that have to be overcome was essential to enable the writer to se­

leat a method to apply to the problem of moist surfaoes.It was 

found that none of these was satisfactory and that a new method had 

to be devised for use in the case of moist surfaces. 



The greatesidiffioulty to be overoome is the effeot of the 

temperature gradient near the surface. 

Fig(I) illustrates the steepness of this temperature gradient 

near a hot surfaoe.Simple experiments show that the steepest part 

of the gradient is in the region next to the surfaoe.This region 

appears to be a gas film a[Ja?ing to the surfaoe. 

Consideration of the different possible ways of measuring the 

surfaoe temperature shows at onoe that the ordinaty bulb thermome­

ter and resistanoe thermometer are impraatioable. 

The bulb of the former when in contact with the surface is ac­

tually at a temperature approximating to the average tempeaature 

at~distance of a ~limeter or so from the surface.Soreening the 

bulb with felt only raises the temperature by a small amoumt. 

The resistance thermometer is constructed for immersion in a re-

gion of c1tnifo%Vl temperature.It suffers from the same defeat 

as the ordinary thermometer in that it oannot attain the tempera­

ture of a surface with which it is brought into contact. 

The only praotioable method of measuring surface temperatures 

is the thermoelectric method.This makes use of the fact that if 

two pieoes of the ~ wire are joined to the ends of a wire of a 

different metal and the oirouit completed,an electromotive force 

is set up which depends on the temperatures of the two junctions. 

Aoirouit made in this way with precautions against strain and ohe­

mioal action on the wires oan be used for measuring$ 



temperatures if the tempera•ure of one junction is }:nown. 

This is the principle underlying the methods at present in use 

for measuring surface temperatures. 

A resum~ of these methods is given together with aritiCiilln 

of their ranges of serviceability. 

The Factors influencing surfaoe temperature for metallio sur--

face~ readings are: 

(I·)~ 

(2) 

(3) 

( 4) 

(5) 

(6} 

( 7} 

( 8) 

(a)Tamperature gradient near the surface, 

(b}Oonvection currents. 

(o)The nature of the surface as regards 
( 
(I)heat oonduotivity 

(2)eleotrical conductivity 

Methods in use. 

The exploring couple. 

The imbedded oouple. 

The soldered oouple. 

The compensated couple, 

The severed couple pressed against the surface , 

" " n imbedded in the surfaoe, 

" " " soldered to the surface, 

The electroplated severed. couple. 

In all the above,one junction is assumed ~ to be at O·C.With the ex-

eeption of (4) and (8) they have all been testedby the writer•These 

methode,with the exoaption of the exploring junotion,are designed 

for the measurements of the temperatures of metallic surfaaes only. 



The followingorttioal:~\ review ino ludes the reaul ts of a oom ... 

parison of the aompensated oouple with other methods,by Adams and 
(0 

Kean7in order to make it as comprehensive as possible. 

The Exploring Junction, 

The advantage of this method isits mobility.It can be moved 

from one part to another of a surface. at will.Unfortunately however 

it is not sufficiently accurate. 

The reasons for this oan be seen at onoe from fig(2).When the 

junction is touching a hot surface it actually lies in the region 

of steep temperature gradient.This film near the surface is muoh 

thinner than the juncti.onhead whioh aonsequently does not reaoh 

t:t:e temperature of the surface.The degree to which this affects 

the reading depends upon tne size of the junotion.When the tempe­

rature of an enclosure is measured the size of the junction 4oes 

not atfeot the reading but for surfaae temperatures greater oare 

has to be taken to make the jun~tion as small as possible. 

A second factor that decreases the value of the ~y conduction 

temperature recorded ia the loss of heat from the junation!along 

the wires of whioh the eouple is oomposed.This depends on the heat 

oonduotivitiea of the ~ires,the areas of cross-seotion,and the 

temperature gradientsoutwards from the surfaoe. 

The latter uan be deoreaeed somewhat by surrounding the june­

tion with a heat insulating substanoe,ootton wool or felt,whioh 

also reduoes loss due to oo~otionburrents.Making the junction 



from as fine wires as possible reduces heat loss by oonduotion 

but lhere is a limit to the !tnene$Sof wire used,deter.mined by 

the amount of strain and rough usage whioh has to be withstood 

in praotioe. 

The Imbedded Junction (f1g3) 

The difficulties due to poor oontaot in the using of the ex­

ploring junction are removed by one of two methods.The first is 

by imbedding the junction in the surfaoa .A special punoh is a­

vailable for inserting a junation in a hole drilled ,. a metal 

surface,The concave tip of the punch forces the metal around the 

hole tightty against the junction,;:ensuring its holding firm and 

maintaining good contact. 

The depth to which the junction is inserted is determined 

by eiperienoe.If it is buried too deep then it is not the surfaoe 

temperature that is being found by it!~e temperature within the 

metal.Oonduotion of heat along the wires is a factor that holds 

for the imbeddei oouple as for the first method,nevertheless it 

is a more sensitive lnfthod than that of the exploring couple. 

It was found by experiment that of a number of couples made 

from the same toils of wire, the loose or exploring aouples were 

less sensitive and showed greater variation in thermoeleotria 

power among themselves than junations attaahad to the surfa~e. 
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The Soldered Junction (fig4) 

Attaching a junction to a surfaae by means of soldering is 

another way of overcoming the difficulty of poor metallic oontact. 

The amount of solder used must be as small as possible for if a 

lump of solder projects from the surface ita temperature will 

obviously be slightly below the surfaee temp•rature.Oaretul sol­

dering however preventsthis. 

The temperature recorded by this methodiSiD~eral less by a 

few percent than the imbedded couple reading.In the one case the 

junction is actually on the surface and· in the other within the 

sur~aae.ihe effeot of the heat conduction along the wires is grea­

ter at a point where they meet the surfaoe than at a point slightlY 

below the surface. 

The· Compensated Couple (figS) 

The above methods,intended to improve metallic oon~t have 

the disadvantages of being fixed to one plaoe.Boyer&Buss have de­

signed a thermo-couple that oan be moved about over a surfaoe 

and is oompensated for heat lo~s along the wires.Th~ouple 

wires are soldered to a silver dise whioh is plaaed against the 

surfaoe.Heat ~on~ion along the wires is eliminated by heating 

a similar dise,plaoed a short distanoe from the lirst,to the sa­

me temperature as the surface. 
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This is done by means of a heating aoil set behind the outer 

dia8.The tempe~ature of the outer diao is raised until the ther­

mocouples attaohed to both disos reeord the same temperature. 

There is no heat loss along the wires from the surfaae disa when 

a uniform temperature exists between the discs, so that the tempe­

rature recorded by either thermo-couple equals the surface tempe­

rature required. 

The size of the compensated oouple makes it inapplicable to 

oases where the surfaoe is moist.!he discs were 2t ems in diame­

ter and the wooden frame in which they were set was 8oms. •quare. 

It was found that unlea$ the couple was kept moving over a sur-
e faoe best the ~reening of the part under it from oo~eation and 

radiation effects,built up the surface temperature in this region. 

The method wa~ designei for moving surfaces and has been found 

very satisfactory for this purpose.Further development of this 

method in the direction of making the area of the head of the cou­

ple smaller would be of use,but the obj_eotions on the score of 

surface screening would still hold for moist surfaces. 



The severed thermocouple. 

The idea of separating the wires forming a junation and ma­

king the surfaae whose temperature is require&.foam the oonnea­

ting link between,is not new-Several experimenters have used this 

method but without appreciating its fUll possibilities. 

F1g_(6) illustrates the simplest case of the severed eouple,tle 

p~ressing pf two wires against a surface. 

Fig(~)showa them imbeaded in the surfaoe and, 

~t.(S)soldered to the surface. 

In principle these three aethods are the same,though they dif­

fer as regards oonvenienae.ihe imbedded & soldered methods are 

both aapabla of great preaision.Jreseing the wires to the aurJaoe 

does not ensure good enough aontaot so that readin~obtained by 

this method are unreliable. 

The severed couple has the advantages over the soldered aou-

ple of:-

(a)Allowing better oontaot to be made with the surfaoe.Lesa sol­
·s der!neoessary to attaclk a single wire to a surfaoe than,is the ca-

se for a junotion. 

~)Decreasing the heat loss due to o.onduction along the wires, 

tor more heat is removed from the point of oontaot of two wires 

than from the point where a single wire meets the surface. 

The possibility of using this method to estimate accurately 

the heat losses along the wires led to a very detailed study. 
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)f the writer;its applications to temperatures of metallic and 

non-metallic moist surlaoes.The theory of methods of Calculating 

heat losses is given below. 

The electroplated thermocouple. 

A new method of improving metallic contact with the surface 

and of reducin« heat losses as much as possible was devised by~IH&ER 

~he wires forming the thermocouple w:ere wound round the t:1e 

surface and layers of the same metals as those of which the wires 

were oomposed,were eleotrolytiaally deposited on the surfaae.For 

instance a copper wire was attached to the surtaee with a film of 

deposited copper and a nickel wire with nickel. 

The results of this method were deaoribed as satisfactory.It 

is in principle the severed oouple,oontact being made in a differ­

ent way.It is doubtful whether,in praotioe~the extra work neaee­

sary for application of this method justifies its use. 

It will be noticed that the above methods have all been desi-

gnel with the same objeat .n?mly,the elimination of errors due to 

heat aonduationand poor oontaat.Tha compensated cpuple and pe~hapa 

the eleatroplated oouple are the only ones that apparently suo­

oeed in eliminating heat loaaes.The size of the former,which p~o­

duoes a eareening effeot on the surface,makes it of little use 

when a surface is undergoing evaporation,and the latter method 

is obviously in-applicable to any but metallia surfaoes. 

'-' 't, ~ClS •t:t>em~-nJ-13uf'ue 'k1nf4!-'ta1-wtd! :».F. OfhmeP f.lMd H.B.eott.ls. J6wm. 'J;,J~l-.rf~.~enr. 
~&. 19:!8, 



~ 
Theory of a Praotiaal Method of Calbration of Errors. 

A 

There are two way of approehing a problem like that of sur­

face temperatures,where oertain errors have to be accounted for. 

One way is to eliminate the errors~the other is to calibrate them. 
tt 

All of the methods used se far iave been based on the elimi-

nation"principle.Some are auaoeseful in this regard,with a spe­

cial alass of aurfacea,mamely,metallio surfaces under steady con­

ditions. 

It was suggested to the writer by Dr A.N. Shaw of }~Gill Uni-
~ . ,, 

versity,that the uee of the severed Thermocouple on the oalbration 

prinoiple,would auaaessfully solve the problem of measnring the 

temperatures,not only of metallic surfaces but moist porous sur­

faces as well. 

This oan be done in the following way: 

~ soldered couple and· a severed oouple made of suitable me­

tals A.&B. are soldered to a aurface,the temperature of whioh is 

to be measured.Figure(9) illustrates this theary. 

The amount of.heat conducted along a wire is a fnnotion of 

(a}The area of arose-section. 

(b)The conductivity of the wi:r:e. 

(o)The temperature gradi'ent along the wire. 

For simplicity the wires are taken all of the same oross-seo­

tions.l area.Henoe the heat loes .. by oonduotion,representea by 6, de­

pendsLupon (Ja} and (C) 
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The amount of heat conducted along A,or A~ is dA. 
" " " " ~ " Baor Ba. is dB. 

IF the true surface temperature is B,the temperatures at the 

points where the wires meat the surface are less than9 by quan­

tities proportional to dA. or ~B. 

i.e. Temperature at end of ASL is 8- eA. where EA. represents 

the temperature change correspon4ing to a loss of heat of amount 

-84 <fA. 
Similarly the temperature at the end of B1 is 6 -t B. 

Since At and Bt meet at the same point,its temperature will ~e 

9 -(€A+€ B) 

The couples oan be caHbrated bytamersing the surface in an 

oil bath at known temperaturea.If the constant temperature junction 

of the circuit is kept at~O then:-

Oouple .t;B1 measures Temp. 8 -(Ea+tB) 

" At. B ~ " " intermtdiate between 
-

(B-E~tB). 

depending on the relation of A. and B. to the surface metal in the 

thermo-electric series. 

In very many casesmet with in praatice the surfaoe metal is 

oopper.If we use as thermo-elements the metals copper and constan­

tan then,assuming B.is copper and A. oonstantan,couple A. B. mea­

sures temp= e -EA. 
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The d~erenoe between the temperatures recorded by A1B1 & ~~ 

'.B • is therefore 6-tA -8+fEA+£-B): eB. 
The temperature recorded by the oouple A1A~ is also£8 since 

the temperatures at the ends of the couple are,9-(EAr6B)~eA. 

In this case A1 may be joined directly to At.thDough a galva­

nometer as the surface itself forms the second element of the cou-

ple. 

EB, the temperature ohange lue to conduction along copper is 

greater than that for oonstantan owing to the higher aonductivitrof 

the copper.The relationship betweenEA,EB, and the constants of the 

respective metals is dealt with under the heading of "Theoretical 

calculation of errors". 

The above method of finding the change of temper~e due to 

conduction was applied by the writer,in a slightlf varied form,to 

the measurement of the surface temperature of liquid in an attempt 

to correlate fA. and £B. 

A single exploring couple of oopper-constantan was used to 

measure the temperature in four different ways,The'e are indicated 

in fig.~t.The liquid used waake~l£~ which was heated by means 

of a heating coil. 

(a)oouple in surfaae with both wires vertioal,Temp reeorded 

is9- (EA+tB) 

(b)wi~h one wire(oopper) bnmersed,giving temp,S.EA as no 

heat is aonduoted along B. in tiLiA position. 
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Similarly temperature reooeded by ( o) is B- cB. 

Temperature reaorded when oouple is at surfaae with bothf· wi­

res lying also in the surfao e ,- 6. 

The differenae between (b)&(d)=eA &(or~=€.8. 

The practical difficulties met with in t~ying to keep the wiP 

res exactly in place caused some variation from the above estima­

ted readings--aonrteation currents in the liquid also had this et­

feat. 

A tutther application of this method,not yet triedout,would 

be to use the two junotionsof a circuit in a c~bination of the 

tour methods used (8).0ne junction as in (a) and the othe~ as in 

(b)when connected tnrough a galvaaometer,would give a direct mea­

sure offB.and if the junctions were placed close toghther,varia­

tion in the surfaQe temperature would affeat b•th equally. 

A large number of couples were made and very many readings ta­

ken in the above seaiesof experiments-the results of which are gi­

ven in the data sheets.Before describing the more ela~orate exp6-
!;:: 

riments to whioh those already described have led,an aooount ia 

given of the apparatus used in these investigations and the pre­

cautions taken to avoid spurious effeats. 
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Desar1ption of Apparatus. 

Thermooouplea. 

As it was intended to apply the results of calibration expe­

riments to the determination of temperatures of moist surfaoes, 

the range of temperatures~or whioh the relationsh~p betw~emEA,tB, 
. ' and the true temperature was needed was fromOto about 200 o. 

Copper and oonstantan were seleoted as elements for thermo­

aouples for the following reasons:-

The thermo-electric power of a Copper.oonstantan couple is 

high (approximately 40 microvolts per degree,oentigrada~ Graph I 

shows the thermO-eleotromotive foroe at different temperatures of 

the e~l~1D8 junction for theee widely used thermo~oouples,viz. 

eopper-Constantan(o);ehromel-Alumel(h); Plat~um-platin~odium 

(p);Graph (2) shows the relation between thermda-eleotrio power 
de 
~ and temperature for these types of oouplea. 

For the range requiral in this investigation,Copper-aonstantan 

is seen to be more sensitive than either of the other combination~ 

lUrther advantages of oopper-eonstantan are: 

(a} relatively inexpensive. 

(b) easily soldered together ot to a oopper surface, 

( o} the faot that a severed copper oonsta.ntan..;.aouple soldered to·~: 

pceoppaf aUl!faee is vlttually· a··- junat:to:ra at the point of oontaot 

of the oonstantan wire. 
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(d) The thermo e ,m • .£. for the range Ooto IOO 
0

Cl, within whioh data 

was most require&_, is very nearly l.iu.:ea~ as seen in Graph ( 3~ .This 

means th_at interpplation in oases when it is not aonve-nient to 
i1 

have the constant temperature junotion at Oa is made easier. 

Methods of measurement. 

There are two methods of measuring temperatures with a thermo­

couple.In eaoh,one junotion has to a~at a constant temperature, 

preferably o6c. \\ 
The E.M.F. may be measured direatly with a millivoltmeter.This 

method ~~~~ in engineering praatioe but for the purposes of la­

boratory reaearoh it is not suffioiently aoourate.The other way of 

measuring E.M.F.is by means of a potentiometer.This is a null me­

thod and far more sensitive than the former. 

The potentiometer method is shown in diagram(!) An E.M.F.of 

amount greater than the thermo-electrio i.M.F. is maintaine4 a­

cross the potentiometer wire.Its value is kept constant by aonti­

nual c&lbration against a standard oell. The thermo-electriQ oir-

euit is completed through a galvanometer and a sliding aontsct 

on the potentiometer wire. 
I th 

Thus-if a balance point is obtained at a distance of ~ the 

lengbiLof the wir~ from the end to which the thermo-oircuit is 
I 

oonneote4,the ~~rmo ~J= n- of the known em£ aoross the wire. 



Constant T_emperature Junction. 

This is best done by inmereing the junotion in a m~ture of 

ice and water contained in a thermos flask.To prevent strain or 

ohemioal action on the junotion,it was placed in a narrow glass 

tube containing oil and the tube sealed.This was then ~ersed 

in the Oo a .mixture. 

The potentiometer used was a Xohlraus~ Slide wire potentio. 
. -B:Y 

meter fitted with a~tens~on ooils;manufaoturei" theLead.e-Northru.p 

Company.It oonsists of ten turns of wire wound in gftljij-es on a 

marble drum,the sliding oontaet inside an ebo~te oase.A scale is 

marked round the movable oase and the reading taken through a glasS 

window on whioh the number of turns is stated. 

The saale,one revolution of whioh represents onetenth of the 

lang~ of the slide wire,is ~ded imto IOO parts,eaoh of which 

is subdivided into two.As the length of one of these divisionS 
I 

(2QO of a single revolution) is about .3 oms,the eye oan estimate 
1~ 

to 5 of this smallest division i.e. the instrument oan be read 
I I I 

aoourately to 5 of the 200 th part of a turn or ~I~OO~O- of a turn. 
I 

As there are ten turns,reading aan be obtained to IO,OOO th 

part of the length of the wire. 
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The Gaivantmeter used was a D'Arso~alntovi~ ooil galvanome­

ter of about 60 ohULq resistance. 

The Souroe ofE.M.F. neaessary to balanae the thermo-electro­

motive forae was a storage oell of about I.3 volts. 

This was calibrated by means of a standard oell of E.M.F. 

I.OI83 volts at I7 0. 

The stpp&ge cell circuit included a resistance box and a rhe­

ostat. 

The standard cell was conneoted to the terminals of the resis­

tance box through a galvanometer and a tapping key. 

The E.M.F. across the potentiometer wire can be kept constant 

byocaasionoily pressing down the tapping key in the standard oell 

airouit and changing the resistance of the rheostat until there 

was no deflection in galvanometer (~~>· R is constant and by the 

above means the potentialditference across R ia maintained at a 

voltage~ E.R.F. of standard oell. 

There is therefore,no need to know the exaot value of the 

rheostat resistance (~) 

The results of experiments on aalibration of the apparatus 

are giwen below. 
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Results of Calibration Experiments. 

Resistanoe of slide-wire potentiometer ~28.!33 ohms. 

Aocuraay with which position of sliding contaot oould be read 
I 

- IO,OOO of whoee wire. 
28.!33 : .00283 ohms. 

i.e. resistance could be: read to !0,000 

Resistance of galvanometer : 62 ohms. 

Sensitivity of galvanometer. 

Galva~eter in circuit with rheostat,standard cell and tap­

ping key. 

Voltage ~ cell : I.OI8 volts. 

Resi8~ glvo.:; '~ohms. 

Bheoetat reading 

I.I X IQ 6 ohms 

I.O X IO ohms 
6 

Galvo. deflection 

!3. 8 ams 

!4. 8 oms 

t - I 
x ro") volts Hence I cm deflection~ I.OI8 X 62 roi"106 I.I 

-6 
d " n :: 6.65 X IO volts 

" (millimeter on galvanometer scale- 0.56 micro volts 

Sources of ErrotP in m~_a,surement of T~erm~_- E .M.F. 

Before aotaal e.m.f.measurements are taken,both junctions of a 

oouple are brought to the same tempeaBt•re by immersion in the ice 

and water mixture.The potentiometer wire is left in the thermo­

e]lotrio oirauit but no e.m.J is applied. 



As seen in diagram (2),the potentiometer wire in this particu­

lar circuit is just a variable resistance.There should be no gal­

vanometer deflection with this arrangements.In~thermo-electic oir­

ouit however,every junction of one wire with another,as at the 

galvanometer or potentiometer terminals is a thermo-oouple. If the 
d-1'~ tb~sa:m.e no 

temperatures of all junction~effeots arise,but heating of one or 
1\_ 

more junctions relativ&ly to the others oa.uses e.rn.f. a,in the oir-

ouit. In general,junotions at terminal points are of copper or 

brass and the thermo-electric power of a copper-oopper or copper 

brass junction is small compared with that of a oopper-oonstantan 

couple. 

But these spurious effects are of the order of magnitude of 

the " £ " quanti ties, which 1 t desired to measure. 

For this reason great oare has had to be taken to eliminate 

these spurious elieots.The trouble is,that after testing the oir­

ouit before taking a temperature reading,the touohing of a juno­

tion,or a draught oreated by an open window in the vicinity of 

the apparatus, introd&.oes <a.spttrious e .m.f results of the particular 
w4'h.;,saften.. tli.:'ije -e-nolljk lb in-

experiment. /lnLlirL~t.., t-h.e 



Frequent testing of the oirouit for spurious effaots is the­

refore necessary. 

It was discovered that the sliding oontaot on the potentiome­

ter introduced a slight heating effect. 

Referring to the eeoond diagram it oan be seen that if a spu­

rious e.m.! of amount e, exists in the oirouit,the galvanometer 

deflection will correspond to a current; 
e 

·- Resistance of oirouit. 

The resistance of the circuit includes the galvanometer resis­

tance and the resistance of part of the sliding oontaot,iXternal 

e .m. f. s. are not .ANtelwfecl. 

Sinoe the resistanoes of the galvanometer and potentiometer 

were in the ratio of about two t? one,ohanging the position of the 

sliding oontaot automatically altered the galvanometer deflections. 

It was found that if galvanometer reading~are taken immediately 

after moving the sliding oontaot,they were considerably greater 

than would be expeoted by oaloulatinn from the kmown ohange in 

resistance that had taken plaoe.The more rapidly the contact was 

mo:ved.the greater was the deflection,up to·a aertain limit.Also 

the deflection was in the same direotion when the aontaot was mo­

ved in the opposite direotion.This souroe of efror,then was due 

to the heating up of the join between the spring oontaet and the 

wire. 
The time taken for the galvanometer deflection to reldin its 



normal value was found to be about one and a half minutes.To cor-

reot for this source of error,a short period shouldelapse between 

adjustment of the oontaot and reading the galvan6meter. 

Testing of various tYP~.~- of oouples. 

Several specimens of each type of aouple deeoribed in this 

paper,were mad~ and readings of the eurfaoe· temperature of a cop­

per vessel containing water at IOO'C were recorded. 

Compared with exploring couple readings; the severed couple 

gave readingS!~ to I5% higher;and the soldered couple[both wi~es 

togethe~reoorded temperatures from 5 to ro% higher. 

It was also found that severed couples showed muah less,varia­

tion,one from another,than did ordinary exploring couples. 

The experiments on a heated oopper vessel were ueetnl for 

comparison of differen* types of oouples,in that they aould be 

carried out quickly.and allowed of a large number of tests of new 

couples to be made.They were not sufficiently aaourate however, 

for daterminatione of the heat losses along the wires. 



Applioation to moist porous surfaces. 

The differences between suoh a surface and a metallic surface are 

(a) much lower heat oonduotivtly. 

(b) " " electioal " 

(a) effect on surface tamperature,of heat energy changes in the 

process of evaporation. 

The objections to the use of the various tj~es of thermo-cou­

ples for m~asuring the temperatures of metallic surfaces have 

still greater for~· when moist surfaces are considered. 

he~~conducted alang the wire from a point on the surface is 

to some extent replaced by heat oonduoted from the surrounding 

portion of a metallic surface.Due to the lower heat oonduot6~ity 

of a non metallic surfaoe,the resulting loss of heat will be re­

latively greater. 

A compensated couple is of no use in this instance because 

it shields the surface from evaporation. 

Consideration of the possible means of solving the problemt 

leaves 110 doubt that a form of the severed aouple:', is the most 

hopeful of s•ccess. 



Diagram (3) shows how this could be doae.~natantan and oop­

par wires soldered to a aopper g~ze,the latter embedded in the 

eurfaoe have the advantages of:· 

(a) providing a oonstantan-oopper junction at the point where 

the oonatantan wire meets the sur~aoe.(b)~he gauze having much 

greater eonduati~than the material it ia imbedded in,would raise 

the temperature of the Con~aopper junction nearer to the true sur~ 

face temperature. 

A simpler procedure is to follow the method described for 

o~rating the heat losses from thermo-aouple wires in the sur­

face of a liquid. 

Temperature gradients in the wet material could be found by 

using a series of thermo-oouples as in diagram(4} 



Relative sen~~i~il~of different severed oouplea. 

The results of the experiments on the brass bar,with its enda 
o o ~~~ c_ at 0 ~IOO C were ~vuonolusive a~ regards values of~~.This. 

was dua to the extreme difficulty of keeping temperature oondi­

tions,absolutely constant. 

They showed however that for a severed aopper-oonstantan oou. 
~ ple aoldered~bra~s,that the oonstantan junction determined the 

sensitivity of the oouple.Different oonstantan junctions differed 

with respect to eaoh other by about I% in sensivity but the san-
, 

sitivitiea of the junctions formed by a single oonstantan ~re 

with several copper wires were the same. 

To test this more aoourately,the bar,with two oonstantan~ 

two copper wires soldered to it,was immersed in a tank of ioe 

and water at o•c.~h oouple was in turn aonneoted up with a 

constantan-copper junation,kept in a thermo-flaek containing hot 

water.The water aooled gradually. It was d~sired to find how the 

readings of the different couples varied as the temperature of 

the junction common to eaoh of the oomb~ations,was altered. 

Diag~~ (3) illustratee this. 

In order to oompare oouple A1B1with A_~B~. for instanoe,sin­

oe the two readings cannot be taken simnltan~eu.~~,it was neoes-­

aary to take readings with an ordinary oouple"S" in oirouit with 

the cooling junotion,before and after eaoh severed couple reading. 

The times at which the read~ngs were taken were note(.Aotually 

each scale reading given on the datA sheet is an average of six 

oonseoutive readings. 



The time ,recorded is a mean between the times at which the 

Ist and 6th readings were taken in eaoh aase. 

The potentiometer soale readings for eaeh of the couples we•~ 

~ plotted against the times at which the readings were taken. 

A aurva drawn through all the point for the "S" couple repre­

sents the way in whioh the temperature of the cooling junction ~ 

gee. 

The points on the graph for the different severed couple rea­

dings are near this comparison ourve.Pointa below the comparison 

curve indicate that those particular couples were less sensitive 

than the "S" oouple,and points above represent more sensitive 

couples.Graphs(4)&(5) show the relative sensitivAties of the dif­

feren* oouples.They indiaate clearly that the constantan-brass 
~ ~' 

junction in a severed couple of o~nstahtan-brass-aopper determi-

nes the sensitivity of the oouple. 

This holds also in the ease of couples soldered to a copper 

eurfaae. 

The assumption that the temperature recorded by a oopper-oons­

tantan severed couple soldered to a oopper surfaoe,is very nearly 

equal to the temperature at the junction of the oonetantan wire 

with the eurfaoe,is therefore justified. 

------------··------------



In conclusion the writer acknowledges the advice 

and assistance throughout the work ot 

Dr. A. Norman Shaw, D. Se., F.R.s., 

o~ KoGill Univers1t7, to whom his very best thanks are 

due. 
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li 'l'he Construction and i'ettiug of a Hygrosta.t. 

One of the tas'kR underta:ten in furtherance of an inve'ltigat1on 

of hygroaoopio problems was the oonstruation of a hygrostat. 

In ord.er to obtain moisture e rJ111br1um o~1rves f·1r various subs 

tanoes,it is neoessary to have some means of .-eeping them at a oons 

tant relative h~idity for a aonsiderable length of time.If small 

amounts of material have to be dealt v1i th,dessiaators oonta:t.ning 

ao1.ut1ons ot· Sulphuric aoid of different atrengtha !!lay be used 

for ·thia purpose. 

Solutions of certain salts have the eaoe property of maintni­

ning.in an enolosure at a . .,ertain temperatul'e,a oonstant relatiTe 

hum1d1ty,the value of whioh depends on the strength of the solu­

tion.Oaloium Chloride solutions are very suitable for auoh putpoaes 

as the range of hum1d1ties it is possible to obtain with vary1n~ 

oon.o6ntre.t1ons,1s very large. 

For this reason nnd also tor t.he L;urpose of inve~tigating the 

influenoe of air currents on tho rate o:t drp:ing of aampl.es.-the 

hJgroatat set U.}) at this -;.aborator;/ wus oonsttu.oted on a fairly 

lar~e eaale. 
~4 

'!'be Department of M1ne-;},0ttawa,wa.e kind enough to give us the 

main struoture of a hygr-osta.t which had been used for ooa.l hum1d1-

fy1mg tests.and. a si;:J. :_ar method of humidity control to that. used 

at Ottawa ~wlth some mod1t1oations.wns oonetruote·l and installed 

here. 



Spooif'",,rtions of +heAp a.ro. t • 

----------------------------------
he diag:.am show._ the ap ara.tus a,3 fin .t.ll eo e ,dra n 

to a aoale of one to ten. 

It consistn of r:- ohamber i n to ~ltyhi~'}h trays ho _ 5.ng 

te"'!t are fitted; n r:!etal flue ,.~.hro v:;h w·niah air en. :'e _ 

eria tor 

dif-

ferent velocities flan be p~~.ased,and a :fan ~o crea .e • 
the f an being driven by a moto!"' from o .. t +sid~ + .. 1e oi on B-

tem. 

~the rE'!L~ ati v-e humicli + ~ .. 1i thin the h:rgrostatisdeterr.tined b he 

t th f l t ..t f c ·l· .. "h . i tpl-1 • s r eng " o n. s o _ .1 J 1J n s o. a . c 1 :tm ~ _or 1 a. e • ~ .d. ..L l.."! 1 fe o ~ con-

-~ amp wick .• '!he air 1.nai-1a the hygros .at c:iT·o ate o · n .i u 11 t 1roug 

the · ~tri 1J~ of wetted .. io>" ~n1 1.h11s i n hr-niclif·e to .h~. e ee 

desired• 

The 1ryi n ahar:1be:r l:o..;3 ~ vo ··ume of betr:e en ou or five a b o 

Vvir iB sixty- three inches. 

f!ho wor1rfng of ti1e al.;parnt 1s de ends on wo fe ~ture , vi~ 

" 'J'he air ~ i rou 1 a t•on ~"'ana " the. method of humi d.i.ty a ')li ro · " • 

This part of the eya+;em was oomnl.etely re e i nod in a o ... e 

poworfu1 :Jotor inata lled. 

irlbe motor is a direct O''~-c ent >t inp.:So one eig~_th • • 

Vol t sii6;Arrpa.I4;Ravs. I750 ; ~bt ::... ine1 f om t~ , ·.· ing 

Co.of New ·York. 

At Ot.ts.wa a :ll .. ·o r Ls oc n i. sta2. l ed inside he appar s in 

the seotion w~iah is now used a . an a1xi l :ary d?Ying o amber 
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.J • n V01 b .Le 

Ca.lC}in.m ohlorld.e aoiu~ion ·lrytng "'1i on ,h r n re 

1ew motor was set up ontaide ti1e h- g osta; an ..L 1e fan ( c)· o i-

ven by means of e~ driving rod, passing through Lhe :· 1 .. of e a_-

paratus. 
The benringsi:n whiah the ro vuJ. 0 h ld were oile thro h a u-

be whi oh r:s.·· so p~1s ed through he oaa i11g. 

The m·> tor was driven from th;~ .1,ightin!< oi_c·li t ( rrovo _ ; a d 

i te speed oontro .... led b -r a r hetYitat. attached .. to h s u~ orts of t J.e 

ap .aratus. 

Humidity Control. 

as a reservoir of Calaiu.m Ghl.oride soution.Thl · flo 4 rou h a 

system ilesigned to prevent flooding to a beaker i.nsidc t e vo t ·­

oal section of the f tue .'the system devised fo :t..'" nreven _ i1 rr r oo 1 ing 

is illustrated in the Tight hand side of the diagram • 

flo~r of solution to a_·~othe:r wiek s ys tem i n the hyg ost t if uoh 

is oonstruated . 

A secondary raser'V'oi -. i n the :Jhcpe of a __ ong g l as c~ i de_ (A) 

is fe,.i from the mnJ_n reservoir. the flow being (}Ontrol - er by a a_ip 

over a ru·b'ber junet.i or'! .A tube pa3 einoo f.~··ln~) to · co 1 _ec ing jar 

prr..vents t~J.a leve l of 1iqi. · d i~1®.r .. o .. ! r i . ing '· bove t ho eve l o ~ he 

of the end of .he tube.~.qh·1ch is .... djustable. e oo u1.1 .. n · 'l si)honed 

are a.~taohed, .Ja.aa over oor"_s ~;n +~n e rjm of the bea.~-:er. The. e a_ e 

on an ~ +hu.s b ing .:t i nto can aot 

.i th tho a·~ o onding stream ot air . 



The liquid is . oaovere~ by 10a.s o, t1e 

Commeroir.1.l Calai·un Chi. ride ma- beu ed fo ', 1nkin u . 
be one y 

allO ing .he so 1.n+ion to ~t ,nd 'long e:co gr £0_ SCUm t r e 

the au.rfaoe a.nf1 heavy material to set~ le t J tae o ·om • 

The resu~ ting so :ut ion, £ i.Jlh D 1 f .. oq a. oint a h he de h 

i .. ver;y a:tisf .::~ otory . This i ~ important beo~ s~ if di _ t i · a. o, ed 

to settle in the wic~-:s , the vower of sucking u solution i J 

dually lessened. and rerre na1 of the wicks beoor:1o·· neceRsury. 

A h,-g-ro- tharmogra.ph Wf:.\3 uee(l o test t.he hy ~ ostn · • 1e records 

were oom~_)le te in twenty four hours . This ins+.runent w~t Cu. .ibrate 

before hand and the graph drawn illustrates he e ree .· h 

chro-

meter . Tho temperature ourves follow 

l. b L. .a..h .• 4 1 ~ ~ . t ev en _. y . n , '·. _ e :re J a .._ v e ,.~1.1ru. u J :y eoord v n.riea sl ·ght y. 

A )3olution of Calcin.m Cn ~ J r ide o : Speo; f~ c Gravity I. 3 · _ s 1 e 

up correspond:tng to .'.J..t"l ef~u i 1lbrin ~ re ~:tt1vo hl.u i ~ :i t;y of "' 0 I tl 

the relntiva htimi rl ity reoorded in the hyg os+a fel: shor- of the 

e timated value btY ~ nonsida,.ab l e am unt . 

Inoreasing the rate of flov of solu .ion oorr)t~te_ thi defec t 

to some exter.~·t but examination showed th it w s \tue to "o oallse • 



One was the etteot ot small leaks- in the apparatus whioh re­

mained unleteoted when the room hum1d1tiee had been not verJ dif­

ferent from the hum1dit'l·:. in the hygrostat..In midwinter the room 

.bQm1d1ty averaged I~ so that when hum1d1ties of 6o% or more were 

attempted in the apparatus,ezohange of air between hygrostat and 

~oom 11$.de a areater liff'erenoe. 

The other· cause o.f lower readings was the greater rate ot 

abeorption of moisture by the wood of whioh the drying Qh&mba~ was 

made,. The interior was tho-rO'llghly wette•l aa n test and ahumidj ty re­

oordtaken immediately .afterward showed how rapidly the wood absor­

bed the mo1eture.Th1a pasaed through the walls under the influen­

ce of a humidity grad.i(·nt of 60ra to I5]b and. evaporate~1 into the 

room. 

Although oareful aealing of Jo1DB in the structure with wax 

~·paint b.ave e11minate1 the former source of error~it is felt 

that entire reconstruction of the drying ohamber with metal inte­

rior is .neoesaaey • This will be done at. the ear .:.1est opportunity. 
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li[ The Relation of tndoor to Outdoor Relative H~~iditiee and the 

determination of a Correlation Faotor between them for 

periods of the year. -
oertain 

'!he more reoent papers appearing in textile journals have atres 

sed the important influenae of hu.midi ty oondi tione in the makil'.g of_ 

different tabriaa and on the fading of coloured materials. 

Fading,wbidh at one time was attributed solely to the etfeot 

of exposure to light,is now known to be very largely dependent on 

humidity aonditions as well as light exposure.The papers on this 

aubjeat published in the Reports of the Brjtish Research Assooia­

tion for the 7lo1.len and ~"lorsted Ind~1striee in Septembey- !927 ,prO··· 

ve oonoluaively that fading of fabrias inoreasee as the reLative 

hlm1dity inareases. 

An exampi.e of fn.ding of the tla.me materi·i.l un:ler different re-

la.tive humidities.ta.1zen fr:;::! the above mentioned re_port is shown 

in Graphl. 

Experiments we~e oarried out in England and in India to obtain 

the data required r..nJ 1)raaticsally all oonditions of Relative Humi­

dit:i",temperat•,ll .. o,and ·tight exposure ooouring in POl.Julous OOiitree, 

obtained at one or other of the testing stations. 

From suoh data me.nufa.oturers osn submi., samples of soods in-

tended for a oertain olimate to testa at a labora+o-rytwhere the 

humid! t.y antl J.ight exposures of the pa.rtioular o limate oa.n be re-

produced. 

For this purpose tables of average .oonthly relative h~Jmi lities 

and temperatures for plaaee diatribute4 allove~ the globe have bee~ 

oompiled.A point th~1t struok the writer oonoerning the utility of 

s1.1ch tables for tadi.ng teat purpose(1 vm.s that the humidity values 



given for oerta.in places were oonsi~erably different from the a­

verage humidities to whioh fabrios would be exposed ·in pr$otioe. 

For example,the fi~~rea given for Fontreal wore:­

Jan.Pob.liar.Apr .May.June. July. Aug.Sopt.~ot .!!ov.Dee. 

Rel.~idity, 

Temperature F. 

83 82 

!3 I5 

78 69 65 70 

25 40 55 65 

72 

69 

These values are for out door conditions. 

7'6 

67 

76 

59 

(6 

45 

81 

32 

84 

IS 

r-:ow as far as oloth1ng,furnlsh1ng fabrios eta .are oonoerned, 

the indoor conditions of hunidity an1 temperature are the more im­

portant.The average person.espeoia11.y between november and April, 

spends a Yery large proportion of his time indoors,and olothes not 

aotua111 being worn are ot oourse exposed to indoor oonditions the 

whole time.In Montreal during the wintar,most people spen~l at least 

three quarters of their time under indoor conditions. 

In a more even climate like that of F~gland,the differenoe bet­

ween indoor an(i outdoor hu.midity oondi.tions is not great,but in 

Oanada.dur:ing the winter,there is a very great differenoe,even when 

some attempt is made at artificial humidification. 

With the idea of finding a oorrelation faotor between indoor 

and outdoor relative humiditias,indoor temperatures and relatiTe 

humidities were reaorded eaoh day for a period ot a rrh:r:.th in mid­

winter and also for a month in the spring. 

One of the researeh laboratories of the taoDonald Physios Buil­

ding was used for this purpose.Two people used the room regularly 

and as the door waa nearl.y always opon,the conditions approximated 

to an average interiors without artifioinl ha~idifiaation.The oo~­

reeponding outdoor temperature~ and humidities were obtained from 

the Unlv.ersity Meteorologioal Observatory close at hand. 



Graphs II and III show the variation of bo+h indoor an:.l out-

door relative hum:iditles for the oontha o~ Janua.r-:7 .un.i. April. 

Since the relative humidity dopencl9 on both the abso.!~ute hu­

midity and the tempere.ture,t1:e above aurves are rea.l1.;; funa-i ions 

of two variables. 

These variables have not the same values indoors as outdoors 

so in order to compare hur!lidi ties in the two cases the te;1_pera+ :1 yt8 

variable must be aliuinated by reducing outside aonditions to the 

indoor tempera.tures holding at the same time.This method was adop­

ted because the inside tem,Peratures were tar more eonstnnt than 

thc>ee outside. 

This was done by calculating the outdoor absolute humidity from 

the outside values for temperature and relative humidity.From this 

absolute humidity the equivalent relative humidity at the indoor 

temperature was tound.This may be aalled the equivalent indoor hu-

m1dity .. 

For example the readings for January 20th were:-
T. r.o. 



empera.ture. :~elative umidj ty. 

Outdoor 22oF 7 ]D 

Indoor 19 fo 

From peyohron1etrio tables Vie ave: -

~atur +.ion Va!-,0 1r pressure at 22 °!:0. II3o s. 

Saturation val)Ot.tr pressure at 69° .B':o. 707om • 

These a o .. raspon _ to I001o Re la~ i ve .l um · i ... ,., at tne oove .em · • 

~he etor , the "~ctua "npour rea sure a 22 ° Fa:1d 79i R.J • 

: Q.II5x'9 ; Q.089o 1s 
IOO 

A vaponr · ress re of ;J .089 er_ s t, r,go F' is aq "i v--.1cnt to a 

relati;ve humidity of 0.089 o~ aatn.ratio o1- I2. -Jb 

0.'10'1 

Graphs Ii and VI shov .. the varinti Jn of the i .Loor r l a ive h idi y 

.'1 h • t .. d - t.. ~ . ~ j ll21Y d .c.. d b f W1t.l ~e equ1va ·en J.n our re a ~ 1ve t1~.tm .· . y ~ e ... 1 e . a ve, or 

January an~ A .ril reBpect vely . 

Graph V an VII show the indoor o.n : ou door te'r er tt.re varia .ion 

for the sane ... 'oriods. 

The ra :i o of the indoor rel<.?tive h 1.midi ty o t 10 eqt iva en 

indoor _ elative humiii:1 ty at any 't:ime may b o - ,, e th. correlation 

. . ctor b tween them. 

Graplr~VIII sho s ho hi fac or ·v rie~ wi .h repeat o thee-

qaivale..:1t indoor ra-:.tiv hnm:iclit .Va ues of factor obt ined 

in Ja!1uar J are mark a... as ,-. ots en val · P fo .. AJ.ri o.s c os ses. 



r e f o-

or is ar :e. The re 3 on · th 1 a l o ~ h ;_m · it ·.e , e ef ec o 

he -1 • c m a 

pre ent~is i n pr ~o ·on gra ter. s .he o a .ivo i no e 

se , t i.s fac or graa .. · .1 r ches un j_ty a 11 i r v: m e _l e , wh en 

i doo: teE er~tur .S re rr Gti M0 o e ~.-~ th~- -~ o t o~r 1· - .. . ,.J 0 ' o e~ 

les;:, h n c:n e. 

mo fin( the deerec to h 7 o~ _ _ .he ,:re e lee of ... op i e · n . ence 

-the· indoor hurni d i t;y, . te s .· wa t1ll · e i n a lar o _aborato y ;hen a -
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