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ABSTRACT 

Faotors effeoting the emissivity of surfaces are 

discussed. A standard apparatus for .the measurement of 

~missivity is described. 

The design fea.tures of· the apparatus used we 

explained; and tests on severa.l paints, tarred pD:per~ 

asbestos pa.per, aluminUT:1 foil and copper; nickel and. 

eJ.u.mil1UYrl sheets al"eroported • 

. The "bests oondttc1jed indioated thatthepel:i'ormS!lce 

of' the apparatus was satisfactory exoeptforvery lO't-] 

EIf.liss fvi ty . surfa.oes. 
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I. DTTRODUCTIOlf 

The radiant heat flo~-1 elllittedby a surface, can be 

calcu~ated with the equation 

v1 = Ea-J i+ 

1 

'tm0l?e v1 is the emittance,.E is the amissivi ty,O'-' is a physical 
I 

constant and T is the absolute >tem:psrature. Accep.ted value 

of proportionality factor aJ is 0.174 x '10 ... 8 Htu/hr-ft2 ... OR~·. 
Thel?e exist materials in nature for which the value' 

of emissivity, E , ,ranges from about 0.02 for materials such 

as polished copper, gold and sil.ver, to as high as 0".96 for 

asbestos board. Furthermore, different materials ShOlv dit"re-' 

rent variations in their E value under various conditions'. 

Temperature of the surface, its degree of roughness, 

and, if a metal, its, degree of oxidation are the factors 

influen~ing E. In the remaining part of this section these 

factors are summarized. Also the theory of the apparatus is 

given. 

A. The Mechanism of Thermal Radiation, Reflectivity, Absorp­

tivity and Emissivity of Solid Sur.faces 

Thermal radiation, or temperature' radiation, consist's 

, of 't-Javes 't.Jith wavelengths spread over a fairly large range 



. ~ . .' 

(0".1 to 100 f' ) " the mean 'tvavelength be1%lg a ruotion of the 

temperature of the body. Thismeanwe.velength' decreases as 

the' temperature. increases. The greater part of the radiated 

,energy lies in the infrared because most applications are 

concerned 'tVi th temperatures less than 4000 1\, in which case 

the meanv1avelength is greater than the upper limit for the 

visible region (0.39 to 0.78 f r. 
t'Jhen radiant energy falls on a body. part mny be 

absorbed, part refleoted, and the remainder t~~smitted 

through, the body. Most solid bodies absorbprac1:;ically aJ.l 

2 

the infrared energy penetrat:ing their surfaoes '~ithin, a very '~, - , 

thin layer'. Eleotrioconduotors need a layer of the order of 

magnitude of 1 I' for the absorption, and a thickness of 1,000/ 

is aufficient for most nonconductors. The thiclmess of 

majo:r'ity of materials enoount{31"ed in engineer:ing is almOst 

. nl'Hays greater, than these values" so tha,t none .eff the r9.c1iant 

energy is transmitted through tihe body_ 

All materials :in ne. ture also emit radi~tion"the 

quality and quantity depending upon the absolute temperature 

and ·the propel'tiesof the material compOSing the ~adiating 

tbodi. Acoording to Planok's la't.J, the monochromatic ami ttance, 

it- One m.icron is equal to one ... thousandth of a miilimetol". 

/ > 

I 



of a black body at any temperature varies from 0 at ).. =0 

thr~ugh a maximum and back ·Go. 0 at 'A = DC (1\ denotes 

'tvavelength); its maximum value moves to shorter 't-13.v-elengths 

'Hith increasing temperature. The po'sitien of the ma.:d!j1um is 

inversely proportional to, the absolute temperature (Hien' s 

displac'emen t law). 

Electric conductol'>S and nonoonductors are basically 

diffsrerrb vlith respeot to'their infrared radiation pro'~e!'ties. 

Tho condUotors radiate oompa.ttatively little energy" 1-1bereas 

noncon'ciuctors radiate a rather large amount of hoat. The OOlis­

si vi ty ana ab"sorpti vity change 1-1i thvlavelength for both 

groups., FigUre 1 ShO'\o13 the monochromatio refleoti vi'GY, ~). for 

aluminum ,as an example of a conductor .. and Fig. 2 gi;:rose). 

for some nonconducting surfaces of engineering importance'. The' 

polished aJ.~inum surface has a smaller reflectivity at shorter 

't-J8.velengthsit;J:l.e.n at longer 1-lavelengths, and this 'holds for all' 

metals'. The a"b\sorptivity of metals is then greater at shorter 

v1aveleng,ths. 

The yariation of re'flectivity of nonconductol"S Hith 

'Havelength is Jluch more irregUlar. It is a characteristic 

featUre of allTiG>st all industrially ilnportant nonconductors 

that the ref'1e'O~ivity is generally louerat longer 't-la.velengtha. 

Fornonconduc,t<:>rs, :the abs6~ptivity ~ecreases uith te::1rperature; 
, ~ 

. it ,increases (Fig. :3 and Fig. 4')'. for conduotors, 

,I 
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and absorpt1vltY,of 

different conductors 

fo'r incident black, 

radiation of the indi-
, .' (1) , 

!cated temperature. 
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Fig.2. Monochromatic rei'lectivity 

for different monconduc-

tors as a function of 

wavelength. 
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black radiation of the 
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'indicated tenq)srature. 

·~~Parenthetioal references superior to the line refer to 
bibliography. 



The emissivitiesof highly poli;shed meta.ls a1"e very 

lot,] and a function of the product term ~e T, tihero ee is the 

specific electrical resistru'lce and T is .the absolute tiGliroera-
. -

ture~ A poorly polished spectmen may hav~ several times tnis 
f. : . 

theoretical minimum. emissivi ty. It can be':. said that tl' in general, 
. , . ' 

theemissivities of nearly all oonductorsincrease '·'t·d th tempe~ 

z'ature and that of nonconducborstend to decrease. Fj.g'.5 

~ ,0 t-=------------'--------, 

~. .w Whh,'HJe.~.· p. " , 
o~ ·.~/q~ 

. .....­

o 
o 

-. -.,' 

.200 400 bOO 800 1000 (2.0b (400 /600 

~ (oF') 

Fig • .5. Total emissivity as a fun 0 tion of 
. . . (2) 

absolute te+1l.pG±"ature. 

illustrates the dependence of emiss1vi ty on the absolute 

tempera.ture of the system. Although the values indicated by . 

this figure are not tromactual emissivity m.easurements 

(they 1-1ere obtained by reflectance measurements), the trend 

pf variations is typical. 

In oalculations of radiative hea~xchange in 

various engineering applications, one has sometimes to be 

concerned with radiative flux in .a cel"tain direction vlhich 

. I 
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is described by the directional emissivitY£f3 • Fig'. 6 and Fig.7 

Shov1 the results of measurements on eleotric conduc tors and 

nonconduotors heated to moderate tempel"atures. As i-t; is seen 

from the figures, the directional 
60' o· 

. . €{J . 0.12 0.10 0.08 0.06 0.04 0.02 o· 0.02 O.O~ 0.06 0.01 0.10 0.12 ~fJ . (1 ) 
Fig.6. Directional amissi vi ty or solid materia.ls. 

. 0·:"' ~ 
. l(f' 20" 

o ~,B 

Fig.? Emissivity of materials in different 

directions. 
(1)' . 

of nonconductors decreases rapidly as the angJ.e(3 approaches 

900. For conductors, the em?-ssi vity first incl'ieases -~d then 
;, : 

decreases to, zero 'With increasing a'l'lgle p • Emiss-ivity values.' 

most widely reported in the literature are for adireotion 

normal to' the surfa.oe, and it is the normal tota.l emissivity 

t;la'b is measured in this t-lork; 

B'e General Presentation of the Apparatus 

The apparatus nresented hera is a standal"d one, adopted 

. . 



in 1961 under ASTM Designation number: 0445-61. (3) 

1'. The Uain Features 

This is an apparatus for measuring, the normal total. 

emissi vi ty of surfaces of thin, opaque .materia1sat ordinary 

tempera ture s. 

The normal total emissivity of the specimen motmted 

on the specimen holder is determined from the emfs of the 

'"bhermopilewhen 1 t Viel-lS the specimen and vJhen it vie't-1s the 

blackbody cone, both being at the, same temperature 1-lhen 

vie't'1edo. The equation used to calculate the emissivity iSI 

'Hhe!,e: 

~,' (3) 

~, .' b 

E:2.=no.rmal total emissivity'of the specimen surface, 

t2.b =' effective emissi-vi tyof the blackbody cone. 

'(see Appendix A for' evaluation of E1b)# 

~ = thermopile emf value 'V1hen' vie't-ling test specimen, and 

~b = thermopile emf value vlhanvisl-ling blackbody cone~ 

The models used to obt~1n th1s approximate equation, 

are explained later in this section. 

,7 

i, 



2'., Components of the Apparat-us and Requirements for Good 

Performanoe 

a. .. Thermopile Chamber: Consists of an internal oone with ari. 

opening at the base and surroun(led by a cylinderical jacket 

into i'lhich saturated steam is,'introduced at atmospheric 

pressure to .heat the cone ~miformly. The function of the 

thermopile mounted at the apex of the cone in a steam­

surrounded steamtight housing is to measure the quantity of 

radiant energy emanating from any surfaoe it vie'lls.The 
. .-~ 

sensitivity of measurement is positively effected vJith the 

increase in the 'number of junctions canst! tuting the thermo-

. pile. 

b. Blackbody Cone: Consists of a cone ,with interior surface 

painted and surrounded by a cylindericalwater jacketo. 

8 

c •. Specimen Holder: The func'tion of the. specimen holder is to 

. maintain a specimen at the desired temperature and presenting 

it for vieldng by the receiver. 

dO. Snecimens: It is necesf?ary that test specimens should be 

prepared and handled in suoh a manner' thatsurfaoes to be test,ad 

are not soiled by the fingers or by foreign matter. 

Test specimens of a· thin flexible nature should be . 

,cemented to, the speoimen holder cover plate with a suitable 



9 

adhe si ve, ,such as, thin rubber cemen t. After applying adhe si ve 

an,g. specimen to the plate, thesurfa'ce of the specimen should 

be covered with a shee,t of clean paper, and rolled 't-1ith a 

·sui'cable roller to remove bubbles and assure uniform close 

contact of a specimen and cover .pla,te. 

e. 1·1easuring: For measurements of steam and water temperatures 

ac cura tethermometers are sufficient. 

The sensitivity requirement on the potentiometer output 

is 1 f V. 

3~ Theory of Heat, Radiation in the Apparatus 

Considering the closed volume made by surfaces of the . 
,. , 

recei,ver, thermopile cone and the blackbody cone, represented 

by the subscripts R,l,and 2# respe·ctively (Fig.8), 'radiant 

heat exchange calculations can be carried out between these 

surfaces'. The temperature of the' thermopile cop.e surface, T1 ,.· 

is 212o F, .and that of blackbody cone, ,T2, is approxirr.Jltely 

60oP. The temperature at the measuring junctions side of the 

receiver will reach, at steady-state, a certain value Ti. 
vfuen· surface 2 is replaced by a surfaoe .01' different emissivity 

at the smme temperature, differQnt quantity of radiant energy 

't-Ji11 be emanated, resulting in a different T vaJ.ue·o Since the . R 
temperature 91' the reference junot,i,oils side of the,receiver 

is kept aonstant'\at T
1

, the, cheng~'::,inTR ohanges the tempera-

·1 



ture difference between the tl'10 sides, so the emf out-put 

changes'. 

2 "-- T2. 

Fig. 8 

10 

The ratio of emf's obtained 'When vietdng the specimen. 

,surface and the blaokbody oone, both at the. same temperature, 

is approximately equal to the ratio of the emissivities of the 

specimen surfaoe and .the blackbody. 1:1hen the emissivity of' the 

blaokbody, is Imo'Vm, the emissivity of that surfaoe can be 

caloulated. 

Some models were developed to obt~in the above mentioned 

relation'" 

In the first model, the surfaoe of the receiver was 
.' 

considered as a rerad'1([£ingvJall and the system was represented 

'by its eleotrioal, analogue as f0110\>18: 

, .; 
, '" 



9 = radial1 t heat flo"t'l 

J :: radiosity 

Eb = CJ--I ~ 
A = araa 

f = amissi vi ty 

F· = angle factor 

with the subscripts denoting the surfaces as indicated in 
-- .... 

Fig. 8. 

The solution of the system resulted i1i the equation: 

A,F,r<oJT,4-/- Mi lZ. oJ 7i4- - [", .. (f,-I)~F;.IIJ~z _I)J . 
A,'ilZ. -I- A:..Fz" . l A,I) .. -I-Az ~"- . ~1 

.. . 

't>Jith 

The values o:t: Al , A2 , F1R, F12,F2R are :t:ixed by. the design, 

Tl and T2 are directly mea~ured during the test, and TH . is . 

J . 
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calculated from the emf output'. JFor the iron constan:i;an 
, '0 ' 

thEn~ocouples used, 1 F produces 30 f' V)~. Krio1tIing l:ll the 

only unknown f 2 can be oalculated'. 

This model did not result 'in a relation similar to 

the one given in the standards'. Furthermore, emissivities 

c'alculated by use of this equation were found to be faravlay 

from 'fllhat had been expected'~,The reason is that thex'e is, 

certainly a heat f'lO't-l through the 'Hall ~, so 'that refracto:t*y' 

l-lall assUTapt1,on does not lvork'. ' 

, In the second model developed energy balance 't.Jas 

made for, the termopilemeasurmg- junctions'. 
" -

Radiant energy to cold surface at T2 (direct 

radiation only; i.e. no refiection) 

9R =- f: J E. iA I F,2 oJ (T, 4_ T2. 4- ) 

is equal to, the energy received from the enviromnent atTR1 

q (Fig. 9)'. 
c 

Fig. 9. Second MOdel 



For small (TR-T
1

) ,it t-las assumed that energy received 

1'1"01"11 the environment is proportional to ~-Tl: 

Sinoe 

it is found that 9 a -= q c.. = .==!.. (ewvb-) = c. C~.) 
I'- .b .. 

E-\ ~~ A\F{2. o-J (~4 ~T~4-)= c.. (4) 
Applying this equation for the cases, when specimen and black-

body cone vlere vie'Vled and taking the ratio, it was obtained 

that 4 4 
"".6 - T2. 

T, 4 T' 4 
I - 2.. 

:: ... ~. 
b ' 

where Tlh is the temperature of the measuring junctions vlhen 

the blackbody is vie't-lsd, andT
1 

is that l'lhen the: specimen is 

vie"t-1ed7~ 

1tlith this model, it is seen that the appro~:tmated 

equation mentioned before resul te 't'l7hen cA =1. 

The third model t-ms in faot a modification of the 

second, vlhich took into account the multiple reflections. 

Follo't-lingtha same procedure, the aqua tion: 

E2... ~ [(t+r,b) tit - (/.,.&) ~4 ] :t ¢2 -
E..z.b 

-
~b 

_. 
(f th) r; 4-_ (If f2 ) -r;.f 

vIas obtamed, l-lith 

, '., 

, , 
) 



1+1'1' = I- e, 
(1-6:;.) 'i, +U-e,) (1- C2.) -02. ~l - - -.. 

G.2. 

1+f2 - 1- E.2... ( 1-e,) Ff.z -t (1- €-~J (r.:. f,) F.z.,':;.2. - -. - -G{ 

1+1' - l+t in whioh E2 is repJ..aced by E 2b' Ib 1 

1+f2b 
.- l+i'2 in "t1hich E2 is replaced by f

2b
, and 

Tl and T as defined ab<?ve-. . . lb 

The factor c,z).i. was plotted as a funotion of.' emf ratio for 

different values ofE 2 _ (Appendix B ). 
-''1 

./ . 

The three models developed are discussed later .more 

. extensiveli. 
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II. THE APPARATUS 

A. General Desoription 

The eqUipment consists of four main parts: the 

apparatus itself ,'Tt1ater oirculatiion system, s,teamcirculation 

systenl, and the system fm," roounting the several parts of the 

apparatus in a convenient way. 

As shovm in Fig.lO, the apparatus itself is composed 

of a: 'thermopile chamber,blaokbody cone, and the spocimen 

holder-. See the photographs on page 17. ' 

TfI£R.HoPIL( 
CHAfl8F:R. 

Co t1f:l ell $"1 fe, 
Ott/let 

Cone. uf 3{..qO 
/lfc/"deJ An81e 

l.--__ __ 

Tl.e~0f';Ie. 
Yec.eiver 

=I Ll ......... __ ._. ___ j_t I 

~kr ;"Ie!;, / fA/.;tror ou-tfet 

SfgG(I·-tE:N HoL-D£f2.. -

'/ WaWr /n let 

BLACK-BODY o:>Nr:: 

'Fig'.lO. Prinoipal featul"es of normal tota~",emlssivi ty 
apparatus. 
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Thermopile charn.ber and blackbody cone have CO:D_110ctlons 

for :::d~e$J7l and 't-Jater circulations as shown il1F~g.ll a..'I1.d 12"" 

respecti vely. 

The mout\ting system is composed of a ring ar·:n.1nd the 
, ' 

the2:l11opile chamber" three stands for hanging it, and a block 

of 1·]ood to sit the specimen holder on. 

~;'ig.ll. Staron circulation system 

Therlrtotnefer ; 
5re~IMEUI . 

+{ol~er-

77 II ;' ( 7 7 77 7/ ? 7 7 17 7/ 7 7 171177 

Fig.12. t-latorcil'culation system 



. i 

17. 

Fig.13. The~nlOpile chamber, blaclrbody cone,,· steam sy:::-Gem. 

heater in the circuit'. 
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13'.· Design Criteria and Deta.ils of 'Design 

AST11 standards ( C 44~5-61) have been very useful. in ' 

. este.blishing the design criteria and -were ,frequently ,consul­

tea. Uso the 'tvork of'Gouffe (3) l-laS made'use'of'. 

1. The Geometric Shape 

.. ~ ... -

The shapeoi' the blackbody vl9.S· chosen to be a right. 

circular cone', sin.ce the effective emissivity. of the hyPo the-
~ . . 

tioal plane surface representlng the opening of-a bodyuas 

a.vailable for this shape'. (See Appendix A). 

Conical shape -was cho.sen also' for the shiold inside 

the thermopile ch~ber.This shield fixes the solid angle of 

vlsian,and normal tota.lemi::mi vi ty is better approximated 

'tvi th this shape. 

The specimen holder 'uas chosen to be a square· shaped, 

shallo't-Iwater-oooledoase ui th an open top . ~losedby 0. 

removable hard copper oover plate. on 1-Jh1.oh specimens 'Hera 

lllotmtad:. With th1.sshape, as indioated in the ASTl1 8;l:ianda!'ds, 

unifol--rnity of temperature of theoover plate 't'Jas assured'cr-

,·2'. Dimensions 

The, diameter of -the blackbody conev~as chosen to be 

6 j:n~, ,:with a ,corresponding height of 9 in. (height to base~ 

radius· ratio is, 3.0). 



For the in ternal truncated cone' of the thermopile 

chf.lJn!:)(3~(,# 1.,ith the same baso diameter of 6 in·~, 1.5 in. 'VlaS 

chason as top diameter and l~. in •. as the height~ : 

:19 '. 

. The overall dimensions of the specimenholde:r· i'1.ere 

chason to be 10· in. X lOin·.' so thatthel"equirement i'orthe· 

e::tension of the al~ea of the s"D6cimen outside of th.c contact 

arGo. of the thermopile cone gasket:-1as .met ... (See Appendix .6:." 

ror oomplete dimensional drD..Hing of these three units); 

3. Thermopile Receiver 

ASTH standards require that thermopile should have 

;;uff'ic:i.ent number of junctions at the ·r~ceiver to generate 

an mIir of at least 1 mv when' the blackbody cone is. viel-ledat­

i"oorll tomperatureend the thel"'l110pile cone jacket contains 

satnrc.'bed steam at atmosphel"'ic pressure. 

In order to determine the number of. juno.tioi:ts:of:th-e. 
. . . . .' '. 

thermopile neoessary to give a suffioient Otltp~ t i it _ ,-las first 
. ", . , .' " " 

necessary to estimate the temperature ()f- the .measuring junc-

tions side of the reoeive!'. 

As a first approxim.a'liionto. the problem,1.'adiant heat 
, " 

e~ohange caloulations ·Here carried out'b~tt~een receiver surface, 

thermopile cone, and the hypothetical pl'kne surface ropresent­

ing the op·ening" of, the blackbody cone, il1dicated by the 

subscripts R,l and 2, respectively (Fig.15).Ail su:d'aces were 

assumed to be blacll:, and surfaoe Rwas a refractory. 

. ! 



T'ne equation 

';·Jhere FR2 't-1asthe angle facto!' for surfaces R. and 2, gives 

the temperatUre of the surfaceR as a. function of F
R2

• vIi th. 

Fig. 15 

20 

theohosen dimensions, the value of FR2 was caloulated to be 
O·.06~, giving TR = 20if'F •. (See Appendix C for caloulation 

of angle factors and- variation of TR 't~ith F ). . . R2 
Assuming that referenoe junctions of thetherraopile 

'Here at 2l20F, there became 70rY differeno.e in. temperature bet­

'\-leen the reference andmeasul"ing junoti9ns.Considering the 

output of iron oonstantan thermocouple at 200
0

p (Ooldjunotion. 
o 

at 32 F) whioh is 0.0303 mY OF, :tt't-las found that 

required no. of junctions'= 
f/O. 0 3 0 3 

7 
By increasing the number junctipns to 24, oonsidering that heat 

conduction- aoross the surface Ris throug? the iron and cons­

tantan 't'Jires, and assuming that the follot-Jing equation holds 

. true t 
, 

.: 



where \R = b,eatradiated by, surfaoe 1 and impinging on'R" 

qR2 == that. emitted by R and :tmpfuging' on surfaoe 2 J 

TR t-Jas found to be 2.10o
F. This val~e gave the required 

number of junotionsas 16, resulting in a factoroi' safety of 

24/16:::!J.~. 5. 
Tests shovled that this tac~or of safety estimated by 

various assumptions is quite close to the value obtained" .. ''1h1ch 

is 1~.8 '. 

Fig.16 shot'1s the arrangement of junctions. over the 

receiver'. 

Fig.16 

~'i • 

See Appendix D for calcuUitions • 

. 4'0 Speo imen Holder 

. vlater passage was cho'~en to be rectangular in cross 

section, with the idea that maximum area of the cover plata 

1-Iould be indireot contact v~i th water. 

Assuming 200 in3 / min for. volumetrio 1'lo\-J ra.te Q" 



6 in/seo for 'trlate~ velooity V, and by-using the continuity 
. ·2 

equation Q=AV, the ~equired areawa's' f'oundto be 0.5:55 in.' 

The width of .the passage .'trlas th~m assumed to be 1.17 

in. giving a height of 0.47 :In. See Appendix £: for the 

arrru:igement of water passage'. 

C. Construction 

1'.' Thermopile Chamber and Blackbody Cone 

The cones and cyl indericals team and v1a tel" chambers 

'Were manufactured simply by rolling 1 mm thick coppers'heet 

'into the desired shape and by lrlelding the t1rJO ends together. 

··Filing of 'i~ld,ed ends l~as necessary. 

The top surface of the thermopile chalnbe~ vras made 

removable ,flanged to the body liith 12 screws, "t1i th a. rubber 

, g;l~ketin between.Also a hole 't~as provided to insert a thermo­

meter for measuring the steron temperature. 

The ,thermopile hous:ing, "1hich is in the form of an 

inverted cup with a pipe at the top to bring the thermopile 

. leads out, 'Was manufa~tured . in .the same",ay and flanged 'tvi th 

-6 scr~vls to the apex 6£ the icone~hrough the fiber board, 

'Which constiwtes. the,"radiation shield bet'trleen the reference 

and measuring junctions.· To make the housing steamtight, 4 rom. 

'thick rubber gaskets 'vsra provide<J, on both sides of the' 



board~ and the board 'Nas surrounded tightly by cellophane'. 

The purpose of malting the top surface atldthehousing 

removable was to easily dismantle the receiver whenever 

necessary. 
, ' 

Both chambers '\'161'6 insulated' by !~ rom. thiclc, asbestos 

'board and 1 rom. asbestos paper. and the side walls were 

, covered by white cloth. 

The stemm jacket had steam inlet and outlet conneo­

tions of 1/2 in. inside diameter, madeof,copperpipe~ 1.5 in. 

long. Also a glass ,tube 't~as moun ted at its side to shot-1 the 

level of the condensate, in the 'jacket. A ring of rubber, a. 

material of low thermal conduotivity was bonded to the 

periphery of the cyl inderical jacket at its base to separate 

the theI'lllopile cone from tile blaokbody oone or a spec:iJ:nen". 

Since the gaSket should no"c be visible at the the!'I'll6pile, the, 

maximum separation distanoe t-.las, caloulated and :found to be' 

0".129 in. 
The inside surfaoes of the two oones were painted ",lith 

t't'lO coats of black stove paint. 

The cylinderical ~'later jacket enclosing the cone had 

a 'Hater inlet connection at the bottom to introduoe the 1'lo"J 

of water tangentially and an outlet connection high in the 

jacket, to assure oomplete venting of air~, both made· of copper 

pipes 1.5 in. long. 

I , , 

• j 
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2~ Thermopile Receiver 

,A circular fiber board of '3 in. diamete~ and 3/4 in. 

thick 't,zasuse'd, to separarethe' measuring and the referen'o,G 

junctions of the thermopile. These junctions were distributed 

over' 1.5 in. diameter c iI'cular area of thisboard,con ~titutihg' 

the receiver. For this purpose, 'the receiver area 'Has divided' 
" 

into 24 equa.l parts. 1 mm.. diameter holes l-Jere drilled at the. 

,center of each and NO,.24 copper and constantan 't-lires, ~ut, in 

about 2 in. long, were passed through these holes:. ~ 

A 20 V d. c. battery systernwas used for malting the 

beac1ed junctions. The enamel coating at the tips of the 'tvires 

was scraped off and the 't,zires were holded with a pair of 

pliers'. Using the graphi te rod as negative' arid 'the t1-l0 't-1ires 

as positive, an arc ",as formed bet'toJeen the graphit'e'and the 

tips of the t.Jires. Sufficiently ,small beads "(-lere obtained in 

tllis way. 

J.Specimen Holder 

The specimen holderv:as made of cast bronze,Hith its 

6 partition t",a11s inside'. To simplify the c~st:ing process" it 

't-Ias allOlied for theset'Jalls vary in oross section thiclmess 

from 3 llll'tl. at the top to 5 mm. at the, bottom'. 'l'hen t1'10 holes 

t-Jere drilled at the same side as inlet and outlet and copper 

pipes of 1/2 in. diameter and 1.5 in .. long ,were 1>lelded at 

, , ~these holes. 
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The cast unit was machined, afterwards, and f:i.naJ.ly 

:insulated". 

The cover plates of the specimen holder vlere made of 

a h~d.t 1.5 mm.. thick Copper sheet and mounted to the cast 

piece by 16 scre't-Js. As a gasket between the holder and the 

cover plate, I rom. thick sheet corlt lvaaused. 

4-:-· 
. . Hater Circulation System 

Plastia pipes were used to take water into the black­

body chamber, from· there to the spe~imen holder, and from the 

specimen holder to the sink. 

A thermometerlvi~h O,~F smallest division t1as located· 

. in the line bett-Jeen the blackbody and the specimen holder to 

me SSUl:' e the vIa ter temPera turs". For th1-s purpo s e, 'a fi t t; ing 

1·1i th three open'ings was used. Thermometel" bulb 1-1aS inserted 
, " 

mto tho :f'lol-1through a rubber plu~ • 

. 5. S team Circulation System 

Steam vIas produced by boiling water in a 6 It'. capacity. 

pyrex distillation flask. Same type of plastic pipes 'Here used 

to take the steam' from t~e,:s;!'d~' tube of the' flask to the 

chamber and tocolleot the condensate at the bottom. Some steam 

leal{ages '[.,ere allol-led at the top of the chamber to assure 

atlnospher1c pressure •. Thesteam temperature' vIas measured by. a 

,thermometer O.,2oF smallest division. 



III~ TESTING 

A. Prepal"ation for Test " 

Preparation of thespeoimens ;Lathe main step:. Test 

specimens of a thin flexible natUre '. should be out into 

9in~ X 9ino squares and cemented to the speo:i.men holder 

26 

. cover plates. There are three cover plates p~bvided for, 

this purpose. After applying adhesive and specimen to the 

~ plato, the surfaoe of thespec1men should be covered -vIith 

'a sheet; of olean paper and rolled with a roller' toromove , 

bubbles and assure uniform. close contact of speoimen and 

oove:r.- plate". 

Tes t speoimens of shee t metal hav.ing suffi'oient;' 

~igidi ty to remain flat duril1g. tests should be moun ted 

di-r6ctly on the specimen holde,r.in plaae'~of the cover plate. 

Test specimens should be pl'epared and handled in 

suoh a manner that surfaoes to be tested are not soiled by 

, fingers or by foreign matter" • 

. B'~ Setting Up the Apparatus' 

The oooling water pipe is oonneoted to the faucet. 

The teI'Illinals of the heater are connected to the po't"1(~r 

. \ 

I 
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. supply. (Theeleotrical heater mentioned here was used in some 

of the oxperiments to heat the ~,ater so that no condensation 

wUl occur'. See disoussioI).s). After that, the blaokbody is 

plaoed under the thermopile chrunber. 

C. Tes'b Procedure 

First the bunsen burner 'V1as, igni ted to heat tl1e ,,,,ater 

'in the flask' for produotion of steam. Then the 'frJater circule."; 

tion 't-las st arted. Under existing cond! tions, steam. produ.c 'cion 

started in 1.5 - 2 hours after, igniting theburher, end triaJ. . 

experiments indicated that at lea~t, 4 hours were required to 

obtain 'steady 'state oondi tions 'Hi th steam flo ''(01 i al though the 

steam temperature in the cha.'I1lbel~, as indioated by the thermo­

meter, reaohed a steady value around 2120 F in about 45 
minutes.' 

It 't.sas· seen du~ing the' trial tests that at stea.dy 

state, the output did not remain constant but fluotuated. 

The reason 'Has thought to be temperature drifts in the 

housing oontaining the referenoe junotionsof the receiver. 

, To prevent these drifts, the j1.l'nctions'1rJere closely surrounded 

"and the housing' oompletely filled with ootton; the result 

~ed out,to be positive. 

Under existing laboratory conditions water temperature 

. j 



decreased rapidly-at first" and then this deoreasesloived 

dmID and after about 2 hours, it essentially remained constant 

to 'Hithin± O.20 F. 

'After steady steam. and 'Hater conditions i'lere E'.tta.ined,' 

thermopile emf, readings 'Here taken at 15 minute intervals. The 

final steady value of this output, emf
b

, obtained in s.bout 4 

hours, and the steam and, Hater temperatures "Jere recorded. 

Then the test speoimenmounted on the specimen holder 

'Hhich i·1a.S put on the vlood block i-laS plaeed under the ·thermo­

pile chamber. As indioated by the trial tests, 15 minutes 

't-ler,s required to obtain a steady value for this output, emf., 

The values of emf, steam 'and water temperatures \'1ere r.ecorded. 

The values for 't-later temperature should not dif.fer by more 
, " 0 

than 0.2 F for the t't-l0 0 aaes. 

D. "Tests 'Hade and Resul te 

12 tests ivare made to measure emissi vi ties of black 

s,tove paint, light-cream "Sadolux" paint, tarred paper, 

. asbestos paper, copper sheet, aluminum foil, aluJninum sheet" 

and nickel. Two tests Here ,made on the blaok paint, one 't-lith 

"jater at temperature 54°F and other at 69°F; four tes~ts 'tiere 

. made, on "Sadolux" paint, one of them being 't'1i th i-later at 

68.,.5"F, . the others at 10i-1er ,temperatures. In each of these 

'tests, tiol0 conseout1 ve measurements 'Here taken. 

I 
:1 
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1. Blaok Paint 

This is the paint with "'hioh the internal s1..1.l"faces of 

th~ cones were painted. !1easurement of its emissivity 'VIas 

necessarY for the eValuation of effective emissivity of the 

blackbody cone. 

T"t-10 tests 't.Jel:te made. The dew point tempera.tu~,"e of' the 

air in' the room 'Has 53°F, as measured by means of a slin-g 

psychrometeroll-. The first test gave the 'value of f ~s 0.86. 

The second test wasoal":ried t..Jith'Hater at a hiehElY' 'cempera-

'hure Jl and € was calcula:!ied to be again O. 86~ 

The data for these and for all the subseq1.'ent tssts 

.are given in Appendix F • 

2. -Tarred Pap el' 

This is a material ( Zif'tli Kagit) used i.."1!'oofing.' One 

. test l·uis made. DSl,l point 't-laS 54°F. The value of - t c'alculated 

from-the test data is 0.93. 

3. Asbestos Paper 

This is an insulating material cornrnonlyused for 

electrical devices and. i..'I'). the laboratories. 

The test gave· the value of e as 0.94 • 

. ~} See Appendix G. - , 
," .~ 

." / 



4. Copp~r Sheet 

. This is the cover plate of the specimen holder. The 

sheet 'Was cleaned by dilute nitric' acid to remove ~he;rt1.st" ,~ 

't-Jashed thoroughly and thendl"ied. 

The value of E caloulated from the testdata'isO.38. 

5. "Sudolu.xfl Paint 

This is the type of pa:int mostly used in painting, 

metallic surfaces such as automobiles, radiators and pipes. 

Four tests 'Here made on this specimen. Initially, one coat 

or this paint was applied to the cover plate and kept 2q. 
,0 . 

hours to dry. De't1 point temperature :in the room was 59F. 

The test gave the value of f as 0.93. Then one more coat 

of the srone. paint 't-Jag applied and kept again for 2L~ hOlU·S. 

The tesii gave a slightly higher value for E, 0.94. Fil1al1y_ 

a third coat 1'1£\.S applied and rleasurerttent gave the roo9u1 t 

as E= 0.9).:., \1hich proves that i.."'lcreasing the number 0 f 

ooai..~s .further 't-li11 not effec,~ "(ihe value of € • 

rj:he.last test on this specimen 'Has ma.de for thl"ee 

coats 8.g~b.; but water "Vl8.S heated' to a temperature of 

. 68. ~FD 't'1here the de'\-1 po~n,t temperature 't-J8.s62oP. The test 

gav0 o.ga.:tn the same value 0.911- • 

i .. 



6. Alurflinum Foil 

This iS,a household material. used for cooking.purposes. 

One test "(.Jas made on this spec:iJnen. Dew point temPera-bure 'HaS 

measured as' 620 F. The value of € calculated from the test 

. data is 0.34" t-lith water at 69°F. 

This value' 'Was found much higher than it-was' expected, 

therefore" another materia]. of 101-1 emissivity, poJ.ished . 

aluminum sheet, 1-1as tested. 

7. Aluminum Sheet 

This 1-12.S the only rigid specimen mounted directly on 

'the spe05.men holder in place of: the cover plate. It had a 

,bright surface. 

The value of emissivity for this surface was calculated 

to be 0.21 , again much higher than expected. 

8. Polished Niol~el Coat 

T.he final test 'Has made on highly polished nicke~~ 

surfaoe, l11hioh should have an emissivity of about O.05,as 

indicated in the literature. But the test data gave a. value 

for the emissivity as 0.24 , again veI'Y high. 

Possible reasons for these unexpected ,resul te ·are· . 

discussed be16w.' 

I 
I 



E. Discussion of Results 

The apparatus reached the steady state at different 

emf values although the steam temperature indicated by the 

thermometer 1-1aa almost the same. The reason for this can 
. . 

be expl::iined by the fact that 'rzitha the:rmopile of 2!t. iron 

32 

constantan junctions, 1°F difference in temperature produces 

24 x 30 = 720 f' V ; .9. very small ohange in the temperature of 

thereferance junotions results· in a great change in the 

output. But there waano appreciable ohange during one test. 

The teats conduoted indicate that the results obtained 

with specimens of'high'l and, moderate emiasivi ties are satis­

factory since they lie. in the region of values given in the 

1 i t~r9.ture • 

The tests on tlSadolu.."Ctfpaint indioate that emiss~vlty 

of' the surface inoreases slightly as one goes from one coat· 

to t,t-to coats, but there is no 'change with furthel" increase 

in the number of coats. 

The graphs in Fig. 17 ShOl-1 the variation of emf 

output v11th time and attail'~rdent ot steady state condi'cions 

. tor. the case of black stove paint. Similar variations 't'1ere 

obtained in all the other tests. 

Fig. 18 shows the variation oferaf output l1i'th 't1ater 

temperature, steam temperature being constant. This.i a f6~· 
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the test on blaok stove paint,. and it is interesting -Go note . 

here that the t1'10 curves fOl~ blackbody cone and the specilnen 

ha. va almo s t the same slope. 
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frhe last three tests1ndicatethat ,the apparatus. does 

not Hork well ,·lith the specimens of very lot-I emissiv1ties. 

The specimens t-lere handled with ·oare,. yet the results obtained 

't-1erEl different from. the tabulated values. The reasons 'Here 

investigated: 

'a. Possible effeot of moisture oondensation 'Has checked. 

For th1s purpose, the water was circulated through an electric" 

heater, 1ilhich raised its temperat1lre to about 70°F; but no 

appreCiable differenoe in the results were noticed. As gn 

example, the emissivity of the black paint 'Was found as 0.86 

both vlhen the water temperature was 690 P and when it ':las 540F~ 

b. A theoretioal model was developed with the intention 

of' determining a faotor in the governing equation 't'1h1ch" if 

neglected, might oause an error in the case, of low emissivity 

surfaces. This is the second model explained in the first 

section. Consideration of the factor rA re~ul ted in a, cor";' .. 
'.' -

rection in the right diraotion"but it was, far from being 

sufficient. 

c. A third th~oret1ca1 model waS developed' 't-1hich 

trutes into acoount multiple refleotions. Evaluation of the 

£actor ¢l of this model did no~ result in a sufficient 

correction. 

d. In the theoretical models mentioned above, it had 

been assumed that the junctions ,·lere receiving heat from 

the environment by conduction ,and convection,. leading to 

, ! 
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a l:1near dependenoe of' heat on the temperature difference; 

but it i-ms' certain that the measuring junctions't-1ere. receiving 

heaJG from the environment also -by radia.tion. Perhaps there 

might" be a 1 Ll'l1itat ion . to this assUmption. 1m extensive litera­

ture . search 'Was made 'With regard to the theory. of such,arl 

appare:bus, but no reference vIas ·found. 

e. It is possible that .thereare convection currents 

in the conical opening. If so. because of the 10t-1 tempera1.;ure 

at the bottom, the tendency of these currents would be' to 

10~1er the tem.pe!'ature of'the measuring junot'ions" dausing an . .," 

. . ~. 
additiona.l difference in temperature bet~leen the me!=tsuring 

and reference junctions of the receiver. This 't-1ould result· 

in an emf output of a oertain' amount regardless of the 

emissivity of the surface vial'led.This may viall be the 

reason for meastlring high values with lOvl emissivity surfaces, . 
, . . " . /. . 

since the effact of a certain' amount of additional emf;'vlil~· 

be qui~Ge significant 'When low ·outputsaremeasured •. 

f. Finally, the emissivity of the blackpaint1.:l.~,~·d for 

ll'lside surfaces of the cones 't-las measured to be . o.86,1"Jhich is 

less than 0.90, the minimmn value suggested in the standards • 

. ;, .' 



IV. CONCLUSIONS AND RECOt~mNDATIONS 

l. The pel"formance of the apparatu£? issatisfs'ctory unless 

the emissivity is very 10'-1. 

2. Unsatisfactory performanoe in connection with 10,,, 

emissiv5.ty surfaces has not been eJq)lahled clearly • 

. Recormu.endat ion s for this are : 

a. l·1ore extensive literatl1re search s.hould be made. for 

sny theoretical limitations of .the apparatus •. 

b. Inside surfaces of the cones should .be painted 't"ith a 

pa.int of emissivity higher than 0.90 .' 

c. A specially manufactured, pure metallic· SuI'face~ 

alUIDu1um or nickel~ should be tested both with a dull 

surface and with an extremely polished sUrfaC0j and the 

resul ts should be compared. . 

d. One "!J1~Y to verify-experimentally the possible effect 

of oonv~~tion currents' would be to fold the measuring 

. junctions against the receiver are·a. 'In the present 

desie;l1pthose junctions stick out into the ai:v and B.l-ie 

GJq?osed to convection currents. A reduction in the emf· 

outpu'li~after themodifica.tion, 't-1ould indicate that 

convection currents are significant. 
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3. The apparatus reaches steady state at quite a long time; 

one test takes about 6 hours. 

n. Better insulation of the thermopile chgmber and tho 

flask "t-1ould reduce heat losses to the surroundings, 8.nd 

b. Using a larger boiler flask Ylould. enable one to cal"'ry· 

out !l1ore than one test in one run. 

r 



APPEliTDIX A :- DETERNINATIOH OFTh"E EMISSIVITY OF THE 

BLACKBODY CONE(3) 

38 

The effe'cti va emissi vt ty, f h " of the blackbody cone 

is determined as follows. ~'he interior surface of the cone 

i s given tl-l0 coats of selected paint, and t'tolocoats of the 

. same paint is applied to the surface of the cover plate of 

the specimen holder. Heasurements of emfb' and 9mf' are made 

as indicated in the text. 

The effective emissivity of the hypothetical plane 

snrface representing the opening of a right circular cone, 

~<]i thadiffusely reflecting interior surface has been 'given 
, ,; 

by A. Gouffe • 

The table belo,\:1 gives calculated values of the 

effective emissivity fb of such a cone having an included 

angle of 36.9 deg for var'i'ous' values of the surface emis­

sivi:tYE' o f:", the interior'surface of the cone. 

The:':ratio ofemf/emr: is equal to E/t:bif the 

specimer'!,.and the cone have the same surface. emissi vi ty. 

USingth:' table ,,'ihe ,values of f and E:b corresponding to the 

observed ratio of f/Gb can be determined by ~nterpolation or 

extrapolation. Thus both the emiss~vity of the painted 

surface "and the effect! ve emissi vi ty of the blackbody cone 

are determined for the paint and cone used. The values of' fb 

are plotted below ,as a function of the ratio €/€:h. 

, .. 
',I 

'J 
'j 
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Effecti ve emi ssi vity of blackbody con.e 

1·00 
~ .... ' cr---- ........ . 

0.91 
.R5 .gb .&7 .88' .SS .~o .~~ ·91 ·93 ·94 ·35 ·96 .57 ·98 

€/€b 

Variation of £b tdth f/cb 

The graphi c belol-l illustrates the variation of 

effective emi ssi vi t1.es·, of the ;penings of the cones witb 

~ifferent cone angles,' emissi vi ty of the surface, 6 , being 
. .. . (4)· ,. , 

a: parameter • The ordinate. SXi$,t?/l1ooJT: represents an 

·S9 
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apparent hemispherical emissivity of the cavity as a whole • 

. The deviation of Q/A~oJT: from € is a measure of the magnitude 

of the cavity effect. 
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APPENDIX B EVALUATION OF FACTOR 912. 

In the third model developed in ,the first sect~bn, 

ubich took into account mUltiple reflections, ra.diant energy 

to cold surface at T2 is given by : 

This energy is equal to the energy received from the 

environment at Tn, qc. It was assumed that for small TR-Tl ,. 

q c = a ( T R - Tl ) 

since emf = b ( T
R
-T1 ) 

q~ = q = c ( emf ) .n c . 

This results in 

·whe.re. 

1 +.pi =- ~ - §:. (/- t2) 1=")./ + (1- Cl) (1- C.l-) F121i1 - ---
f:J- '. 

i+f',:::; 1- tlo (1-e:,)r:I'i-+(t-t-2.)(t-G,)F;.,F,2-----
~ E, 

~ + -t,1 -;:. 1- 6-; (1- f1J,) Fif -{- ( 1- 6,) ({- f:z.b) h2. iii - ---' 
U) 6z.h 

~Ttl.b.: (- €;b (1- 6,) 1=;2. t- (I-t21) (f- e,) ~;!iz - ---
f . 
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By taking Ei = 0.90 emfb = 1.800 mv 

f21 = 0.98 Fl2 = 0.2906 

TR = 672
0

R. F21 =0.000193 

T2 = 5310
R 

where F12 and F21 are the new angle factors calculatec1,by 

considerlng as Al the area of thejuncti9ns only J the 

follolJins values were obtained for.l+flb , 1+f2b , 1+f1 , and 

l+f2 : 

1+f' = 1 l+fl l+f - --lb 2 

1+i'2b = 0.968 E2- = 0.01 .983 1.000 

Ez.' = 0.05 .997 .998 

t.L = 0.10 .998 .997 

tL = 0.20 .999 .994 

f2. = 0.40 1.000 .98'7 

Ei.' == 0.60 1.000 .980 

£, 0.80 1.000 '.9'71 

Ez = 1.00 1.000 .968 

The factor ¢z calculated this way ~as plotted against emf 

ratio for d:i.fferent values of € 2. This plot is given 
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APPENDIX C : CALCULATION OF ANGLE: FACTORS 

Refer to Fig. 15 in the text for symbols and subscripts~ 

The angle factor for surfaces Rand 2 is given by 

the equation 

't-1here 

'VJith 

B= bid / C; c/~ 

a=12 in. 

b=O.75 in. 

c=3 in. 

FR2 \-1as found to be 0.0641' . 

Using FRI + FR,2.. + F~R = 1 A~ FR2. = A2 
and 
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FiR. . 

F2~ + F2.2. +F2 R. = 1 At Ff2. = A2-F.:z..~ 

FH + FI z. + Fi R- = 1 , Ai FiR 
.- A -. R F R. { 

F = R.R. F2.2..= 0 

FI/ 1 0 

the follovJing results were obtained • • 

F = 0.996 FH = 0.793 
Z( 

F 2..~ = 6.004 F1'2.. = 0.1954 

F 1R. :::: 0.0155 

In all of these calculations, AR 1-1aS taken-.as the al"aa of the 

receiver, not the araaof the junctions. 



In the design of the thermopile receiver, it had 

been- assumed that surface R i-laS refractory and others 't-lere 

black. Under these assumptions, R exchanges the same amount 

of energy with Al as with A2 • 

4 4 
FR2. 3ive.s 1; - 1ft 

T~4_T~ 
:::: 

1- F"~:z.. 

Taking Tl = 2l2oF 

T2 = 600 F , 
the variation of TR , -temperature of the measuring junctions, 

wlthFR2 comes out to be as follows : 

2lo 

200 

180 

7R 160 
COF) 

/4-0 

12,0 

{DO 

go 

'60 
0 0.1.. 0.4- 0.6 0.8 ,,{.o 

~2-
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APPENDIX D DETEfu"1INATIOH. OF HUHBER OF JUNCTIONS NEEDED 

Refer to Fig. 15 for symbols and subscripts. 

Tempera'ture of "the measuring junctiop.s of the thermo";' 

pile v19.s calculated by aseumingthe follov.ling equat-ion, holds 

ii:;rt1.6:' " 

q 
cond 

I / 
=T2,-T!.'kA 

t 

A = cross section of the wire = ~ (0.014f sq. in. 

1 = length of wire = 3/4 in. 

k = 32 Btu/hr-ft-OF 
j.ron 

k == 15.5 Btu/hr-ft-OF 
cons 

Tl - 212°F 

T == GOOF 
2 

, T I _ T / ::1 Temperature difference betvJeen the t'\.-10 sIdes of 
2 1" 

the receiver 

" 0 
This equa.tion' ga.v:e' T

R
= 210 F l·li th the. a.bove values of It', A, 

1, and tempe:r?tu~res, for- 2.4 jtJrlctions. 
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, . 0 . 
The required number of junctions with TR = 210 F 

was 16, resulting ina factor of safety of 24/16 = 1.5 • 

{ . 
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APP~~DIX F : TEST DATA AND A SPJ1FLE CALCULATION 

In.al1 of the data given below, time is in hours,· 

l-mter and steam temperatures are in degrees Fahrenheit, and 

orai' values are in millivolt s. 

1. Black Paint 

2. 

. 'elme 

1:.20 

1:~:. 30 

1~~. 45 

From 

Blacl{ 

time. 

T T emf
b 

time ~t-1 .W s 

53.8 211.9 1.565 14.28 53.7 

53.8 211.9 1.565 14.38 53.7 

·53.7 211.9 1.565 

E. ~f 1.375 ~ 0·878 :: 
£b ~b 

:::::> 

I .5{,S . 

the first graph in Appendix'A, t.b= 0.98 

E-::: (0.98) (0.878) = 0.86 

Paint 

T w T 
s 

emf 
b 

time 

T 
s 

211.9 

211.9 

T 
s 

emf 

1.375 

1.375 

. emf 

13.40. 69.0 212.0 1.842 .14.10 69.0 212.0· 1.621 
,. 

212.0 1.842 14.15 69.0 212.0 1.621 

~ , . 
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3. Tarred PaEer 

time T T emf
b 

~time Tv1 T emf w s s 

_ 16.35 58.2 212.0 1.605 16.50 58.2 212.0 1.520 

16.4.5 58.2,212.0 1.605 16.57 58.2 212.0 1.520 

E: -= 0 . .9.3 

, 4. Asbestos Paper 

time Tw T emfb time T- Ts emf s w 

17.00 58.5 212.0 1.855 17.22 58.5 212.0 1.785 

17.15 58.5 212.0 :1.855 17.26 58.5 212 .. 0 .1.785 

E. -: 0·94 

5. Dull Copper Plate 

time Tw Ts emfb time Tw Ts emf 

-15.15 59.4 212.2 2.049 15.55 59.4 _ 212.2 0.791 

15.30 59.4 212.2 2.044 15.57 59.4 212.2 0.791 

15.45 59.4 212.2 2.044 16.00 59.4 212. ~:-! '0.791 

E::=.o.38 

6. One Coat .':'Sadolux" Paint 

time Tw .T emfb time Tw T emf' s s 
.~ . 
,~ 

..... _- .~, 

20.50 .60.6 212.0 1.411 .21.25 60~6 212.0 1.341 
il. 

21.00 60.6 212.0 1.411 21.30 60~6 
--

212.0 1'.341 

21.rLO 60.5 212~0 1.411 21.33 60.6 212.0 1 .. 341 

G. -:::; 0·93 =;.....-
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7. T't-J'o ... Coats. of 11 Sado1uxu Paint 

time T"l T emfb · time Tvl . Ts emf s 

16.15 63.5 212.0 1.395 15.40 6:5.5 212 .. 0 1.330 

15.30 63.5 212.0 1.395 15.48 . 63.5 212.0 1.330 

~ :. 0.94 

.8. JJ.1r ee Coats "Sadolux" Paint -, 

time· Tw rp emfb time Tw Ij1 emf -5 -s 

IP.OO 63.5 212.0 1.415 19.42 63.4 212.0 1.346 

IS .1.5 63.5 212.0 1.411 ;,'.: 19.45 63.4 212.0 1.346 

1.r.·.30 63.5 212.0 1.411 19.48 63.4 212.0 1.346 

E- = 0 . .94-

0 Tl1!l,ne Coats "Sado1uxu PaInt "'-' .. 
time Trl Ts emfb time Tw T emf 

s 

17.30 68.6 211.8 1.294 17.55 68.5 211.8 1.234 

17 .• 45 68.5 211.8. 1.294 18.00. 68.5 211.B 1.234 

f=O.94-

1O .. !:11uninl.lIn Foil 

time T'tV' Ts emfb time T'tv Ts emf 

.14.55 69.0 212.0 2 .. 048 15.20 69.0 212.0 0.70.1··· 

15.05 69.0 212.0 2.048 15.30 69.0 212.0 0.701 . 

E: -= o. 34 



53 

,. 

11. Aluminum Sheet 

time Tl.v Ts emfb time Tl.v T emf 
s 

16.15 70.6 212.0 1.695 17.05 70.5 212~0 0.364 

16.45 70.6 212.0 1.695 17.10 . 70.5 212.0 0 .. 364 

{ . 
E~O.2.1 

12. Hickel 

time :Tl.-J T erofb time Tw Ts emf 
s 

15.00 71.00 212.4 1.820 15.55 71.0 212.4 .0~454 

15.15 71.00 212.4 1.820 16.05 71.0 212.4 0.454 

~ = 0.24-

; .~ 
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APP:t<:;NDIX G INSTRUHENTS USED 

1. Volt Potentiometer 

Hanufacturer : Leeds & Northrup Co., 4901 Stenton Ave., 

Philadelphia 44, Pennsylvania 

Model : 8687 

Serial No. 0 1647111 0 

Range • o to 1.GOl and o to 0.1601 volt ( two scales ) 0 

Ae;curacy . - ( 
0+ 0.05 % of reading +- 3V for the small, scale 

f( 0.05 % of reading + 30V ) for the big scale ' 

2. Variable Autotransformer--

Hanufacturer : The Superior Electric Co., Bristol, Conn. 

Type : 116 B 

Frequency Range :50/60 cycles 

Phase _: 1 

Input Voltage : 120 V 

Output Voltage : 0 to 140 V 

Ha.,~imum Amperes : 10 

l'fa.ximum Capac! ty : 1.4 KVA 

3. Voltage Stabilizer 

Nanufacturer : General Electric Co., Fort Hayne!t Indiana 

l!odel :' 9T9lY7l58 

. -':cycles : 50 

. C'apaci ty : 0.5 KVA 
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S81"i2.1 No. : Har. Fi1t • 

. Input Voltage: 95 to 130,175 to 235, 190 to 260 Volts 

Output volta.ge : 118 and 236 Volts 

4. Sling Psychrometer 

Hanufacturer : The lve1ch Scientific Co., 1515 Sedgwick- St. 

Chicago 

Inventory No. : 879 

Range : 0 to 1200 p 

Smallest Division: O.50
p. 
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