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The e m i s s i v i t y  of va r ious  s t ruc tu r a l  m a t e r i a l s  was m e a s u r e d  over  the 2-10 pm range  of 
wavelengths  at t e m p e r a t u r e s  f r o m  50 to 200~ the r e su l t s  a re  shown and the i r  a ccu racy  
is evaluated.  

The  m e a s u r e m e n t  of d i rec t iona l  and, pa r t i cu la r ly ,  the no rma l  spec t r a l  e m i s s i v i t y  is of mos t  i n t e re s t  
where  scient i f ic  and technical  appl icat ions  a re  concerned .  With the value of this coeff icient  known, it is 
poss ib le ,  for  instance,  to calcula te  the n o r m a l  total  e m i s s i v i t y  [1] (the val idi ty  of such a calcula t ion has  
been conf i rmed  expe r imen ta l ly  in [2]) and f r o m  this the h e m i s p h e r i c a l  total  emi s s iv i t y  [3]. Data  on the 
s p e c t r a l  e m i s s i v i t y  of m a t e r i a l s  at t e m p e r a t u r e s  below 500~ a re  e x t r e m e l y  s ca r ce ,  however .  F u r t h e r -  
more ,  the p roposed  methods of m e a s u r e m e n t  have not been per fec ted  yet and this p r e s e n t s  an obs tac le  
to the i r  wider  appl icat ion in the evaluat ion of va r ious  m a t e r i a l s  with di f ferent  p r o p e r t i e s .  In o rde r  to make 
m e a s u r e m e n t s  by the method shown in [4], for  example ,  the spec imen  must  be shaped into a cy l inder  with 
a n a r r o w  slot  in the wall.  The dependence of tes t  data  on the ambient  radia t ion d e t e r m i n e s  the lowest  
s p e c i m e n  t e m p e r a t u r e ,  which should not be lower  than 200~ Two methods of m e a s u r i n g  the s p e c t r a l  
e m i s s i v i t y  at lower t e m p e r a t u r e s  have been proposed  in [5]. The i r  g is t  is that, in o rde r  to e l iminate  the 
effect  of ambient  radiat ion,  the m e a s u r e m e n t s  a re  made with a se l f -con ta ined  b lack  body (at s e v e r a l  
s l ight ly  different  t e m p e r a t u r e s )  and with a s y s t e m  compr i s ing  two spec imens  and two b lack-body  models  
pa i rwi se  at two different  t e m p e r a t u r e s .  The appl icat ion of these methods  evades  the effect  of ambient  
radiat ion,  to be sure ,  but it a lso  compl ica tes  the m e a s u r e m e n t  p rocedu re  apprec iab ly  without e l iminat ing 
the need for  p r ec i s e  m e a s u r e m e n t  and maintenance  of the t e m p e r a t u r e s  of both the spec imens  and the 
b lack-body  mode l s .  In [6] the authors  have p roposed  a p rocedu re  for  m e a s u r i n g  the n o r m a l  spec t r a l  e m i s -  
s iv i ty  of opaque m a t e r i a l s  by means  of two s tandard  spec imens ,  a Wwhite~ one and a ~black,  one, at the 
s a m e  t e m p e r a t u r e  as the tes t  spec imen .  

In this a r t i c l e  we p r e s en t  the r e su l t s  of e m i s s i v i t y  m e a s u r e m e n t s  per ta in ing  to va r ious  s t r u c t u r a l  
m a t e r i a l s ,  within the 2-10 #m range of wavelengths and at t e m p e r a t u r e s  f r o m 5 0 t o  200~ w i tha subseq u en t  
evaluat ion of the i r  a ccu racy .  

As has  been shown in [6], the n o r m a l  spec t r a l  emi s s iv i t y  of a spec imen  is de t e rmined  according  to 
the formula :  
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Fig. 1. Layout of s tandard  spec imens  and tes t  spec imen  
in the heated yoke. 
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Fig. 2. Layout of the m e a s u r i n g  
appara tus .  

N - -  Nwh, e "~,, Nbl-- N 
8(~, T )  := ebl(~,, T) N ~  N w j  b l ( T )  

Nbl-- Nwh 

The s tandards  and the t es t  spec imen  a re  put in ahea tab le  
yoke, the la t te r  having been designed so as to ensure  that all  
s p e c i m e n s  a re  at the s a m e  t e m p e r a t u r e .  The location of all 
spec imens  on the front  side of the yoke is shown in the d imen-  
sioned d i a g r a m  in Fig. l a :  he re  i t em 1 is the ,white" s tandard,  
i t em 2 is the t es t  spec imen,  and i t em 3 is the "black" s tandard .  
Fo r  the ,whi te"  s tandard  we used a gold disc  with a smoothly  
pol ished su r f ace .  It is common  knowledge [7] that gold is one 

(1) 

of the me t a l s  a lmos t  pe r fec t ly  r e s i s t an t  to oxidation in a i r  when heated to r a t h e r  high t e m p e r a t u r e s .  The 
da ta  on the spec t r a l  e m i s s i v i t y  of gold were  taken f r o m  [8]. For  the , b l a c k ,  s tandard  we used a model  
of an ideal  b lack body, an a s s e m b l y  of r ings  of va r ious  d i a m e t e r s  shown in c r o s s  sec t ion  in Fig.  l b .  

The su r face  t e m p e r a t u r e  of the solid copper  disc,  heated  in the yoke together  with the t es t  
s p e c i m e n  and the other  s tandard  specimen,  was m e a s u r e d  with a pla t inum re s i s t ance  t h e r m o m e t e r  as one 
a r m  of a model  MVU-49 dc br idge c i rcui t .  The disc  su r face  wa~ scanned by the pad of a r e c e i v e r - p r o b e ,  
to check whether  the t e m p e r a t u r e  d is t r ibut ion  h e r e  remained  un i fo rm.  This  was a sce r t a ined  by a con-  
stant  output s ignal  f r o m  that r e c e i v e r - p r o b e .  The radia t ion r e c e i v e r  was a cooled (51~ G e - H g  photo-  
r e s i s t o r  for  the 2-10 ~tm wavelengths and an uncooled PbS pho to re s i s to r  for  the 1-3 #m wavelengths.  The 
m e a s u r i n g  appara tus  is shown schemat i ca l ly  in Fig. 2. A tes t  spec imen  inside the heated yoke 1 was emi t -  
t ing radia t ion in the d i rec t ion  no rm a l  to its su r face  and this radiat ion was col lected by a spher i ca l  m i r r o r  
2 (f = 300 ram, D = 150 ram), f r o m  there  t r ansmi t t ed  to another  sphe r i ca l  m i r r o r  3 (f = 500 mm,  D = 
210 ram), which then focused it on the pad of r e c e i v e r  5. The yoke, the m i r r o r s ,  and the r e c e i v e r  were  
posi t ioned so that the r e c e i v e r  pad 1 m m  in d i a m e t e r  would pro jec t  on the spec imen  sur face  magnif ied 
3-4  t imes .  The radia t ion was made monochromat i c  by means  of optical  i n t e r f e rence  f i l t e r s  4 with a 40- 
60% t r ansmi t t iv i ty  and a re la t ive  pass -bandwidth  A~/)~nax = 0.05 �9 0.01 for  the following p e a k - t r a n s m i s -  
s i onwave l eng ths  Xmax = 1.80, 1.93, 2.12, 2.66, 3.30, 3.66, 3.85, 4.30, 4.68, 5.10, 6.13, 6.75, 7.66, 8.47, 
and 9.30 ~m. The radia t ion  was modulated at a f requency of 600 Hz.  The modula tor  blades were  enveloped 
by a shroud whose inside su r face  had been coated with soot.  The output s ignals  f r o m  the r e c e i v e r  were  
p reampl i f i ed  by a model  V6-2 se lec t ive  m i c r o v o l t m e t e r  and then r eco rded  by a model  V7-8 v o l t m e t e r .  

We will now analyze the bas ic  s o u r c e s  of e r r o r s ,  which de te rmine  the accu racy  of m e a s u r e m e n t s  

[6]. 

1. Imper fec t ion  of the Idea l -B lack-Body  Model. It is  well  known that the emis s iv i ty  of a cavi ty  de -  
pends on its shape and also on the degree  of i ts  noniso thermal i ty .  The e m i s s i v i t y  of the idea l -b lack-body  m o d e l  
made  up of r ings  was ca lcula ted  h e r e  on the bas i s  of assuming  v e r y  thin r ing e lements ,  re la t ive  to the i r  
rad i i .  On this bas i s ,  the analog of our  idea l -b lack-body  model  was an infinitely long groove of t r i angu la r  
c r o s s  sec t ion  with a 10 ~ v e r t e x  angle.  The spec t r a l  emi s s iv i t y  of points on the wall  su r face  of such a 
groove  at a d is tance  x 0 f r o m  the ve r t ex  and at a t e m p e r a t u r e  Tx0 was not much dif ferent  f rom the ve r t ex  
t e m p e r a t u r e  T (operat ing t e m p e r a t u r e  of the model) and was de te rmined  according  to the fo rmula  which the 
au thors  had der ived  for  diffuse ref lec t ion f r o m  groove  walls  with a spec t r a l  re f iec t iv i ty  o << 1 : 

P [t+ e~o(~,) = ( l - - p )  1+ ~-  
COS ~ - -  X o | 

V t  + x ~ -  2xo cos ~z J 
! 

c. [ ]1 -~ ~T ~ [ 1-- exp ( - -  c.z/~,T) AT,:o + px, sin ~ r (AT~ ATx.) xdx 
2 . ( x ' - -  2XoX cos ~ + x~P ]2 " (2) 

o 

The wall  width of a t r i angu la r  groove  is  taken h e r e  as unity. 

The t e m p e r a t u r e  prof i le  a c r o s s  the height of a r ing e l emen t  was de te rmined  exper imen ta l ly .  F o r  
this purpose ,  at th ree  points (at the base ,  in the middle,  and at the ver tex)  of an e lement  were  welded on 
c o p p e r - c o n s t a n t a n  the rmocoup les  and the i r  readings  were  r eco rded  through a model  R-308 po ten t iomete r  
at va r ious  t e m p e r a t u r e s  of the idea l -b lack-body  model  and var ious  ambient  t e m p e r a t u r e s  Ta.  The r e su l t s  
have  yielded the following relat ion:  
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Fig. 3. Tempera tu re  drop ac ros s  the height of a ring e le-  
ment of the ideal-black-body model, T h (~ as a function of 
the ring tempera ture  T (~ ambient t empera ture  Ta = 23~ 
(1), 26~ (2), 30~ (3). 

Fig. 4. Spectral  emiss ivi ty  of the ideal -black-body model:  
i so thermal  model (1), real  model at T = 100~ (2), real  
model  at T = 200 and 500~ (3), real  model at 300 and 400~ 
(4). 

AT~ = x3hT h = -- x ~ (0.005T --1.5). 

The straight line in Fig. 3 represents Eq. (3), the test points indicated here by dots. 
(3) for ATx0 
in (2): 

(3) 

Substituting 
and AT x in the integral in (2) yields the following expression for the last term inside the braces 

- -  I ( Y l -/ x~ - 2xo c~ a cos ~z-- xo \ 
c~(0.005T 1,5) I---P xao(l+5cos~) 1+ ) 

xosinZo~(l+5x, cosa) 3x a (5cos2~_1) (2c~176 sa  
2 V I + xo 2 --2x o cos ~ 2 \t 1 -+- x2 ~--~-~xo co~s ~ 

+ c~ a -k sinZ a ln ] /  l '-- x2 --2x~ c~ a + l - -  x~ c~ a ) ] - xa} (4) 

The ref lect ivi ty of the r ing coating (black ehromizat ion plus soot) on the ideal -black-body model was de te r -  
mined f rom the emiss iv i ty  of the " r e f e r ence ,  specimen, the latter measured  with the same apparatus,  and 
was found almost  constant throughout the 2-10 pm range of wavelengths at a value p = ( 1 -  e) = 0.055. 

The calculated m e a n - o v e r - t h e - s u r f a c e  of a groove (the ring model of an ideal-black-body) is shown 
in Fig. 4 for  var ious  operat ing t empera tu res  T. The ideal -black-body model and the test  specimens were 
project ing on the radiation rece ive r  with an appreciable reduction, i.e., the probe pad was receiving radia-  
tion f rom a few ring elements,  which resulted in a r ece ive r  output signal proport ional  to the mean emi s s i -  
vity of the ideal-black-body model. This had been confirmed by the constant output signal throughout the 
scanning of the ring elements  by the probe pad. 

2. Nonlinearity of the Radiation Receiver .  According to the data in [9], G e - H g  rece ive r s  retain 
their  l ineari ty while the incident radiant flux density on their  pads var ies  through 4-5 o rde rs  of magnitude 
above the threshold level. The l ineari ty range of PbS rece ive r s  is s imi la r  [10]. Inasmuch as the maxi-  
mum var ia t ion of the output signals in our measurements  did not exceed 500 t imes the noise level, this de- 
vice evidently did not constitute a source  of e r r o r s .  

3. Indeterminacy of the Surface Finish of the Specimen. This is a source  of e r r o r s  in measurements  
of radiat ion power, also when the surface finish meets  special  requi rements .  

4. Inaccuracy  of Tempera tu re  Measurements .  In this method of determining the e(X, T) cha r ac -  
te r i s t ics  the inaccuracy  of tempera ture  measurements  has no effect on the accuracy  of the resul ts ,  be- 
cause the specimen and both s tandards are  at the same tempera ture .  Since the metal l ic  specimens in our 
tests  were not thicker than 1.5 ram, hence their  emitting sur faces  and the solid copper disc were at the 
same t empera tu re .  The values of emiss iv i ty  for coated specimens  r e f e r r ed  to the tempera ture  of the 
metal l ic  subs t ra te .  
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Spectral  emiss iv i ty  of some mater ia ls :  (a) coated ma-  
ter ia ls ,  (b) t i tanium and nickel foils. 

5. Effect  of Disperse  Radiation and Ambient Radiation. Since signals were recorded  at the modula-  
tion frequency of the Iight beam, while the modulator  blades were shielded by the shroud, hence the rad ia-  
tion f rom the hot yoke was thus d i spersed  over  the components of the test apparatus and had no effect on the 
resu l t s  of measu remen t s .  A var iable  modulator  tempera ture  and the ambient radiation had also no effect 

o n  the resul ts  of measurements ,  as had been conf i rmed experimental ly .  The modulator  shroud was of such 
a construct ion as to allow cooling with vapor of liquid ni t rogen and thus to facili tate measurements  at modu- 
la tor  t empera tu res  f rom room level to 0~ Variations in the modulator  tempera ture  affected only the 
amplitude of recorded  signals and not the values of emiss ivi ty .  Owing to this, it was possible to simplify 
the measuremen t  procedure  and to eliminate the need for the "white, s tandard specimen.  Since the Lest 
apparatus was shielded f rom local heat sources  and the ambient radiation was uniform, hence, with the 
modulator  at the ambient (room) temperature ,  the output signals f rom the radiation rece iver  scanning the 
specimen,  for example, were proport ional  to the product of the emiss ivi ty  of the scanned specimen by the 
difference between the energet ical  luminances of the ideal-black-body model at the specimen tempera ture  
and at the room tempera tu re  respect ively .  Thus, the magnitude of the output signals was 

N=ke(B~176 and Nbl = kebl(B~176 
f rom which 

N 
8 = ebl-~-bb 1 . (5) 

p 

The resul ts  of measuremen t s  according to (1) and (5) respect ively  agreed within the test  accuracy,  which 
indicated an a lmost  complete absence of e r r o r s  due to ambient radiation. 

6. E r r o r s  due to the Difference between the Actual Radiation Wavelengths Ext rac ted  by the Optical 
In ter ference  F i l t e r s  and the Nominal Wavelengths. These e r r o r s  did not have anydecis ive  effect on the m e a s u r e -  
ment accuracy ,  inasmuch as the emiss iv i ty  of the test  mater ia l s  var ied smoothly with the wavelength. An ex-  
ception here  were coated specimens with a charac te r i s t i c  radiation peak about the 3 #m level.  This con- 
f i rmed the close qualitative agreement  between our resul ts  and those published in the technical l i terature  
for  the same mate r ia l s .  

The use of a four-decade digital vo l tmeter  as the recording  instrument  ensured a high precis ion in 
measur ing  the output signals of the rece ive r ;  the magnitude of random e r r o r s  was determined by the s ignal-  
to-noise  ra t io  only. The effect of random e r r o r s  on the accuracy  of final resul ts  was not analyzed. It is 
to be noted that the minimum s igna l - to -no ise  ra t io  in our measurements  was 6. 

The tes t  resul ts  for  some coated mater ia l s  are  shown in Fig. 5a. Pure  soot burner  1 was f i rs t  
diluted in ethyl alcohol and then deposited with a brush on the polished surface of a copper subst ra te .  A 
smal l  amount of g r ade  BF-2  adhesive had also been added. The finished coating was uniform and ade- 
quately wear  res is tant .  Our data for soot agree closely with the reflect ivi ty measurements  in [11] (grade 
D16AT duraluminum with NKh anodization + grade KF-OZ OZh varnish  + grade AK-069 varnish  + grade 
KhV-16 varn ish  and total coating thickness A = 50 p m  (2), gray  pe rcuss iun-grade  enamel (3), grade D16AT 
dura luminum with co lor less  anodization + grade l lZ  F var/zish + two layers  of grade AS-82 varnish  and 
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total  coating th ickness  A = 30 #m (4), g rade  V95AT dura luminum + grade  AS-82 va rn i sh  at T = 200~ (5), 
g rade  D16 dura luminum chemica l ly  oxidized (6), pol ished copper  a i r -ox id ized  (7), g rade  Kh18N10T s tee l  
as de l ive red  with a V6 su r f ace  f inish (8), g rade  KhlSN10T s tee l  pol ished to V7 su r face  f inish (9), g rade  
V95AT dura luminum without coating at T = 200~ (10)). All t e s t  curves ,  except  5 and 10, co r r e spond  to a 
spec imen  t e m p e r a t u r e  of 100~ M e a s u r e m e n t s  at t e m p e r a t u r e s  through the 50-200~ range  revea led  no 
s ignif icant  depa r tu re  of ~(~, T) va lues  f r o m  those cu rves  in Fig.  5a. We also m e a s u r e d  the emi s s iv i t y  
of technical ly  pure  t i tanium and nickel  foils at 200~ The r e su l t s  a re  shown in Fig. 5b. Curve  1 r e p r e -  
sents  the e m i s s i v i t y  of t an ta lum foil (0.1 m m  thick) as de l ive red .  Curve 2 r e p r e s e n t s  the e m i s s i v i t y  of the 
s a m e  spec imen  a f t e r  a shor t  manual  pol ishing t r e a t m e n t  with diamond pas te  on cloth.  Curve 4, taken f r o m  
[13], r e p r e s e n t s  the e m i s s i v i t y  of t i tanium at 425~ Curve 3 r e p r e s e n t s  the e m i s s i v i t y  of nickel  as 
de l ive red  and its t rend is s i m i l a r  to that  of curve  5, the l a t t e r  having been obtained by an ex t rapola t ion  of 
the data  in [12] for  mechan ica l ly  polished po lycrys ta l l ine  nickel  at 810~ 

On the bas i s  of the r e su l t s  shown here ,  one may conclude that  the p rocedu re  p roposed  by the authors  
for  m e a s u r i n g  the n o r m a l  s p e c t r a l  emissivity- of s t r uc tu r a l  m a t e r i a l s  is suff icient ly accura t e  and s imple  
for  use  in the l abo ra to ry .  

7~ is the wavelength;  
T is the t e m p e r a t u r e ;  
e(A, T) is the s pec t r a l  e m i s s i v i t y  
~h(?~, T) is the s p e c t r a l  e m i s s i v i t y  
ebl(~, T) is the s p e c t r a l  e m i s s i v i t y  
N is the magni tude of output 
Nwh is the magnitude of output 
Nbl 
ATx0, ATx 

AT h 

P 
c 2 
B 0 

k 

NOTATION 

of tes t  spec imen ;  
of .wh i t e ,  s tandard  spec imen ;  
of "black" s tandard  spec imen ;  
s ignal  f r o m  r e c e i v e r  scanning the tes t  spec imen ;  
s ignal  f r o m  r e c e i v e r  scanning the ~white,  s tandard ;  

is the magni tude of output s ignal  f r o m  r e c e i v e r  scanning the "black" s tandard ;  
a r e  the deviat ions  of the t e m p e r a t u r e s  at points at a d is tance  x 0 and x r e spec t i ve ly  f r o m  
the ve r t ex  of a t r i angu la r  groove,  f r o m  the operat ing t e m p e r a t u r e  T;  
is the t e m p e r a t u r e  drop  f r o m  ve r t ex  (x = 0) to base  (x = 1) of a r ing e lement  of the idea l -  
b lack-body  model ;  
is the re f lec t iv i ty ;  
is the second Planck  constant ;  
is the luminance of black body at the spec imen  t e m p e r a t u r e ;  
is the luminance of b lack  body at the ambient  t e m p e r a t u r e ;  
is the propor t iona l i ty  fac tor .  
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