
THE PROBLEM OF ACCURACY FOR RADIATION 

PYROMETERS 

I. B. Levitin and A. I. Kontsevich UDC 536.521 

We examine the effect of the tempera ture  of the ambient medium onthe accuracy  with 
which measurements  are  per formed with a radiation pyromete r  using a lead sulfide 
photores is tor .  It is demonstra ted that in coordinating the quantitative calibration to a 
specific t empera tu re  for the ambient medium, we achieve an ext remely  high confidence 
coefficient for the measurements  (0.9 < a < 0.999). 

The working model of the IKR-1 radiation pyromete r  (an infrared radiometer)  [1], developed at the 
Northwest  Polytechnic Correspondence Institute, was used to measure  the "effective emit tance" neff of 
cer tain e lectrotechnical  mater ia ls .  

The quantity eeff is understood to re fe r  to a coefficient relat ing the value of the signal (the reading of 
the given pyrometer ) ,  produced by the nonblack body being observed, to the signal given off by some ar -  
b i t r a ry  s tandard with a high emiss iv i ty  (a metal  plate coated with a special  black diffusion stain), exhibiting 
the same true tempera ture  as the body under observation.  Here we have in mind the fact that the pyro-  
mete r  uses a selective radiation rece ive r  with a fully specified spec t ra l  sensit ivity distribution, i.e., a PbS 
photores is tor  with an ex t remely  small  a rea  of 0.28 mm 2 for the sensit ive surface,  operating without special  
cooling, at an ambient -medium tempera ture  tam b. 

It goes without saying that the value of eeff for each specific nonblack body must  be a function of its 
t empera ture ,  as well as of the tempera ture  tam b of the ambient medium, affecting the sensit ivity of the 
photoresis tor .  
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Fig. 1. Calibration curve for the IKR-1 radiation py romete r  U b 
= f(T) onthe basis of an a rb i t r a ry  black standard:  a) se r ies  1-1 ' ;  
b) 2-2 ' ;  c) a r i thmet ic  mean; d) se r ies  3-3 ' ;  e) 4-4 ' ;  f) 5-5 ' .  
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Fig. 2. Effect of temperature on the parameter of a 
PbS photoresistor: a) on the dark resistance (R T, kfD; 
b) on the photocurrent (i, gA) for 10 V, 200 Ix. 

The value of eef  f was de t e rmined  [2] f rom the formula  

i rxr exr S~d~, 
U T  ~ O 

o~ 
eeff= Ub [ r~r S~d~ (1) 

d 
0 

In m e a s u r i n g  the s ignal  U T and Ub, we sub t r ac t ed  f rom these  the value of Un, the total  noise  level  
in the m e a s u r i n g  c i rcu i t .  In the m e a s u r e m e n t s ,  the t e m p e r a t u r e  of the t e s t  spec imen  and of the s t anda rd  
piate v a r i e d  f rom the t e m p e r a t u r e  of the ambient  a i r  by as much as 200~ The p r e l i m i n a r y  caI ib ra t ion  of 
the device ,  in s teps  of 10~ using the s t anda rd  plate to produce a r e l a t ionsh ip  U b = f(T), was accompl i shed  
by a s e r i e s  of m e a s u r e m e n t s ,  involving the gradual  r a i s i n g  of the t e m p e r a t u r e  of the plate and its subse -  
quent cooling,  and 20 such m e a s u r e m e n t  s e r i e s  were  pe r fo rmed .  The r e s u l t s  of the m e a s u r e m e n t s  a re  
shown in Fig.  1. The c r o s s - h a t c h e d  zone shows the s c a t t e r i ng  of the points ,  while the dashed line c o r r e -  
sponds to the a r i t hme t i c  mean for ai1 of the m e a s u r e m e n t s .  Ana lys i s  of the obse rva t ions  shows a r educ -  
tion in t ime for the s ignal ,  given ident ica l  t e m p e r a t u r e s  for the s t anda rd  plate .  This fact can be expla ined 
by the gradual  r i s e  in the t e m p e r a t u r e  of the PbS p h o t o r e s i s t o r  as the medium sur rounding  the r e s i s t o r  is 
heated (for exampIe ,  as a consequence of the effect  of the rad ia t ion  f rom the amp l i f i e r  tubes) .  Indeed, we 
know [3] that  PbS p h o t o r e s i s t o r s  exhibi t  an e x t r e m e l y  pronounced t e m p e r a t u r e  dependence.  Thus, Fig.  2a 
shows the effect  of t e m p e r a t u r e  on the da rk  r e s i s t a n c e  of the p h o t o r e s i s t o r ,  while Fig.  2b showsthe  effect  
of t e m p e r a t u r e  on the magnitude of the photocur ren t .  In the i l lumina ted  s ta te ,  the nature  of the change in 
p h o t o r e s i s t o r  r e s i s t a n c e  is the same  as in da rknes s .  The pho tocur ren t  t e m p e r a t u r e  coeff ic ient  TKAi over  
the en t i r e  working  range of t e m p e r a t u r e s  is  negative and amounts  to 1.5% pe r  1~ 

A second ca l ib ra t i on  of the p y r o m e t e r  was under taken to ve r i fy  the above assumpt ion ,  and dur ing the 
course  of this  ca l ib ra t i on  we m e a s u r e d  the t e m p e r a t u r e  tam b of the ambien t  medium in the immed ia t e  v i -  
c in i ty  of the p h o t o r e s i s t o r  and we accumula ted  data coord ina ted  to tamb = 19, 20, and 22~ Figure  3 shows 
the r e s u l t s  of these  m e a s u r e m e n t s .  

It would be ve ry  impor t an t  to de t e rmine  the magnitude of the e r r o r s  and the r e l i a b i l i t y  of the men-  
s u r e m e n t s  c a r r i e d  out dur ing  the f i r s t  and second ca l i b r a t i ons  of the ins t rument .  With this  purpose  in mind, 
we ca lcu la t ed  the confidence coeff ic ient  for  the m e a s u r e m e n t s  by the following p rocedure  [4]: 

1) We d e t e r m i n e d  the mean square  e r r o r  f rom the formula  

1 
s~ = ( 2 )  

n - - 1  

Given a suf f ic ient ly  l a rge  number  n of obse rva t ions ,  S2n (se lect ive  var iance)  approaches  the magnitude of 
the gene ra l  m e a s u r e m e n t  va r i ance  o ~ 

2 lim sn = as; 
n ~  (3) 

2) we de t e rmined  the va r ia t ion  fac to r  (the r e l a t i ve  magD~tude of the mean square  e r r o r )  w f rom the 
formula  

Sa 
w = _ -100%; 

X 
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Fig .  3. C a l i b r a t i o n  c u r v e  fo r  the IKR-1  r a d i a t i o n  p y r o m e t e r  fo r  
v a r i o u s  t a m b :  a) 19 ~ (a r e d u c t i o n  in T); b) 19 ~ ( i n c r e a s e  in T); c) 
20 ~ ( i n c r e a s e  in T); d) 20 ~ ( r educ t ion  in T); e) 22 ~ ( i n c r e a s e  in T); 
f) 22 ~ ( r educ t ion  in T).  

r 

3) we d e t e r m i n e d  the  conf idence  i n t e r v a l  

~ - - S x < x < x +  hx, (5) 

w h e r e  x is the t r u e  vatue  of the quant i ty  m e a s u r e d ;  

4) we d e t e r m i n e d  the  conf idence  coe f f i c i en t  (or 
r e l i a b i l i t y  f ac to r )  c~: 

a --  P ( x - -  Ax < x < x +  ax). (6) 

The  s i g n i f i c a n c e  of t h i s  e x p r e s s i o n  l i e s  in the  fac t  tha t  
the  m e a s u r e m e n t  r e s u l t ,  wi th  a p r o b a b i l i t y  equa l  to c~, 
does  not e x c e e d  the l i m i t s  of the  c on f ide nc e  i n t e r v a l  f r o m  
g - A x t o g + A x .  The  quan t i t y  c~ was  d e t e r m i n e d  f r o m  
t a b l e s  r e l a t i n g  the  Student  c o e f f i c i e n t  

q ,n  - Ax V ~  (7) 
5" n 

with the  number  of  o b s e r v a t i o n s  n [4]. 

#0 80 ~ o  f6o T 

F i g .  4. V a r i a t i o n  f a c t o r  w as  a func t ion  of 
t e m p e r a t u r e  T f o r  the o b s e r v e d  s t a n d a r d  

p la te :  1) t a m  b = 19~ 2) 22~ 

As  an  e x a m p l e ,  T a b l e  1 shows  a s c h e m e  fo r  the c a l c u t a t i o n  of one of the v a l u e s  for  the  t e m p e r a t u r e  
of the  s t a n d a r d  p l a t e ,  g i v e n  a s p e c i f i c  t e m p e r a t u r e  fo r  the  a m b i e n t  m e d i u m .  

We know tha t  in the a c t u a l  p r a c t i c e  of  i n v e s t i g a t i n g  m e a s u r e m e n t  e r r o r s  and the  m a g n i t u d e  of a r a n -  
d o m  e r r o r  it is  a c o m m o n  p r a c t i c e  to  b a s e  the  e s t i m a t e s  on the s t a n d a r d  e r r o r  which  c o r r e s p o n d s  to the  
con f idence  coe f f i c i en t  ~ = 0.68, at which  the m e a s u r e m e n t  r e l i a b i l i t y  is r e g a r d e d  as  c o m p l e t e l y  s a t i s -  
f a c t o r y .  It is  su f f i c i en t  f o r  the q u a l i t a t i v e  m e a s u r e m e n t s  to c o r r e s p o n d  to ~ = 0.9 o r  0 .95 .  Only f o r  m e a -  
s u r e m e n t s  which  s p e c i f y  an  e x t r e m e l y  high d e g r e e  of r e l i a b i l i t y  is  it  s o m e t i m e s  n e c e s s a r y  to spe c i fy  a c o n -  
f i dence  c o e f f i c i e n t  of ~ = 0.999 [4]. 

As  a r e s u l t  of the  c a l c u l a t i o n  of the  c o n f i d e n c e  c o e f f i c i e n t  fo r  the  m e a s u r e m e n t  on the  b a s i s  of the  i n d i -  
c a t e d  me thod  f o r  the f i r s t  c a l i b r a t i o n  (without c o n s i d e r a t i o n  of c h a n g e s  in  tamb)  we found t ha i  the  quan t i ty  

r a n g e s  wi th in  the l i m i t s  f r o m  0.7 to 0.98,  which  e x c e e d s  t he  m e a s u r e m e n t  s t a n d a r d  c~ = 0.68 and is s a t i s -  
f a c t o r y .  F o r  the  s e c o n d  c a l i b r a t i o n ,  c o o r d i n a t e d  with  the d e t e r m i n e d  v a l u e s  of  t a m  b, the  c a l c u l a t i o n  of the  
c o n f i d e n c e  c o e f f i c i e n t  y i e l d s  v a l u e s  of ~ tha t  do not  go beyond l i m i t s  f r o m  0.9 to 0.999, which i n d i c a t e s  h igh  
r e t i a b i l i t y  fo r  the m e a s u r e m e n t s .  C a l c u l a t i o n  of the v a r i a t i o n  f a c t o r  w as  a func t ion  of t e m p e r a t u r e  t for  
the  o b s e v e d  s t a n d a r d  p la te  y i e l d s  the r e s u l t  shown in F ig .  4. We note a p ronounc e d  i n c r e a s e  in the va lue  of 
w in the  r e g i o n  of r e d u c e d  t e m p e r a t u r e s ,  c o r r e s p o n d i n g  to a r e g i o n  of low s p e c t r a l  s e n s i t i v i t y  fo r  the  pho to -  
r e s i s t o r .  It ts obv tous  tha t  for  h i g h e r  t e m p e r a t u r e s  of the  o b s e r v e d  o b j e c t s  the  r e l i a b i l i t y  of the  m e a s u r e -  
m e n t s  m u s t  i n c r e a s e .  

498 



TABLE 1. Scheme for  the C a l c u l a t i o n  of the Conf idence  

Coef f ic ien t  for  the M e a s u r e m e n t s  

x i x--x~ ~x-xiV 

168 
172 
171 
162 
160 
164 

--I ,8 
--5,8 
--4,8 

4,2 
6,2 
2,2 

3,24 
33,6 
23,0 
17,6 
38,4 
4,84 

( } - -  ~)~ = 12o,7. 
1 

Selective variance s~ = Z (x - xi)Z/(n- 1) = 24.1. 
1 

Variation factor w = Sn/~ = (4.91/166.2) .100 = 2.95 %, Ax = 6; 
confidence interval 160.2 < X < 172.2. 

Student coefficient 
t = Ax ~n/s  n = 6(6/4.91 = 2.99. 

~ , n  

From the table of Student coefficients: for ct = 0.95 . . . .  t0.96;6 
= 2.6; for a = 0.98 . . . .  t = 3.4. Consequently, 0.95 <c~ < 0.98. 

0- 98~6 

It fol lows f r o m  the above that  the a c c u r a c y  of the m e a s u r e m e n t  r e s u l t s  obta ined  with the r a d i a t i on  

p y r o m e t e r  us ing  a PbS p h o t o r e s i s t o r  as the r a d i a t i o n  r e c e i v e r  - o p e r a t i n g  without cool ing  - is m a r k e d l y  
af fec ted  by the t e m p e r a t u r e  r e g i m e .  However ,  e v e n  fo r  the m e a s u r e m e n t s  in which the t e m p e r a t u r e  of the 
a m b i e n t  m e d i u m  v a r i e s  by 3 ~ (for example ,  f r o m  19 ~ to 22~ we have an acceptab le  m e a s u r e m e n t  r e l i a b i l i t y  
which is c h a r a c t e r i z e d  by the va lue  of the conf idence  coef f i c ien t  oz be tween  0.7 and 0.98 (for a m e a s u r e m e n t  
s t a n d a r d  of oz = 0.68). 

In  this  ease ,  if the c a l i b r a t i o n  of the r a d i a t i o n  p y r o m e t e r  is coo rd ina t ed  to comple t e ly  d e t e r m i n e d  
va lues  of the t e m p e r a t u r e  for  the a m b i e n t  m e d i u m ,  the conf idence  coef f ic ien t  oz r i s e s  to e x t r e m e l y  high 
va lues  (0.9 to 0.999), i nd ica t ing  high r e l i a b i l i t y  for  the m e a s u r e m e n t s .  
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N O T A T I O N  

t e m p e r a t u r e  of the a m b i e n t  m e d i u m ,  ~ 
ef fec t ive  e m i t t a n c e ;  
s igna l  f r o m  the r a d i a t i o n  of the t e s t  s p e c i m e n ,  mV; 
s igna l  f r o m  the a r b i t r a r y  b lack  s t anda rd ,  mV; 
to ta l  noise  level  for  the m e a s u r i n g  c i r c u i t ,  mV; 

s p e c t r a l  b r i g h t n e s s  d i s t r i b u t i o n  fo r  the a r b i t r a r y  b lack s t anda rd  at a t e m p e r a t u r e  T; 
s p e c t r a l  d i s t r i b u t i o n  for  the r e l a t ive  e m i t t a n c e  of the t e s t  s p e c i m e n  at a t e m p e r a t u r e  T; 
s p e c t r a l  d i s t r i b u t i o n  of the PbS p h o t o r e s i s t o r  s ens i t i v i t y ;  
m e a n  s q u a r e  e r r o r ;  

a r i t h m e t i c  m e a n  value  of the x i s i gna l s ,  obta ined fo r  an  iden t ica l  s t a n d a r d - p l a t e  t e m p e r a -  
mV; 

n u m b e r  of o b s e r v a t i o n s ;  
s e l ec t i ve  m e a s u r e m e n t  v a r i a n c e ;  
ge ne r a l  m e a s u r e m e n t  v a r i a n c e ;  

v a r i a t i o n  fac tor  (the r e l a t i v e  magn i tude  of the m e a n  s q u a r e  e r r o r ) ,  ~;  
t rue  value for  the m e a s u r e d  quant i ty ,  mV; 
conf idence  coef f ic ien t  ( r e l i ab i l i t y  fac tor) ;  
Student  coef f ic ien t .  

1. 

2. 
3. 
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