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Experimental findings are given for the normal spectral emissivity of gold, platinum, and 
tungsten within the spectral range 1-10/~m at temperatures of 100-400~ The experimental 
results were compared with reported data and used to verify the validity of the Hagen--Ru- 
bens formula. 

The optical properties of metals and their dependence on temperature has been the subject of inten- 
sive investigation [1, 2] and are of great practical and scientific interest. The normal spectral emissivity 
and absorbance of metals were principally investigated at high and low temperatures situated at both ends 
of the temperature range 50-800~ However, it is precisely the temperature range itself that is interes- 
ting from the engineering point of view, for it is there that one encounters the working temperatures for 
various devices and designs. 

Measurements of the normal spectral emissivity were made in air at temperatures of 100, 200, 300, 
and 400~ by the method of comparing the metal surface emission with the black-body radiation of a ring- 
shaped model at the same temperature. Interference filters were used for monochromatization of the 
emissions within the range 2-10/~m; the filters had a transmission of 40-60%, and the spectral transmis- 
sion half-width Ak at the 0.5 level of maximum transmission wave length }~max was equal to Ak/kma x 
:= 0.05 ~ 0.01. A cooled Ge--Hg photoresistor was used as the radiation receiver in the 5-10 pm spectral 
range, and a cooled In--Sbphotoresistor in the 3-5 #m range. The method used for measurement is de- 
scribed in detail in [3]. Within the 1-3 ~m spectral range a DMR-4 double monochromator and a PbS radia- 
tion receiver were used for measuring. The monochromator was calibrated with VSB-2 type lamps (con- 
taining Cd, Bi, and Zn vapors); the lamps were supplied with power from 2 PPBL-3 type generator. The 
spectral lines of the radiating lamps were identified with the help of data from [4 and 5]. 

The purity of the metals measured was: Au was 99.99%, Pt was 99.9%, and W was 99.8% pure. The 
tungsten test sample was cut off from a 0.04 mm thick polished strip, while the gold and platinum samples 
were 0.1 and 1.0 mm respectively. The surface of the platinum sample was ground with No. 0 emery 
paper and then polished with No. 20 diamond paste. The samples were not given any heat treatment. Be- 
fore measuring, the samples were washed in a trisodium phosphate + OP 7 solution at a temperature of 
70-90~ and then in ethyl alcohol. 

Figure 1 shows the results of measurements of the gold, platinum, and tungsten test samples. The 
vertical lines on the diagram indicate the scattering limits of the experimental data obtained in six series 
of measurements at each temperature. To avoid having an oxide film affect the experimental results when 
measuring the tungsten, a new sample was used for each measurement series. Curve 5 in Fig. lb) shows 
the spectral characteristics of the radiated surface of the platinum test sample in delivery condition. Ob- 
viously, such a spectral dependence of emissivity is characteristic of the surface layer, the properties of 
which differ from those of platinum, and which were then removed by mechanical surface treatment. The 
microroughness of the surface was not determined. However, the measurements of the gold test sample 
with shining and dull surfaces (after treatment with No. 20 diamond paste) did not reveal any affect of the 
surface condition on the value of the emissivity. Figure la and b give the experimental results obtained 
by other authors, although such'a comparison is less graphic than the same results presented in the form 
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Fig. 1. Normal spectra l  emissivi ty .  
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Measurement  resul ts :  a) 
gold; I) our data; II) measurements of refleetivity of dustedlayers, 
T ~ 20~ [6]; 1) 400~ 2) 300~ 3) 200~ 4) 100~ b) Plati- 
num, 99.9% pure; I) our data; If) measurements of reflectivity 
of dusted layers, T ~ 20~ [6]; III) measurement of emissivity, 
T = 1400~ 1) 400~ 2) 300~ 3) 200~ 4) 100~ e) Tung- 
sten, 99.8% pure; I) our dsta; i) 300~ 2) 200~ 3) 100~ k, 
pm. 

of emissivi t ies  as a function of tempera ture ,  dragon for  each wave length. These dependences a re  shown 
in Fig. 2 in the form of curves  that approximate  the experimental  resul ts  for  the metals  in question. 
Several values of emiss iv i ty  shown in Fig. 2 were  obtained in conformity with Kirchhoff 's  law for the mea-  
surement  of reflect ivi ty in thick metal  films [6] and mass ive  metals  [8, 10, and 11], and were also calcu- 
lated with respec t  to the optical constants [18, and 19] for  the corresponding tempera tures .  The remain-  
ing values a re  the resu l t  of indirect  measurements  of normal  spec t ra l  emissivi ty  [7, 9, and 12-16]. 

As follows f rom Fig. 2a, the data for gold f rom [6] and [8] coincide well with the long-wave spect ra l  
region up to k = 0.5 ~m. For  }~ = 10 pm the data f rom [7] show the values understated by over 100% com- 
pared with data extrapolations of our experiment.  The experimental  data for platinum at k < 0.6 #m are  
taken f rom [6] and [10], Nevertheless ,  as a compar ison of the data f rom [10] and [8] for gold has shown, 
the reflect ivi ty values f rom [10] obtained at a t empera tu re  of 50~ were 17% understated on the average  
for all wave lengths. Apparently the same e r r o r  will hold also for the reflect ivi ty of platinum from [10]. 
It should be noted that as a resul t  of the e r r o r s  inherent in the measuremen t  method used (a black-body 
r eces s - type  ref lectometer) ,  the measurement  e r r o r s  can grow with an increase  in the wave length and the 
t empera tu re  of the tes t  sample.  Thus, the data in Fig. 2c for wave lengths 0.4 and 0.5 ~m at t empera -  
tures  of 1000, 1200, and 1400~ were obtained by our having introduced the reflectivi ty values for platinum 
at 50~ f rom [10] into platinum reflect ivi ty values taken f rom [6] for  the same tempera tu re  and the c o r r e -  
sponding variat ions in ref lect ivi ty  at the other t empera tu res .  The solid curves in Fig. 2c were drawn 
under  the assumption that the t empera tu re  dependence of refIect ivi ty of platinum at wave lengths within 
the 0.4-10 ~m range was analogous to the t empera tu re  dependence at a wave length of 10 pm. Probably,  
the emiss ivi ty  values that correspond to these curves can differ f rom the actual values at short  wave 
lengths, although this difference will be small ,  as may be seen by comparing them with the emissivi ty  
values for platinum obtained at a wave length of 0.66 ~m by the tube method descr ibed in [12]. Fig. 2c 
shows analogous data for tungsten. It is clear from the figure that our experimentalfindings eoincidewell 
with the data in [14]. The data of De Vos [13] have turned out to be too high, whereupon the divergence 
from the data in [14] becomes greater with an increase in wave length. This fact was discovered experi- 
mentally within the visible region of the spectrum by Larrabee [16], and the reliability of the conclusions 
was doubted in [17]. The values for normal emissivity calculated according to the formula: 

4n 
~,~ ( z )  = - ( i )  

(n -}- I) 2 d-k ~- 
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Fig. 2. T e m p e r a t u r e  dependence  of s p e c t r a l  emis s iv i ty  acco rd ing  
to the data of va r ious  inves t iga to r s ;  a) Gold; 1) 5. = 10/~m; 2) 2; 
3) 0.7; 4) 0.3; 5) 0.58; 6) 0.56; 7) 0.54) 8) 0.52; 9) 0.50); 10) 
0.48 #m;  T = 10; 310; 570; 920~ [S]; T ~ 20~ [6]; T = 800~ 
(527~ 900~ (627~ 1000~ (727~ [7]; T = 100-400~ a c c o r -  
ding to our  data;  b ) P l a t i n u m ;  1 ) s  = 1 0 # m ;  2 ) 5 ;  3 ) 4 ;  4 ) 3 ;  5 ) 2 ;  6) 
2; 6) 1; 7) 0.9; 8) 0.8; 9) 0.7; 10) 0.6; 11) 0.5; 12) 0 . 4 # m ;  T 

20~ [6]; T =1500~ (560~ [11]; T =1000 ,  1200, 1400~ [10]; 
T = 1400~ (1127~ [9]; dash - l ine  cu rve  r e p r e s e n t s  the findings 
of [12] for  s = 0.66 pm;  T = 100-400 ~ a c c o r d i n g  to our  data;  c) 
tungsten;  1) [19]; 2) our  data;  3) [14]; 4) [15]; 5) [18]; 6) [13]. 
Numbers  at the curves  give the wave length in ]~m. 

with respect to the optical constants n and k taken from [18] also tallied well with the results of [14]. 

The values of normal emissivity that correspond to the curves in Fig. 2 were compared with the 

values obtained from the calculation according to the Hagen--Rubens formula: 

O 

o, o424 -,... <2) s:..L) := 0,365 ( 
\ 

Values of spec i f i c  e l ec t r i c a l  r e s i s t a n c e  p fo r  gold and pla t inum for  the se l ec t ed  t e m p e r a t u r e s  w e r e  taken 
f r o m  [20]. Fo r  the t e m p e r a t u r e  r ange  100-900~ values of the spec i f ic  r e s i s t a n c e  of p la t inum w e r e  ob- 
ta ined by us ing the W i e d e m a n n - - F r a n z  re l a t ion  for  heat  conduct iv i ty  taken f r o m  [21]. For  tungs ten  the 
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e lec t r i ca l  r e s i s t i v i t y  values were taken f rom [22]. The resul ts  of the comparison are shown in Fig. 3. 
It may  be in fe r red  f rom the f igure that  within the one to ten mic ron  spec t r a l  range the Hagen--Rubens 
formula  is not genera l ly  speaking valid for  the me ta l s  under study within the t e m p e r a t u r e  range  100-800~ 
However,  at t e m p e r a t u r e s  g r e a t e r  than 1000~ the values of no rma l  emiss iv i ty  obtained by using this fo r -  
mula cor respond  sa t i s fac to r i ly  with the exper imenta l  r e su l t s  for  plat inum and tungsten. 

LITERATURE CITED 

1. D. Ya. Svet, Objective Methods of H i g h - T e m p e r a t u r e  P y r o m e t r y  in the Continuous Radiation Spec- 
t r u m  [in Russian] ,  Nauka, Moscow (1968). 

2. G . P .  Motulevich, in: Optical P r o p e r t i e s  of Metals .  In t e rmolecu la r  Interact ion,  Nauka, Moscow 
(1971), p. 3. 

3. L . N .  Aksyutov, A. K. Pavlyukov, and G. K. Kholopov, JEP ,  21, No. 3, 553 (1971); 24, No. 3, 
393 (1973). 

4. S. Zwerdling and J.  P. Theriaul t ,  Spect rochimica  Acta, 17, 819 (1961). 
5. A . N .  Zeidel ' ,  V. K. Prokof ' ev ,  S. M. Raiski i ,  and B. Ya. Shreider ,  Spectral  Line Tables  [in 

Russian],  Vol. 2, GIFML, Moscow (1962). 
6. L. F. D r u m m e t r  and G. V. Khass ,  in: Phys ics  of Thin Fi lms [in Russian],  Vol. 2, Mir,  Moscow 

(1967), p. 291. 
7. A . G .  Maki and E. K. P lev le r ,  J. Res .  Natl.  Bur.  Stand., 66C, No. 3, 283 {1962). 
8. M. Otter,  Z. Phys. ,  161, No. 5, 36 (1961). 
9. A . G .  Maki, R. Stair ,  and R. G. Johnston, J.  Res .  Natl.  Bur .  Stand., 64C, No. 2, 99 (1960). 

10. U, Schley, C. Tingwaldt,  and J .  Verch,  Naturwissenschaf ten ,  47, No. 10, 222 (1960). 
11. D . K .  Edwards  and N. Bayard  de Volo, Advances in The rmophys ica l  P r o p e r t i e s  at Ex t r eme  T e m -  

p e r a t u r e s  and P r e s s u r e s ,  Am. Soc. Mech. Eng., New York (1965), p. 174. 
12. R . E .  Stevens, JOSA, 29, No. 4, 158 .(1939). 
13. J . C .  De Vos, Physiea ,  20, 690 (1954). 
14. Dreshvi ld ,  Khaus, Raketnaya Tekhnika i K0smonavtkia ,  No. 2, 249 {1966). 
15. L . N .  Latyev,  V. Ya. Chekhovskii ,  and V. N. Shestakov, in: The rmophys ica l  P rope r t i e s  of Solids, 

Nauka, Moscow (1971), p. 128. 
16. R . D .  L a r r a b e e ,  JOSA, 49, No. 5, 619 (1959). 
17. K. Schurer ,  Optik, 28, 44 (1968/69). 
18. W . S .  Martin,  E. M. Duchane, and H. H. Blau, JOSA, 55, No. 12, 1623 (1965). 
19. L . V .  Nomerovannaya ,  M. M. Kir i l lova,  and M. M. Noskov, Zh. ~kspe r .  Teor .  Fiz. ,  6_~0, No. 2, 

748 (1971). 

916 



20. V.A. Golovin, 1~. Kh. UI'yanova, Properties of Precious Metals and Alloys. Manual. 5letallurgiya, 
Moscow (1964). 

21. D.R. Flynn and M. E. O'Hagen, J. Res. Nail, Bur. Stand., 71___C_C, No. 4, 255 (1967). 
22. Ya. A. Kraftmakher, in: Research at High Temperatures, Nauka, Novosibirsk (1966), p. 5. 

917 


