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The total  rad ia t ive  p r o p e r t i e s  of gold, plat inum, and tungsten a re  calculated f r o m  data on 
the i r  spec t r a l  rad ia t ive  and re f lec t ing  p r o p e r t i e s .  

At the p resen t  t ime expe r imen t  of fers  the only way of obtaining data on the rad ia t ive  p r o p e r t i e s  of 
m e t a l s .  The spec t ra l  and total no rm a l  and hemi sphe r i ca l  emi t t ances  a re  m e a s u r e d  independently of one 
another  by va r ious  methods  [1]. I t  is, t he re fo re ,  of in te res t  to consider  the poss ib i l i ty  of obtaining all  data 
cha rac t e r i z ing  the radia t ive  p r o p e r t i e s  of me t a l s  f rom an exper imenta l  de te rmina t ion  of the spec t r a l  de-  
pendences of thei r  no rma l  emt t t ances  and r e f t e c t a n c e s .  

We examine this poss ibi l i ty  in the p resen t  paper  for the three  me ta l s  gold, pla t inum, and tungsten 
which differ  in the i r  physical  p r o p e r t i e s .  

The total no rm a l  emi t tance  is de te rmined  by in tegra t ing  the spec t ra l  n o r m a l  emi t tance  over  the spec -  
t r um,  us ing  the express ion  

r 

o k (1) 

In p rac t i ce ,  one can without loss  of a c c u r a c y  in tegra te  over  a finite spec t ra l  range  whose l imi t s  a r e  d e t e r -  
mined by the given t e m p e r a t u r e .  

The total  hem i s phe r i ca l  emi t tance  can be de te rmined  by integrat ing the angular  emi t tance  over  the 
spec t rum and over  the angles  desc r ib ing  radia t ion into a hemisphe re  outside the radia t ing  su r face ,  

= e(0, % /~, T) L -z exp C, - l  
o . T t  . _ 

o o o 

However ,  obtaining the n e c e s s a r y  values of ~(0, r k, T) exper imenta l ly  involves p rac t i ca l ly  i n su rmoun-  
table  d i f f icul t ies .  For  example ,  it is shown theore t i ca l ly  in [2] that  etn and Zth for me ta l s  a re  connected 
by a definite re la t ion,  but the avai lable  expe r imen ta l  data [1, 3] a r e  inadequate to p e r m i t  a t e s t  of this  r e -  
lation for  actual  m e t a l s .  

I t  is known [4] that complete  information on the optical  p r o p e r t i e s  of me ta l s  contains the spec t r a l  
dependence of the no rma l  re f l ec tance  over a wide reg ion  of the s p e c t r u m .  This  is t rue a l so  for  the spec -  
t r a l  no rma l  emi t tance  which, accord ing  to Ki rchhof f ' s  law, is r e la ted  to the re f l ec tance  by the s imple  ex-  
p r e s s ion  

~,, (L T) = 1 - -  p,, (~, r).  (3) 

Using the K r a m e r s - - K r o n i g  re la t ion  and the avai lable  data on the spec t ra l  no rma l  emi t t ances  of 
gold, plat inum, and tungsten [5], we calculated their  optical  constants ,  which enabled us to compute the 
cor responding  values  of the spec t r a l  h e m i s p h e r i c a l  emi t tance  at  any given t e m p e r a t u r e  by using the equa-  
t ions [6] 
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TABLE i .  
sten 

Total Radiative P r o p e r t i e s  of Gold; Plat inum, and Tung- 

~ngs~. Gold . . . .  P ~ i n ~ m  

$~n eta Sth $fn eta et~ etn eta 8~a 

o 
100 
:200 
300 
400 
5oo 
60o 
7oo 
80o 
9Oo 

1o0o 
12oo 
1400 
1500 
180o 
2oo0 
25O0 

0,0152 
0.0239 
0,0329 
0,0415 

i0,05o0 

0,0725 
I 
0,0984 

!0,126 
I 0,154 

i 0,193 
0,228 

i 0,249 
!0,291 

0,0195 
0,0305 
0,0416 
0,0515 
O, 0620 

0,~72 

O,H7 

0 ,~6 
O, 177 

o , ~ 6  
0.251 
0,266 
0,317 

0,0195 
0,0305 
0,0417 
0,0522 
0,0625 

0 ,~90 

0 ,]I8 

0,I'48 
0,178 

0,~6 
0,248 
0,267 
0,302 

0,0085 
0,0159 
0,0241 
0,0336 
0,0419 
0,0493 
0,0584 
0,0674 
0,0769 
0,0843 

0,0110 
0,0204 
0,0307 
0,0424 
0,0525 
0,0612 
0,0719 
0,0825 
0,0933 
0,I017 

o,011o 
0,0204 
o,0308 
0,0425 
0,0527 
o,0615 
0,0725 
0.0831 
0,0941 
0,1025 

0,0276 
0,0437 
0,0579 
0,0698 
0,0820 

0,~28 

0.12t 

0,139 
0,154 
0,167 

0,0352 
0,0550 
0,0714 
0,0860 
0,0992 

0,7225 
0,143 

0.162 
o, 177 
0,191 

Note. e~h is the total hemispherical emittance obtained from Eq, (5), 

0,0351 
0,0549 
0,0716 
0.0860 
o, 0999 

0,123 

O, 143 

O, 162 
0,178 
0,191 

eA,,(k)=8n_8t~In(l+2r~+n'+k~)8n(r:~--k')( k ) 
n ~ + k ~ + ~- arctg n + n' + k' ' 

%,~ (k) = n 2 -i-/~ ( n  ~ + k~) 2 In (1 + 2n + 0 + / ~ )  + 8n (n ~ - -  k 2) k ~ (n 2 + k~) 2 arctg , {;~) 

eh (~') = |%,, (~') + %,r (~,)1/2. 

The to ta lnormal  and hemispher ica l  emi t tances  were found as functions of the t empera tu re  by integrating 
en(X, T) and eh(k, T), respec t ive ly ,  according to E q .  (1). The l imits  of integration were  de termined by 
the spec t ra l  region in which more  than 99% of black-body energy  is radiated at  the given t e m p e r a t u r e .  
The short-wavelength l imit  of this region cor responds  to kT =1200 ~ K ,  and the long-wavelength l imit ,  to 
XT=2700 ~K [7]. 

It was  found that independently of the physical p roper t i es  of the metal  and its t empera tu re ,  the tota l  
normal  and total hemispher ica l  emit tances  are  connected by the relat ion 

e m = 1.3et~ exp (-- 0i78e~. ). (5} 

Table 1 l is ts  the values of etn and eth calculated by using our values of the optical constants ,  and the values 
of eth f rom Eq.  (5). 

A comparison of the en t r ies  in Table 1 with the handbook values [1] shows that our method of d e t e r -  
mining the radiat ive p roper t i e s  of meta l s  gives good r e su l t s .  In the future this approach will enable us to 
dec rease  the number of measu remen t s  and to concentrate  most  of our attention on ref ining the existing data 
and obtaining missing data on the spectra l  radiat ive and ref lec t ing p roper t i e s  of meta l s  and a l loys .  

N O T A T I O N  

~, complex index of re f rac t ion;  n = n -  ik, i =J --1-; n, index of re f rac t ion ;  k, extinction coefficient;  
En(k, T), spec t ra l  normal  emit tance;  pnO,, T), spec t ra l  normal  ref lec tance;  e(0, ~, k, T), spec t ra l  an -  
gular emit tance;  0, ~, angles determining the direct ion of the radiation;  etn, total normal  emit tance;  
eth, total hemispher ica l  emit tance;  C 1, f i r s t  Planck radiat ion constant; C 2, second Planck radiat ion con-  
stant; c~, S te fan- -Bol tzmann constant; X, wavelength; T, absolute t em p e ra tu r e .  
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