TOTAL RADIATIVE PROPERTIES OF GOLD,
PLATINUM, AND TUNGSTEN
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The total radiative properties of gold, platinum, and tungsten are calculated from data on
their spectral radiative and reflecting properties.

At the present time experiment offers the only way of obtaining data on the radiative properties of
metals, The spectral and total normal and hemispherical emittances are measured independently of one
another by various methods [1]. Itis,therefore, ofinterest to consider the possibility of obtaining all data
characterizing the radiative properties of metals from an experimental determination of the spectral de-
pendences of their normal emittances and reflectances,

We examine this possibility in the present paper for the three metals gold, platinum, and tungsten
which differ in their physical properties.

The total normal emittance is determined by integrating the spectral normal emittance over the spec-
trum, using the expression
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In practice, one can without loss of accuracy integrate over a finite spectral range whose limits are deter-
mined by the given temperature.

The total hemispherical emittance can be determined by integrating the angular emittance over the
spectrum and over the angles describing radiation into a hemisphere outside the radiating surface,
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However, obtaining the necessary values of e 0. ¢, A. T) experimentally involves practically insurmoun-

table difficulties. For example, it is shown theoretically in [2] that ety and ¢}, for metals are connected

by a definite relation, but the available experimental data [1, 3] are inadequate to permit a test of this re-
lation for actual metals.

It is known [4] that complete information on the optical properties of metals contains the spectral
dependence of the normal reflectance over a wide region of the spectrum. This is true also for the spec-
tral normal emittance which, according to Kirchhoff's law, is related to the reflectance by the simple ex-
pression
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Using the Kramers —Kronig relation and the available data on the spectral normal emittances of
gold, platinum, and tungsten [5], we calculated their optical constants, which enabled us to compute the

corresponding values of the spectral hemispherical emittance at any given temperature by using the equa-
tions [6]

Translated from Inzhenerno-Fizicheskii Zhurnal, Vol. 28, No. 5, pp. 826-828, May, 1975. Origi-
nal article submitted August 13, 1974,

©1976 Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part of this publication may be reproduced,
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming,
recording or otherwise, without written permission of the publisher. A copy of this article is available Jrom the publisher for $15.00.

595



TABLE 1. Total Radiative Properties of Gold;, Platinum, and Tung-
sten

Tungsten L Gold Platinum

.
€in 2y th tn £th Ein tn Bth L7y

0 |0,0152 | 0,0196 | 0,0195 { 0,0085 | 0,0110 | 0,0110 { 0,0276 | 0,0352 | 0,0351
100 § 0,0239 | 0,0305 | 0,0305 | 0,0159 | 0,0204 | 0,0204 | 0,0437 | 0,0550 | 0,0549
200 | 0,0329 | 0,0416 | 0,0417 | 0,0241 | 0,0307 | 0,0308 | 0,0579 | 0,0714 | 0,0716
300 | 0,0415 1 0,0515 | 0,0522 | 0,0336 | 0,0424 | 0,0425 | 0,0698 ; 0,0860 | 0,0860
400 | 0,0500 | 0,0620 | 0,0625 | 0,0419 | 0,0525 | 0,0527 | 0,0820 | 0,0992 | 0,0999

—_ - ~— 0,0493 | 0,0612 | 0,0615 — - -
600 | 0,0725 | 0,0872 | 0,0890 | 0,0584 { 0,0719 | 0,0725 | 0,1028 | 0,1225 | 0,123
; 0,0674 | 0,0825 | 0,0831

800 | 0,094 | 0,117 | 0,118 | 0.0769 | 0.0933 | 0,0041 { 0,121 | 0,143 | 0,143
900 — — —_ 0,0843 | 0,1017 | 0,1025 — — -
000 |0,126 {0,146 | 0,148 | — - ~ {0,139 {0,162 |0,162

1200 10,154 | 0,177 | 0,178

1500 | 0,193 (0,216 | 0,216
1800 10,228 | 0,251 | 0,248
2000 {0,249 | 0,266 | 0,267
2500 | 0,291 10,317 | 0,302

0,154 | 0,177 | 0,178
0,167 | 0,191 | 0,191
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Note. &, is the total hemispherical emittance obtained from Eq. (5).

2 1 b2 . —
e,,_,(x)=8n-8n21n(l+2“+" -rk)_}_Sn(n’ ks)mtg(__k__),

nt 4B k n—+ni B
& 8n? 2 1 12 8n (nt— &%) 7
‘Sh.yP (}") - nn + kz - «(nz + kz)z ]ﬂ(l + 2n +n + k) + *?2(‘“2 + k2)2 aICtg( 1 + n ) * (4)

en(A) = [en,, (B) -+ &5, (2.

The total normal and hemispherical emittances were found as functions of the temperature by integrating
gn, T) and g, (1, T), respectively, according to Eq. (1). The limits of integration were determined by
the spectral region in which more than 99% of black-body energy is radiated at the given temperature.
The short-wavelength limit of this region corresponds to AT =1200 4K, and the long-wavelength limit, to
AT=2700 uX [7].

It was found that independently of the physical properties of the metal and its temperature, the total
normal and total hemispherical emittances are connected by the relation
&y = 1.3 — 0.78¢,,).
R . ztnexp( . fn) (5)_
Table 1 lists the values of g, and ey, calculated by using our values of the optical constants, and the values
of ety from Eq. (5).

A comparison of the entries in Table 1 with the handbook values [1] shows that our method of deter -
mining the radiative properties of metals gives good results. In the future this approach will enable us to
decrease the number of measurements and to concentrate most of our attention on refining the existing data
and obtaining missing data on the spectral radiative and reflecting properties of metals and alloys.

NOTATION

fi, complex index of refraction; n=n—ik, i=V=1; n, index of refraction; k, extinction coefficient;
en (. T), spectral normal emittance; o, (\, T), spectral normal reflectance; 0, ¢, A, T), spectral an-
gular emittance; 6, ¢, angles determining the direction of the radiation; g4y, total normal emittance;
£tp total hemispherical emittance; Cy, first Planck radiation constant; C,, second Planck radiation con-
stant; ¢, Stefan —Boltzmann constant; A, wavelength; T, absolute temperature.
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